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INTRODUCTION

The polychlorinated biphenyls (PCBs) comprise a family of compounds of
variable chlorine content. PCBs manufactured by Monsanto (tradenamed
"Aroclor") bear a four digit number, the 'l2' indicating biphenyl and the last
two digits indicating the chlorine content by weight percent. Since the
chlorine atoms are randomly distributed among the 10 ring positions available

for substitution, each material is a mixture of isomers.

In 1969, Monsanto sponsored a series of animal studies at Industrial BIO-TEST
Laboratories in Northbrook, Illinois, on Aroclor 1242, 1254, and 1260 for the
.assessment of the health and environmental hazards of these materials. This
series consisted of 2-year chronic feeding studies to rats and dogs, a
3-generation rat reproduction study, a rat teratology study, a dominan.t lethal
mutagenic study in mice and a toxicity/reproduction study in chickens on each
of the 3 Aroclor products. Even though no such action was contemplated, such
a broad battery of tests would have been adequate to support Food Additive
Petitions for éach of these materials. These studies were initiated by reports
that PCBs had been detected in the environment. A report (Nelson, 1972b)
by a Panel on Hazardous Trace Substances of an Ad Hoc Committee on
Environmental Health Research covers the development of information on the
environmental and' biological effects of PCBs. There have been subsequent
literature reviews which need not be recapitulated here [DHEW, 1978; EPA,

1976; IARC, 1978; NAS, 1979; Roberts, et al. (1978)].

Starting in 1969, while these studies still were in progress, information
regarding them was made available to various government groups.!

Subsequently, data from these studies were presented at a conference
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sponsored by the National Institute of Environmental Health Sciences at
Rougemont, N.C. on December 20-21, 1971, but the account of these studies
was omitted from the published proceedings (Keplinger, et al., 1972; Nelson,
1972a).

Subsequently, it was reported that female Sherman strain rats developed
hepatocellular carcinomas when fed Aroclor 12602 from Lot No. AK-3; the same
lot used for the earlier Monsanto study with this material. As a result,
Monsanto requested the contract laboratory's pathologists to review livers t'fom
all available rats from the 3 Aroclor studies. That review (which could have
included new sections of liver from animals examined previously in addition to
sections from animals not examined previously) was presented in the reports of

Gordon and Richter (1975a,b,c).

In November 1975, reports containing evaluations of liver sections from the
2-year rat feeding studies (Gordon and Richter, 1975a,b,c) and the results of
an independent evaluation of the same liver sections (Pour, 1975) were
presented to and discussed with several federal regulatory agencies3. Later
that month, a summary of data from all of the studies was presented at the
National Conference on Polychlorinated Biphenyls sponsored by the
Environmental Protection Agency and held in Chicago on November 19-21, 1975
(Calandra, 1976). Only summaries of data from these and other toxicity
studies conducted over the years have been published (Jenkins, et al., 1972;
Keplinger, et al., 1971; Monsanto, 1980). Knowledge of these efforts ma}
have prompted the statement in a recent article that "...Monsanto, whose
reaction to the possibility that polychlorinated biphenyls (PCBs) might be an
ecological disaster was a classic of how such issues should be handled, says

Ford*. Monsanto began to investigate the dangers as soon as they were

_2- . 080850
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seriously voiced. It insisted on keeping an open mind about them. As soon
as evidence appeared that there was a strong chance PCBs were a hazard, it
published the results of its investigations, admitting the danger. [t thus
established a reputation of honesty even among the environmentalists."

(Clutterbuck 1981).

At a later meeting in Bethesda, MD.5, pathologists selected and reviewed some
liver slides from the Monsanto-sponsored and Kimbrough studies. The
pathologists differed in the terminology used to classify tﬁe lesions. They did
conclude that the general incidence and severity of liver lesions (hyperplasia,
nodular hyperplasia and neoplastic changes - carcinomas) were greater in the
rats from the study subsequently published by Kimbrough, et al. (19’}5).
No carcinomas were seen in the Monsanto-sponsored studies. It was notec.:l .that
either the strain of rat or sex could have accounted for the differences.
The spontaneous incidence of hyperplastic or neoplastic liver lesions in the
Sﬁerman strain rat was unknown, and the occurrence of such lesions appears

to be higher in female rats and mice.

The different diagnoses were discussed with Dr. Philippe Shubik of the Eppley
Institute tor Research in Cancer at the University of Nebraska. Dr. Shubik
suggested that the liver sections from these studies could be reviewed by Dr.

" Parvis Pour. This was done.

This publication is an effort to make readily available information in the
Gordon and Richter reports (1975a,b,c) which are only summarized in the

literature (‘Calandra, 1976).
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METHODS

It appears that the Threshold Limit Value of 0.5 mg/m3 for chlorobiphenyl
with 54% chlorine (ACGIH, 1969) was used to estimate suitable dose levels for
the rat t‘eedir.xg' studies. For that purpose the following assumptions were
made: if the ambient air concentration of PCBs is 0.5 mg/m3, and if all of the
inhaled PCBs are absorbed, and if 15 m3 of air are inhaled during the working
day, a person would receive a PCB dose of 7.5 mg/day. The corresponding
dosage would be approximately 0.1 mg/kg/day for a 70-kilogram person.
Consequently, dosages of 0.1, 1, and 10 mg/kg/day were decided upon, and
the dietary concentrations were set at 1, 10, and 100 ppm. As it turned out,
the assumptions used to set dosages for the feeding study resulted in th_e low
dose level rats receiving a dosage that was 100 times higher than the 0.001

mg/kg/day which FDA later calculated as allowable for protracted ing:estion
" based on human data (FDA, 1973).

For the chronic toxicity study in rats®, weanling animals of the Charles River
CD strain’ were divided into a control group and 9 treatment groups, each
consisting of SO males and 50 females, with 3 treatment groups assigned to
each of the 3 Aroclor products studied (1242, 1254, and 1260). Not all
of these animals started at the same time. After about 2 months on test,
" additional groups of males and females were assigned to each test diet and
the controls. These am'mals. were added to allow a sufficient number of
animals for sacrifices at 3, 6 and 12 months to 'provide some information

prior to the completion of the 2-year study period. The numbering sequence
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and the designation of some animals as "Extra" suggests that additional

animals were placed on test.

Groups of 5 males and S5 females were scheduled to be sacrificed after 3, 6,
and 12 months of feeding, and survivors 'were to be sacrificed at the end of
the test period.® Animals were to be given a gross ;utopsy and tissues were
to be preserved for possible histologic examination. Tumors or lesions

suggestive of tumors were to be examined.
RESULTS

Data from the Gordon and Richter reports (1975a,b,c) on liver slides - are
shown in Tabies 1, 2, and 3 for Aroclor 1242, 1254, and 1260, respectively.?
While the text of the reports contained comments specific to the particular
Aroclor, they also contained similar comments such as "There is evidence of a
chemical effect on the liver...... This consists of a hepatocellular alteration
beginning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few animﬁs to hepatoma or cholangiohepatoma™ and "In the absence of
metastasis, invasiveness, severe basophilia, mitoses, or other evidence of
anaplasia; these are benign tumors rather than malignant carcinomas. There
was no evidence of_ metastasis or invasiveness of these tumors in this study”.
The reports also stated that "The other treatment-related lesions reported are
regai-ded as degenerative or hyperplastic in nature and they are morphologic
manifestations of an adaptive response of the liver associated with biotrans-
formation of the test material® and "In most instances, the spectrum of
treatment-related histopathological findings in the liver from this re-evaluation
did not differ significantly from that previously reported in our original

report...... No hepatocellular carcinomas were observed”.
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With respect to Aroclor 1254, it was noted that "One liver tumor (a hepatoma)
previously reported in a T-II animal (No. 445) was re-classified as nodular

hyperplasia" (Gordon and Richter, 1975a)19,
- DISCUSSION

The initial reports of these studies concluded that the target organ was
the liver for each Aroclor product. This was confixjmed by the second
evaluation of liver slides (Gordon and Richter, 1975a,b,c). These alterations
were slow to develop, their incidence being related to both dose level and
duration of treatment. Since there were increased incidences of vacuolar
changes in the cytoplasm of the hepatocytes and focal h&pertrophy at all dose
levels for all 3 Aroclor products at the 24-month sacrifice, a "no-effect" lavel

was not established for liver effects.

With respect to the slides from Industrial BIO-TEST, Pour (1975) concluded
that Aroclor 1242, 1254, and 1260 "showed a dose-dependent hepatotoxic
'effect, characferized by degenerative and regenerative procesSes. With one
exception, all lesions were considered non-neoplastic. Structures similar to
cholahg-iocarcinomas and hepatomas were found in one rat. However, the
possibility of metastases of a carcinoma into the liver has been also
_ considered." In the report, he noted one lesion which seemed to "represent
a metastatic tumor (probably a mammary gland carcinoma of the same animal
from which ....[the particular liver section]... was submitted), rather than
a cholangiocarcinoma". This occurred in an animal fed 100 ppm of Aroclor
1254. The contract laborator.y pathologists diagnosed the presence of
mammary tumor metastases in the liver of this rat (Gordon and Richter,

1975p).11

0N00o%
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SUMMARY and CONCLUSIONS

Groups of male and female rats were fed diets containing either 1, 10, or
100 ppm of one of 3 Aroclor products, 1242, 1254, or 1260, for 2 years. Focal
hypertrophy of the liver occurred at 3, 3, and 12 months for rats fed Aroclor
1260, 1254, and 1242, respectively. Fbcal hypertrophy was not seen in livers
of control animals. At the 24-month sacrifice, livers of animals from all dose
levels of the 3 Aroclor products had an increased incidence of vacuolar
changes and focal hypertrophy. Livers of some animals‘t‘ed 100 ppm of each
Aroclor also had benign liver tumors (hepatoma or cholangiohepatoma). No

hepatocellular carcinomas were observed.

010GCo
-7 - . SCM 058938

HARTOLDMONO0023213



Footnotes

Dates of initial correspondence and contacts.

October 3, 1969. E.P. Wheeler to A.R. Glasgow, Division of
Pesticides. Food and Drug Administration.

April 8, 1970. R.E. Kelly to H. Blumenthal, Petitions Review Branch,
Food and Drug Administration.

April 22, 1970. E.P. Wheeler to E.J. Burger, Jr., Office of Science
and Technology

June 1, 1870. E.P. Wheeler to H.E. Stokinger, Bureau of Occupational
Safety and Health.

R.D. Kimbrough, personal communication.

November 13-14, 1975. Council on Environmental Quahty
Environmental Protectxon Agency.

Food and Drug Administration.

House Subcommittee Manpower, Compensation, Health and Safety.
National Cancer Institute.

National Institute for Environmental Health Sciences.

National Institute for Occupational Safety and Health.

Dr. David Ford of Bath University.

At National Cancer Institute on January 21, 1975. Present were
D.E. Gordon, R.D. Kimbrough, G.J. Levinskas, R.A. Squire,
W.R. Richter.

Since the events described earlier, the validity of many toxicity studies
conducted by Industrial BIO-TEST Laboratories has been challenged.
Therefore, the available raw data supplied by Industrial BIO-TEST was
reviewed to determine whether this study could be validated. The review
showed that the data bases (including the lack of a protocol) were
insufficient for a complete validation of the study. It was decided to
focus on presenting the primary liver effects reported by Gordon and
Richter (1975a,b,c). Therefore, a complete audit was not undertaken.
Available records were examined for a determination that the animals
were placed on test and of their ultimate fate. Necropsy and microscopic
reports were also examined for findings pertaining to livers of those
animals. Significant discrepancies which were found between data in
Tables 1, 2, and 3 and the data base for the Gordon and Richter reports
are noted in this report. On some records, the labels Aroclor 1242

and Aroclor 1260 are interchanged as determined by a check of the
animal numbers.

Charles River Breeding Laboratories, North Wilmington, Massachusetts.
Animals sacrificed at 6 and 12 months were placed on test about 2 months
after the first group. Those sacrifice periods are sometimes labeled 8

and 14 months, respectively, which corresponds to the calendar time from
the start of the test but overstates the time on test for those groups.

HARTOLDMONO0023214



10.

11.

As a result of the examination described in footnote 6, a few animals were
reassigned to other dose levels on basis of assigned numbers. Three
with no recorded liver lesions were deleted from the 24-month listing
because of short duration on test: 14 months at 100 ppm Aroclor 1242, 15
months at 10 ppm Aroclor 1254 and 13 months at 100 ppm Aroclor 1254.
Therefore, numbers in Tables vary slightly from those in reports of
Gordon and Richter (1975a,b,c).

That change and comments in the footnotes to the Tables were noted
during the examination described in footnote 6. In addition, the following
also were noted during the examination.

Aroclor 1254 - 100 ppm animal marked "Extra3" with diagnosis of
hepatoma in record of examination for original Industrial
BIO-TEST report. Animal not listed in Gordon and Richter
report. .

- 100 ppm animal no. 542 with gross autopsy notation that
liver appears tumorous and white foci has no record of
examination.

Aroclor 1260 - 100 ppm animal no. 293 with gross autopsy notation of
. tumor on liver has no record of examination.

In some instances, diagnoses were crossed out on the available records.
These were included in the Tables. Crossed out diagnoses for hepatoma
or cholangiohepatoma are noted in the footnotes to the Tables. :

Dr. Pour's report does not include the following liver sections noted by
discrepancies between his tabulation and the Gordon and Richter reports.

1 from control at 12 month sacrifice,
S from 100 ppm Aroclor 1242 at 24 months,
1 from 100 ppm Aroclor 1260 at 3 months.

None of these ﬁnimais were reported as having hepatomas or cholangio-
hepatomas in the Gordon and Richter reports.

Q30007
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Table 1

" Aroclor 1242: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Months 6 Months 12 Months Terminal®
Diet Level (ppm) 0 ‘1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 8 10 9 10 10 8 9 10 10 10 9 23 32 29 19
. Findings
Vacuolar change 2 0 2 1 1 0 O 0 1 2 4 0 1 7 8 9
Focal necrosis 0 1 o 0 1 1 o 0 0 0 O 0 1 1 1 0
Focal lywphoid infiltration 6 0 0 O 6 3 0 o 0o o 1 0 1 0 o 0
Focal hypertrophy hepatocytes 0 0 O 0 0o 0 0 0 0 0 O 1 0o 2 3 8
Nedular hyperplasia 0 0 O 0 0 0 "0 0 0 0 O 0 | 1 1 8
Ductular hyperplasia 6 o0 O 1 0 0 o 0 1 0 1 0 5 3 13 3
. Hepatoma o 0 0 o 0o 0 0 o 0 0 0 o o o o 23
Cholangiohepatoma 6 0o 0 o 0 0 o0 o o 0 o0 o 0 0 o 1€

* Control group has animal dead at 19 months and 2 marked "Extra".
1 ppm group haa animals dead at 19, 22, 22, 23, 23 months.
10 ppm group has animals dead at 23, 23 months.
.,100 ppm group has animals dead at 22, 22, 22 months and 2 marked "Extra".

£EY6850

b Includes 1 animal without record of examination in original IBT report. Not listed as hepatoma in worksheets for
o Gordon and Richter report but appears and was crossed out on typed tabulation for animal marked "Extra". Diagnoses
> for other 2 animals do not appear in records of examinations for original IBT report.

c N R .
) o
ésc Diagnosis does not appear in records of examinations for original IBT report.
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Table 2

Aroclor 1254: Primary Liver Lesions Among Albino Rats

Sacrifice Interval . 3 Months 6 Months 12 Months Terminal®

Diet Level (ppm) 0 1- 10 100 (1] 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 10 10 10 10 10 10 10 10 10 10 23 30 26 26

'Findings
Vacuolsr change 2 3 3 1 1 0 O 0 1 1 4 1 1 7 9 13
Focal necrosis 0 1 1 0 1 2 0 2 0 o0 0 1 1 3 1 1
Focal lymphoid infiltration 0 o0 o 1 6 o0 o 2 6 0 2 1 1 2 0 1
Focal hypertrophy hepatocytes o 0 o 1 6 o o 4 0 0 4 2 0 3 4 1
Nodular hyperplasia o o o 0 6 0 o 0 ¢ 0 o 0 1 0 3 14
Ductular hyperplasia o0 0 o 0 0 o0 o 0 1 1 1 0 5 6 3 4
. Hepatoma o 0 0 o 0 0 0o 0 0 0 0 o 0o o o 4
Cholangiohepstoma 0 0 0o o 0 0 0 o o 0 0 o 0 0 o ¢

* Control group has animal dead st 19 months and 2 marked "Extra”.
1 ppm group has snimals dead at 22, 22 months, 1 marked "Extra" and 1 other for which date of death is not recorded.
10 ppm group has animals dead at 22, 22, 22 months.

+.100 ppm group has snimals dead at 23, 23 months and 9 marked “Extra".

b Includes 2 snimals marked "Extra". Diasgnoses do not appear in records of examination for original IBT reports.

Q

«2€ Both animsls marked "Extra" with same designation. 1 without apparent record of cxamination for original IBT report.
< Diagnosis for other animal does not appear in records of exuminaiignn‘fot original IBT report.
S o
p )
Yoy
380,
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Table 3
Aroclor 1260: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Honths 6 Months ‘ 12 Months Terminal®

Diet Level (ppm) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 10° 10 10 6 5 9 10 9 10 9 23 26 25 25

Findings ‘
Vacuolar change 2 0 2 3 1 1 2 6 1 2 5 3 1 5 7 9
Focal necrosis 6 o 4 o 1 0o 19 o o 0 0 o 1 4 3 6

-Focal lymphoid infiltration 0o 0 0 O 0 2 2 0 0 0 0 0 1 0 1 0
Focal hypertrophy hepatocytes 0 0 o0 2 0o 0 O 3 0 0 O 4 0 3 13 9
Nodular byperplasia ' 0o 0o 0 O 6 0 0 o 0o 0o 0 1 1 0 7 6
Ductular byperplasia 0 o 1 0 0 o0 O 0 1 1 o0 2 5 6 7 12
Hepatoma 0 0o 0 O 0o 0 0 o o 0 0 o 0 o 1° 58
Cholangiohepatoma 00 0 o0 00 0 0 0 0 0 o 0 0 0 &b

% Control group has animal dead at 19 months and 2 marked "Extra",

1 ppms ;ioup has animals dead at 20, 22, 22 mooths.

10 ppm group bas soimals dead st 19, 22, 22 months and 1 marked "Extra".

100 ppm group has snimals dead at 22, 22 months.

Includes )} marked "Extra".
€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar change column.
q,Date of death of this animal not recorded. .

€ No record of examination for original IBT report. Listed on worksheets for Gordon and Richter report with diagnosis
crossed out.

£ Includes 2 animals without record of examination for original IBT report. Diagnoses for other 5 animals do not appear in
records of examinations for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter

=) reports.
F?g Includes one animal with both diagnoses. Hepatoma is 1 of 2 crossed éqt (superscript f).

t)h Includes 3 animals without record of examination for original IBT report. Diagnosis for other animal does not appear in
!J records of examinations for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter

reports.
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
BEAUMONT DIVISION

CECIL SCOTT, ET AL.

Vs. CIVIL ACTION NO.

B-84-1103-CA

DO

MONSANTO COMPANY

PLAINTIFFS' NOTICE OF INTENTION TO TAKE ORAL
DEPOSITION AND SUBPOENA DUCES TECUM

TO: Defendant, MONSANTO COMPANY, by and through its
attorneys of record Mr. Robert A. Hall, Mr. Jonathan
B. Shoebotham, Woodard, Hall & Primm, 4700 Texas
Commerce Tower, Houston, Texas 77002;
Mr. Walter J. Crawford, Jr., Wells, Peyton, Beard,
Greenberg, Hunt & Crawford, P. 0. Box 3709, Beaumont,
Texas 77704; -
Mr. John M. Johnson, Mr. Warren B. Lightfoot, Bradley,
Arant, Rose & White, 1400 Park Place Tower,

- Birmingham, Alabama 35203; and

Mr. Michael R. Fruehwald, Mr. Michael Rosiello, and

Ms. Anne C. McGown, Barnes & Thornburg, 1313 Merchants

Bank Building, 11 South Meridian Street, Indianapolis,

Indiana 46204.

Pursuant to the provisions of Rule 30(b) (6) of the
Federal Rules of Civil Procedure, the Plaintiffs in this
cause hereby give NOTICE to the Defendant that the oral
deposition of MONSANTO COMPANY, Defendant, will be taken on
the date and time and at the place hereinafter stated.
Specifically, the Plaintiffs intend to take the oral
deposition of the representative(s) designated by the

DEPOSITION
{ EXHIBIT

evivskas- [
£ 5-27.77 wK
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Defendant pursuant to Rule 30(b) (6) of the Federal Rules of
Civil Procedure. Plaintiffs <request that Defendant
designate that current employee of Defendant having held
the highest position of any held by a current employee in
Monsanto Company's toxicology department during the period
1965 through 1975. Plaintiffs also requesﬁ'that Defendant

designate that representative knowledgeable of the

documents and subject matter herein below enumerated.

1) Any document(s) which would state or disclose the
following:

a) when Monsanto first began using the services
of IBT;

b) when Monsanto first began using the services
of IBT 1in connection with Monsanto's PCB
products;

c) the dollars spent by Monsanto with IBT (i)

each year that Monsanto used IBT's services,
(ii) on all PCB related studies, and (iii)
totally, from the date Monsanto first began
using the services of IBT.

2) All correspondence from IBT to Dr. Paul L. Wright
while Dr. Wright was an employee of Monsanto;

3) All correspondence by Monsanto to Paul L. Wright
or from Paul Wright to Monsanto;

4) Any document stating, reflecting or referring to
the policies and procedures of Monsanto's
Toxicology Department for the years 1965 through
1980; : :

5) Any document stating, reflecting or referring to
~ the current standards, procedures and policies of
Monsanto's Toxicology Department;

090602
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6) The results of any IBT PCB test redone by or for
Monsanto Company;

- 7) Any 1investigation or background file on Dr.
Renata Kimbrough;

8) Any correspondence to or from Dr. William Ribelin;

9) Any report, analysis or investigation of IBT
misconduct (actual or alleged) in connection with
tests performed on Monsanto products (this
request includes copies of government reports;
independent investigations; internal IBT
investigations; Monsanto authored or sponsored
investigations; and, investigations by industry
groups, bodies or authorities or other private or
public body) (IBT includes all of its employees
and consultants).

10) Any document which would in any way reflect,
relate or pertain to a change by or on behalf of
Monsanto to the results (interim or final) of any
test of a Monsanto product by IBT;

11) Any document which would in any way reflect,
relate or pertain to a change by or on behalf of
Monsanto to the results (interim or final) of any
test of a Monsanto PCB product by IBT;

12) Any document which would in any way reflect,
relate or pertain to a suggestion by Monsanto
regarding the outcome of a test to be conducted
by IBT for Monsanto on any Monsanto product;

13) Any document which would in any way reflect,
relate or pertain to a suggestion by Monsanto

regarding the outcome of a test to be conducted
by IBT for Monsanto on any Monsanto PCB product.

This deposition' will be taken at the offices of Gilpin,

Pohl & Bennett, 1300 Post Oak Boulevard, Allied Bank Tower,

0300
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23rd Floor, Houston, Texas 77056 beginning at 9:00 a.m. on
Sat?rday, May 23, 1987 and shall continue until completed.

This oral deposition will be taken béfore a certified
court reporter, The testimony given during this oral
deposition will be wused as evidence in this matter,
together with the documents produced at this deposition.
You are invited to attend and cross-examine.

As used in this notice, the term "documents" means any
printed, typewritten or handwritten matter, or reproduction
thereof, of whatever character, in the possession, custody
or control of a witness or his agents, representatives or
employees, including without limitation, correspondence,
contracts, memoranda, agreements, letters, brochures,
reports, handwritten or typewritten notes, sound recordings
or transcriptions thereof, computer print-outs,
inter-company and intra-company communications, work
papers, diaries, calendar pads, appointment books, ledgers,
financial statements, checks, bank drafts and writings of
whatever kind and charécter, whether originals or
reproductions, and whether in draft or final form,
including copies bearing different markings or notations.

"pCB" means polychlorinated biphenyl and its

contaminants and derivatives.
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Respectfully submitted,

By:
Michael A. Pohl

OF COUNSEL:

David M. Lacey

GILPIN, POHL & BENNETT

1300 Post Oak Boulevard
Allied Bank Tower, 23rd Floor
Houston, Texas 77056

(713) 623-8800

REAUD, MORGAN & QUINN
909 Laurel Avenue

Beaumont, Texas 77701
(409) 838-9941

Thomas Henderson

HENDERSON & GOLDBERG

1030 Fifth Avenue

Pittsburgh, Pennsylvania 15219
(412) 471-3980

Benton Musslewhite

LAW OFFICES OF BENTON MUSSLEWHITE
609 Fannin, Suite 517

Houston, Texas 77002

(713) 222-2288

David S. McCrea

McCREA & McCREA

119 S. Walnut Street
Bloomington, Indiana 47402
(812) 336-~4840

ATTORNEYS FOR PLAINTIFFS,
CECIL SCOTT, ET AL.

CERTIFICATE OF SERVICE
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I hereby certify that on the day of
1987, a true and correct copy of the above Notice of Intent
to Take Oral Deposition and Subpoena Duces Tecum was served
upon counsel of record either by messenger or by placing
same in the United States mail, certified mail, return
receipt requested, postage prepaid and addressed as follows:

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

Mr. Walter J. Crawford, Jr.

Wells, Peyton, Beard, Greenbergqg,
Hunt & Crawford,

P. 0. Box 3708

Beaumont, Texas 77704

Mr. John M. Johnson

Mr. Warren B. Lightfoot
Bradley, Arant, Rose & White
1400 Park Place Tower
Birmingham, Alabama 35203

Mr. Michael R. Fruehwald

Mr. Michael Rosiello

Ms. Anne C. McGown

Barnes & Thornburg

1313 Merchants Bank Building
11 South Meridian Street
Indianapolis, Indiana 46204

Michael A. Pohl

depntc02/txt86551
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CECIL SCOTT, et al

V.

MONSANTO COMPANY

TO:

IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
BEAUMONT DIVISION

DEPOSITION
EXHIBIT

E evmscas. S
i5-27.37 WK

Plaintiffs

C. A. NO. B-84-1103-CA

P, P, e, P, P P P P P

Defendant

PLAINTIFES ™ NOTICE OF INTENTION
TO TAKE ORAL DEPOSITION
AND SUBPOENA DUCES TECUM

Defendant, MONSANTO COMPANY, by and through its counsel
of record, Mr. Jonathan B. Shoebotham and Mr. Robert A.
Hall, Woodard, Hall & Primm, 4700 Texas Commerce Tower,
Houston, Texas 77002

Mr. Walter J. Crawford, Jr., Wells, Peyton, Beard,
Greenberg, Hunt & Crawford, 624 Petroleum Bldg., P. O.
Box 3708, Beaumont, Texas 77704

Mr. John M. Johnson, Mr. Warren B. Lightfoot, Bradley,
Arant, Rose & White, 1400 Park Place Tower, Birmingham,
Alabama 35203

Mr. Michael R. Fruewald, Mr. Michael Rosiello, Ms. Anne
C. McGown, Barnes & Thornburg, 1313 Merchants Bank
Bldg. 11 South Meridian Street, Indianapolis, Indiana
46204

Pursuant to the provisions of Rule 30(b)(6) of the

Federal Rules of Civil Procedure, the Plaintiffs in this

cause hereby give notice to the Defendant that the oral

deposition of Monsanto Company, Defendant, will be taken on

the date and time and at the place hereinafter stated.

Specifically, the Plaintiffs intend to take the oral

deposition of the representative(s) designated by the

a30Co7
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Defendant pursuant to Rule 30(b)(6) of the Federal Rules of
Civil Procedure and charged with the responsibility for
maintaining custody of the documents listed below and such
designated representative(s) shall testify as to matters
known or reasonably available to the Defendant as well as
the custody of the herein designated records and their
maintenance by Defendant:
1. The complete personnel file of Paul L. Wright;
2. Any bonuses, payment dividends or other
consideration other than normal salary paid by
Monsanto or anyone on its behalf to Paul L. Wright
or his designee/assignee;
3. Paul L. Wright’s job evaluation and/or reviews;
4. Any payment to or for the account of attorneys
hired by or for Paul L. Wright in connection with
matters pertaining to his employment at Industrial

Bio-Test Laboratories, Inc. ("IBT"). See United
States v. Keplinger, 776 F.2d 678 (7th Cir. 1985);

5. Any.correspondence to or from Paul L. Wright;
6. Paul L. Wright's job duties and responsibilities
as an employee of Monsanto both before and after
- he was employed by IBT; and,

7. The matters identified in the below 1listed
subpoena duces tecum.

The deposition will be taken at the offices of Gilpin, Pohl
& Bennett, 1300 Post Oak Boulevard, Allied Bank Tower, 23rd
Floor, Houston, Texas 77056 beginning at 1:30 p.m. on
Friday, May 8, 1987, and shall continue until completed.
This oral deposition will be taken before a certified
court reporter. The testimony given during this oral

deposition will be used as evidence in this matter, together
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with the documents produced at this deposition. You are
invited to attend and cross-examine.

Pursuant to Rules 30(b)(5) and 34 of the Federal Rules
of Civil Procedure, certain documents shall be produced by
the designated representative(s) or custodian(s) of Monsanto
Company (referred to herein as "Monsanto") at the
commencement of the oral deposition or prior thereto by
agreement of counsel. The originals and all drafts of the
following requested documents shall be produced:

1. The complete personnel file of Paul L. Wright;

2. Any payment by Monsanto or anyone on its behalf to
or for the benefit of Wright Paul L. Wright;

3. Any payment by or for Monsanto to attorneys for
Paul L. Wright in connection with any c¢riminal
prosecution arising out of or in any way related
to his employment at IBT;

4, All correspondence to or from Paul L. Wright;

5. All evaluations of Paul L. Wright s performance as
an employee of Monsanto;

6. .All documents pertaining to the termination of
Paul L. Wright’s Monsanto employment (both before
being first employed by IBT and as a result of or
in connection with the c¢riminal proceedings
relating to IBT). See United States v. Keplinger,
776 F.2d 678 (7th Cir. 1985);

7. All documents pertaining to Monsanto’s efforts to
monitor, supervise, keep abreast of or in any way
observe the IBT criminal trial. See United States
v. Keplinger, 776 F.2d 678 (7th Cir. 1985);

8. Any report, analysis or investigation of IBT
misconduct (actual or alleged) in connection with
tests performed on Monsanto products (this request
includes copies of government reports; independent

investigations; internal IBT investigations;

Monsanto authored or sponsored investigations;
-3-
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and, investigation(s) by industry groups, bodies
or authorities or other private or public body)
(IBT includes all of its employees and
consultants).

Unless otherwise specified herein, the documents to be
produced include all documents in the possession of Monsanto
from the date of the first production or manufacture of PCBs
in any form by Monsanto to the present time.

As used in this notice, the term‘"documents" means any
printed, tyfewritten or handwritten matter, or reproduction
thereof, of whatever character, in the possession, custédy
or control of a witness or his agents, representatives or
employees, including without limitation, correspondence,
contracts, memoranda, agreements, letters, brochures,
reports, handwritten or typewritten notes, sound recordings
or transcriptions thereof, computer print-outs,
ihter-company'and intra-company communications, work papers,
diaries, calendar pads, appointment books, ledgers,
financial. statements, checks, bank drafts and writings of
whatever kind and character, whether originals or

reproductions, and whether in draft or final form, including

copies bearing different markings or notations.

By:

JOSEPH C. BLANKS

206~ 0
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OF COUNSEL:

REAUD, MORGAN & QUINN
909 Laurel Avenue
Beaumont, Texas 77701
(409) 838-9941

Michael A. Pohl

David M. Lacey

GILPIN, POHL & BENNETT

1300 Post Oak Blvd.

Allied Bank Tower, 23rd Floor
Houston, Texas 77056

(713) 623-8800

Thomas Henderson

HENDERSON & GOLDBERG

1030 Fifth Avenue

Pittsburgh, Pennsylvania 15219 .

Benton Musslewhite

LAW OFFICES OF BENTON MUSSLEWHITE
609 Fannin, Suite 517

Houston, Texas 77002

(713) 222-2288

David S. McCrea

McCREA & McCREA

119 S. Walnut Street
Bloomington, Indiana 47402
(812) 336-4840

ATTORNEYS FOR PLAINTIFFS,

CECIL SCOTT, ET AL.
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CERTIFICATE OF SERVICE

_ I hereby certify that on the ___ day of .
1987, a duplicate original of the foregoing Plaintiffs”’
Notice of Intention to Take Oral Deposition was filed with
the Clerk of the Court for the Eastern District of Texas,

Beaumont Division. I also certify that a true and correct
copy of this Notice was served upon counsel of record on the
day of : ‘ , 1987, by messenger delivery

and/or by placing same in the United States mail, certified
mail, return receipt requested, postage prepaid and
addressed as follows:

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

Mr. Walter J. Crawford, Jr.

Wells, Peyton, Beard, Greenberg,
Hunt & Crawford

P. O. Box 3708

Beaumont, Texas 77704

Mr. John M. Johnson

Mr. Warren B. Lightfoot
Bradley, Arant, Rose & White
1400 Park Place Tower
Birmingham, Alabama 35203

Mr. Michael R. Fruewald

Mr. Michael Rosiello

Ms. Anne C. McGown

Barnes & Thornburg

1313 Merchants Bank Bldg.

11 South Meridian Street
Indianapolis, Indiana 46204

JOSEPH C. BLANKS

MAP:jar/scottmon/054
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
BEAUMONT DIVISION

CECIL SCOTT, ET AL.

vS. CIVIL ACTION NO.

B-84-1103-CA

N O

MONSANTO COMPANY

PLAINTIFFS' NOTICE OF INTENTION TO TAKE ORAL
DEPOSITION AND SUBPOENA DUCES TECUM

TO: Defendant, MONSANTO COMPANY, by and through its
attorneys of record Mr. Robert A. Hall, Mr. Jonathan

B. Shoebotham, Woodard, Hall & Primm, 4700 Texas

Commerce Tower, Houston, Texas 77002;

Mr. Walter J. Crawford, Jr., Wells, Peyton, Beard,

Greenberg, Hunt & Crawford, P. O. Box 3709, Beaumont,

Texas 77704;

Mr. John M. Johnson, Mr. Warren B. Lightfoot, Bradley,

Arant, Rose & White, 1400 Park Place Tower,

Birmingham, Alabama 35203; and

Mr. Michael R. Fruehwald, Mr. Michael Rosiello, and

Ms. Anne C. McGown, Barnes & Thornburg, 1313 Merchants

Bank Building, 11 South Meridian Street, Indianapolis,

Indiana 46204.

Pursuant to the provisions of Rule 30(b) (6) of the
Federal Rules of Civil Procedure, the Plaintiffs in this
cause hereby give NOTICE to the Defendant that the oral
deposition of the Manager of Toxicology of MONSANTO
COMPANY, Defendant, will be taken on the date and time and
at the place hereinafter stated. Specifically, the

Plaintiffs intend to take the oral deposition of the

2 DEPOSITION
i  EXHIBIT
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representative(s) designated by the Defendant pursuant to
Rule 30(b) (6) of the Federal Rules of Civil Procedure and
charged with the responsibility for maintaining custody of
the documents listed below.
The designated representative(s) shall testify as to:
a) Matters known or reasonably available to the
Defendants concerning the policies and procedures
of Monsanto's Toxicology Department for the years

1965 through 1980;

b) The current standards, procedures and policies of
Monsanto's Toxicology Department;

c) The duties and responsibilities of the Manager of
Monsanto's Toxicology Department (i) 1965 through
1980 and (ii) currently;

d) The organization of Monsanto's Toxicology
Department (1) 1965 through 1980 and (ii)
currently;

e) The interrelationship between Monsanto's

Toxicology Department and Monsanto's other
departments and/or sections;

£) The relationship between Monsanto's Toxicology
: Department and any outside testing facilities (i)
1965 through 1980 and (ii) currently;

g) Any industry or government guidelines or
regulations relating or ©pertaining to tests
concerning the tox1colog1cal effects of Monsanto
products on animals;

h) Any participation by Monsanto's Toxicology
Department in any effort by Monsanto to avoid or
defer the ban of its PCB products;

i) The day-to-day activities of the current Manager
of Monsanto's Toxicology Department; and

e Q10613
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Jj) The documents designated in the accompanying
Subpoena Duces Tecum.

This deposition will be taken at the offices of Gilpin,
Pohl & Bennett, 1300 Post Oak Boulevard, Allied Bank Tower,
23rd Floor, Houston, Texas 77056 beginning at 9:00 a.m. on
Saturday, May 23, 1987 and shall continue until completed.

This oral deposition will be taken before a certified
court reporter. The testimony given during this oral
deposition will be used as evidence in this matter,
together with the documents produced at this deposition.
You are invited to attend and cross-examine.

Pursuant to Rules 30(b) (5) and 34 of the Federal Rules
of Civil Procedure, certain documents shall be produced by
the designated representative(s) MONSANTO COMPANY (referred
to herein as "Monsanto") at the commencement of the oral
deposition. The originals and all drafts of the following
requested .documents shall be produced:

1) ‘Any manual, compilation or other writing setting
forth or reciting the policy or procedures for
the Monsanto Toxicology Department from 1965 to
date;

2) Any document pertaining to Monsanto's standards
for the feeding or care of animals used in
connection with the testing of Monsanto products;

3) Any document pertaining to the care, skill or
precision to be used (a) by Monsanto and (b} by

any outside/independent testing laboratory in
gathering, recording, maintaining and/or

anagCis
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reporting of data generated by or from animal
studies;

4) Any document comparing or contrasting the results
of IBT Aroclor tests with tests conducted by (a)
Monsanto, (b) others on Monsanto's behalf and/or
(c) independent or government researchers;

5) Any document regarding any investigation or
analysis of those Aroclor tests conducted by IBT
for Monsanto;

6) Any document regarding or otherwise pertaining to
trips (a) by Monsanto employees or
representatives (i) to the offices of IBT (ii) to
other locations where IBT representatives were
met or (b) by IBT employees or representatives
(i) to the offices of Monsanto or (ii) to
locations where- IBT and Monsanto employees or
representatives met;

7) All literature regarding PCBs which was supplied

or made available to Monsanto's experts, or
consultants;

8) All Electrical Power Research Institute reports,
articles, papers, etc., pertaining or relating to
PCBs;

9) Any list or summary identifying (a) which IBT

studies were redone by or for Monsanto and (b)
the variances or similarities between the
‘Monsanto tests conducted by IBT and those redone
by or for Monsanto;

10) Any industry (and/or government) guidelines,
standards cr suggested guidelines/standards
applicable to toxicological studies from 1960 to
date (e.g. Aroclor studies on rats, beagle dogs,
leghorn hens and/or fish) including any
variations thereof from their inception to date;

11) Any document setting forth or otherwise stating
Monsanto's standard of care regarding the
following data in connection with toxicological
tests (gathering, recording, maintaining):

a) blood data;

an0C LG
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b) urine analysis;

c) body weight;
d) feeding data;
- e) autopsy (procedures and results);
£) viscera; '
qg) microscopic analysis;
h) organ analysis;
i) death of test animals;
j) substitution of animals;
k) loss of animals due to escape or confusion

of identity.

12) All correspondence between IBT and Dr. Paul
Wright while Dr. Wright was employed by Monsanto;

13) Any document evidencing or suggesting that
Monsanto corrected, changed, altered or otherwise
amended (a) any report of a test performed by IBT
for Monsanto and (b) any paper published or to be
published regarding IBT's study of any Aroclor
product;

14) Any document (a) evidencing or otherwise
pertaining to suggestion by Monsanto as to the
"results" to be achieved by IBT in connection
with the tests by IBT of Monsanto products, and
(b) Monsanto's policy in regarding thereto (i)
1965 to 1980 and (ii) currently; and

15) Those documents relating to items a through j
first above listed.

As used in this notice, the term "documents" means any
printed, typewritten or handwritten matter, or reproduction
thereof, of whatever character, in the possession, custddy
or control of a witness or his agents, representatives or
employees, including without limitation, correspondence,
contracts, memoranda, agreements, letters, brochures,

reports, handwritten or typewritten notes, sound recordings

or transcriptions thereof, computer print-outs,
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inter-company and intra-company communications, work
papers, diaries, calendar pads, appointment books, ledgers,
financial statements, checks, bank drafts and writings of
whatever kind and character, whether originals or
reproductions, and whether in draft or £final form,
including copies bearing different markings or notations.

"Aroclor" shall mean any Monsanto product containing
PCBs or their contaminants.

"Animal" shall mean any animal, mammal, reptile, bird,
or fish used in connection with any study.

"PCB" means polychlorinated biphenyl and its
contaminants and derivatives.

"Toxicology Department” means any department or
section responsible for investigating or determining the
possible +toxicological effects of exposure to products

manufactured by Monsanto Company.

Respectfully submitted,

By:

Michael A. Pohl

OF COUNSEL:

David M. Lacey

GILPIN, POHL & BENNETT

1300 Post Oak Boulevard
Allied Bank Tower, 23rd Floor
Houston, Texas 77056

(713) 623-8800

0906153
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REAUD, MORGAN & QUINN
909 Laurel Avenue
Beaumont, Texas 77701
(409) 838-9941

Thomas Henderson

HENDERSON & GOLDBERG

1030 Fifth Avenue

Pittsburgh, Pennsylvania 15219
(412) 471-3980

Benton Musslewhite

LAW OFFICES OF BENTON MUSSLEWHITE
609 Fannin, Suite 517

Houston, Texas 77002

(713) 222-2288

David S. McCrea

McCREA & McCREA

119 S. Walnut Street
Bloomington, Indiana 47402
(812) 336-4840

ATTORNEYS FOR PLAINTIFFS,
CECIL SCOTT, ET AL.

CERTIFICATE OF SERVICE

I hereby certify that on the day of
1987, a true and correct copy of the above Notice of Intent
to Take Oral Deposition and Subpoena Duces Tecum was served
upon counsel of record either by messenger or by placing
same in the United States mail, certified mail, return
receipt requested, postage prepaid and addressed as follows:

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

Mr. Walter J. Crawford, Jr.
Wells, Peyton, Beard, Greenberg,

Hunt & Crawford,
P. 0. Box 3708
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Beaumont, Texas 77704

Mr. John M. Johnson

Mr. Warren B. Lightfoot
Bradley, Arant, Rose & White
1400 Park Place Tower
Birmingham, Alabama 35203

Mr. Michael R. Fruehwald

Mr. Michael Rosiello

Ms. Anne C. McGown

Barnes & Thornburg

1313 Merchants Bank Building
11 South Meridian Street
Indianapolis, Indiana 46204

depntc02/txt86551

Michael A. Pohl
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Telex vie YUI: LAVYERS | Asswerbeck:
650 263 0717 909 Laurs} HCI JBLANKS
(409) 838-9941 Beaumont, Texas 77701 MCIID: 263 0717
May 13, 1987 .

Walter Crawford

WELLS, PEYTOR, BEARD, ICEBERG, HUNT & CRAVEORD

624 Petroleum Building

BEAUMONT, TEXAS 77704-3708
Re: Cecdf Seott v Monsanto Company, B-84-1103-CA
Dear Walter:

In order to minimize the burden on you of complying with Plaintiffs’ .
requests for item § on IBT related documents --- which requests first came -
Decomber 31, 1986, were renewed via 30(b)(6) notices April 3, 1987, and
most recently, April 29, 1987 --- I repeat my verbal agreement with youof -
this morning that item § will at this time be satisfied if you provide each
summary report regarding the analyses of, investigations of, and other

detailed reports on IBT misconduct (actual or alleged) in connection with

tests performed on Monsanto products.

I understand that IBT may have done as many as 650 separate studies for
Monsanto on some 55 products. [ also understand that third parties may
have done some 350 study validations on IBT studies of about 50 Monsanto
products. It is not clear whether the study validations were done before or
after the |BT misconduct came to light. At this time, we do not insist on
having the 350 study validations. We do, however, want to know the resuits
of such validations, that is, whether or not the IBT studies were or were not
found to be valid, and {f not, why not.

DEPOSITION
EXHIBIT
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As concerns this particular request --- reports about IBT misconduct --- |
suspect that Monsanto has some summary reports about the tests, the
validations, independent investigations, internal IBT investigations, and even
governmental investigations or reports. I suggest that you start with the
reports presented to the highest level of Monsanto management and work
your way downward until you reach the detailed study validations, stopping
just short of them. Surely this will simplify your quest, and with the use of
the wonderful Monsanto PCB index and document retrieval system and data
base, you can gather this handful of documents together in a matter of days
--- having already had months since the initial requests to identify the
dangerous documents.

Thank you for your ongoing help in this matter.
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‘Monsanto tr—
veQu mamg 4 LOCATINA, GeOrg. Rou'h' Jr., M. D. _%:-
ere September 17, 1975 « F L

tvesect

ags ememCy

TO

MONTHLY COMMENTS - MEDICAL DEPARTMENT

CONFIDENTIAL

Corporate Administrative Committee

State and federal agency activities related to PCB's
continue to require Medical Department attention to
support business group efforts. Recent public

hearings in Wisconsin served as a forum for Mr. Schweitzer,
of EPA's Toxlec Substances Office,to make his pitch again
in support of the Toxic Substances Control Act now being
considered in Congress., Between now and the end of
November, FDA, EPA, and NIOSH will conduct hearings on
various aspects of the PCB's in foods and the environ-
ment. -

Questions from outside-Monsanto about the long-term ,
health effects of chemicals used in two Monsanto plants
on the workers in the plants have required organization
of epidemiological studies, These require acquisition
of data on individual work assignments within the plant
over long periods of time, collection of death certificates
of deceased employees, and comparison of causes of death
with frequency of cause to some segment of the general
population. We will have to do much more epidemiology in
the future although clear cut conclusions are almost
impossible.

eor u Jr., M. D,

GR/1n
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) recw wmame s roaroms  Madical Department A2SA

| oars L October 13'. 1971 «“ R. B. Kelly
7 @ M. N. Johnson
suesteT AROCLO 1260 E. P. Wheeler
TO

FILE

I spoke with: Renate D. Kimbrough, M.D.
Pathologist
EPA Atlanta Tox. Branch
4770 Buford Highway
Chamblee, Georgia 30341
Tel: (404) 633-3311, ext. 5218

today regarding her observation of bladder tunors in
rats red AROCLOR 1260.

The observations of Vos and Koeman (Toxicol. and Applied
Pharmacol. 17, 656-668, 1970) on polychlorinated biphenyls

led them to undertake rat reproduction studies with -
AROCLOR 1254 (Lot AK38) and 1260 (Lot AX3). The materials
were obtained from Glasgow at FDA. Their primary findings -
have been lesions in the liver, and Dr. Kimbdbrough plans to
present a paper on the liver lesions at the 1972 spring
meeting of the Soclety of Toxicology. In addition, ahe

has seen 2 lesions in the bladders of rata fed AROCLOR 1260.
The first occurred in a female which died after 6 months

on test. This was diagnoaed as a malignant anaplastic
carcinoma of the bladder. The second was in a male killed
after 8 months on test. The first diagnosis was of epithelial
hyperplasia. Sections of both bladders were sent to NCI for
diagnosis to Drs. Strauss (?) and Katherine Snell. The
diagnosis of carcinoma in the female was confirmed. The lesion
in the male was not resolved. Somas pathologists believe it

is a carcinoma, others believe it is :hyperplasia.

.Dr. Kimbrough stated that they were trying to analyze the
AROCLOR 1260 sample for impurities, but were having some
difficulty with their equipment. I indicated that we would
try to track down material from the sample that they had
received. In the event that we cannot locate this lot, we
probably can get some material back through Thomas B. Gailnes,
Supervisory Research Pharmacologist, at the same location as
Dr. Kimbrough. If we have an analysis of this lot, we should.
make the results known to Dr. Kimbdbrough.

Dr. Kimbrough said that they had observed porphyria in some rats
- with both compounds. - She also indicated that they were contem-
plating doing a 2 year feeding study with larger numbers of
rats to investigate the problem of dladder tumors. She is per-
plexed by the bladder tumors, and she is not emphasizing them
. in her discussions. However, she has mentioned her findings
when PCB's have been discussed at various interagency meetings.

This {8 apparrently how Weissburg learned about thea. (cont'd.)
1 DEPOSITION |
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As a final note, Dr. Kimbrough expressed concern over
whether PCB's presented an additional hazard to the
employees who manufacture it. I told here that bdecause
of the chloracne and liver hazards, there had besen

N\ medical supervision of the employees. However, I woulad
+ raise this point with Drs. Kelly and Johnson for their
. review. e L . ‘

-
- -

eorge\lJ. levinskas
/bks

- ——
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" October 28, 1971

Dr. Moreno L. Keplinger

Industrial Bio-Test laboratories, Inec.
1810 Prontsge Road

Northbrecnk, Illinois 60062

re AROCLOKR) 1260
Dear Kep:

I spoke with Dr. Renate Kimbdrough of the EPA in Chambdlee,
Georgls regarding our proposed visit to her to discuss
bladder pathology in ratfs fed this product. I indicated .
to her that we expected to have all of the availadle bladders
examined by the latter part of November, and that we would
confirm a2 specific date btefcrehand. The express purpose of
the visit is to exchange information, 1.e., view the slides
she has, and let her see any slides that Don turns up which
may be of interest. This was asgreestle to her. 3he suggested
that we -tght bring extra slides for referrsl to KCI, if we
80 desired.

After Don has finished his evaluation of the bdladder sections,
and after you and he have had a change to review his schedule,
I would appreciate a ¢-ppleof dates that would de convenient
for s trip to Chamblee 80 that I may schedule a visit there.

t;éndeat personal regards,

George J. levinskas, Ph. D.
Ngr., Product Evalustion

OJL/tks

¢e: Dr. Don Gordoa
Nr. W. B. Papageorge
nr. E. P. Vheeler

SCM 023586
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/ DEC 11 ys7y

F.R.Johannsen = A2SC

Decexber 6, 1974 E. P, theeler - A2SA
W. B. Papazeorge - L2cK
AROCLOR 1254

o (V , ,
B v /‘ o M \J\“’

In a recent lphone conversation detween Dr. R. Kimbrouth (CDO)
and G. J. chms::a.s, Dr. iXimbrouth expressed the l'e....ef that nCI
had recently contracted out a c2 rcinc;enicity study involvinz
AROCLOR 1254, Conseauently, I m==de & call to Dr. Sidney s:.e,el .-
at {ICI. Dr. Siezel indicated th::.t he had no knowledze of an
outside contract with ARCTLCR 1254 and further stated he doubted
there was one. He did tell z2 that AROCLOR 1254 has been under
test at IiCI in their bicassay operation prozram since Septexber
> 1972. Iiﬂ reported that the exgperimental part of the study had
“been coxpletaed a3 of October, 1974, His expectations are that
the necessary histopatholozy wilX Dde coapleted within the next
‘ 6 months, at vhich time a meeting could be set up for discussirn
or vhe test results.

; A gulick check of the April 3, 197B list of chemicals beinz testegd
.under the ICI carcinogenesis prozram did not reveal that AROCLOR
1254 was on test, However, the NCI list does show

CO2664 BIPHENYL, CHLORO

‘a8 part of the program. If this 13 the study he is refer 3 to,
it could explain why we had not picked it up sooner.

Cc@ . .
0 . @ﬁw-//cﬂw
w— /D Cree .
7—‘) W Lo Predez‘.'ick/n. Johannsen ' . .
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I ! WRr ¢
MY ,tc.o-'—@ @ C.W

fivdr~

A

DEPOSITION

:
! EXHIBIT
iL SCR 05‘6-93
P e - e~ st
|
GQO\uJ

HARTOLDMONO0023260



HARTOLDMONO0023261



') ) )
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC MEALTHM SERVICE

i CENTER FOR DISLASL CONTROL
N ATULANTA, GEORQIA 20333
; TR Ovme, wen 45318

Dacamber 6, 1974

NEY v pew
SRt . -
M !J. t

Dr. Gaorge Levinskas

Mousanto Industrial Chexicals Company
800 ¥, Lindbergh Boulsvard

st. Louls, Missouri 63166

Dear George:
1 aa enclosing & brief ocutline of the experimsat Aroclor 12-72-4
for your information. A copy of Bob Squires latter is also enclosed,

Sincsrely yours,

Renats D. Kisbrough, M.D.
Toxicology Brmnch

Enclosure

Seu 02291,
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: Fiias 5 T
As a touo'-up eo our pbonc onvemuon sumy
sending you copies of 'the -informtion on Aroc.lor 1260 ltudy
which was sent to.me by Dr. Kimbrough. 7 You may find this
mromuw 1.n preparing for your subsequcnt ducnnion

..a%wé-.n:i-’ifi/«"' o4 CrpEis

I Tag e?_' e .(:“,-1,.
thn you hnve hsd a crn.nce tn reﬂ.ew your, le.hednle, Iould
kindly let me know what days may bBe convenient for & neeung
This probably wvill be in the Washington area and I nnticipate
that you, Bonat.e lu.nbmyx, Bob Squiru m 1 n.u M.tend

')(,;r. » xnvironnenm uaeuunt
% lnd Micolcgy
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NOT YOR PUBLICATION OR CIRCULATION

Aroclor 12-72-A

Aniaals

- Random bred female Sharman etrain rets resred under specifte

pathogen=-free conditions vers obtained from the ¥WCDC anims) fara
at Lgwrencaville, Ga.

Aroclor 1260

Aroclor 1260 (Lot numbar AK-3) vas supplied by Monsanto Industrial
Quicd‘ cco. sc. Md.. m‘

Statistics

The students t-test vas usaed for comparing body wveights and weight
‘l.in‘

Mathods

Your hundred 21-26 dsy-old weanling female rats, veighing 48-97 g,
vere distriducad into 2 groups of 200 animals each sccording to a tabls
of random numbers, Pach animal vas veighed and given s individual ear
tag oumbar. The animals vere houssd 10 rets par cage. TYood and water
vers provided ad lidbitum., Two hundred animals wers fed the control diet
of ground Purina laboratory chow; the test animals were fed the sace
dist fortified with 100 ppa Arcclor 1260.

~ Aroclor 1260 vas incorporsted into the diet by dissolving 5.2 g in
sthyl ether then adding this to 100 g corn etarch and allowing the ether
to svaporate, The PC3-cormstarch mixture was blended wvith 345 g ground
chow, than pulverized in a mortar and diluted vwith additiomal ground
chow in s bakers mixar to give a 1000 ppm concentrate. The concentrate
ves further diluted to obtain 50 kg of 100 ppm diet. Thae diat vas
praparad every 10-14 days. Random samples from the final mixes alcmg
vith samples of control chow vers taken et ragulsr intarvels to detarzine
PC3 lavels {n the control chow and to verify the 100 ppm fortificatiocn
level., Ground laboratory chow vas also checked at intervals for asflotoxin
at the districcoffica of the Food and Drug Administratica ia New Qrleazs.

The combined body waight of rats in each cage vas recorded veekly-
uatil tha rats vera § months old, bi-weekly umtil 12 months 01d, and
pvonthly thereafter. Individusl wveights vers recorded only at the onset
of the experiment and et desth or sacrifica. The animals were observed

SCM 022812
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Aroclor 12-72<A = Pege 2

briefly each dsy and enimals exhiditing debilitacing signs or large
tumots vere removed from the group cags and housed individuslly., At
sach veighing the snimals vere examined individuslly and abnormalitides
noted. TYood consumption vas measured on all rsts during the first two
vesks of the experiment, then during veeks 3, 8, 11 and 20 and every

12 weeks theresafter. Antopsies wers performad oa all rets that diad.
Rats that vere sacrificed were killed under ether mesthasis dy severing
the vena cava. Tissues vere fixed in duffered formalin and stained

vith hematoxylin and ecein. Additiocnal special stains will de conducted.

Rasults

During ths courss of ths study & mimals in the test group and 8
controls vers sacrificed prior to the final kill., These aniagls had
either large tumors vhich had ulcerated or hindersd movement, or the
aninal sppesred moridund. 1In all, 14 anisals {n the test group died;
17 animals iz the control group died. Ous snimal vas accidently killed
{n each group early in the study.

No definite dose related signs of toxicity vere obeerved in the
teat aninals throughout the study. Comparativa curves of body veight
gain and food consumptica on tha dasis of dody veight, as well as ICB
intaks of the tsat group are givea in Figurs 1. A slight decline 1n
the rate of veight gain of the tast group compared to the control group
began about 3 months after ocnset of the experissnt. Mesn final bdody
veights vere 420 g (S.D. 72, S.Z, 5.4) for the control group and 392 g
(3.D. 62, S.Z. 4.6) {in the test group; the differenca vas statistically
significant (p<0.001). PYood consumption (gn/rat/day) vas couparabls in
both groups throughout tha study. Mesn weight gain wvas 350 g (S.D. 70,
S.Z. 5.3) and 323 g (S.D. 60, S.E. 4,5) for the control and tsst groups,
respectively; the difference in weight gain vas also statistically
significant (p<0.001). PCB intake declined from 11.6 mg/kg/day during
the first veek of exposurs to 6.1 sg/kg/dsy st 3 sonths of exposurs
and to 4.3 ag/kg/day at 20 months. A 6 g mesn veight loss occurred in

both coatrol asd test groups during the 6 vesks prior to the final k1ll.
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Preliminary List of Microscopic Pindings (Risbrough)

Plesse Nota:

Sections of All Tissuas Listed

Were Not Available for All Animgls

Tumor
Mammary Gland:
Pibroadtnﬁnl
Adenocarcincaa
Pltuitary:
Chromophobe Adenoma
Caréinons Pitultary
Uterus:
Endometrial Polyp
Eadoaatrial Sarcoms
Thyroid:

Medullary Call Tumors
(parafollicular)

Liver:
Nodular Hyperplasia

Nodular Efp.rpl;aia
and Hepatomas

Nodular Hyperplasis,

Hepatomas, snd Hepatocsllu=

lar cqrcinolnt
Adenofibroeis

Bladder:

Papilloma

(Tissuas of ona rat autolyszed)

Controls Experizantal Rats
19 14

7 0

38 k ]

0 1
20 23

2 3 and 1 adenocarcincma
26 18

3 (8188,8192,8232) 7

1 (8231) ’ 154

14
0 (3
1 (8317) 0

In additiocn, a number of other occasional tumors vers found.

SCM 0228
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Preliminary List of Mlcroecopic Pindings - Pege 2

Out of this group, 4 control rats and 4 rats in the experisentsl group vers
sactificad eaarly because thay vers sick. All tumors of these animals,
outeide of the livar lesions, ars included in thas preceeding list. The
l{ver lesicas nead to be added. The animals are as followvs:

Controls . rimental
8194 | 8331
8151 8347
8121 8413
8254 8517

sCm 022816
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Figure 1 BODY WEIGHT
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Figure 2 FOOD INTAKE AND PCB CONSUMPTION
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AROCLCR 1260: Meeting at ¥CI, January X1, 1578

Tihve purpose of this meeting was to review sections ¢f liver
tissue froa Dr. Ximbrough's 2-ysar study in vhich female
Tats were fed 100 ppm of AROCLOR 1260,

Drs. Ximbrugh and Squire had studied and classified the
findings, Dr., levitt, eitier a visiting fellow or a post-
doctorali trainee did not participate to any great extent.
He was eenticned as having & good knovledge of liver.

Dr. Ricnter "ad viewed the slides from our 2-year stucy in
which rets cof both sexes had been fed 100 ppm, 10 ppz or
2 ppa of AROCLOR 1260, Subsequantly, be and Dr. Jordon
reviewvcd sec<ions of liver froa all animals in this study.

Three conclusions can be drmawm,

1. In our earllisr study, the severity of liver lesions wa~
greater in femrles than in sales,

?. To a large extent, substantially the same type o lesion
were observed in both studics except that the lenions

44

seemed to be more advanced in Kimbrough's study., Although

thore was some variation in terminclogy, the findings
were reascnably clecse. >

3. There were definite liver adenocarcinoams in Kimbrouch's
study. Dr. Richter expreised the view later that 2 ani-
zals in our study approached the type of lesion Win-
brough had observed, but there was agreeament by Drs. Cor
don and Ricuter that Dr. Kimbrough's rats had developecd

a lesion which they had not cbuserved in our earlier study

with AROCLOR 1260.

Ifr. Drs. Gordon or Richter feel that I have no® sumnsrized
meeting correctly, o 12 they desire to amend or expand ay
remarks, I invite them to let a know.

Ol

feovge J. Levinskas

LY . ~AVE S NV LS e e - ape W - -

this
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- Industrial BLO «TEST Loboraloues, ne.
1810 PFRONTAGE ROAD
NORTHBROOK, ILLINQIS 80082

roxicoLoay ‘ March 24, 1975 amga coot e
CENVIRONMENTAL SCIENCES TELELPRONE 372-3030

CHEMISTRY
PLANT SCIENCES
MEOICAL BCICNCES

George J. Levinskas, Ph.D.
Monsanto Company ‘
800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. Levinskas:

I am enclosing the trip reports prepared by Dr. Richter and myself
regarding our meeting at N.C.I. on January 31, 1975 with Drs. Kunbrough
and Squire oa Aroclor 1260 (IBT No. 622-07298)

‘The xm.cro-clides ot the liver lecnons from a'll these anh;uh ax;d--
those from Aroclor 1242 and 1254 will be forwarded today, under separate
cover. We are also mailing the reports relevant to these studies today.

The charges for this additional work will he billed under a new
Number (IBT No. 641-06672) instead of the previous number,

Sincersly,

"C:;;' 5‘,#4;1_:£}—71//

D. E. Gordon, D.V.M.,Ph.D.
Section Head, Pathology Dept.

DEG:hb
Enclosure
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February 2, 197$

Trip Report

Cn January 31, 1973; Drs. Richter, Lavinskas and myself met with
"Drs. Squire and Kimbrough at the National Cancer Institute in Bethesda,

Maryland. The purpose of this meeting was to review the slides and data

from a 23 month oral feeding study with Aroclor 1260 in rats that was coa-
ducted by Dr. Kimbrough while at the E.P.A. In her study, 200 female

rats (Sherman strain) were fed 100 ppm ol Aroclor 1260 in the diet for 21
moaths, while 200 female rats of the na;no strain served as controls and
were fad Purina Rat Chow. The Shermaa Rat is a random-bred animal

" - derived from the Oshorn Mendsl Strain, The inimals were 21-26 d.2.7l. ot
age when the study began, and were sacrificed aftsr 23 mosnths oa the study.
Therefore, there was a 2 monﬁh recovery period at the ead of the study in
which the test material was ramand from the diet. The details of the ex-
perimental duign. procedurses and results that were forwarded to Dr. Lev-
inskas are att:;cﬁod. In summary, Dr. Kimbrough found a rather high inci-
dence of hyperplastic (nodular hyperplasia) and neoplastic (hepatomas, car-
cinomas) lesions in the liver of the test animals. The slides were subsequently
reviewed by Dr. Robert Squire, Head of the Tumor Pathology Brinch of The
National Cancer Institute, who concurred with her findings, although, the
terminology he used in clasni{icadon of the lesions varied slightly from Dr.
K.imbrough's. In this regard, it was his impressioa that all hyperplastic

nodules should be regarded as '"pre-cancerous lesions' and the term 'hepatomas’

sCM 023633

0NQLe.i

HARTOLDMONO0023277



Tzrip Report

be deleted and re-classified as carcinom;s or neoplastic nodules. This

claui.ﬁcatiog system was based on a Liver Tumor Workshop that was held

on Dec. 11-13, 1974 in Silver Springs, Maryland which was attended by a

small group of pathologists from the regulatory agenciss, research labora-

tories and industry.

In view of Dr. Kimbrough's findings, additional sections of liver from

a2 2-Year Oral Feeding Study With Aroclor 1260,. in rats, conducted at Indus-

trial Bio-Test were processed and evaluated., In this study, there was a

3, 8 ;.nd 14 month intsrim sacrifice which enabled one to detarmins the ap-

proﬁmzte time of onset of the liver changes. No interim sacrifices were.

~ conducted i.n Dr. l.(im_bfroqgh'l‘ ft_uc_iy.._ The additional glides prepared at’ .

Bi.o-Te.l‘t were onmi:;ed by Dr; Richter ;nd a t;sl.mhtion of the liver fin‘di;xgl

are attached. These slides wers reviewed by Drs. Kimbrough and Squire at

ocur meeting. Although there was some disagreement on the terminology used

in clasgification of the lesions, it was apparent that the incidencs and severity

of liver lesions (}:ype;-plalia. nodular hyperplasia and .neophatic changes -

carcinomas) was greater in Dr., Kimbrough's study when compared with the

results c;f the Bio-Test Study, even though the same leval of tast material was

administered i.n.tho diet, Thez;e are two pOI.lible explanations for this difference:

l.) The strain of rat. When quastioned, Dr, Kimbrough had no informa-
tHon on the spontansous incidence of hyperplastic or neoplastic liver
lesions in the Sherman strain, However, the incidence of spontazeous
" liver cell hyperplasia would appear to be extremely low sincs this finding

was reported in only 4 controls. The incidence of liver hypu:pluia among
control rats of the Bio-Test study was also ve-ry low. The incidence of

spontaneous hyperplastic liver nodules reached 20% in the Fischer Rat
QnocL e
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Trip Report . 3

and {n soms of the other strains.
2.) Sex diffarence. On the basis of our studies and those of other in-
- vestigators in rats and mice, it was found that the incidencs of hyper-

plastic and neoplastic liver lesions are much higher in females.

The results of the liver tumor workshop are to be publighed in the near
future and wﬂl include the participants. The views of thig group, regarding
classification of hyperplastic and neoplastic liver lasions is based on the‘ patho-
gan.elia of such lesions {n rats that have been induced by knocwn carcinogens
. such ag the nitrosoamines and 2 - acetylaminofloring (2-AAF). The adoption
of this tarmi:;olo.(y and chutﬂcnltion system by the scientific comm\mity.wiu
have widespread implications regarding assessmaent of safety of chemicals and
drugs currently on test and those previously studied.

Attached are Dr. Richter's commaents in regard to Dr. Kimbrough's

findings.

Donovan E.Gordon, D. V.M., Ph.D.
Dipl, Am. Collegs Vet. Path,

SCM 023635
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February 3, 1975

Dr. Donovan Gordon
Industzrial Bio-Test Laboratories

I wish to summarize my observations of the lesions seen in Dr,
Kimbrough's study of Aroclor 1260 and the comparison of diagnoses with
Dr. Kimbrough and Dr. Squire.

1.) The criteria that I used for diagnosis of the lesions are similar
to what they us‘ed.

2.) My evaluation tends to be a little more consezvative than theirs.
For example: they would call somse of i::y'h'opa.t;'u;as carcizorna but with
some question, |

3.) Therefore, if we both read the sams slides there might be a
little variation in oumbers of lasions in the different categories but no
major differencse. _

4.) Dr.'Squire and Dr. Kimbrough are using a new and revised

terminology for the categories and list them as follows:

My Terminology Dr. Squire's
(Classical Use) (Revisad Terminology)
Focal Hypertrophy ' Cellular Alteration
Nodular Hyperpl.asi:.} Nodular Neoplasia or
Hepatoma Neoplastic Nodule

Carcinoma : Carcinoma

5.) However, the lesions in Dr. Kimbrough's study were more
severs than those in the Bio-Test study. The lesions that she and Dz.

Squire are calling carcinoma are also carcinomas by my criteria. I would

£~ —~ - -
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conclude from an examination of their material that Dr. Kimbrough's

study demonstrated carcinogenicity.

bond £, Reehsy
Ward R. Richter, D.V. M.
Dipl. Am, College Vet. Path,

SCM 023637
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May 25, 1970

Otis E. Feancher, Ph.D.

Director

Industrial Bio-Test laborstories, Inc.
1810 Prontage Road

Northbrook, Illinois 60062

Dear Otis:

This letter will authorize you to proceed with a
study with the leghorn chickens with the Arccler
1282, lot number AL-55. This should duplicate the
study you did previously with Aroclor 1242, 1ot
number AK-255, except in thig instance you have
suggested using dietary lsvels of 2, 4, and 8 ppa.

This sample of Aroclor represents our current regu-

lar production which involves some clean-up insti- ’
tuted since the previcus sample was made availabdble

to you. We would hope that we might find a higher

"no effect” level with this sample as compared to

the previous work. .

As soon as suitadle refersnce standards are avallable,
the research laboratory ia St. Louis will more care-
fully characterize the two samples in terzs of possi-
ble minute amounts of contaminants.

Best perscnal regards.

Sincersely,

Erer P. Yheeler
Kanager, Environsental Health

EPW: ju

< DEPOSITION
‘; EXHIBIT

,;c.swuszﬂfs-"’
[
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JnMud BIO-TEST .&Mm ne.

1810 FIONTAG! ROAD
NORTHBROOK, ILLINOCIS 60062

~
TORICOLO@GY
ENVIRONNMENTAL SCIENCES
CHNEMISTRY -
PLANT SCIENCES
HEDICAL SCIENCES

ARECA COOE 2ia
TELEPHONE 272-3030

September 30, 1971

Dr. George J. Levinskas
Manager, Product Evaluation
Monsanto Company

800 N. Lindbergh Boulevard
St. Louis, Missouri 63166

Dear George:

Enclosed are the.correction pages for the three tsratology studies
with Aroclor 1242, Aroclor 1254 and Aroclor 1260.

I discussed the intsrpretation of the renal caudal ectopia, found
with Aroclor 1254, with Dr. Keplinger. He is in agreement with the
interpretation that this is probably not a specific teratogenic effect
but a general indication of the toxicity of the material. In reviewing
the results from the three generation study there appears to be a
reduction in both 5 day and 21 day pup survival in the group fed the
highest level (100 ppm) of Aroclor 1254. This was not observed
in the other Arocler groups or in groups fed 1 or 10 ppm, again
suggesting that the level of Aroclor had a general toxic effect.

As I pointed out in our phone conversation, the small differences
observed in sex ratios are not significant. A statement to that effect
has been inserted.

If you have further questions, contact me at any time.

Sincerely yours,

Al

Paul L. Wright
Section Head, Toxicology

= DEPOSITION
i EXHIBIT

SLeV/wskas-l]
§ 50097 WK

PLW:lam
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April 28, 1972

Dr. Otis Fancher
N. Abrego Drive
Green Valley, Arizona 8%614

Daar Otis:

I am ashamed that I have beenlso Blow: in:Treviewisgg the
mnuscripts and sending you our ccaments, I guess
Kep's sending ms the chronic rat and dominant lethal
and ghicken study on the 18th of April finally

atiz »ne to move,

| 'Plrtt of 3ll, I agree we should hold up the pub.u-

cation of the chicken work until the current study
is ccapleted,

The only other coument I have of substance is t.bnt

I wish we could work in several paragraphs revimring

the Treon werk on vapors pubnabod in 1956 (see en-

closed xerox eopy of reprint). A logical place for

gnx;oviw °§ those dauta would b.b:: the top of the -
page of your reviow paper ore your paragraph

at the top which begins with "During succeeding

years little inf was reported eoncesning .
the toxicblogy uv%)u lnuushnn ct::‘l. :
1563, etsa.” - .

Most of the review u-ticlu on the ICB's have ‘failed to
indicate awareness of the Treoa work, I delieve this
{3 because %the Risebroughs, PFezialls, ets., sts, —
the environmentalists -- have not encountsred the
American Industrial Hygiens Association Quarterly 1n .
the review of the ntcnturo uor 18 1% likely that
tboyowrburdot'mm - -

-
- .

R~ "o

' In any case, X thinkthouoxtuworttq or'r-viu even -

thousn 1t wvas inhalation dats particularly since Drinker’'s
earlier work in ‘37 is rr.quonu; nentiocoed and this
agnin concormd m:huo-. . ,,., s e

»e

In th. mt pnnmph or tbin un. nvlﬂ p‘pcr :ou Qn(t""O

Tl - "V A ‘-_.,'Z;',:.. Sl
RN o3 PR U RIS T S5 3 R SCM 023589 2
LR . N ." ¢, et M ".'-‘- .'v.".--s-.'. e @ ‘...‘ P a:
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Dr. Otis PFancher L .
April 28, 1972
Page - 2 - -

refer to the "permissable ambient concentrations of
PCB's" as suggestad by Drinker in 1539, Actually the
ACOIH estadblished the Threshold Limit Values based ca
Treon's work rather than the earlier Drinker work,

I bdelieve we may have arrived at our high dietary
level of 100 ppm in the studies done at Bio-Test
based on the Treoca work rather than Drinkeris.

George Levinsksas 1s reviewing each of the papers
t0 see 1if you, Kep and I have missed typo's and he
may well suggest some grammatical changes Wifch we
will enter on our copy and send xsrox's to you and
Xep. 4

in

I hope to get copies of sll of the studies in the hands
of Bill Papageorge, Scott Tucker and the lawyers .

next
" weelkt, I do not antiscipate a lot of changes from tham

and hope that the attorneys agree that we can go
shead with publication.

Best personal regards,
S8incerely,

Eloer P. Wheelsr
Mzr., Environmental Health

Nedical Dspartasnt
EPu/Dics
ec: N. L. Keplinger

. - st TN georTt |
. . e -‘? H .. . N \ -, o ) t‘-.._- ‘? SCM 023590 A
R . . o . &

IR AR S At IO A S
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Industuizl BI1O -TEST J_Ao«a.fam ne.

1810 FRONTAGE RCAD
NOARTHBROOK, ILLINOIS 400482

rozicoL0aY
CENVIAORMENTAL SJIENCES
CHEMISTRY :

::‘;72"..‘::7::::; . April 18, 1975 "‘rR 2! 10Ty

A®CA C20C 212
TELLP™ONE 2173:3C3¢C

Dr., George Roush, Jr,

" Monsaato Company
800 North Lindbergh Boulevard
St. Louis, Missouri 63166

Dear George:

I fully appreciate that the meeting cn PCB's today was not
campletely satisfactory and that many nagging questicns remain,
The enclosed is a brief summary of my perscnal views and [ would
appreciate any opexz aad frank comments that you all may have,

Please let me kmow of any action that you ccatemplate in
the way of seeking additicnal assistance in pathology or in contacting
federal agencies. We will be pleased to be of help in any way that
you may wish.

It is my feeling that we need to get together again within
the next few weeks to continue cur discussions,

. : Very truly yours,

J. C. Calandm

President
JCC:AR
¢c - Dr. Ceorge Levinskas
Mz. Elmer Wheeler
Mr. William Papageorge - SCM 022745
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Monsanto

Monsantd Comoany

800 N. Lindbergh Sovlevarg
. St. Louis. Mistours 83168

Phone: ‘14 984-1000

July 18, 197%

Dr. J.C. Calandra

Industrial BIO-TEST Laboratories
1310 Frontage Rd.

Northbrook, Ill. 60062

re: AROCLOR 2-~year Rat Feeding Studies

Dear Joe:

]
The attached table summarizes a comparison of the 3 revised
AROCLOR reports (1242, 1254, 12%0). = -

In 2 instances, the previous conclusion of "slizhtly tumorigeniz”
was chanzed to "does not appear to be carcinogzenic”’. The latier
phrase is preferable. May we request that the AROCLOR 1252
report be amended to say “does nctappear to be carcinozenic’.

The number of hepatomas reported for AROCLORS 1260 and 1242

have been interchanged. This appears to have arisen from con-
fusion regzarding the nuaberinz of the animals. The orizinal
reports show tumors in animals with numbers in the 100-300 range
for AROCLOR 1260 and in the S00 to 800 range for AROCLOR 1242,
This leads me to conclude that the numbering scheme shown in the
second set of reports is correct. With AROCLOR 1254 confusion
is compounded. The original report showed tumors in animals
with numbers in the units to teens, out the revised rsport shows
animal numbers ranging from 40 to 1000. Can this be straizhtened
out?

I was unable to reconcile the differences in the animal numbers
between the first supplemental report and the orizinal reports,
I had inquired as to the changes in the numbers. As I recall,
I was told that the sections had been renuanered when the new
slides were made and that a key relating to the sets of numbers

RECEIVED

A~

Juk 21150
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Dr. J.C. Calandra
July 18, 1975
Page - 2 -

would be supplied. This has not been done. It may not be )
necessary for AROCLORS 1260 and 1242, but AROCLOR 1254 remains
unresolved,

Insofar as I can see, the remainder of the reports appear
acceptable.

Kindest personal regards,
Sincerely,

-1 /

— \.
——t e -_— N /

\
George J. Levinskas, PhD
Mzgr., Environmental Assessment
and Toxicology

-
- -

/Dkp

att.
cc: Dr. Georze Roush, Jr., M.D.

(LI

™ ND4944¢a
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Supplcmental Report

Supplemental Report

Product #l  (magled) 2 (JCC delivered)
AROCIOR 1260 .
conclusion slightly does not appear
tumorigenic carcinogenic
hepatomas. 3 T
range of tast animal nos:
p. 9 600 to 800 100 to 300
p. 10 1000 series 800 to 900
p. 11 70 to 100 lotto 40
p. 12 500 to 600 80 to 200
p. 13 600 to 700 200 to 300
P. 1 700 series 200 to 300
AROCIOR 1254
conclusion slightly slightly .
tumorigenic tunorigenie
hepatomas 6 6
AROCIOR 1242
conclusion . slightly does not aprear
tumorigzenic carcinozanic
hepatonas 7 3

range of tast animal noas.

as in report #2

as in rcport #1

for AROCLOR 1260 AROCLOR 1260

scM 022804

QnOoCI™
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Industuial BI1O - TEST Liboraloves, Sne.
1810 BRONTAGE RQAD
NORTHABROOK, ILLINQIS 60042

rQ4L1C0L0 QY ARCA COOC 12
CNV'AONMENTAL SCIENCES

TRLEPHNONE 273-3013D
CHCN graY August 4, 1975

BLANT SCIENCES
MEDICAL SCIENCES

Dr. George J. Levinskas, Manager
Eavironmental Assessment and Toxicology
Monsanto Company

800 North Lindbergh Boulevard

St. Louis, Missouri 63166 B

Dear George:
Re: Aroclor - 2 Year Rat Studies . E

fn regard to the comments and questions covered in your letter
dated July 18, 1975, pertaining to the above, please note the following:

l. We will amend our statement in the last paragraph on
page 2 of the Aroclor 1254 report to read, ''does not appear to
be carcinogenic’ in place of ''slightly tumorigenic' as requested.

2. In regard to the animal numbers in the Aroclor 1242
and 1260 reports, they are correct in our final revised report.
In the original reports, the Aroclor titles for these two materials
ware reversed,

3.  The animal identification numbers appearing in the
reports on sevaluation of additional liver sections are the same
as those in our original report. The animals were not renumbered.

4, We camnot {ind any discrepancy in animal identification
numbers in the reports (original, re-evaluation, final revision)
on Aroclor 1254, However, in the report on re-evaluation of
additional liver sections dated March 24, 1975, there was a typo-
graphical error on page ! which referred to Aroclor 1260 instead -
of 1254, Perhaps this is the basis of your confusioa.

I hope that this will serve to further clarify the situation. Thank
you for your assistance and cooperation.

Sincerely yours,

J. C. Calandra
President

- SCM 023620
JCC:AR _ 0’)0(;58
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ﬂn&uamz B1O - TEST Lzdoralonies, au
1810 FRONTAGE ROAD
NORTHEAOOK, ILLINOIS 40062

August 5, 1978

George J. Levinskas, Ph.D.
Monsanto Company

800 N. Lindbergh Blvd,

St. Louis, Missouri 83166

Dear Mr. Levinakas:
Re: IBT No. 641-06672 - Histopathological Evaluation of Additional

Liver Sections from Rats of a Two - Year Chrovic Oral Toxicity
Study of Arcclor 1254

Enclosed please find 3 copies of pagje 2 from our revised laboratory
report dated March 24, 1975, prepared in connecticn with the sbove study.
Very truly yours,

A J. C. Calandra
President

Jcc/td

5 DEPOSITION
i EXHIBIT
| 3
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,~  August 15, 1975

Dr, J.C. Calandrs

Industrial BI0-TEST lLaboratoriss
1810 Prontage Road

Sorthbrook, N1, 60062

Te: ARCCIOR 2-yoar Rat Peeding Studiss
Dear Joe: ‘

With respect to your letter of August 4§, 1575, we appear to
b8 reading from different scripts. .

The attachad copies of s froa the revized AROCCLOR 1254
report (IBT No. 6#1-06672?? dated March 24, 1975 ahows -that
vi all animal numbers have 3-digits. The excsptions
ineclude a'#-44igit number on page 10, & series of 2-digit
numbers ranging froam T1l-70 on page 11, and slides markad
Ixt or Ex appearing on pages 12 and 1&.

Coples of pages 83-88 froa the original report, IBT No. B7298
datsad Noveamber 12, 1971 also are attached, These contain ths
tables listing tumors, and thay are the only cnes in which
{ndividual animal ers appear, As summarized delow, thare
is a repetition of low digit numders in sach grouwp.

AHDCLOR 12508
> . Control ppa ppa ppa

Kale rat nos. 1,2 1,2 1,2 4,5,7
Pezale rat nos, k6-48,%0, 3-13 3-11 153]'_2' -

52.23.6%

The only pages which contain similar numbers are page 11 of
the revised report and page 83 of the original report. How-

i DEPOSITION
| EXHBIT
JELEVIvseas & 1
U 53737 e scn 02289
0n0Cel
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Dr. Joc. mmdn
August 14, 1975
Pages = 2 -

ever, even in those instances whers the sazs numbers
appear, thare ars inconsistanciss as shown delow:

: EE‘M“’ 8

1 ppa Female all shown as
1 ppm Pemle control
1 ppa Female ferales
1 ppa Pemals
10 ppa Male
10 ppa Female
100 ppa Male
100 ppa Female

RPIRBELE E
3

Although~it s of minimal significants, pages 84 and 85
of the original report ars misnumbered in that page 84
1s & continuation of the table which begins on pags 85,

Ths page for the AROCLOR 1254 ecntaining ths phrase “does
not appsar to be carcinogsnic” has been received.

Ws nots the intsrchange of ths numbers 1242 and 1260 en

those 2 AROCIOR reports, and will destroy the mislabelad
copies,

Sincerely,

George J. Levinskas, PhD
Mgr., Environanental Assessment
and Toxicology

/>kp
att,

SCM 022808

~ . 090662
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Industrial B1O - TEST Lzboralonies, Jne. — e

1810 FRONTAGE ROAD -
NORTHBROOK, ILLINOIS 60062 FJ&
ToricoLoay - ARgA COOC 12

enEMIsTRY
PLANT SCIENCES ]
MEDICAL SCIENCES

CNVIRONMENTAL SCIKNCES october 17' 1975 TELEAWONC 273-3030

Ceorge J. Levinskas, Ph,D.

Mgr., Environmental Assessment & Toxicology
Monsanto Company

800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. Levinskas:

I am returning the black and white photornicrographs of
Aroclor lesions in the rat liver that were taken by Dr, Pour at
the Eppley Institute in Omaha, Nebraska and delivered to me by -
Jim Hill. [ found his report interesting, although I do not concur
with his classification and interpretation of some of the liver lesions.

Per your request, I am also enclosing a copy of Dr. Kimbrough's
findings and report on Aroclor 1260 in the rat which you sent to me
earlier in the year.

Sincersly,

Doi:onn E. Gordon, D. V.M., Ph.D.
Section Head, Pathology

DEG/ji

enclosures

41310191078
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INTER-OFFICE CORRESPONDENCE
Sndestriol B1Q -TEST Lodoabrins. Sen
et oaTe Decembaer 24, 1973

ro ’ suascy: PCB Papers

Ceorge Lovinskas has ¢ome questions regarding the pathology sectian of
the PCB papers. He wante to visit Northbrook after Jan, ! st a time
convenient to you, Please make the necessary arrsagemants,

Ge~

G, L, Xunnedy

GLK/lam
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Toxicity and Environmental Effects of Commercial PCBs
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Introduction

Polychlorinated biphenyls (PCBs) are not & single chemical
entity. Tpey are produced by chlorinating biphenyl to
acheive a final praduct with specified p;operties. These
praducts, sold under the trade name AROCLOR by Monsanto, are
mixtures of chlorine-containing biphenyls with different
numbers and positions of the chlorine subsfituents.

Over the years, a series of investigations have been
conducted to assess potential health and environmental hazarQS
of PCBs. The 3 predominant commercial mixtures (AROCLORS 1242,
1254 and 1260) have been studied most intensively. Toxicity’
tests performed on these 3 commercial mixtures were typical
in scope of those designed for the evaluation and establisnment
of the safety of direct and indirect food additives.

It may be noted that AROCLOR 1260 no longer is prcduced
in this country since it does not meet the physical specifications
for its restricted uses.

Conciusions Based on Monsanto Studies

1) As a class, the AROCLORS are relatively harmless
materials for foﬁtine industrial handling under ambient
conditions.

2) Threshold Limit Values of 1 mg/w3 and 0.5 mg/m3 have
been established for materials containing average chlorine
values of 42% and S54%, respectively, of the available sites.

3) The no-effect level for these materials in chronic

DEPOSITION
SCM 019639
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rat and dog‘fiéiing studies 1s about 10 pp: in the diet.
No hepatocellglar carcinomas were present,

h) The no-effect level on rat reproduction is between
1 and 10 ppm in the diet since higher levels result in
low mating indices,

5) No teratogenic or hutagenié effacts were observed
in studies with rats and mice.

6) In chicken reproduction and teratology studies,
AROCLOR 1242, which produced the most severe effects, had
& no-effect level of 2-U4 ppm in the diet.

T) Acute toxicity to fish varies from less than 1 ppa
to greater than 100 ppm depending on the specific AROCLOR
and species of fish tested.

8) PCBs containing 3 or less chlorine substituents per '
molecule are reasonably blodegradable,

Summary of Monsanto's Long-term Toxicity Studies on Commercial PCBs.

These tests consisted of 2-year (lifetime) feeding to
rats, 2-year feeding to dogs, 3-generation rat reproduction
studies with 2 litters cast-per generation, rat teratclogy
studigé and dominant lethal mutagenic studies in mice. Toxicity
and reproduction studies in chickens were performed to evaluate
.possible untoward effects in birds such as decreases in eggshell
thickness. In'addition, biodegradation and tissue accumulation
studies have been conducted.

The highest dietary level (100 ppm) in the 1ifetime rat
feeding studies produced a weight depression at 24 months
in females fed AROCLOR 1254 and liver weight increases in all

SCM 019640
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groups except males fed AROCLOR 1242, As with other 4
halogenated h&drocarbons, the important histopathologic
changes were present in the livers of animals sacrificed
at the end of the study. These consisted of hepatocellular
alterations such as focal hypertrophy, cytoplasmic 1lipid
changes and in some animals from the 100 ppm groups, hepa-
tomas or cholangiohepatomas. No evidence of hepatocellular
carcinogenicity of the AROCLORS was found.

In the dog 2-year studies, some slight decreases in
body weight gain were noted. At the highest feeding level
(100 ppm), AROCLOR 1260 produced an increase in serum alkaline
phosphatase activity and liver weights without concomitant - j
histopathologic changes. However, there was evidence of
gastrointestinal inflammatory lesions and ulcerations
which appear to be similar to those found by Allen in rhesus
monkeys fed AROCLOR 1248, (AROCLOR 1248 was an experimental
product which never was commercialized.) |

In the rat reproduction studies, none of the AROCLORS
produced adverse effects in the 2 litters of the first gen-
eration: In the second and third generations, there was a
reduction in the mating index at the 2 highest feedihg levels
(10 ppm and 100 ppm). The ability of females to concelve,
carry the delivery process to parturition, and to successfully
nourish the young was not affected by the 3 AROCLORS. No
changes were produced in the reproductive tracts of either
male or female rats by any of the 3 AROCLORS, |

There was no evidence of teratogenic or mutagenic changes

with any of the PCBs at maximally tolerated dose levels in

SCM 019641
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rats and mice.
In the chicken toxicity/reproduction study, AROCLOP
1260 was without effect at all test levels. AROCLORS 1242
and 1254 at 100 ppm in the diet decreased egg hatchability,
In fact, poor hatchability of eggs was found from hens
fed 8 ppm of AROCLOR 1242. 1In addition, AROCLOR 1242 at 10
and 100 ppm and AROCLOR 1254 at 100 ppm were associated with
reduced eggshell thickness. Chick viability was affected
by both substances at a.dietary level of 10 ppm.
Biodegradation studies were conducted using semi-continuous

activated sludge systems and tissues of rats fed FCBs were

'analyzed to measure accumulation and retention of these ma-

terials. These factors are influenced by the number and
position of the chlorine substituents. Higher chlorine-con-
taining members are more resistant to biodegradation and they
accumulate more readily and are less'readily metabolized and/or
excreted from lipoid tissue in animals. PCBs containing 3 or
less chlorine substituents per molecule are reasqhably biode-

gradable,

Comments

The conclusion that "No evidence of hepatocellulaf car-
cinogenicity of the AROCLORS was found" in the 2-year rat
feeding study was reached only after extensive re-evaluation
of the original liver slides as well as additional liver
sections from all of the animals after the Kimbrough results
on AROCLOR 1260 became known to us. The slides were read

090CE)
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{ndependently by Dr. D, Gordon of Industrial BIO-TEST Labora-
tories, Professor W. Richter of the University of Chicago, and
by Professor P. Pour of the Eppley Institute for Research in
Cancer. In addition, Dr. Pour evaluated the Kimbrough slides
and does not agree with the reported findings.

Barsotti and Allen have reported that 2.5 ppm of AROCLOR
1248 in the diet of rhesus monkeys advereeiy affected repro-
duction. This approximates a dosage of 100 ug/kg/day. It
18 higher than the safe human intake (1 yg/kg/day) estimated
by FDA from human da*a when if promulgated its tolerances for

0

PCBs in food.

SCM 019643
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Human data
(P.R. July 6, 1973. p. 18097, Section (2))

Lowest level of PCBs producing effect in man = 500 mg total.
500 mg consumed by 50 kg individual over 50 days. . :
500 mg 5 50 kg ;- 50 days = 200 ug/kg/day (effect level)
_ .. Using 10-fold safety factor leads to estimate that 20 ug/kg/
© .« day may be-safe over a 50-day interval.
Since PCBs have long half-life; calculating same intake gver
a 22-nonth span arrives at an estimated safe intake for a pro-
tracted period of 1 pyg/kg/day. '

Primate data
(Fed. Proc. 34:338 (1975). Abstract 675. Barsotti & Allen)

At 2.5 ppm in diet, primates ingested 182 mg over 52 weeks.

182 mg - 365 days = 0.5 mg/day which produced effects.

Assumin§ 5 kg primate, 500 pg < 5 kg = 100 yg/kg/day

nclusions: Primate study done at dosages (100 ug/kg/day)

s:::ter than the safe dosage (1 ug/kg/day) esimated from human.

Primate study does show effects at lower dosages over longer
time span (100 ug/kg/365 days) than had been observed in man
(200 pg/kg/50 days).

The toiai amount of PCBs producing cffects in primates (182
mg) was lower than that producing effects in man (500 mg).-

(N.B. Abrahamson & Allen, Env. Health Perspectives. June, 1973,
~BI-86. Report that infant monkeys are aole to tolerate doses
of PCBs tha% produce extreme morbidity in adult monkeys.)

_ ~ Dog and Rodent Data
(F.R. July 6, 1973. p. 18097, Secticn (1))

"No-effect" level for man using a 100-fold safety factor and
accepting 10 ppm as a "no-effect" level in animals would be
2,5 pg/kg/day based on dog data and 3 pg/kg/day based on rat
- T d&ta. T T . e R b
“.. If rat data "no-effect" level drops to 1 ppa, then corres-
@dmg estimate of human "no-effect" level drops to 0.3 pg/
day. :
Question: In a "collision" between rat data using a 100-fold
safety factor and human data using a 10-fold safety factor,
which data base would you like to be riding on?
Comment: Since human data is availeble, it could be argued
That the traditional 100-fold safety factor is not necessary.
Application of a 30-fold safety factor to rat data, supported
by dog and human data, makes present estimate of safe human

intake appear reasonable.

SCM 019644
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PCB Primate and Human Residue Data

Conc. in diet, ppm
Intake, pg/kg/day

Estimated safe dose,
ug/kg/day

Liver conc.,ug/g
Fat conec., ug/g

Primates

25 2.
800 >

100

56.3(0.01)*
50,0(27.7)*

#7alue in ( ) from infant primate. -
Allen et al., TAP 30: 340-451 (1974)

##Yobs, Env. Health Persp.,79-81, April 1972

0 (314 samplesg)**
<1 (125 samples
1-2 (165 samples
>2 (33 samples)

QnQe72
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IeviaOnmEuta, SCIKNCES

“MEOICA, BCILRCED

Gueorge J. Levinakas, £h. D,
Monsanto Company -
800 N, Lindbergh Rlvd,
St. Louis, Missouri 631066

S

Dear Dr, luvinskas: '
{am ecor ln-mg thc rcvnak'd hmmr ublc- nl' ﬂle.Aroelor papor
that we discussed duting your Visit on Jamury 15. 976. You will _ :
actice there are two tables with the same -h!a. One lable is a listing of
tuiors by organ system, as you suceosted, to’ replaee the uriginal table.
I think 1 alsoe pr- h-r the I-.rm- r althuuuh i! will ruqu re.nore splce vhen

printed,
. - IS AP A Ny |
. .o e L .-/‘l e l RS
‘ o * Donavan B, Gosdony DLV M., Ph. D. L
. I bcctum lluad l’athulogy :
DEG/ji :

cc: M.L. chlhlgur

DEPOSITION
EXHIBIT

FLEVIVSKAS 34
S 37231 w

oy -
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~Monsanto '

\ } :
socmm = aaed 4024 POm. P Omal Dapt. of Medicine & Environmental Health~- ¢ .} Levinskas, A2SA \L'_b.
oare November 17, 1978 « G. Roush, Jr. - A2sSAa

AROCLOR 1260 J.C. Weber - B2SK
wanct G.F. Barton - A3NC
W.J. McCarville -~ A3NC
agreatnce C-Fo CalliS - BZSA
10 FILE o J.T. Garrett - A2SA

= DEPOSITION
i EXHIBIT

LBV ISKAS - 3}
On Wednesday, November 15, 1978, I had a call from Joan S W
Ranson, an industrial hygienist with OSHA in Philadelphi®®

About two weeks ago, a Philadelphia trucking firm picked up

two used transformers Westinghouse was having shipped. The
truck carried other cargo of a consumer nature, namely shoes,
toys and candy. The transformers were not accepted at the
receiving end because their contents had spilled. Consequently,
the driver took them to the truck terminal. The transformers

contained AROCLOR 1260. An estimated 168 gallons of transformer
fluid was spilled.

CPSC has been tracking down the consumer products. Most are
believed to have been recovered.

EPA is on the scene. Details as to exactly what they are doing’

were not discussed at length. They apparently are offering advice
on cleanup of the spill.

T™wo local TV stations have camera crews at hand, and the emotional
level is rising.

The two leaking transformers have been removed to an enclosed area
in the truck terminal. Ms. Ransom wanted to know about monitoring
air levels in the enclosed area for PCBs. She also inguired about
clinical or other tests which could be done on exposed workers to
gauge their exposure and the nature of protective equipment which
clean-up crew members should wear.

Without reiterating all aspects of this somewhat lengthy discussion,

I made several statements to Ms. Ranson. She was told that there were
no tests we know of to measure the after effects of exposure, and
none should be necessary since there was no reason to expect that
persons exposed under the conditions she had described would become
ill from PCBs. With respect to air monitoring, the analysts should
be careful to identify PCBs as such since AROCLOR 1260 was mixed with
another chlorinated hydrocarbon. The latter was more volatile and,

if detected, and expressed as PCBs, could create unnecessary concern
in addition to being misleading. I saw no reason for concern about
the health of employees' families from possible contact with PCB-
contaminated workclothes. With respect to the emotional tensions,

I suggested that they tell people there was no health hazard involved,
but that efforts were being made to limit the potential environmental
effects of PCBs. The use of disposable or protective clothing was
justified to keep workers from taking soiled garments home and having

019631
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PCBs flushed down the drain. THere was no need for respiratory protection

for cleanup crews. Finally, if the truck had a wooden floor-bed, it

IN-10M {REV. 2/70)
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FILE - AROCLOR 1260
November 17, 1978
Page - 2 -

might be advisable to replace it. The loading dock apparently
is concrete. All wastes, including spillage initially swept
up with sawdust, should be disposed of in an acceptable manner
according to prevailing regulations. Ms. Ranson appeared to be
aware of those requirements.

I don't know how many places have been contacted.. Ms. Ranson stated
that they had called Dow in the mistaken belief that they manu-
factured PCBs. They received a suggestion that adipose tissue
assays might provide a useful measure of exposure. My comments

on that suggestion ended with the observation that obtaining fat
samples by biopsy would be the most traumatic part of the

entire episode for the individuals involved. Ms. Ranson expressed
appreciation for my remarks and-indicated that her supervisor,
Mark Durham, Sr. Industrial Hygiene Supervisor probably would call
me tomorrow - Thursday, November 16, 1978. X

Let's see what happens.

George J. Levinskas

- /bks
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Monsanto

raOM (NAMC &' LOCATION, G, J. LeVinSkaS - AQSC

[-734 4

suw LCT H

agrERENCL

TO

September 25, 1975 «« H. S, Bergen - B2SL
D. R. Bishop - B1ND
PCBs W. B. Papageorge - B2SK

R. G. Potter - B3sA
W.W. Withers - B2SA

G. Roush, Jr.
A2SA

The attached represents a final (?) version of the
toxicity statement on PCBs. This es note of all
the comments which have been received since the
version mailed to you on August 29, 1975.

This Qas discussed on the phone with Wayne Withers,
and he agreed that 1t was acceptable. Since Wayne was

the only one who had comments regarding the August 29
version, this should be satisfactory to all concerned.

)L

George J. Levinskas

/bkp
att.
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PCBs

Recently, we were informed that liver carcinomas were

~ observed in female Sherman strain rats fed AROCLOR 1260 for

20} months. This prompted us to re-examine livers from male'

and female rats of the Charles River strain which had been fed
AROCLOR 1242, AROCLOR 1254 or AROCLOR 1260 for 2 years in ea.rl.ier
studies conducted for Monsanto Company.

There are 4 elements which are closely interwoven in this
matter: (1) differences in test procedures, (2) differences in
results obtained by various investigators, (3) definition of
what is a cancer, and (4) evaluation of potential risks, if any,
to man. These will be summarized briefly. :

(1) Several animal studies have been conducted with. various
brands ¢f PCBs. In some studics, the test material has teen
identified by trade name (AROCLOR, KANECLOR). In others, there
was just a general reference to PCB., Consequently, the quality
of test material with respect to the amounts and nature of
contaminating 1mpur1t1es or by-products cannot be determined
inuggi case. In addition, several -strains of test animals were
used, the duration of the experimental periods varied, and there
was a wide range in the depth of detai} with which the obsérva-
tions were reported. Consequently, 1t is difficult to make
comparisons between these studies, . .

(2) .In génergl, studies have shown mice to be more
susceptible than rats and females to be more sensitive than
males to the liver effects of PCBs. Beyond these generalizations,

the results have not been consistent. Some investigators have

- . SCHM 0l9T17
000677
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reported liver carcinomas. Others have observed only

benign tumors. Several have noted changes in liver tissue
without detecting tumor formation. For the reasons just
cited, 1t is difficult to determine the bases for these
different results. The most direct comparison can be made
between the 2 studies on AROCLOR 1260 since the same high
dosage level of the same lot of AROCLOR 1260 was employed

in both'experiments. In the studics reported to us, livér
carcinomas occurred in approximately 8% of female rats of

the Sherman strain (the only sex used), In M~nsanto's study,
none of the liver lesions had progréssed beyond the stage

of benign tumors (hepatomas) despite a slightly longer duration
of feeding of AROCLOR 1260 to rats of Sprague Dawley, Charléé
River strain. The Monsanto study employed rats of both sex
and it did confirm the previously noted greater sensitivity
of female rats-to liver effects of PCBs.

(3) A review of the liver alterations seen in all 3 AROCLORS
in Monsanto's studies shows that thellesions were benign in
character in the traditional pathologic sense. An evaluation
of 2ll information avallable to us, including the contradiction
between the recent data showing AROCLOR 1260 to be a carcinogen
and ouf earlier negative results on the same product, leads to
a conclusion that AROCLOR 1260 is not carcinogenic to all commonly
used strains of laboratory test animals. ' )

(4) 'In 1972, the manufacture of AROCLOR 1260 was dis-
continued in the United States and the sale of AROCLORs was
restricted to a single use, i.,e., as dielectric ?luids. As
such they are used in closed systems which yill at least mini-

mize additional environmental contamination. Considering the

SCM 019718
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high degree of fire risk associated with this use, and

recognizing that AROCLOR 1260 may have & weak carcinogenic
potency which has not been fully proven and that AROCLORS
1242 and 1254 have not been shown to be- carcinogens, jit is

... m—

e 1
concluded that the continued use of AROCLORS‘ as dielectric

flulds will not present an unreasonable human health hazard.

SCM 019719
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bee W. B. Paoag;orgn - B2SX

" Jesuary W, 1978

y . ¢ " . LIRS
.~..‘ ! ‘ ’ . ’.‘: ‘-:\‘ } -
Dr. Donovan R. Gordon
Industrial EIO-TEST Ladorstories, Ings.
1810 Frontage Roed

Northdrook, Illinois 60062

Ret Polychlorinated Biphsnyl (IC3)
Desr Dons ‘} - i

1 ’

Enclosed are copiles or thm roprtntl dnl!.n‘ with liver

__ tusorigenisis of ICB's, These are from:

(1) Gann, (1972).53: 80s.
(2) Gann, (1973).63: 105-108," il
(3) 2. Bat'l Canc. Inst., (1973).2L11637-1636.

The utud!.u vere pcrrcn-d uth :apuuu msterisls (Kane-
chlors), but : sre of dirsct interest to our
nesting You and Dr. Richtar should de
familiar with—-ibe contsants of those papers as you reviev
the AROCLOR slides.

Our meeting is scheduled for Janusry 31, 1979 in Rooa 201,
Building 37, st ECI in Bethesda. Ve will be meeting wita
Dres. Kimbrough end Squires. Xo specific time has deen set,
dut ve csn plan on starting in the soraing. I will cone
firm & epecific time snd will check with you or Xep oa a
place to stay the night defore.

Sincerely,

George J. lavinskas, Pn. D.
Msnsger, Environmental Assess-

sent snd Toxicology
alw : :

ce Dr. M. L. Keplinger

3 DEPOSITION
i  EXHIBIT
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Monsanto " g pan ..-.LJ .1«./
- M."’

FHOM . NauE A LOLAlIm. ( R. BiShOP - BIND O

oere ' Nov. 17, 1975 '“Mr. W. R. Corey -°;'2§Z /7
——ncer : ~Mr, F. J. Fitzgerald - B2SA 229,
i Dr. J. P. Mieure - T2F v737
cememer Mr. D. Wood = B2SD,¢ 1
TO :  Mr. T. H., Bottini - 242"  _tx. ¢. paton - m2sc 2527
- Br— PO DeGarmo—=—B3NA Mr. R. G, Potter - B2SB *'”*

_Dr. W. C. Hammann - B3SA+"' ~Br—G—Reush—~—2AZSA

Mr. E. H. Harbison - DIK 37 _Mr. J. C. Weber - BIND ° *~
De.G6—J.—levinskas—A25€ ~Mr. W. W, Withers - B2SA 2757/
sMr. . W..B. Papagaorge—B2sK P Nright « A2SC

Attached is the second draft of a news release summarizing
Dr. Pour's re-evaluation of Dr. Kimbrough's study. It
incorporates comments from Dr. Levinskas, Messrs. Papageorge
and Wood.

Pleagse let me have your comments and/or apﬁrovals as scon
ag possible tomorrow morning.

We need to clear the final version with Dr. Pour and have
coples printed for distribution in Chicago on Wednesday,
following Dr. Kimbrough's presentation."

I1'1ll have to print the news release late tomorrow morning.
Your cooperation is appreciated.

o 1){. fmmnw o Ko deTATL e
0 an/nm %qwﬁkmﬁwj
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Monsanto
INOW i MAME A AL &tk D- R- BiShOP - BlND

part - Nov. 17, 1975 ""Mr. W. R. Corey - B2SA
s Mr. F. J. Fitzgerald - B2SA
uate Dr. J. P. Mieure - T2F
vt acme Mr. D. Wood - B2SD
TO : Mr. T. H. Bottini - B2CA Dr. C. Paton - B2SC
- Dr. P. 0. DeGarmo - B3NA Mr. R. G. Potter - B2SB
Dr. W. C. Hammann - B3SA Dr. G. Roush - A2SA
Mr. E. H. Harbison - DIK Mr. J. C. Weber - BIND
Dr. G. J. Levinskas - A2SC ‘Mr. W. W. Withers - B2sA
Mr. W. B. Papageorge =- B2SK Dr. P. L. Wright - A2sC

Attached is the second draft of a news release summarizing
Dr. Pour's re-evaluation of Dr. Kimbrough's study. It
incorporates comments from Dr. Levinskas, Messrs. Papageorge
and Wood.

Please let me have your comments and/or approvals as soon
as possible tomorrow morning.

We need to clear thé final version with Dr. Pour and have
copies printed for distribution in Chicago on Wednesday,
following Dr. Kimbrough's presentation.

I'1l have to print the news release late tomorrow morning.
Your cooperation is appreciated.

'/mks
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MONSANTO INDUSTRIAL CHEMICALS CO.

. D. R. Bishop
IMMEDIATELY 1975 (314) 694-2891

PUBLIC RELATIONS DEPARTMENT
80Q N. Lindbergh Bouievard
SL Louls, Misaguri 63168

CHICAGO, Nov. 19 -- Monsanto Company today announced
that a newly completed scientific report, co@missioned by the
St. Louis-based company, does not confirm the presence of malignant
liver tumors in experimen?al rats fed a commercial polychlorinated
biphenyl (PCB) mixture...a conclusion that had been previously
reached and widely reported by Dr. Renate D. Kimbrough of thé'
Center for Disease Control of the U.S. Public Health Service'in
Atlanta,
| The Monsanto-sponsored report, a re-evaluation of-
Dr. Kimbrough's work, is titled, "Histopathological Re-evaluation
of Tissﬁes from Sherman Rats Fed Aroclor 1260," and is authored by
Dr. Peter Pour, a pathologist with the renowned Eppley Institute
for Research in Cancer of the University of Nebraska Medical Center
at Omaha. Aroclor i1s a Monsanto trademark for a class of chlorinated
hydrocarbon industrial chemicals it manufactures.

mhusﬁw,m.MMWuhnmnﬁthWMSMmm
strain female rats were fed 100 parts per million of PCB (Aroclor
1260) for about 21 months, 170 of the 184 experimental ‘animals
developed neoplastic lesions (ﬁrecursors of malignant tumors). She
further ideﬁtified 26 of these lesions as hepatocellular carcinomas

(malignant liver tumors). sCM 058338
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During his re-ev;luation, Dr. Pour saw the same alterariaon
but identified them as being hyperplastic or non-tumorous lesions,

further pointing out that it was his strong impression that many

'of the detectable alterations were a degenerative and reparative

rather than a neoplastic process. Dr. Pour's re-evaluation is
consistent with conclusions drawn from Monsanto's own PCB feeding
studies which have never produced a carcinogenic response in
experimental animals,

In his discussion, Dr. Pour reported that he observed
20 cases of abnormal lesions which presented such strﬁctural
criteria as to be considered possible precursors to tumorg,;élthough
a most'siénificant criteria for malignancy -- namely invasiveness --
was missing, and the sign of ongoing toxic, degenerative and
regénerative processes in the rest of the tissue was evident.
""At present, the statement that these lesions may have metastasized
(infiltrated adjacent tissue) 1f the treatment had been continued
is as much as unreliable as the possibility that they might have
beén regressed if the animal would have been kept longer or for
life," he stated.

"In summary,' the Eppley Institute pathologist reported,
"{t is difficult at present to conclude whether Br not some of Ehe
examined lesions represent a malignant lesion, because of the lack
of invasion and metastases. In the case of such organs, as the

liver, with its marked tendency toward regeneration, it is, in my

339
-more- scu 058
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“opinion, difficult and somgtimes impossible to distinguish between

regeneration, hyperplasia and neoplasia, particularly when the
tissue 1s continuously exposed to a toxic substance.”
| Quoting further from Dr. Pour's report, he wrote, "In

this context, Dr. Kimbrough's study seems of particular interest,
in that polychlorinated compounds may be retained in the body,
even in higher concentrations for several months after feeding
has been stopped. This finding may explain the continuing
degeéerative and regenerative processes in the livers of most
experimentﬁl rats, even two months after Aroclor was removed from
the diet. |

'"Ong should also bear in mind that some animal st}ains
may react more specifically to a compound because of common
endogenous diseases, as in the case of the Sherman rats used in
this experiment which tend toward spontaneous liver lesions.

"In my opinion,'" he concluded, "many of the lesions
induced were of a degenerative nature, and without further studies,
the induced liver lesions could not be definitely designated

as neoplasia (tumorous).
=000~

NOTE TO EDITORS: Copies of Dr. Pour's report are available on

request, in writing, from Public Relations Department, Monsanto
Industrial Chemicals Co., 800 N. Lindbergh Blvd., St. Louis, Mo. 631

SCM 058340
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Industrial BI\O « TEST Lzboralonies, Ine.

1810 FRONTAGE RQAD ~
NORTHBROOK,ILLINOIS 600482

Taxicoraar
CHEMISTRY . PN Se iy

r »wm -
MEDIGAL SCIRNCES “:u.n::r‘:.: ’7036
MICRCQIOLOGY :
INOUSTRIAL SAFCTY & MEALTN July 31, 1981

' Dr. George Levinskas
Monsanto Company
800 North Lindbergh Boulevard
St. Louis, Missouri 63166

Dear Dr. Laevinskas:

Ag per your request of July 30, 1981, Dr. D. E. Gordon
is attempting to locate the raw data for the pathology reports on
histologic examination of additional lUver sections from rats fed
Aroclors 1242, 1254 and 1260 (IBT study no. 641-06672).

These data will be microfilmed and a diazo copy sent to
Mr. A, Uelner, Manager, Quality Assurance. Xerox copies of
these data will be mailed to your attention.
If I can be of further help, please contact me.
Sincerely, .
= =7
Marilyn A, Biederer
Validation Assistance Specialist

MAB:AR

cc - Mr, A. Uelner
Monsanto Company

SCM 023698
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Monsanto

baum SameimAron manas De, >f Medicine & Environmental Health .J. Levinskas, GIWF (4-8309°
= July 9, 1981 — = J.R.G. Ortiz, E2ND
o A.F. Uelner, G2WC _
wa  AROCLOR Products 1242,°1254 and 1260: 5 Sw
Two Year Rat Feeding Studi .

nrs(anct

TO  J.H. Craddock

A complete audit of these three past IBT studies will require
considerable time. So much time, in fact, that the results of the

audit would not be available until long after completion of the

monograph which is being prepared. As a result, it has been decided to
limit the audit to a determination of how long animals were on test and
as to whether or not liver reactions were taken for microscopy. These
are the crucial elements for assessing potential carcinogenicity of

these materials.
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* Wionsanto

Name ol Nomunee . Locawan
Paul L. Wright Creve Cceur
Comoany Unit or Staff Qeot. Qivision Butiness Groug Qepartment
Corporate Staff Medical Medical
Ponlion Tilie Salary Grade Annual Salary Date of Last Increase
Toxicology Manage 19 $28,980.00 2/75
Performance ’ Growth Date Last EmMoloye Review
Excellent Excellent 2/75
Type of Award (Select the award category from the 0p0pasite 1:de of thit INeas whh Mast 40PFODCtelY aecribes the award and enter tne calegory anc
code delow.)
Staff
Award Category . Category Code Numpe
Solution to product toxicity problem which permitted Monsanto 28

Gescribe the achievamant ana s ngmificanca to Monwnto belowkO continue product manufacturing and sale.
Dr. Paul L. Wright has performed his reqular duties exceedingly well and
has, in addition, completed a specific "ad hoc" assignment with dispatch
and distinction.

Dow informed us that they had encountered lung tumors in rats fed maleic
anhydride and that they felt they had to report these findings to the Food
and Drug Administration (FDA) at once under their "product stewardship"
program. Dr. Wright was asked to contact Dow's toxicologists for details
of their findings. This he did, and by his personal and professional
efforts he convinced Dow personnel that while they had an obligation to
report their findings to FDA, it would be foolhardy to act precipitously.
Instead, Dr. Wright advised Dow to defer contacting FDA until they had
thoroughly evaluated their findings and a subsequent course of action had
been developed to allow resolution of questions which undoubtedly would
be raised by their report of tumors. Dow agreed to this.

5:. Wright then contacted the Process Chemicals business group and informed
them of Dow's findings. He proposed a dual course of action. The first
step was a commitment to support a repeat of the feeding study to determine
whether Dow's findings were reproducible. The results of such a study
would not necessarily resolve FDA's concern over the potential carcino-
gencity of maleic anhydride, but the intent to conduct the study promptly
Wwould serve to forestall precipitous action against the product by FDA.

The subsequent step was to provide assurance to FDA that a thorough
investigation of the toxicity of maleic anhydride would be undertaken, either
by Monsanto alone or in cooperation with others. This proposal was
pcceptable to the business group, and Dr. Wright so informed Dow.

Fubsequently. Dr. Wright accompanied Dow personnel to FDA when_they .
bresented their findings on maleic anhydride. FDA's toxicologists reviewed
Fhe data and the proposed plans of actions. They concluded that while

Fhe questions of carcinogenicity would need to be resolved, there was

ho apparent need for immediate prohibition of maleic anhydride or polymers
containing maleic anhydride in food contact applications. Thus, we _
pbelieve that Dr. Wright played a singular, outstanding role in preventing
FDA from publicly proclaiming that maleic anhydride was a suspect.

Award amount

f

N . ) {0 $2, 00.00
Wbt bt 4,050 0 Seen™

i / / < DEPOSITION
aasa2 {  EXHIBIT

Levivgeas- 37 JSCM 058799
55—37-37 o ] 030703
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! carcinogen. Because of the many uses of maleic anhydride in Zoci
i contact polymers, this was a significant accomplishment.

Subsequently, when maleic anhydride was included in the priority
list for study by CIIT, Dr. Wright undertook writing of a
, literature review on the toxicity of this material. Notwith-
standing the fact that he had assistance in locating pertinent
articles in the literature, Dr. Wright had to read, digest, and
write a substantive review in a relatively short time. This
meant considerable extra work on nights and weekends. He
completed his assignment on time, and it was a credit to him
personally and to Monsanto. At present, Dr. Wright has been given
the added assignment of preparing protocols for further toxicity
testing of maleic anhydride by CIIT. We are confident that he
will complete this assignment with equal professional competence,
Therefore, it is a pleasure to nominate Dr. Paul L. Wright for
a merit award on the basis of his demonstrated performance.

G. J. Levinskas
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Monsanto

Namae ol Nomines Locatian
Paul L, Wright Creve Cceur
Company Unit or Staff Dept. Oivision Business Group Oaegartment
| Med, & Env, Hlth, -
Poutian Title . Sslary Grade Annuat Salary Oate of Last Increase
Toxicology Manager 19 $31,800 2/1/76
Pearformance Growth Date Last EMmploye Review

Type of Award _ (Select the awara category {rOm (he 0pPOIILE 3ide of LNiS shest WNCh MOSt JPPrOPTistery describes the awara and anter the category and
cadse below.)

Award Category Category Cade Nun

s s ~Nas

Technical = Accomplishment of significant results 106

Oaescribe tha achlavemant and its significancs to Monsanto below:

At a recent meeting in Creve Coeur, Glenn Schweitzer, head of the Office of
Toxic Substances of EPA, offered some interesting comments. He observed
that Monsanto's toxicologists were held in high regard at EPA. However,
since it lacked an in-house toxicology facility, Monsanto as a company was
not as highly regarded overall as duPont, Carbide, or Dow.

Dr. Wright's professional and personal characteristics have contributed sig
nificantly to Monsanto's image at EPA. He has shown unusual perseverance
‘and dedication, frequently involving his own time, to review and interpret
large volumes of data which he subsequently organized for presentation to
EPA officials. Particularly noteworthy were his efforts on polychlorinated
‘biphenyls (Aroclors) and chlorinated isocyanurates (ACL products). 1In the
-former instance, his excellent analysis and synthesis of widely scattered
observations played a prominent role in forestalling EPA's promulgation of
unrealistic regulations to limit discharges of polychlorinated biphenyls.
EPA's proposed regulations would have precluded the use of these materials
by Monsanto's customers. With respect to chlorinated isocyanurates,

Dr. Wright has had several contacts with individual scientists at EPA to
.answer specific questions that they had raised or to inform them of the
status of additiona} studies which had been undextaken.

Overall, by virtue of the qualities of leadership which Dr. Wright has dis-
played, he has made an important contribution to Monsanto's image at EPA.
That favorable image will become increasingly important to Monsanto as the
areas of interaction with EPA multiply.
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AUTHORIZATION TO RELEASE INFORMATION
(PRIVATE PERSON OR ORGANIZATION)
TO PROBATION OFFICER

TO WHOM IT MAY CONCERN:

I, Paul L. Wright the undersigned, hereby authorize the

United States Probation Office for the__Eastern District of __Missouri
or its authorized representative(s) or employee(s), bearing this release or copy thereof, to obtain any

information in vour files pertaining to my:
ﬂf Employment

[ Education Records (including but not limited to academic achievernent, attendance,
athletic, personal history, and disciplinary records)

[J Medical Records
[(dJ Psychological and Psychiatric Records

[ hereby direct you to release such information upon request of the bearer. This release is executed
with full knowledge and understanding that the information is for the United States Probation Office’s
official use.

I hereby release you, as custodian of such records, any school, college, or university, or other educa-
tional institution; hospital or other repository of medical records; social service agency; any employer, or
retail business establishment including its officers, employees, or related personnel both individually and
collectively, from any and all liability for damages of whatever kind which may at any time result to me, my
heirs, family, or associates because of compliance with this authorization and request for information or
any other attemnpt to comply with it.

The information hereby obtained by the aforementioned probation office is to be used only for the
purpose of presentence investigation and report and, if applicable, for supervision.

(Authorizing SignatureZutf ame) inted or Typed 77 (D)
WITNESS — = ZF{/
(Probation Officer) (Date)

=« DEPOSITION
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UMITED STATES 87 CT ZQLAT

PROB 140 FPEOERAL PROSATION 3YSTEM -
13/64) core 3/7/84
REQUEST FOR EMPLOYMENT DATA Dewr Sir
T TR TR LY A TR T The person identified below s uxder iavest:gation |
by this office, The 1aformation requesied 13 needed
111 U.S. Court & Custom House to complete this investigation. Your cooperation will !

1114 Market Street be peatly apprecisted.

St. Louis, MO 63101-2071

Plesse return this form _sithug three deys in the

r L ’
- Personnel Department NAME OF PERSO ING TRVESTIGATED (Laet - F irar - Middle)

Monsanto Company WRIGHT,. Paul Lee-.

800 North Lindbergh Blvd. AQOREIS OF PERION BEING INVESTIGATEQ

St. Louis, MO 63141 2001 North Geyer Rd.

L 1 St. Louis, MO 63131

OATE OF GIATH BPLACE OF BIATH SEX RAGCE
1/24/35 South Bend, Indiana M White

ALSO XNMOWN ASs

SOCIAL J¥T1T] NMUMBER

308-34-3416
States employed trom Nov., » to Feb. 29, 1984, as manager of
special projects in Dept. of Medical & Environmental Health earning
555,000 per year. Please INFORMATION OE€SIRED verify.
WAS TMIS PERSON EVER [N YOUR IF YRS GIVE OATE STARTED OATE LEPTY SA| Y OR wAGHE

POSITIONS HELD -

M;’L p W
M ,;;,? AL
REAION FOR fll"lNATlNO ‘HFLOYMI’I"
o m i
O ves _w~o
M/m 'WOULD YOU GCONSIOER REECMPLOYING

THIS FERION?

3 ves Xeo

iladility, and €Il ttowe employsd by yeur ergantsetion.) 4

ST s e / Z% 79 g./g_;/ffy fjl“gpa

WAS THIZ PEARION'S SALAARY ATTACKHED?

REMAAKS (Conceming thie persan’s o ablitty, Y.

AUTHORIZATION TO RELEASE CONFIDENTIAL INFORMATION form attached.

TRl .. Damnal. [l

" lAl—! 23.78.73M.9821 PAP'!C]. IF ADOITIONAL SP I! l!ﬂdlllo USE REVERSE 5108
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INTRODUCTION

The polychlori.nat‘ed biphenyls (PCBs) cdmprise a family of compounds of
variable chlorine content. PCBs manufactured by Monsanto (tradenamed
"Aroclor") bear a four digit number, the 'l2' indicating biphenyl and the last
two digits indicating the chlorine content by weight percent. Since the
chlorine atoms are randomly distributed among the 10 ring positions available

for substitution, each material is a mixture of isomers.

In 1969, Monsanto spénsored a series of animal studies at Industrial BIO-TEST
Laboratories in Northbrook, Illinois, on Aroclor 1242, 1254, and 1260 for the
assessment of the health and environmental hazards of these materials. This
series consisted of 2-year chronic feeding studies to rats and dogs, a
3-generation rat reproduction study, a rat teratology study, a dominant lethal
mutagenic study in mice and a toxicity/reproduction study in chickens on each
of the 3 Aroclor products. Even though no such action was contemplated, such
a broad battery of tests would have been adequate to support Food Additive
Petitions for éach of these materials. These studies were initiated by reports
that PCBs had Seen detected in the environment. A report (Nelson, 1972b)
by a Panel on Hazardous Trace Substances of an Ad Hoc Committee on
Environmental Heaith Research covers the development of information on the
environmental and biological effects of PCBs. There have been subsequent
literature reviews which need not be recapitulated here [DHEW, 13978; EPA,

1976; IARC, 1978; NAS, 1979; Roberts, et al. (1978)].

Starting in 1969, while these studies still were in progress, information
regarding them was made available to various government groups.®

Subsequently, data from these studies were presented at a conference

) . ea07.290
: SCM 058932
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sponsored by the National Institute of Environmental Health Sciences at
Rougemont, N.C. on December 20-21, 1971, but the account of these studies
was omitted from the published proceedings (Keplinger, et al., 1972; Nelson,
1972a).

Subsequently, it was reported that female Sherman strain rats developed
hepatocellular carcinomas when fed Aroclor 12602 from Lot No. AK-3; the same
lot used for the earlier Monsanto study with this material. As a result,
Monsanto requested the contract laboratory's pathologists to review livers from
all available rats from the 3 Aroclor studies. That review (which could have
included new sections of liver from animals examined previously in addition to
sections from animals not examined previously) was presented in thé reports of

Gordon and Richter (1975a,b,c).

In November 1975, reports containing evaluations of liver sections from the
2-year rat feeding studies (Gordon and Richter, 1975a,b,c) and the results of
an independent evaluation of the same liver sections (Pour, 1975) were
presented to and discussed with several federal regulatory agencies®. Later
that month, a summary of data from all of the studies was presented at the
National Conference on Polychlorinated Biphenyls sponsored by the
Environméntal Protection Agency and held in Chicago on November 19-21, 1975
(Calandra, 1976). Only summaries of data from these and other toxicity
studies conducted over the years have been published (Jenkins, et al., 1972,
Keplinger, et al., 1971; Monsanto, 1980). Knowledge of these efforts may
have prompted the statement in a recent article that "...Monsanto, whose
reaction to the possibility that polychlorinated biphenyls (PCBs) might be an
ecological disaster was a classic of how such issues should be handled, says

Ford*. Monsanto began to investigate the dangers as soon as they were

-2-
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seriously voiced. It insisted on keeping an open mind about them. As soon
as evidence appeared that there was a strong chance PCBs were a hazard, it
published the results of its investigations, admitting the danger. [t thus
established a reputation of honesty even among the environmentalists."

(Clutterbuck 1981).

At a later meeting in Bethesda, MD.$%, pathologists selected and reviewed some
liver slides from the Monsanto-sponsored and Kimbrough studies. The
pathologists differed in the terminology used to classify tﬁe lesions. They did
conclude that the general incidence and severity of liver lesions (hyperplasia,
nodular hyperplasia and neoplastic chang'es_ - carcinomas) were greater in the
rats from the study subsequently published by Kimbrough, et al. (1975).
No carcinomas were seen in the Monsanto-sponsored studies. It was noted t_:i:at
either the strain of rat or sex could have accounted for the differences.
The spontaneous incidence of hyperplastic or neoplastic liver lesions in the
Sherman strain rat was unknown, and the occurrence of such lesions appears

to be higher in female rats and mice.

The different diagnoses were discussed with Dr. Philippe Shubik of the Eppley
Institute for Research in Cancer at the University of Nebraska. Dr. Shubik
suggested that the liver sections from these studies could be reviewed by Dr.

Parvis Pour. This was done.
This publication is an effort to make readily available information in the

Gordon and Richter reports (1975a,b,c) which are only summarized in the

literature (Calandra, 1976).

(425 16 Mo
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METHODS

It appears that the Threshold Limit Value of 0.5 mg/m3 for chlorobiphenyl
with 54% chlorine (ACGIH, 1969) was used to estimate suitable dose levels for
the rat feeding studies. For that purpose the following assumptions were
made: if the ambient air concentration of PCBs is 0.5 mg/m3, and if all of the
inhaled PCBs are absorbed, and if 15 m3 of air are inhaled during the working
day, a person would receive a PCB dose of 7.5 mg/day. The corresponding
dosage would be approximately 0.1 mg/kg/day for a 70-kilogram person.
Consequently, dosages of 0.1, 1, and 10 mg/kg/day were decided upon, and
the dietary concentrations were set at 1, 10, and 100 ppm. As it turned out,
the assumptions used to set dosages for the feeding study resulted in the low
dose level rats receiving a dosage that was 100 times higher than the 6._001
mg/kg/day which FDA later calculated as allowable for protracted ingestion
based on human data (FDA, 1973).

For the chronic toxicity study in rats®, weanling animals of the Charles River
CD strain? were divided into a control group and 9 treatment groups, each
consisting of 50 males and S0 females, with 3 treatment groups assigned to
each of the 3 Aroclor products studied (1242, 1254, and 1260). Not all
of these animals started at the same time. After about 2 months on test,
additional groups of males and females were assigned to each test diet and
the controls. These animals were added to allow a sufficient number of
animals for sacrifices at 3, 6 and 12 months to'provide some information

prior to the completion of the 2-year study period. “The mumbering.-sequence

SCM 058935

010, .23

HARTOLDMONO0023357



amd~the.~designation... of .some, animals . as .JExtra'~suggests that additional

animals were. placed on test.

Groups of 5 males and S5 females were scheduled to be sacrificed after 3, 6,
and 12 months of feeding, and survivors were to be sacrificed at the end of
the test period.® Animals were to be given a gross autopsy and tissues were
to be preserved for possible histologic examination. Tumors or lesions

suggestive of tumors were to be examined.
RESULTS

Data from the Gordon and Richter reports (1975a,b,c) on liver slides are
shown in Tables 1, 2, and 3 for Aroclor 1242, 1254, and 1260, respectively.?
While the text of the reports contained comments specific to the par.ticular
Aroclor, they also contained similar comments such as "There is evidence of a
chemical effect on the lver...... This consists of a hepatocellular alteration
beginning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few am'.m:als tb hepatoma or cholangiohepatoma" and "In the absence of
metastasis, invasiveness, .severe basophilia, mitoses, or other evidence of
anaplasia; these are benign tumors rather than malignant carcinomas. There
was no evidence of metastasis or invasiveness of these tumors in this study"”.
The reports also stated that "_The other treatment-related lesions reported are
regarded as degenerative or hyperplastic in nature and they are morphologic
manifestations of an adaptive response of the liver associated with biotrans-
formation of the test material® and "In most instances, the spectrum of
treatment-related histopathological findings in the liver from this re-evaluation
did not differ significantly from that previously reported in our original

report...... No hepatocellular carcinomas were observed".
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With respect to Aroclor 1234, it was noted that "One liver tumor (a hepatoma)
previously reported in a T-II animal (No. 445) was re-classified as nodular

hyperplasia" (Gordon and Richter, 1975a)1°.
- DISCUSSION

The initial reports of these studies concluded that the target organ was
the liver for each Aroclor product. This was confirmed by the second
evaluation of liver slides (Gordon and Richter, 1975a,b,c). These alterations
were slow to develop, their incidence being related to both dose level and
duration of treatment. Since there were increased incidences of wvacuolar
changes in the cytoplasm of the hepatocytes and focal hypertrophy at all dose
levels for all 3 Aroclor products at the 24-month sacrifice, a "no-effect" level

was not established for liver effects.

With respect to the slides from Industrial BIO-TEST, Pour (1975) concluded
that Aroclor 1242, 1254, and 1260 "showed a dose-dependent hepatotoxic
effect, characferized by degenerative and regenerative processes. With one
exception, all lesions were considered non-neoplastic. Structures similar to
cholangiocarcinomas and hepatomas were found in one rat. However, the
possibility of metastases of a carcinoma into the liver has been also
considered." In the report, he noted one lesion which seemed to "represent
a metastatic tumor (probably a mammary gland carcinoma of the same animal
from which ...[the particular liver section]... was submitted), rather than
a cholangiocarcinoma". This occurred in an animal fed 100 ppm of Aroclor
1254. The contract laborator.y pathologists diagnosed the presence of
mammary tumor metastases in the liver of this rat (Gordon and Richter,

1975b). 11

¢10:..5
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SUMMARY and CONCLUSIONS

Groups of méle and female rats were fed diets containing either 1, 10, or
100 ppm of one of 3 Aroclor products, 1242, 1254, or 1260, for 2 years. Focal
hypertrophy of thé liver occurred at 3, 3, and 12 months for rats fed Aroclor
1260, 1254, and 1242, respectively. Focal hypertrophy was not seen in livers
of control animals. At the 24-month sacrifice, livers of animals from all dose
levels of the 3 Aroclor products had an increased incidence of wvacuolar
changes and focal hypertrophy. Livers of some animals fed 100 ppm of each
Aroclor also had benign liver tumors (hepatoma or cholangiohepatoma). No

hepatocellular carcinomas were observed.
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Footnotes

Dates of initial correspondence and contacts.

October 3, 1969. E.P. Wheeler to A.R. Glasgow, Division of
Pesticides. Food and Drug Administration.

April 8, 1970. R.E. Kelly to H. Blumenthal, Petitions Review Branch,
Food and Drug Administration.

April 22, 1970. E.P. Wheeler to E.J. Burger, Jr., Office of Science
and Technology

June 1, 1970. E.P. Wheeler to H.E. Stokinger, Bureau of Occupational
Safety and Health.

R.D. Kimbrough, personal communication.

November 13-14, 1975. Council on Environmental Quahty
Environmental Protection Agency.

Food and Drug Administration.

House Subcommittee Manpower, Compensation, Health and Safety.
National Cancer Institute.

National Institute for Environmental Health Sciences.

National Institute for Occupational Safety and Health.

Dr. David Ford of Bath University.

At National Cancer Institute on January 21, 1975. Present were
D.E. Gordon, R.D. Kimbrough, G.J. Levinskas, R.A. Squire,
W.R. Richter.

Since the events described earlier, the validity of many toxicity studies
conducted by Industrial BIO-TEST Laboratories has been challenged.
Therefore, the available raw data supplied by Industrial BIO-TEST was
reviewed to determine whether this study could be validated. The review
showed that the data bases (including the lack of a protocol) were
insufficient for a complete validation of the study. It was decided to
focus on presenting the primary liver effects reported by Gordon and
Richter (1975a,b,c). Therefore, a complete audit was not undertaken.
Available records were examined for a determination that the animals
were placed on test and of their ultimate fate. Necropsy and microscopic
reports were also examined for findings pertaining to livers of those
animals. Significant discrepancies which were found between data in
Tables 1, 2, and 3 and the data base for the Gordon and Richter reports
are noted in this report. On some records, the labels Aroclor 1242

and Aroclor 1260 are interchanged as determined by a check of the
animal numbers.

Charles River Breeding Laboratories, North Wilmington, Massachusetts.
Animals sacrificed at 6 and 12 months were placed on test about 2 months
after the first group. Those sacrifice periods are sometimes labeled 8

and 14 months, respectively, which corresponds to the calendar time from
the start of the test but overstates the time on test for those groups.
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10.

11.

As a result of the examination described in footnote 6, a few animals were
reassigned to other dose levels on basis of assigned numbers. Three
with no recorded liver lesions were deleted from the 24-month listing
because of short duration on test: 14 months at 100 ppm Aroclor 1242, 15
months at 10 ppm Aroclor 1254 and 13 months at 100 ppm Aroclor 1254.
Therefore, numbers in Tables vary slightly from those in reports of
Gordon and Richter (1975a,b,c).

That change and comments in the footnotes to the Tables were noted
during the examination described in footnote 6. In addition, the following
also were noted during the examination.

Aroclor 1254 - 100 ppm animal marked "Extra3" with diagnosis of
hepatoma in record of examination for original Industrial
BIO-TEST report. Animal not listed in Gordon and Richter
report. .

- 100 ppm animal no. 542 with gross autopsy notation that
liver appears tumorous and white foci has no record of
examination.

Aroclor 1260 - 100 ppm animal no. 293 with gross autopsy notation of
, tumor on liver has no record of examination. .

In some instances, diagnoses were crossed out on the available records.
These were included in the Tables. Crossed out diagnoses for hepatoma
or cholangiohepatoma are noted in the footnotes to the Tables.

Dr. Pour's report does not include the following liver sections noted by
discrepancies between his tabulation and the Gordon and Richter reports.

1 from control at 12 month sacrifice,
5 from 100 ppm Aroclor 1242 at 24 months,
1 from 100 ppm Aroclor 1260 at 3 months.

None of these animals were reported as having hepatomas or cholang-m-
hepatomas in the Gordon and Richter reports.
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11.

12.
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Table 1

Aroclor 1242: 'Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Months 6 Months 12 Honths Terminal®
Diet Level (ppm) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 8 10 9 10 10 8 9 10 10 10 9 23 32 29 19
Findings
Vacuolar change 2 0 2 1 1 0 O 0 1 2 4 0 1 7 8 9
Focal necrosis o 1 oOo 0 1 1 O 0 0 0 O 0 1 1 1 0
Focal lymphoid infiltration 0 0 o 0 0 3 o 0 0 0 1 0 1 0 o 0
' -
Focal hypertrophy hepatocytes 0 o0 o 0 0 0 o 0 0 0 o0 1 o 2 3 8
Nodular hyperplasia 0 0 O 0 0 o 0 0 0 0 o 0 1 1 1 8
Ductular hyperplasia 0 0 o 1 0 o0 o 0 1 0 1 0 S 3 3 3
. Hepatoma 0o 0 0 o0 o 0 o o 0o 0 0 o o o o 3b
Cholangiohepatoma 0o 0 o0 o 0o 0 o0 o o 0 0 o 6 o o 1€

* Coatrol group has animal dead at 19 months and 2 marked "Extra".
1 ppa group has animals dead at 19, 22, 22, 23, 23 months.
10 ppa group bas animals dead at 23, 23 months.
.,100 ppm group has animals dead at 22, 22, 22 months and 2 marked "Extra".

b Includes } animal without record of examination in original IBT report. Not ligted as hepatoma in worksheets for
Gordon and Richter report but appears and was crossed out on typed tabulation for animal marked "Extra". Diagnoses

for other 2 animals do not appear in records of examinations for original IBT report.

P HY)

"% Diagnosis does not appear in records of examinations for original IBT report.

,,u
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Table 2

Aroclor 1254: Primary Liver Lesions Among Albino Rats

Sacrifice laterval 3 Months 6 Months 12 Months Terminal®

Diet Level (ppm) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 10 10 10 10 10 10 10 10 10 10 23 30 26 26

"Findings
Vacuolar change 2 3 3 1 1 0 O 0 1 1 4 1 1 7 9 13
Focal necrosis o 1 1 0 1 2 0 2 0 o0 O 1 1 3 1 1
Focal lymphoid infiltration 0o o0 O | 0 o0 o 2 0o 0 2 1 1 2 0 1
Focal hypertrophy hepatocytes 0 0 O 1 o 0 o0 4 0 o0 4 2 0 3 4 14
Nodular hyperplasia 0 o0 O 0 0 o0 o 0 0 o0 o 0 1 0 3 14
Ductular hyperplasia 0 o0 O 0 0 0 o 0 1 1 1 0 5 6 3 4
. Hepatoma 0 0 0 o 0o 0 0o O 0 0o 0 o 0o 0 o 4°
Cholangiohepatoma 0 0 0 o 0 0 o0 o o 0 0 o 0 0 o0 2€

® Control group has animal dead at 19 months and 2 marked "Extra".
1 ppa group has animals dead at 22, 22 months, 1 marked "Extra" and 1 other for which date of death is not recorded.

10 ppm group has animals dead at 22, 22, 22 months.
.,100 ppm group has animals dead at 23, 23 moanths and 9 marked "Extra".

b Includes 2 animals marked "Extra". Diagnoses do not appear in records of examination for original IBT reports.

QDC Both animals marked "“Extra" with same designation. 1 without appareant record of examination for original IBT report.
Eg Diagnosis for other animal does not appear in records of exa-inniiont'fot original IBT report.

®

t
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Table 3
Aroclor 1260: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Months 6 Months 12 Honths Terminal®

Diet Level (ppm) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 10® 10 10 6 5 9 10 9 10 9 23 26 25 25

Findings
Vacuolar change 2 0 2 3 1 1 2 6 1 2 5 3 1 5 7 9
Focal necrosis o o 4 o 1 o 19 o 0 0 o0 o 1 4 3 6
Focal lymphoid infiltratiom 0o o0 o 0 0o 2 2 0 0 0 O 0 1 0 1 0
Focal hypertrophy hepatocytes 0 0 O 2 0 0 o 3 0 o O 4 0 3 13 9
Nodular hyperplasia ' 0o 0 0 O 0o 0 0 o 0o 0 o 1 1 06 7 6
Ductular hyperplasia 0 0 1 0 0 o o 0 1 1 0 2 S 6 71 12
Hepatoma o o o o o 0 o0 0 0o 0 0o o o o 1° 08
Cholangiohepatoma 00 o0 o0 00 0 o0 00 0 _ o0 0 0 o &t

% Control group has snimal dead at 19 months and 2 marked "Extra".

1 ppm group has animals dead at 20, 22, 22 months. ,

10 pps group has animals dead at 19, 22, 22 months and 1 marked "Extra".

100 ppm group has animals dead at 22, 22 months.

Includes 1 marked "Extra".
€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar change columa.
q.Dlte of death of this animal not recorded.

€ No record of examination for original IBT report. Listed on worksheets for Gordon and Richter report with diagnosis
crossed out. .

f Includes 2 animals without record of examination for original IBT report. Diagnoses for other 5 animals do not appear in
records of examinations for original IBT report. 2 of thesec diagnoses crossed out on worksheets for Gordon and Richter
reports.

8 Includes onec animal with both diagnoses. Hepatoma is 1 of 2 cro;aed aut (superscript f).

h Includes 3 animals yithout record of examination for original IBT report. Diagnosis for other animal does not appear in
records of exsminations for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter
reports.
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| udatrial BI1OTEST Lobaroloriet, Ine

o ' REPORT TO .

I_' : MONSANTO COMPANY

I: TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH ARCCLOR 1254

. IN ALBINO RATS

l. : | .~ HISTOPATHOLOGICAL EVALUATICN
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 06672 s

Introductioca

e

At the request of Dr. Levinskas of the Mozsanto Corpany, additional
sections of liver from a two - year chronic oral toxicity study of Aroclor 1254
{in rats (IBT No. 622-07298) were processed iatoc H & = stained sections and

evaluated by light mieroscopy. Ths followiag ceport presents the rasults of

this study.

DEPOSITION
EXHIBIT

LEViNskAs- ]
S-322-¥ wK

. C . SCM 058166
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Indistricl BLO -TEST Lboralories, Ine. 2

. Sﬁmmarz

In most instances, the spectrum of treatment-related histopathological
findings in the liver from this re-evaluation did not differ significantly
from that preﬁously reported in. our original report dated November 12, 1971.
There were six hepatomas detected among six of the anim.alsrat the highest
treatment level (100 ppi) of the 24-Month Saczrifice. No hepatocellular
carcinomas were observed. One liver tumor (a hepatoma) previously reported
in a T-II animal (No. 45) was re-clas.si;’.ed as nodular hypernlasia. The .
other treatment-related lesions reperted are'-regzréed as deg;enerative or . -
hyperplastic in nature and they are u:orphologit manifestaﬁone of m-edapti‘v;re.":.' e
response of the liver ascribed to bioransformation of the iest material The-
:latter lesions wei¢ confined primarily to lest anix..als of the 12 and 24 mor::.".'
samﬁces and they were dose-related in incidence and severity. e
s¢=::In conclusion, Aroclor 1254 does not appear to be cu.'cino.genic in rats
. fed_for two years at levels up to and including 100 ppm.

BuLailuiy . . Respectfully submitted,

D orTas INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by: /%/dﬂn‘vv\/

D. E. Gordon, D.V. M., Ph.D.
Section Head, Pathology

Report Approved by: : /; / ,!a./ :

M. L. Kepl/ger.
Manager, To:ncology

aew
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Indistrial BlO =T ES T Laboraloried, Ina,

IBT No. 622-07298
Monsanto

I have examined additional sections of liver from rats of IBT No. 622-07298
and have re-evaluated them for evidence of carcinogenesis. I have tabulated
my findings for Aroclor 1254 on the following pages:
- There is evidence of a chemical effect on the liver which is most pronounced
at time of the 12-Month and 24-Month sacrifice. This censists of a hepatocellular
-alteration beginning as focal hypertrophy which progresses to nodular hyperplasia,

and in a few animals to hepatoma or cholangiohepatoma. The hypertrophic cells

contain large amounts of light staining cytoplasm which is probably rich in -

3 o glycogen and endoplasmic reticulum. In some cases ring shaped structures,

probably representing whorls of proliferative endoplasmic reticulum, were seen
in the cytoplasm of these cells. | |

 The hyperplastic nodules occupied larger areas and often compressed
surrounding cells of the normal liver parenchyma. They also contained the
same hypertrophic cells. - '

" Those le§ions classiﬁe;l as hepato;nas or cholangiochepatomas were larger
nodules.which ‘showed evidence of confluence or some variation in cell size,
shape, staining or a ductular or adenomatous pattérn of growth. In the absence
.of metastasis. mvasiveness. ‘severe basophﬂia mitoses, or ot.her evidence of

anaplasia; these are benign tumors rather than malignant carcinomas. ‘I'here

was no evidence of metastasis or invasiveness of these tumors in this study.

SCM 058168

09026

HARTOLDMONO0023371



Indistrial B1Q «TEST Laloraloried, Ine

‘ 'Wit.h. exception of the vacuolar changes in the cytoplasm of hepatocytes, the

more severe hepatocellular alterations were confined to animals of the 24-
Month Sacrifice.

- WUand R. Rickly

L . _ Ward R. Richter, D.V. M., M. 5.
Dipl., Am. College Vet. Path,

scM 058169
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Primary Liver Lesions - Aroclor 1254

3 Month Sacrifice - Rats

TI X T Control
Vacuolar Change 10 310 1/10 2/10
Focal Hypertrophy o/lo  o0/10  1/lo  0/10
l;Tédular Hyperplasia 0/10 0/10 o/10 0/10
Hepatoma 0/10 0/10 0/10 : 0/10
Ductular Hyperplasia 0/10 " o/10 " 0/10 0/10
Cholangio-Hepatoma 0/10 0/10 " 0/10 0/10
Hepatocellular iNecrosis 1/10 1/10 o/l0 G/10

05%\10
ot?

0N0:.23
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Primary Liver Lesions - Aroclor 1254

Lasion

Vacuolas Change
I“ocal Hypertrophy
'NodularHyperplasia
Hepatoma

Ductular Hyperplasia -
Cholangi.o-Hepatomz

Hepatocellular Necrosis

6 Month Sacrifice -~ Rats

TI . Tn
o/t oo
0/10 0/10
0/10 0/10
© 0/10 0/10
0/10 . 0/10
0/10 0/10
2/10 .0/10

Groun
3080

T

1710
4/10
e/10
o/10
0/10
0/10

1/10

Control
1/10
0/10
0/10
0/10
o/10
0/10

1/10

gLl
w 0°

Qﬂ@ﬁ?ﬂ

HARTOLDMONO0023374



Primary Liver Lesions - Aroclor 1254

Lasion

Vacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
I-fepa.toma.

Ductular Hyperplasia |
Cholangio-Hepatoma

Hepatocellular Necrosis

_1/10
0/10
0/16
0o/10
1/10
0/10

0/10

T

4/10
4/10
0/10

0/10

* 1/10

0/10

0/10

12 Month Sacrifice - Rats

TII
1/10
2/10
0/10
0/10

0/10

0/10

1/10

Grouo
L[]

Control
1/10
0/10
0/10
0/10
1/10
0/10

0/10

@00
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Primary Liver Lesions - Aroclor 1254

Lesion

Yacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Chohngio-Hepa::;:La.

Hepatocellular Necrosis

Terminal Sacrifice - Rats

T1
8/31
3/31
0/31
0/31
6/31
0/31

3/31

Group

TI1I T
10/26 13/27
5/26 13727
3/26 13727

0/26 . 4127

326 4f27

0/26 2727

l.l?.é 2/27
S

HARTOLDMONO0023376

Control
1723
0/23
1723
0/23.
;123
0/23

1/23

M 058173
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;' . ' Tabulation of Individual Liver Lesions in Rats

acrifice Dose jAnima Liver Lesions

Lﬁl erval Level No.
and
Sex

hepatocytes
hepatocytes
hyporplasia
metastatic

-
L]

of hepatocytos
infiltrations
of hepatocytes

Cholanglo-hepatoma
uamous Cell

Focal necrosis of
Focal lymphoid
Focal hypertrophy of
Nodular hyperplasia
Focal bile duct
Carcinoma, metastatic
Mammary tumor,

_Hupatoma

Cytoplasmic racuolation
qa

1S

-

6| onth | B-1 921M
lppm |922"
' 923" +
924"
925"
936F
937"
938"
939
940"

I | B-@ |950M
: 10ppm {951"
952"
953"
954"
966F
967"
- : 968"'
969"
970"

B-III (981M + + S
100ppm|{982" +
983n
984"
985"
996F +
l . R 997'. . +
- 998"

. 999" + + ; .
1000" + '

sCM 058175
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t + + tt + |Cytoplasmic vacuolation o
’ of hepatocytes o
+ Focal ncerosis of B
hepatocyles o
3
+ o+ . Focal lymphoid o
: infiltrations ~
5
a.
+ + + + ;| Focal hypertrophy of <
hepatocytes e
Y
Nodular hyparplasia | e
of hepatocytes | <
’ o 1]
] L4 |
Focal blls duct L Y
+ + hyperplaaia g. %
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Hepatoma 5
. o
(-
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o
p
o 1S
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® . Carclnoma, motastatic
-
-4 n
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Tabulation of Individual Liver I..'esions in Rats

-
acrifice
i¢ srval

/
!
{

Dose
Level

Animal

Liver Lesions

No.
and
Sex

Cytoplagmic vacuolation
of hupatocytns

hepatocytes

Focal necrosis of

infiltrations

Focal lymphoid

Facal hypertrophy of

hepatocytes

Nodular hyperplagia

of hepatocytes

Focal bile duct

hyparplasia

lopatoma

metastatic

.

Cholangio-hepatoma
Squamoua Call
Carcinoma, mectastatic
Mamnmary tumor,

2 Month

B-I
Ippm

3256M
330"
33s5n
338w
351
323"
3250
3430
346"
342F
362
3e8n
374"
375
3767
475"
366"
367
3nv
377
378"
379n
380"
g1
384"
387"
388"
389+
39
394“
Ext"

+4

+44

++

++
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+ + 4+ o+ T+ + 1 Cytoplasmic vacuolation .
+ of hepatocytes 0
+ Focal necrosis of P
hepatocytes °
po
Focal lymphoid o
infiltrations -
5
o
+ 4+ 1 Focal hypertrophy of <
+ hepatocytus a
'Y
Nodular hyperplasia et
0 g g of hepatocytes $|s
Al
Focal bile duct N Y
n
+ ' x + hyperplasla E. a
ala
’ lepatoma 3
. 0
[ Y]
. [ad
w
Cholanglo-hepatoma
[ %]
()
x
o Séuamoua Cell
o u arclnoma, metastatic
-
oo

Mammary tumor,
metastatic
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ARUCLOR - 1254

__ Tabulation of Individual Liver Lesions in Rats
d
n_nim.nn Dose Anima Liver Lesions
n :rval Level | No. j¢
| Q v
. and .m 3 . a 2
(- Sex 15 3lg 8| alzala . § .
~ 3x°%l-5|52 23 |.% s g5
. s 9|2 olz.s 0 = | &= O s 2 - g =
S8l Sleg | LY |58 |23 g 9E |53
alQ ala = =3 | 2a R < - 1 2 a
“ .w al = a m-.nu g o | ] P o W Q A pin
. E2lgelEs(2a|Zg |2 & |2 < g |23
- sE|2S1ZE e |LE |35 |5 B |35 g8
2°l% « - 22 I ] = md =
—. L o (3] 1] 0 3 0 9 M- ] .m o c
D S -G P PR O TR IO DO 2 3 gd |2
_ Q & Zz B
N—- Month | B-IIT | 484M| ++ : )
) 100ppm | 491" + P =~
_. 497" + P
. 499" + P
, 507" P
_ so9"
. ‘510" | +
! 512"
u 483"¢ ++ + -
489" | + +
: $22F | ++ ++
| S24n | b I
S27" | +++ + P s . p
b 541" + .
_ 547" | ++ P
Extl"] ++ e+t P
Ext2" ) - P + P
Ext3" ++ +44+ .
. Extd" . P
Ext5"] + P
inad ICE VLI e +4+ P
537"
539" | ++ 1 ++ + |
' 441"
m“u.-
Ex2' | ++ P
Ex3% + P +
. Grading System
m + = minimal in severity .
++ = mild in severity
. +++ = moderate in severity
_ ++++ = marked in severity
P = Present, no grade SCM 058179

= Absent
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1810 FRONTAGE ROAD
- NORTHBROOK,ILLINQIS 460062

REPORT.TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
AROCLOR 1260
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 197S o

IBT NO. 641 - 06672

DEPOSITION
EXHIBIT

~ 010723

HARTOLDMONO0023384



" Indusbrial BIO-TEST Ladoraloried, Ine.

REPORT TO
MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1260
- - IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
.OF ADDITIONAL LIVER SECTIONS
21t T MARCH 24,1975

IBT NO. 641 - 06672

. I, Introdusziion

At the request of Dr. Levinskas of the Monsanto Company, additional
'sectio.n; of liver from a two - year chronic oral toxicity study.of Aroclor 12560
in rats (IBT No. 622-07298) were processed into H & E stained sections and
evaluated by light microscopy. The following report presents tﬁe results of

this study.

SCM 058 g;
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Sndiatrial B1O-TEST Loboalories, Inc )

O. Summar
In most instances, the spectrum of treatment-related histopathological

ﬁndi;ugs in ‘the liver from this re-evaluation did not differ significa.ntlj'f

_ﬁ-om that previously reported in our original report dated.Novomber 12, 1971.

" There were seven hepatomas detected among seven of the animals at the

highest treatment level (100 ppm) of the 24-Month Sacrifice. No hepatocellular
carcinomas were observ;ed. The other treatment-related Iesions' reported are -
regarded as degenerative or hyperplastic in nature and they are morphologic
manifestations of an adaptive response of the li\;er associated with biotransformation
of the test material. In general, t_l"xe lz.tter ﬁ;ndings were confined primarily

to test animals of the 6-, 12- and 24-Month Sacrifices, and they were dose-

related in incidence and severity.

In conclusion, Aroclor _1260 does not appear to be carcinogenic in rats
fed for two years at levels up to and including 100 ppm.
Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by: __‘% ,%fv”v‘r/

D.E. Gordon, D.V.M.,Ph.D.
Section Head, Pathology

Report Approved by: /; /

M. L. Keph er, P
Manager, Toxicology

scM 058182
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i Indistrial BIO -TEST Lsboralories, Ina. ' 3

IBT No. 622-07298
v Monsanto

I have examined additional sections of Uver from rats of IBT No. 622-07298

and have re-evaluated them for evidence of carcinogenesis. I have tabulated

my findings for Aroclor 1260 on the following pages:

There i{s evidence of a.chem.lcal effect on the liver which was most evident

at time of the 12-Month and terminal (24-Mc'mth) sacrifices. This consist; of a
J" hepatocellular alteration begi.n.ning as focal hypertrophy which progresses to
nodular hyperplasia, and in a few animals, to hepatoma or cholangiohepatoma.
The hypertrophic cells contain large amounts of light staining cytoplasm which
is probably rich in glycogen and endoplasmic reticulum. In some cases, ring-
shaped structures, probably representing whorls of proliferative endoplasmic

reticulum, were seen in the cytoplasm of these cells.

The hyperplastic nodules occupied larger areas and often compressed
surrounding cells of the normal liver parenchyma. They also contained the
same hypertrophic cells. - |

Those Iesio.ns classified as hepatomas or cholangiohepatomas were larger
nodules which showed evidence of confluence or some .variaﬁon in cell size,
shape, stai.nix;g or a ductular or adenomatous pattern of growth. In the

‘ . tb.sence of metastasis, invasiveness, severe basophilia, mitoses or other
evidence of anaplasia, these are benign tumors rather than malignant
carcinomas. There was no evidence of metastasis or invasiveness of these

tumors in this study.

. ' : SCM 058183

090:.31
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Industrial BI1O =TEST Zsdoralorics Jne. B

_‘With exception of the vacuolar changes in the cytoplasm of hepatocytes,

the more severe hepatocellular alterations were confined to animals of the 12-

and 24-Month Sacrifice periods. '

Wand R . Richtir
Ward R. Richter, D. V.M., M. 3.

Diplomate, American College of
Veterinary Pathologists

020753
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Primary Liver Lesions - Aroclor 1260

3 Month Sacrifice - Rats

I TI1 rmr Control
Vacuolar Change /11 4/10 - 3/10 2/10 .
Focal Hypertrophy ' 0/11 0/10 Z/lb 0/10
Nodular Hyperplasia 0/11 0/10 Q/10 0/10
Hepatoma ) 0/11 0/10 0/10 0/10
Ductular Hyperplasia o/11 | 1/1.0 o/10 ‘ 6/t0
Cholangio-Hepatoma 0/11 6/10 © 0/10 0/10
Hepatocellular Necrosis 0/11 e/10 Q/10 o/10
053\65
se?
09307323

HARTOLDMONO0023389



Primary Liver Lesions - Aroclor 1260

_— 6 Month Sacrifice - Rats - -

Lesion Group

T - TII - TII Control
Vacuol#i Change ' 1/6 s 5/9 1/10
Focal Hypertrophy 0/6 0/5 3/9 0/10-
Nodular Hyperplasia 0/6 0/5 0/9 - 0/10
Hepatoma C . 0/6 0/s 0/9 0/10
Ductular Hyperplasia 0/6 . 0/5 " 0/9 . 6/10
Cholangio-Hepatoma 0/6 0/5 0/9 0/10
Hepatocellular Necrosis 0/6 1/5 . 0/9 ‘ i/10

SCM 058186

01003

HARTOLDMONO0023390



Primary Liver Lesions - Aroclor 1260

lLesion

Yacuol;r Change
Focal Hypertrophy
Nodular Hyperpla.sia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatocellulzs Necsosis

12 Month Sacrifice - Rats

TI

2/9
0/9
0/_9
0/9
1/9
0/9
0/9

o
5/10
0/10
0/10
0/10
0/10
0/10

o/10

" Group

T Control
3/9 -1/710
4/9 0/10
1/9 0/10
0/9 0/10
2/9 ’ 1/10
0/9 0/10
0/9 Celte

scu 058187

0107.%5
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Primary Liver Lesions - Aroclor 1260

Lesion

Vacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepato@

Ductular Hyperplasia
-Cholangio-Hepatoma

Hepatocellular Necrosis

Terminal Sacrifice - Rats

T1 ™o
5725 . 6/23
3/25 10/23
0/25 9/23
0/25 0/23
6/25 . s/23
0/25 0/23

4/25 2/23

" Group
TIO Cont:ol.
10/27 1/23
1727 0/23
7/27 1/23
5/27 0/23

14/27 5/23
2/27 0723

er21 - 1723

Ay ?58188
000735

HARTOLDMONO0023392



Tabulation of Indizidual Liver Lesions in Iats 4

.r—-————— - — — . e—

Sacrifice Dose Anima Liver Lesions

[nterval Level Ne,
and
Sex

Yacuolar Change
Focal Nucrosis
Focal lymphoid

Inflltrations
Focal liypertrophy of
~ hepatocytes

of hepataocytes
Focal plle puct
Hyperplasia
Cholangio-hepatoma

Nodular hyportrophy
Hupatoma

3 Moath | AI 116M
' 117
118" iy
119 - . _
120t
_ 147F
= 156"
) 157"
..-| 1s8n
159"
cae e - - - 16Q B

-.--|am 195M ++
196"] ++
198"| +
200" | ++ | .- . ‘ [
Extra :
235F
23
238"

- 239"
¢ 24,0"

ADI | 276M

- 277 | ++
278" | ++
279n
280" | ++
315F
317
318"
319"
320"

1+

. , SCM 058189
] ] [}

02077

HARTOLDMONO0023393



AROCLOR 1260

10

Tabulation of Individual Liver L.esions in Rats

Sacrifice
Interval

Dose
Level

Anima
No.
and
Sex

Liver Lesicas

Vacuolar Change

Focal Necrosis

Focal lymphoid

infiltrations

Focal hypertrophy of
lhupatocytes

Nodular hyportrophy
of hepatocytes

Focal pile puct

Hyporplasia

Cholangio-hepatoma

Hepatoma

6 Mornth

Al

‘AL

832M
834"
83s5n
846F
848"
849"

864M
865"
873n
878F
879"

891M
g93n
894"
395"
906F
907"
903"
909"
9lgn

+ +

+ 4+t

++ 1

SCM 055190

G10:..3
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Tabulatinn of Individual Liv«:r l.esivns in Rats 1l

" Sacrifice
Intcrval

Dose
Level

Anima
No.
and
Sex

Liver Lesions

Vacuolar Change

Focal Necrosis

Faocal lymphoid

infiltrations

hepatocytea

Focal hypartrophy of

of hepatocytes
llyperplasia

Nodular hypertrophy
Focal Bile Duct

Cholaunglo-hepatoma

Hepatloma

Al

11M
12n
130
141
151
16F
17"
181
19"

21M
220
23"
24"
250
26F
2
28"
29"
30"

31IM
32"
331
34"
36F
Ly
agn
39
40"

+ +

+ +

++

++

*1

+ + +

SCM 058191

0NO- 0

HARTOLDMONO0023395
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AROCLOR 1260

! . . Tabulation of Individual Liver Lcsions in Rats L3

]

-+ Sacrifice
Interval

Dose
Level

lAnima
No.
and
Sex

Liver Lesions

Vacuolar Change

Focal Nacroiis

Focal lymphoid

infiltrations

Focal hyportrophy of

hepatocytes

pertrophy

of hepatocytes

|Nodular hy

l_?ocal Bile Duct

Hyperplasia

}-lcpatoma

L:holangio-hepatoma

-{ " Final
{continued)

L.

A

212F
213w
220n
221"
224"
233
234"
219"
230"
203"
204n
206#
207"

241M
253"
261"
264"
270"
271"
272"
275"
243"
2440
3120
231IF
274"
275"
294"
297"
302"
306"
308"
311m
314"
240"

++

+

+++
++

+++

++

++

++

++

+

++3+

)

++

++

v

sCM 058193

0730751
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AR OCLOR 1260

Tabulation of Individual Liver Lesions in Rals 14
Sacrifice Dose nima Liver Lesions
[nterval Level | No.
and S > g
Sex o n > a . a 9
==° el 329 o 2 - s
q |2 z28 ox|& 3 v a &
= " S 4 kU P 3 3= o
| O Jo [E5 |52 |80 |9 35
1 be > VvV g > 9 O o o
! s |g |[ES|&&(Zz (28 |2 &
- 2 1Z [TE| 22 1.0 |92Z '] c
| S13 18 |3 |3 (% |58 |2
i : Q o e Q
[t 0 2 b
Final ATl [245F +H + -
(continued) 281" . P +
' 287" P +
291 ++ P
309" + P
A mmmen e b e .=l -
|
Grading System
+ = minimal in severity
++ = mild in severity
. +++ = modarate in severity
++++ = marked in severity
P = Present, no grade
L
. scu 058194
QN0 G2
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THE EPPLEY INSTITUTE

for
RESEARCH IN CANCER

October 31, 1975

Paul L. Wright, Ph.D,
Monsanto Company

800 North Lindbergh Boulevard
St. louis, Missouri 63166

Dear Dr. Wright:

" Enclosed pleasﬁ find the repo;f on Histopathological Ra-eviluation of

Tissues from Female Sherman Rats Fed Aroclor 1260. As mentioned .in this
report, there were about 20 animals with lesions, which on a morphological
basis alone, could be interpreted as neoplastic. However, the definite
malignant nature of these lesions cannot be proved in the presented .
material because of the factors mentioned in the gection entitled "discussion"
in the enclosed report. } . :

I am gorry thar I was not able to contact you by telephone. I was very
much tied up with several visitors last week,

If you have any questions concerning the report, please contact me,

Sincerely,

pm—

P e

P, Pour, M.D.
Professor

raj

SCM 058195

University of Nedrasha Medical Conter, 42nd and Dewey A . Omana, a 68103

10750
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o Industuial 81O -TEST Leborwciis, Ine.
1810 FRONTAGE ROAD
NORTHBROOK, ILLINOIS 40062

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY =
STUDY WITH
~ AROCLOR 1242
IN ALBINO RATS
L )

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

e
- IBT NO. 641 - 06672
. < DEPOSITION

;‘ EXHIBIT
) i 521 we
.\
o | o - scu 058149

010753

HARTOLDMONO0023401



Indusdrial BLOQ «TEST Lsborsbloricd, Jne

REPORT TO *
MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY
_.  STUDY WITH AROCLOR 1242
- - -—IN ALBINORATS- - -~ - ~- - -

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

= =107 MARCH 24,1975 T

IBT ._r'_‘o: L 641 - 06672

—

- --— se =

L Introductiva ST I

At the request of Dr. Levinskas of the Monsanto Compa-ny, additioral
sections of liver from a two - year chron!c> oral toxicity .study of Aroclor 1242
in rats (IBT No. 622-07298) Qére processed into H & E stained sections and
evaluated by light mic‘roscopy. The following report presents the results of

,gh:l: study.‘

. | .« sch 058150

. p -

000:-.u‘~3

HARTOLDMONO0023402



Indistrial BIO - TEST Laboralorias, Jrne.

O. Summary

In most instances, the spectrum of treatment-related histopathological

findings in the lver from this re-evaluation did not differ ;igniﬁcanﬂy from

_that previously reported in our original report dated November 12, 1971. There

were three hepatomas detected among three of the animals at the highest treat-

ment level (100 ppm) of the 24-Month Sacrifice. No hepatocellular carcinomas

were observed. The other treatment-related lesions reported are regarded as

dagenerative or hyperplastic in nature and they are morphologic manifestations

of an adaptive response of the liver associated with biotransformation of the

" test material. In general, the latter ﬂ.ndmgs were confined primarily to test

animals of the final sacrifice and they were dose-related in incidence and se.verit-y.

In conclusion, Aroclor 1242 does not appear to be carcinogenic in rats fed

for two years at levels up to and including 100 ppm.

Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES,

Report Prepa.red a.nd Reviewed by: % ,4%

Report Approved by:

D. E. Gorden, D.V.M., Ph.D.
Section Head, Pathology

y B2

M. L. Keplinger /Ph. D
Manager, To:ncology

scM 058151

p-

Q10755
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Indiusthial BIO T EST Lboralories, Ine

IBT No. 622-07298
Monsanto

1 have examined a.dditional sections of liver from ;'ats of IBT No. 622-07298
and have re-evaluated them for evidence of carcinogenesis. I have tabulated
my findings for Aroclor 1242 on the following pages:

There is evidence of a chemical effgct on the lver wl-;ich is most pronou.nCe.d
at time of the terminal (24-Month) sacrifice. This consists of a hepatocellular
“alteration beginning as focal hypertrophy 'v‘vhich progresses to nodular hyperplasia,
and in a few animals to hepatoma or chola.ngiohepa_tom. The hypertrophic cells )
contain large volumes of light staining cytoplasm which {s probably rich in
glycogen and endoplasmic retculum. In some sections, ring-shaped structures,
probably representing whorls of proliferative endoplasmic reticulum, were scen
in the cytoplasm of these cells. |

The hyperplastic nodules occupied larger areas and often compresse:’;
surrounding cells of the normal liver parenchyma. These nodules also contained
the same hypertrophic_cel];..

Those lesions classified as hepatc;ms cr cholangichepatomas were larger
nodules which showed evidence of confluence or some variation in cell size,
shape, staining or a ductular or aden?matous pattern of growth‘. In the absence
‘of metastasis, invasiveness, severe basophilia, mitoses, or other evidence of
anaplasia, these are benign tumors rather than malignant tumors (cax;cinomas).
There was no evidence of.metastzsis or invasiveness of these tumors in this

study.

¢N07.o
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Industrial B1O «TEST Loboralories, Ine.

Wwith _ex.ception of the vacv.glar changes in the cytoplasm of hepatocytes; the

24-Month Sacrifice.

. more severe hepatocellular alterations were confined to animals of the

onod . Richisy

Ward R. Richter, D. V.M., M. S.
Dipl., Am, College Vet, Path,

. - .
i veen”
.

SCM 058153
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Primary Liver Lesions - Aroclor 1242

3 Month Sacrifice - Rats

Leasion

_Vacuolar Change
Focal Hypertrophy

Nodular Hyperplasia

~ Hepatoma

Ductular Hyperplasia
Cholangio- Hepatoma

Hepatocellular Necrosis

TI
0/8
0/8
0/8
0/8
0/8
0/8

1/8

Group

o T.III Control
2/10 1/9 2/10
0/10 0/9 0/10
0/10 0/9 0/10
0/10 0/9 0/10
o/10". _ 19 _ al10
0/10 0/9 . o/
0/10 0/9 0/10

SCM 058154

an0; &0

HARTOLDMONO0023406



Primary Liver Lesions - Aroclor 1242

.6 Month Sacrifice - Rats

Lesion
Yacuolar Cha;xge
Foecal Hypertrophy
Nodular Hyperplasia
Hepatoma

Dgctulz.r Hyperplasia
Cholangio-.Hep.a.ton-:a

Hepatocellular Necrosis

T1

0/10
0/10
0/10
o/10
a/10

a/10

1/10

T
o/8
0/8
0/8
o/8
o/8

0/8

0/8.

Control
1/10
0/10
0/10
0/10
0/10
0/lo

1/10

SCM 058155

09050

HARTOLDMONO0023407



‘ L Primary Liver Lesions - Aroclor 1242

e 12 Month Sacrifice - Rats

-Va.cgolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma -
Duc-tular Hyperplasia

Cholangio-Hepatoma

Hepatocellular Necrosis

t -

TI1
2/10
0/10
0/10
0/10
0/10
o/10

0/10

o

4/10
0/10
0/10
o/10

1/10

o/10

6/10

Group
T
0/9
1/9
0/9
0/9
0/9
0/9

o/10

HARTOLDMONO0023408

Control
1/10
o/10
0/10
0/10
1/10
o/lo

o/lo

0190761



Primary Liver Lesions - Arcclor 1242

Terminal Sacritice - Rats

Lesion

. Vacuolar Change

Focal Hypertzophy

Nodular Hyperplasia

Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatocellular Necrosis

TI
7/31

2/31

0/31

0/31
3/31
0/31

1/31

T

8/30
3/30
2/30
0/30

3/30

.0/30

1/30

Group
n———

TO Contral
9/20 1/23
8/20 ~0/23
8/20 1/23~
2/20 0/23
3/20 5/23
“1/20 . 0/23
o/20 23

scM 058157

o c2

HARTOLDMONO0023409
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AROCLOR - 1242

Tabulation of Individual Liver Lesions in Rats ' L

Dose Animall

Live

Lesion

Level: No.
" and
Sex

Cytoplasmic vacuola-

tion of hepatocytes ‘
hepatocytes

Focal necrosis of

Focal lymphoid

infilirations

Focal hypertrophy of

hepatocytes

Nodular hyperplasia

of hepatocytes

Focal bllg duct

f

He pa‘(oma

hyperplasia
.Mmelastatic

Cholanglo-hepatoma
teticulum Coll Sarcom:
metastatic

Telungectasia, focal

Mammary tumoy

C-1 |1011M
lppm | l012"
. 1013
1014"
1015
'1026F
I1027"
! 1028"
‘1029
‘1030"

C-I '1041M
10ppm 1042"
1043
1045"
1056F
11057
1058
:1059"
-t

C-IT :1071M
100ppm. 1072"
1073"
1075
1086F
oy
088"
1089
1090"

Control 801M
© 802"

803

804"
~8osn
_816F
. 817"
"818n

819"
- 820"

+

+

+

| :

SCM 058159

(414 [0 T
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Tabulation of ladividual Liver Lesions in Rats 12

Sacrifice ! Dose Anima Liver Lesions
lInter:zal Level | No,

and
Sex

-

aof hepatocytes
Focal necrosis of
hepatocytes
infiltrations
hicpatocytles
of hepatocytea
Focal bile duct
hyperplasia
Cholanglo-hepatoma
metaatatic
Mammary tumor,
metastatic

Focal lymphoid
Reticulum Cell Sarcoma

[Cytoplaamic vacuolation
Facal hypertrophy of
Nodular hyperplasia

. llepatama

24 Month |{C-I §64M .
lppm | 566" _ ! _
S9In ' -
567" + '
s69n p
s72n +
5744
580"
588" :
589n - b
595" . 4 ' o
601F | - $
604"
éasn
582" | +
583n
607" + +
608! | +
609"
6l13n | +
621n
627" | +
628" | +
631"
L. .| 634n
1.' . -1 635" 4
. 606"
’ 610" | +
620"
626"
633n

i !

PRI AY A

. 090755
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ARGCLOR - 1242

' N ’ Tabulation of Individual Liver Lesions in Rats 14

Cacrifice Dose JAnima Liver Lesions
| {ntezval Level | No.
. and
Sex

hepatocytea
metastatic

LY
mectastatic

of hupatocytes
Focal necroais of
Focal lymphoid
Infiltrations
Focal hypertrophy of
hepatocytos
of hepatocytes
Focal bila duct
hypsrplasia
Cholanglo-hepatoma
Mammary tumor,

Hepatoma

o

. [Cytoplasmic vacuolation
| [Nodular hyperplayia
;|Reticulum Cell Sarcoma

|
)
1
1
)
i
[}
[]
1

1 $Montn |c-mr | 740M
100ppm| 722"
724"
744"
746" +
T48" | ++
768F +
7710 |+ ++ : :
775" ++ o . .
Ext" | +++
733"
765" | + +
766" | ++ ' + P +
767" | P
776" + P ¥ J
773" + P

786" 1+++
789" ' P
- ' 793" p+++ ’

Ext" | ++ + P

¥

g 'Y d

Control 8M ‘+
11n ' ’
12"
21"
.o 23" )
33" . +
34" )
. 3sn
Extll
46F + ,
47 .
49" +
: 51 - S+

N 52"
. [ * " 56" K .
S9n - - *
I 62" ) SCM 058163

LRI
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| - : Industricl B1O - TEST Libswalonies, ne.
1810 FRONTAGE RQAD
NORTHBROOK, ILLINOIS 60062

REPORT TO
MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
AROCLOR 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION ’ *
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1575

Ja ”

I | ' IBT NO. 641 - 06672

c~r1710
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167 PRONTAQE BOAD
NOETHESOOK, ILLINOIS 60002

REPCRT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
' AROCLOR 1254
LN ALBINOG RATS

HISTOPATHOLOGICAL EVALUATION .
OF ADDITIONAL LIVER SECTIONS

MARCE 2¢, 1973
IBT NQ. 641 - 06672

2 DEPOSITION
. § EXHBIT

‘ 3 Leviosens 44
; SANyY W
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HI FAONTAGE BOCAD
NORTHASOONR, (LLINGIS #0062
Mareh 24, 1973 S

George J. Leaviasime, PA.D.
Moasaato Compesny

300 N. Lindbergh Bivd,

St. Lowis, Missouri 63166
Dear Dr. Levinskas:

Re: IBT No. 641-06672 - Histopathelogical Evaluation of Additional
Liver Secticas From Rats of & Twe - Year Chreaic Ors! Tesmicity

Study of Aroclor 1284
We are submisting hervwith our laberatory report dated March 14,

! 1973%; prepared ia connectiea with the above study.
Yery truly yours,

J. C. Calamdra
President

-

HARTOLDMONO0023420
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REPORT TO
MONBANTO COMPANY
TWO - YTEAR CHROMIC ORAL TOXCITY
STUDY WITK AROCLOR 11%4
N ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONMAL LIVIR SECTIONS

MARCH 24, 1973 .
IBT NO. 41 - 066T2

', L Istrodwctioa
At the request of Dr. Leviaskas of the Meunssate Company, sdditicanl
sections of liver {rom a two - year chroaic eral taxicily study of Areclor ua
in rats (IBT We. 622-0729%) were procsssed inte H & L stained sectieas and .

evaluatad by light microscopy. The followiag repert presests the results of

this study.

HARTOLDMONO0023421
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1L gesmany -
%m-mw&wuu

liver frem this re-ovalusiien 414 st differ significomly frem that previsusly
reperis i ln our origimal repert dated Nevember 13, 197TL. However, thare
wn&ww.mwmmdhmhuh&hn
e (O e B feee ks v

reported. ' The other m-u“h“wﬂmm‘*’ Syepasa.
degensrative or hyperplastic in sature and they asre merpholegic masifsetations
of a2 adaptive response of the liver 3320029 Tow Metrsastermatics of the
wet material. The latier Jesisns were ceafined primerily te teet saimals of

~ ﬁ&“““monﬂ”ﬂn“-nmhmﬂ
saverity.

Ia congiusion, Aregier 1254 sppears to be slightly umerigmic a2

levels of 100 ppon whea fod centinously in the diet for twe yvars.
Respactiully suhemitted,
INDUSTRIAL 310-TEST LABORATOALILS, INC.

Repert Preparzed sad Reviswed Wy M
. Do K. Qewdea, D. V.M., Po.D.

Sectien Nead, Pathalegy

Repert Approved byt
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IBT Mo, 6224729
Menseste

1 have emamined sdditionsl secticns of liver frem rate of Stuly Number
622-07298 and hove re-evalmind tham {ov evideace of carcinegesssis. [ have
tabulated my findiags for Arveler 1154 ea the fellowiag pages.

There (s ovidanse of s chemice! efiect oa the liver which is meet pro-
—eunu—dm'ﬁ-umuomm. This consaists of
bepatoceiinlar alterutiss begimning 8e fecal hypertrephy M.mu«u

, sedular hyperplasis, sad ia o low animails to bepatems or chelangishepstoma.

' The bypertrephic cells contais large ameunts of light staining cytoplasm which
is prob “ily rich is glycogea and sndoplasmic reticulum. [a seme cases ring
shaped struciures, probebly regresenting wherls of preliferative endoplasmic
reticulum, were seea in the cyteplasm of theee eells.

The kyperplastic asdules secupled larger arvas and ofivs conpreesed
surroundiag cells of the nermal Uver pareschyma. They alse ceatained the
same hypertrephic cells..

' Theoe lesisns which [ classifled 2s hepatomas or cholaagis-bepatemas

were larger nedulas which showed evid ol comllw or seme variatiea ia
coll sine, shape, staising or & ductular or adencenatous patters of growth. Ia
he shesncs of metastasis, Mvasivennsa, severe basephilia, miseses, or other
ovidense of ansplasia; I chooo to call these benige tumers rether thas maligmaa:

(carcinemas). There wes ne evidence of metastasis or lnvasiveanss of these

s temeors ia this '~Yo -

HARTOLDMONO0023423
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E -
e N %!

With encoption of the vecuslar chaages i» the cyteplsem of hopatesytss, the
mere ssvere hepatosslinlar alterations were coafland o antmals of the 24-

Mosth Sacrifice.

Wand ©. Ri4E,

Ward L. Richter, D.V.M.,M.S.
Dipl., Am. Cellege VYet. Path,

HARTOLDMONO0023424
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Primary Liver um.-nmm uu T
$ Maath Sacrifice - Rats . o
Sasise Srew
I m Tm . Comtrol
i
Vaceslar Chaage 310 310 1/10 qfa 2710
Tocal Hypartrophy 0/10 o/t0 1o - */10
Nedular fyparplasia o/10 0/10 o/le e/10
Hepatorma 0710 0/16 e/10 e/10
Ductalar Hypsrplasia 6710 6/10 /10 0/10
Chelasgio tepstoma o/10 /18 e/10 e/10
Hepatocellular Necrosis 1710 1/10 ene 0/10
- M ) e v:..
.
ek RISy
0nGLT?
'
. s PSR
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Primary Liver Losicas - Arecler 1284

L,
1] -3

8 Menth Sacrifice - Rate

Lesica Qrewy
o ™ T ), Coestrel
Vacuolar Change 0/10 0/10 e e
Focal Hypertrophy 0/10 8/10 410%, 0/10
Nodular Hyperplasia 0/10 a/to o/10 0/10
Hepatoma 0/10 o/10 o/l e/e
Ductular Hyperplasia 0/10 0/10 0/10 0/10
_ Cholaagio-Hepatoma 0/10 0/10 0/10 o/10
! Hepatocellular Necrosis /10 0/10 1710 Y 110

HARTOLDMONO0023426
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Primary Liver Lesions - Avocler 1254
14 Mouth ouruu- - Rats

Lasion “r Qe

. o k34 ™m ";'? Control
Vacusiar Cheage 1710 4/10 1710 the  1/10
¥ ocal Hypestrophy 0/10 e/10 2/10 %o 0/10
Nodular Hyperplasia 0n1é 0/10 o/i0 8/10
Hapatoma 0710 0/10 8/10 0/10
Ductular Hyperplasia 1/10 1/10 0/10 1710
Cholasgio-Hepatoma 0710 0/10 0/10 0/10
Hepatocellular Necrosis 0/10 0/10 1/10 %g 8/1C

HARTOLDMONO0023427
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Primary Liver Lesisns - Arecler 1234
Termiml Sacrifiee - Rats )
| 3
sien ‘g . 2 3 l:m 2
n " TID *e»
$ - ¢ -1,
Vacwolar Change : e/31 MuYafr0/26 </ 3,,
Focal Hypertrophy 3731 Y Tu]sree Yo' .,
Nodular Hyperplasis o/31 s Fns Yuhi .
Hepetoma st TuJorze v -
Ductular Hyperplasia 031 Yu Tu {3726 Vi Y] Lo~
Cholangio-Hepatoma e/3 hul 0/26 U * ..
Hepatocellular Necrosis 3“![ WVAUZ‘ \‘u.V;r‘ 2121 nalufires “iiq
- 1 '
E Y -
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() v ¢
» + =
T ot
. N Y ”,
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AROCLOR - 1284 232 10
Tabulation of tndividm! Liver Lasiess in l-ul

Sacrifice MM __mum £ .,

laterval Level
) |
k |

fEs

Cytoplasmic vacuslation

of hapasecytse
Focal aneresio of
taftitrations
Foaatl hyportrophy of
hopatocytes
Nedular ly,nphol‘

Hapotoma
Cholanglo-h

hyperplasia
’ )
P W
Ol )
Mammary tumes, .- .
itopaiitis /Clrrhaela

Fosal lymphold

Foeal bile dust

Y Momth | Bl 1M
lppm |922"
n *
e
~et ‘ted ’un
Y 936y
”n™
’”"
99
m"

*

B-O (9OM
\Oppoa | 981"
”2”
9’3"
’“N

‘U,

- “1"

i m'l
"y
yio"

B-IO {981M | ‘el e
100ppen| v82+ 6
"3
mﬂ
mll
”er ‘W
"I L)
”.n
Mol o ‘e
1000 *t e

. . e - W e WP s IV W
.”’ r”"‘w et J

0007.C2

.
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Sacrifice Dose
laterval Lavel | Ne.

of hbopatocyles

Foca) nseresis of

lepatitis /Cirrhosie

Cyloplasmic vasuolation]

hopatissytes
Pocal lymphoid

24 Momth | Bl 2
ippm | 330"
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1o, M
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AROCLOR - 1284 13
Tadulatiea of Iadividwmal Liver Lesions in Rats 235
Sacrifice |Dose MAaima Liver Losieas '
rvai | Level | Ne. ) o
1%3 l:d é v . - 3 ' -
Sex |2 = 3 of o o |3 P N o -
gl sl | e sl
i IR AR
HF LiFs2 113 }l 2 ; L -i X3 i
IR A A NS B AT
%3 (3 (3 |33 |3 1 3 tig 2
i3 13 18 [§° 18 |2 |8 B =2
6- i~ In i~ z '
24 Mooth :
e+ )+ '!
rh |
b
" P, 3
2 N
4sor
nu.uﬂmd 451" Pe P, P e !
452" e pe [ ) P\P ;
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478" +n |
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| P ’
~~p i | -
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AROCLOR - 184 14
Tabulation of ladividusl Liver Lestens in Rats 236
Sacrifice | Dose Anims Liver Losisans
Tml Level :‘:dg 3 ’ g !
Y 1 | 13
3% sifs2 T S I TR
Wil 1 35 H
giitié Bilat i |3 [3i1:80%
IR S RS N BT REERE
( - . v |2 ]
‘ IR AR I A
> | | n UJ .=
]
24 Month | B-IT | 484M )+ (") (b H -i.
P k) b PA 8 Py ! ,
-t++ 9 P . .
U e 1o P . e
( it A ’ i
4 ) b‘"‘ :
- B b
« P ’(‘3 o
» J
: 2 \P) 4 PL-) k-
n:" m‘:\t; ;-P‘ :
O r"o o P )
JON :
W‘H': t P -t l
“*;P L] ! e i '
had Py - ‘ .-
@ WP~ i
! Yord |
. r)p . #l of : ;

Grading System

= miaimal {n severity

s mild ia severisy

* moderaie in severity : -
+ marhed ia severity

» Presest, a0 grade

e Absems .

cwfii
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S hrial BIO-TUST Loisesheins, S

237

11 Surmmmary
) In most \;-m:.k, treatmant-related histopatholn, .l findings in the
liver {rom this re-evalustioo 4id rot diffes significa: {rom that previcusly
reported in our c iginsl report dated Novemnber 12, 1971, However, the-e
were six benign liver turaors detected among six of the anumrals at *he highest
.tr-ntnnnt level (100 ppm) of the 24-Moath Sacrifice which were not previously
- B it e ee .o . .e L.
reported. The other tn;ﬂnont-niu.d lesions reported are ro-llnrdod as
degeverative or hyperplastic in nature acd they are morphologic manifestations
of an adaptive response of the liver sssscisied wiah biotransformation of the
test raterial. The latter lesions were confined primarily to test asumals of
the 34 and 24 month eacrifices and they were dose-related ia iccidence aod
severity.
In conclusion, Aroclor 1254 appears to be slightly tumorigemi< at
levels of 100 ppm when fed continously in the diet for two years.

Respectiully submitted,

INDUSTRIAL BIO-TEST LABORATORLIES, INC.

Report Prepared and Reviewed by:

D. E. Gordon, D. V.M., Ph.D.
Section Head, Pathelogy

Report Appraved by:
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- Industuct 810 -TEST Libocinis, .
o/ 1810 PRONTAGE *OAD -
. NORTHOADOK, "LLINOIS #0042 .

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY"
STUDY WITH
AROCLOR 12854
IN ALAINO RATS

HISTOPATHOLOGICAL EVALUATION
QF ADDITICNAL LIVER SECTICNS

MARCH 24, 1979

IBT NO. 64. - 06672

HARTOLDMONO0023436
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Industrcl 810 - 1887 Avbowalvuss. Sne. - .
il 18 FEONTAGE ROAD ~FF . )
NOETHOBOOW, (LLINCIS esa8e -~ . .

George J. Levinskas, PA.D.
Monsanio Company
500 N. Liadbergh Bivd.
St. Lewss, Misssurt $3166
Dear Dr. Levinskas:

Rs: IBT Neo. 64106472 - Histopethological Evaluation of Additional
Liver Secttons From Rats of 4 Two - Year Chromc Oral Toxicity
Study of Aroclor 1254.

Ws are submitting Ferewith cur revised laboratary report deted
March 24, 1975; prepered in cannectian with the above stedy.
Very truly yours.
J. C. Calandre
President
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Sndestrinl 810-T 88T Jodoetorint, S

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRQNIC ORAL TOXICITY
STUDY WITH AROCLOR 1234
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATICON
QF ADDITIQHAL LIVER SECTIONS

MARCH 24, 1973

IBT NO. 641 . 06672

L trodoctien
At tae request of Dr. Leviaskas of the Monsasto Company, additicaal
sectioas of Liver {rom & twe - year chromic oral toxicity study of Arocler 1254
ia nul {(IBT No. 622-0729%) were precessed into H & & staised sections and .

evaluated by light microscopy. The {ollowing repor: pre.ents she results of

this study.

HARTOLDMONO0023438



Sadashiol BIO-TEST Auissabots, S 191 :

0. Sumpmery
h“m.hmdmww
umm&—umuu&wa—um

reported in our original repert dated Novesber 12, 1971. Sewsver. thare were
six beniga liver tumors ‘stected among six of the animals at the highest trestment
leval (100 ppm) of the 24-Manth Secrifics which were ast previsusly reperted.
One liver tumor /s hapstems) previsusly reperited in & T-0 saimal (Ne. “3)
was re-classified as noduler hyperpiasia The sther trestment-relsted lesians
reportad are regardad ss degenertive or hyperplastic is natwrs and they are
worphologic manifestations of an sdaptive response of the liver ascribed
biotransformation of the test material. The later lesions were confined primarily
to test animals of the 12 aad 24 month sacrifices and they were dose-relased 'a
wncidence and severity.
In conciusion, Arecler 1254 appears ® be alightly tumorigenic st levals
of 100 ppm when {ed cmtinously in the diet far twe years.
Respectfully submitted.
INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by:

DT, Garden, D.V.M., Ph.D.

Report Approved by:
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IBT Ne. 622-072% . .
Moasanto - .

[ bave examined additicasl sections of liver fremm rats of Study Number
622-07298 asd have re-eveluated them for evideace of carcinogenssis. [ have
abulated my findings for Arocler 1254 on the follewing pages. .

There {s svidence of a chemlcal effect oa the liver which is moet pro-
nounced at time of the 12 -Month and 24-Moath sacrifice. This comsts:s of &
hepatoceliular alteration beginaing as focal hypertrophy which progresses :0
nodular byperplasia, and in a few aaimals to bepatoma er cholangiohepatoma.
The hypertrophic cells contain large amounts of light smimag cytoplasme which
is probably rich in glycogen and endoplasmic reticulum, [n some cases riag
shaped structures, probably representing wherls of proliferative esdoglasmuc
reticulmn, were sees in the cytoplaem of these celle.

The hyperplastic nodules occupled larger areas asnd often compressed
surrounding cells of the norma! !'* = zarenchyms. They also conmained *te
u..:ro hypertrophic ceils.

Those lesions which [ classifiad es hepstomas or cholang:o-hepassmas
were larger nodules which showed evidence of confluence or some variatnoa ia
cell stze, shape, staining or a ductular or adenomatous pattera of g~owta, o
the abseace of metastasle, invasiveness, severe basophilia, miteses, er other
evidence of anaplasgla; ! chose to call these beniga tumers rather than maiig=acz:

(carcinomasas)., There was 20 evideace of metastasis or lavesivensss ef hese

tumors o this study, . -

7

HARTOLDMONO0023440



oA
e e O

—— . (25

.
JREN

Sadutriel 810-TEST Solsesbos S

With enception of the vacuolar changes h&nmdw. the
more severe hepatecelinlar alteraticns were coafined 9 animals of the 24-

Momth Secrifice.

Cand €. RidYy

Ward R. Richier, D.V.M.,M. 5.
Dipl., Am. Cellage Vat. Path.

010753
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0/10

e/10
0/10
/10

1710

010
/10
/10
0/10

/10

b, Yy

Nodular Hyperplasia /18
Hepatoma e/10
Ductular Hyperplasis e/10
Cholangio -Hepatoma /10
N Hepatocellular Necrosis 1/10
.

000294
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S
Primary Liver Lacicas - Aroeler 1254
6 Mosth Sacrifice - Rats
sion Grow
T T ™ Control
Vacuolar Change a/lo a9/10Q l..‘lo 1/10
Tocal Hypertrophy a/l0 o/10 4/10 010
Nodular Hyperplasia /10 0/10 o0 010
Hapatoma 0/19 o/10 0/10 0.10
Ductular Hyperplasia o/10 e/10 9/10 0/
Cholangioc-Hepatoma 0/10 2/10 0/10 0/13
. . Hepatocellular Necrosis 2/l0 /10 1710 1/10
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£ Primary Liver Lesicas - Aroclor 1284
12 Month Sacrifiés - Rats
Lasion QOrosp

n T ™M Control
Vacvuolar Change 1/10 4/10 110 1710
Focal Hypartrophy o/10 40 o 0’10
Nodular Hyperplasis 0/10 a/to 0/10 0/10
Hepatoma 0/10 0/10 0/10 0/10
Ducrular Hyperplasia 110 1/10 a/10 1/10
Cholangio-Hepstoms 0/10 0/10 0/19 0/10
Hapatocellular Necrosis 0/10 0/1¢ . 1710 0/10
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Primary Liver Lesioms - Arcclor 1234

Terminal Secrifice - Rats

Laston
T TIL

Vacuolar Chaage 8/31 10726

Fuycal Hypertrophy 3/31 $/26

Y.odular Hyperplasia 03 3/28

Hepatoma 0/3t 0/26

Suctular Hyperplaews 631 31/26

Cholangio-Hepatoms 0/31 . 026
° Hepatoceilular Necrosis 331 /26

Gfoap

13/27
13727
13727
427

4/27

/21
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AROCLOR - 1284
Tabulation of individwa!l Liver Lesiocns in Rats
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Desr Dr. Levinchas: |

Rx IBT Mo, $41-04472 - Mistapathalogical Evaluation of Additionsl
Liver Sections Frem Rats of 2 Twe -~ Year Chwonic Oval Texicity

Sey9y of Avecior 1234,

We are submiiting herswith eur revised laborstory repart deted
March 34, 1975, preper wi in connection with the sbeve study.
Very ouly yeurs,

j OB el

J. C. Calamndrs
President

JCcC/td
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RIPORT TO
MONBANTO COMPANT
TWO - YEAR CHRONK ORAL TOXICITT
STUDY WITH ARCCLOR 1254
IV ALBINO RATS

HSTOPATHOLOGICAL CEYALCATICN
OF ADDITIONAL LIVIR SLCTIONS

MARCH 24, 1973
BT NO. 641 - 06472

- C\ L tion
At the request of Dr. Leviashas of the Monsaate Compasy, additiossl
sections of liver {rom a twe - year chsonic eral texicity study of Arocler 1254
in rats (IBT Ne. 622-0729¢€) were processed into H & L suained sections and
evaluated by Light microscopy. Ths following report presents the results aof
this study,

OOO.’ZOF.
T »

.
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Mmﬁ““qud&“uﬁmt
trestment level (108 ppm) of the I¢-Mowth Sacrifics. Ne hepstesalluler
carciasmes were shosrved. One Mver tumer (2 hepatems) previsusly reported
in & T-1 smimal (Mo. #45) was re-classified as moduler hyperplasia. The
othey westmsnt-relsied lecicas reported are regarded as degeasrative o
hyperplastic ia netwre sad they are morphelogic manifestatiens of sa adaptve
respense of tha Uver ascribed ™ bloransformatien of the met material. The
Jater lesions wers ecnfined primerily 1 twst sabmals of the 12 md 24 month
sacrificss sad they were dese-related in lacidence and severity.

(- S ® quaee vl )TN 4 A L
__dm,—-hnnm'tfhh‘nhmm. .

Respectfully submitted,
BOUSTRIAL BIO-TEST LABORATORIRS. INC.

Report Prepared and Reviewed by . L4
D. E. Gerdon, D. V.M., Ph.D.
Section Head, Patholegy

Repert Appreved bt
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~
Primary Liver lLesioas - Anghr 1234
6 Maath Sacrifice - Rats
Lasion Sremp,
T1 ™ T; Contrel
Vacuolar Change o/t0 9/10 <l/l0 1/10
Focal Hypertrophy 0/10 0/10 ane 0/10
Nodular Hyperplasia 0/10 0’10 0/10 - 0/10
Hepatoma o/10 0/10 o/l0 0/10
Ductular Hyperplasia 0/10 0/10 0/10 o/10
Chelangio-Hepatoma 0/10 0/10 0/10 0’10
Hepatocellular Necrosis 2/10 0/10 'YI0) 1710
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ARCCLOR - 1234
Tabulatiea of individual Liver Lasieas in Rate
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Tabulatien of Ladividwel Liver Lesions ta Rats
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Primary Liver Lesians - Aroclor 1254

Termismi Sacrifice - Rats

T ™ or=r ™ Cantrol

Lesica 12 3 12 3 12 3 2
Vacuolar Change 3/31 5/28 8/31 4126 41251026 13727 312513021 1/23 o/24
Focal Hypertrophy 1/31 2/28 M3 1726 1/2% $/26 17 snsiy 0/23 o/24
Nodular Hyparplasia e/28 o/31 1/26 3725 3/26 3121 9/2513/21 1/23 o/24
Hepatoma o/2s o/t Vi, 025 0/26 121 2428 4427 0/23 o/
Ductular Hyperplasia 3/31 6/28 6/3) 326 /25 3426 8127 228 421 5/23 6/24
Cholangio-Hepatoma - 928 o/31 0/25 o/26 0/27 1/25 2127 0/23 0/24
lkpnuac.lhl;r Necrosie 2/31 2/28 /31 1/26 2725 V/26 127 1128 221 1/2) 0/24

= First evaluation of original slides
Re-evaluation of original elides

t
2.
3 - Evalustion of additicasl tissue sections

There were 5 animals in which this lesion was a0t seea at time of the secoad evalustion but was present
un the (irst, =
-+ Similar to above iavolving 4 antmals, . - -
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Sedistual 810 -TRST Lrboviivviss. e, 20

10 *RONTAGE ROLD
JAUNDIS 60062

Ceorge J. Lavinshms, Ph.D.

Monsanto Company
80V N, lindbergh Blvd.
St Louis, Missourt 63166

Dear Dr. Lavinskas:

Re: IBT Neo. 641-06672 - Histopathological Evaluation of Addidonal
Liver Sections From Rats af 8 ‘I!o Year Chroniz Oral Toricity
Study of Aroctor W43 1250

We sre submitting herewith m:‘hhontory report dated March 24,

1975. zvepared in connectioa with the above study.
Very truly yosrs,

J. €. Calapdra
Presideat

g
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR Hdd 13260 .
IN ALBINO RATS T .

HISTOPATHOLOGICAL EVALUATION
QF ADDITIONAL LIVER SECTIONS

MARCH 24, 1973 .

IBT NO. 641 - 06672

L introduction
At the requast of Dr. Leviaskas of the Monsasto Compeany, sdditional

1360
ssctioms of liver {rom & two « year chronic oral texicity study of Aroclor H >
in rats (IBT No. 622-07298) were proce:sed imto H & [ etained sections and .

evaluatd by light micrescopy. Tha foliowing report pressents the results of

this study.
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O.  Sesweegy

CW)‘ treatment -related wn fiadings in

‘be lver frem this re-evalustion did st differ sigaificastly {rom that previously
repcrted in our original repert dated Nevernber 12, 1971. Hewever, there were
seven beniga liver tumers detacted smong seven of the saimals at the highest
treatmment lovel (100 ppm) of the 24-Moath Secrifice which were net previcusly
reported. The other trestment-related lasions reported are regarded as dagenera-
tive or hyparplastic ia sature and they are marphologic maxifestations of an
adaptive response of the liver associsted with biotransformatien of the test

material. Ia gemeral, the latter findings wore coufined primarily to test anirmals
2
of hj‘. i(- cad 24-Month Sacrifices. and they were dose-related in incidence

and severity.
In comclusion, Arocler l'-;'i‘-iiamu- te be slightly tumerigenic at levels
of 100 ppm whes fed continuousiy in the diet for twe years.
Respectiully submitted.

INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewsd by: /64-‘-*#

D. E. Gerdea, D. V.M. ,Ph.D.
Sectica Head, Pathelayy

Report Approved b1:

HARTOLDMONOQ023477
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Sidushital BIO-TEST Suboambois, Su

IBT Ne. $22-07298 : 208
Moanssas

I bave examined pdditioml sectiens of liver frem rets of IBT No.
$22-07298 and dave re-evalunted &oa- tor evidense of carcinegenssis. |
heve tabulated my findings far Arecler - u&-ghu-u.-...:

There is evidence of & chomical affect o8 the liver which was most
evidant at time of &.\'tu-n aad tarminal (24-Momth) sacrifices. This
consists of & hepatocallulyr siteration begianing s fecal hypertrophy which
progresess to sodular hyperpiasisa. asd in & fow animals. to bepatemas or
cholangichepatemas. The hypertrophic cells crotain large ;n-n of lght-
staining cytoplasm which is probably rich in glycogea and endoplasmic reti-

culam. la some csses. ring-shaped structures, prodbably n’r.m wheorls
of prolifsrative endeplaamic reticulum, wers seen in the cytoplasm of these
calls.

The hyperplastic nodules occupled larger areas and oftes compressed
surrounding cells of the normal liver pareachyms. They alse contained the
same hypertrophic ceils.

Those lesions whick I classified as hapatomas eor chalsagiobepatornas
were larger nodules which showed evidence of confluance or semse variation 2
cell sise. shape, staining or a ductular er sdenomatous patterns of growth. n
the absence of metastaslis, imvasiveness., severe basoptilia. mitoses er other
evidence of anaplasia, 1 chose to call these benign tumeors rather than malignan:

carcibomas. There was no evidexce of metastasis or {svasiveness of thase

tumnors in this study.

HARTOLDMONO0023478
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9 — .
. 54-08 . . .II|. f Terites & .-—“' .I .wll . ..“II dobete
With exceptisa of the vasesiar shangee in the cyteplasm of hepatocytes, the
nnmnhm&ludunﬂmwrnw-om.l&o:ﬁ;ud

2¢=-Meonth Sscrifice periods.

laned R .Rchisr

Ward R. Richter. D.V. M., M S
Diplomate. Amarican College of
Vetorinary Pathologists
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1260

Primary Liver Losions - Arscler 1343

hasien

Vacwolar Change
Focal Bypertrophy
Nodular Ryperplasia
Hepatoma

Ductalar Hyperplasia
Cholangio-Heputomma

Hepatocellular Necrosis

| 2 R S ")rs

T1
e/l
o/
0/11
0/11
0/11
0/11

0/11

3 Meath Sacrifice - Rats

Tl

4/10
0/10
o/10
0/10
1/10
o/10

o/10

Greve
™I -,
3710 7a
2ne Y%
0/10
o/10
0/10
0/19

0/10

- - a -

210

Comtrol
2710
9719
0710
010
0/10
0/10

0/1to

HARTOLDMONO0023480
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» 211
Primary Liver Lasioas - Arocler 438
8 Menth Sacrifice - Rats
sion Orenp
T: T11 ™ G, Control

Vacuelar Chaage 176 2/8 579 G./q 1710

¥Yocal Hypertropby 0/6 0/s 3/9 /a T /10
Nedular Hyperplasia 0/6 o/ . e 0/10
Hepatoma 0/8 o/ or9 0’10
Ductular Hyperplasis 0/é o/s 0/9 . 0/10
Cholangio-Hepatoria 0/6 o/s 0/9 0/10

.\" Hepatocellular Necrosis 0/6 1/8 0/9 1710

HARTOLDMONO0023481
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Primary Liver Lestons - Areglor &o
14 Menth Sacrifice - uu
Jesice Qrewp
T T TI 4. Comrol
Vacwslar Chaage /9 8/10 319 ‘a 1710
I Focal Hypertrophy 0/9 Q/10 479 c. 0/10
Nodular Hyperplasia 0/9 0/10 9 Yo 0/10
Hepatoma 0/9 0/10 0/9 0’10
Ductular Hyperplasia 179 0/10 2,9 % 1/10
Cbholangio-Hepatoma 0/9 0/10 0/9 0/10
j Hepatocellular Necrosis 0/9 0/10 [ 74 ] 0/10

HARTOLDMONO0023482
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Primary Liver Losisns - Avecler 1242
Termimal Secrifice - Rate
jasion Qrowep
. T1 4, T 4, ™ -~ Control
ke »
Vacuolar Chaage $/25 Xg Y. 6723 V¥, 10027 ’n }'q 1723 -I'./J-l
Focal Nypertrophy 3728 %" v0/23 YT 1927 Ya-Soy 023 /2w
Nodular Hyperplasia orzs w9723 hity 1127 Yaq ae 11y sfay
Hapetoma 0728 T 023 %y 8727 Yaa iy 0123 e/0Y
Ductular Hyperplasia 6728 helio 5723 Mo ar2r 4o 82y e/
Cholangto-Hapatoma 028 w023 wo2nr Y- lyony o/
Hapatocellular Necrosis 428 Bgh 2123 %yt 621 W Yoy 12y
t s -
1
- -
< C
» [
o
R I
v o 2
> -
IS
oo
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AROCLOR 1242Gv
Tabulation of Individna | Liver Lasioas (a Rats

-

24

L)

Sacrifico
Iaterval

Lewvel

Liver Lesions

VYacusiar Change

Focal Necresie

inftitrations

Focal hypertrephy of

Foeal lymphold

hop-tocytes

Nedular hypertrophy

of hepatecytes

Focal pile Duct

Hyperplasis

Hepatoma

Cholangle-hapatema

3 Month

Vad T P va
P, L

jAm

116
unr
Y
119
120
47T
156
37
158"
159"
160"

1954
196"
190"

200"

2341
237"
230"

239"
240"

76

-

-+

T
T
2"
80"
nsr
nr
e
3y
120"

(-1

hr +
TR o

-
aamov o ler S e o poee of ;,‘_rg LW e Seviiaie

———— ——

0NOo
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. Focal Necresle g }
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.+ * - Foeal lympheid ; .
Infiltrations - 5
1L Foeal hypertrophy of %;
t*3 hepatecytes l Ea R
T Nodular hypertrephy 4': EE i
of hepatecytes § 3 o '
—_————— — - - zt‘
Focal pite puet 'Y E‘ v
Hyperplasia = | 5
£|d
Hfepatona 5
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»
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AROCLOR 1282+
Tabulation of Individual Liver Losions in Rate

216 M

Sacrifice
interval

Dose
Level

_Liver Lesions

Vacuolar Change

Focal Necrosis

Focal lymphoid

infiltratioas

hepatocytes

Fecal hyperirephy of
Nodular hypertrephy

Hyporplasia

of hapatocytes
Focal plle Duct

Hepatoma

Cholangio-hepatomas

& Moat

her el .
224

\

Y/,

5/s

11M
12"
13
14"
| L
16¥
e
18"
—‘-

3IM
"N-
as”
E 2
8"

27"
28"
29"
3o

JIIM
32"
3"
xho
r
3
"
o
40"

+

S

+

b ¢
i *
ey +

- ¢
t)P

po e

o - e e c———
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Tabulation of Individust Liver Lastens in Rate

e s

217

12

Sacrifice
laserval

(4]

Lawvel

Dese Luu

Liver

Ne.
and
Sax

Vacwolar Change
FocalNecrosis
Focal lymphold

infiltrations
Focatl hyportrophy of

hepatocytes

Nodular hypertrophy

of hapatecytes

Lasions

el

%_1

Focal pile Dust
Hypeorplasia

Hepatema

Cholangle-hepstema

Final

/e

LI T I T
A ser . e

-
: Nﬂ'.

)

y-HoT
o r09n

" ¢

"‘l
101
106"
12"
134"
lo8" i

122y
128"
172m
129"
130
1387
1417
14
181"
195" 1y
144"
131" (4
132"
138
139"

16™
168" o

12"
1047
4kl ']

T
*
3

z

T

)¢ |

Mﬂ)

- uw

+

ih+

-".»'.-me - T w . Nande

by e

-
-
+*

o+

+ *

() +
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"
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-
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“tiae
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Tabulatioa of Individual Liver Losiens ia Rats 218
Sacrifics |Dose Maima Liver Lesicas
ﬁ iaterval Level | Ne. )
and 2 = d
- b J 2 - e '3
= Is:= Tt s 2
R HHIEH: 2
= ey = i s 122 2
i i|:3|H SR il
« | . 3% |9 -4 °
S LT E |8
Fisal Az {2129 k- P + NA
(coatizmued) 213" (-’0 - e ire
220" s
221" 1)
224" - Py |
233" 14¥
o | 234" e ()*
, \rz".. -+ +* *
‘Y230 *
203" 20 ot
204"
o 206" ¢4+ i
o™ *m -4 1 §4
Bl
AR “p241M + P .
253" ip
361" 1+ ¢ h=) ¢ w
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Jndusiucl 810 - TEST Leboralorws. Snc. : 172
' 181C PRONTAGE BOAD
NORTHBRQOY, 1LLINOIS 80082

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TCOX:CITY
SIUDY WITH
ARCCLOR 1260
IN ALBINO RATS

HISTOPATHOLOCICAL EVALUATIUN
OF ADDITIONAL LIVER SECTICNS

MARCH 24, 137%

IB3T NO. ¢4 - 06672

anor A1

L
HARTOLDMONO0023490



Indusiuc! 81O -TEST Libosalowus. Inc. 173
910 PRONTAGE ROAD
NORTHIROOK, (LLINOIS 60002

Geerge J. Lovinskas, Pa.D.
Monsanto

800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. Levinskas:
Re: IBT No. 641-06672 - Hiswpathological Evalustion of Additional

Liver Sections From Rats of a Two - Year Chrenic Oral Toxicity
Study of Aroclor 1260.

We are submithng barewith our revised laboratory report daed

March 24, 1975: prepared in conmection with the above study.

Very truly yours,

J. C. Calandra
President

- s ]:‘\”‘n W o gy g~ el as .53 - w u ge——

HARTOLDMONO0023491
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Sndestrial 810 T 88T Loloashains, S

174

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1260
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975 .

IBT NO. 641 - 06672

i lztrocuction
- At the reques: v. Dr. Levinskas of the Monsanto Companr, additional
sections of liver {rom & two - year chronic ora! toxleity studv of Aroclor 1260
in rats ([T No. 622-07298) were processed int> H L E staiped secniozs and .

evaluated by light microscopy. The following report presects the reszlis of

this study.

B T g 0007243 8
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Sudastriol B1O TS T Lalveaboins, S

175

0. Summery :
In most instances, tas mdw-nuuan
the liver from this re-evaluatioa did mot differ significantly from that previcusly
reported ia eur criginal report dased Novembar 12, 197]1. However, there were
seven benign liver tumors detected acnong seven of the animals st the nigkest
treatment level (100 ppm) of the 24-Month Sacrifice which were not previousty
reported. The other treatmant-related lasions reported are regarded as degevera-
.tive or hyperplastic in sature and they are morphologic manifestations of an
sdaptive respoase of the liver associatad with biotransformation of the test

material, In general, the latter findings were coafined primarily to test anirmals
of the 6-, 12- and 24-Month Se~<rifices. and they were dose-related in incidence

aad severity.
In conclusion. Aroclor 1260 appears to be slightly tumorigsaic st levels
of 100 ppm when fed cortinuously Lo the diet for two years.
Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES. INC.

Report Prepared and Reviewed by: %

D. E. Gordon, D. V.M., P:.D.
Section Head, Pathology

Repor: Approved by:

CML TV S T AU R, P - oy >
w h .
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Sndoshonl B10-T8ST Akoeabats, Siom

BT No. $22-07298 176
Monganto .

I have examinsd additionsl sections of liver frem rate of IBT No.
622-07298 and have re-evalusted them for evidence of carcisegesesis. !
bave tabuisted my findings for Aroclor - 1260 n&o“hlb-tum:

There is evidence of a chemical effect on the liver which was most
evident at tirns of the 12- Month and terminal [24-)Month) sacrifices. This
consists of s hepatocellular alteration begioming as focal hypertrophy whick
progresses to modular hyperplasia. and in o few animals, to hevatornas o:
=th;.ﬁohapmm. The hypertrophic cells contais hrlo'mu.u of Light-
staining cyteplasm which is probably rich ia glycogen and endopiasmic ret:-
culun;_ Il some cases. ring-shaped structures. prebably represesnting wnorls
of proliferstive endoplasmic reticulum. were seen in the cytoplasm of tese
cells.

The hyperpiastic nodules occupied larger areas and often compressed
surrouading cells of the asrmal liver parenchyma. Tiey alse contained :ne
same hypertrophic cells.

Those tesions which | classified as hepatomas or chelangiohepatomas
were larger nodules which showed evidence of confluence or sorma variation =
cell size. shape. staining er a ductular or adenomatous pattern of growth. n
the absence of matastasis, invasivaness. severs basophilia, mitoses or otzer
evidence of anaplasia. | chose o call these benign tumors rather than maiizzant

carcinomas. There was no evidence of metastasis o. lavasivensss of these

tumors in this study.

HARTOLDMONO0023494
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and 24-Month Secrifice periods . o

Warel R .Richisr

Ward k. Wicheer. D. V.3, M S
Diplomate. American College of
Veteripary Pathologists

0n0746 ;
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Primary Liver Lasicas - Aroclor 1288

Vacuolar Chaage
Yocal Hype rtrophy
Nodular Hyperplasia
Hepatoma

Puctular Hyperplasia
Cholangic -Hepatoma

Hepatoceilular Necrosis

3 Moath Sacrifice . Rats

0/11
e/l
o/l
0/11
o/11
12y

0/11

TiL

4/10
0/10
0/10
0/10
1/10
0/10

0/10

(1
Ta:
ine
2/10
Q/10
0/10
0/10
e/10

0710

178

Coatrol

2710

0/10

[2&1:]

0/l0

0/16

/10

0/10
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179
E 3
Primmary Liver Lasioas - Al-‘eler 1260
¢ Month Sacrifice - Rate
Lesion Grew
T TIl ™ Comtrol
Vacuolar Change 176 279 5/9 1710
Focal Hypartrophy a/é 0/3 3/9 0’1o
Nodular Hyperplasia 0/6 a/s 0/9 YT
Hepatoma 0/6 6’8 0/9 6/30
Ducmlar Hyperplasia 0/6 a/% /9 a/10
Cholangio-Hepatoma 0/6 Q/3% 0/9 a/10
Hepatocellular Necrosis 0/6 1/5 a/9 1710

00024t )

ey
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Primary Liver Lasions - Aroclor 1208

Lesion

Vacuwolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatomna

Ductular Hyperplasis

Cholangio- Aepatoma

Hepatocallular Necrosis

12 Momth Sacrifize - Rats

Tl

in
0/9
0/9
0/9
179
0/9

0/9

T

$/10
0/10
0/10
o/10
0/10
o/io

/190

‘Qrouyp
™™

379
4/9
/9
99
2179
0’9

6/9

180

Comtrol
1710
2710
0r10
0’1o

171¢

HARTOLDMONO0023498
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s
-
1R
Termisal Sacrifice - Rats ‘A, . &
Lasiog - Crowp
TI Tn Tm Control
Vecwoisr Change $/28 6/23 30/27 123
Focal Hypertrophy 3/28% 10/23 127 023
Nodular Hyperplasia 0r28 9/23 727 1:23
Hepatoma 0/28 0/23 §/2T 0/23
Ductular Hyperplasia 6728 5/23 14°27 5723
Cholangio-Hapatima /28 ’ 0723 2727 0723
. Hepatocellular Necross 4/28 2723 €27 1/23

)
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AROCLOR 1260

Tabulation of Individusl Liver Lasions in Rats
|
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]
|
)
!

. SUSHRATIIY
Pogdui) w0y

ra

[T IVEY L E LY

osluwy) dvjonde,

" IV ENY
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Dose ‘A-um

Lave!
Al
Al
Alll

Sacrifice
Intarval
3 Momth
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AROCLOR 1268 10
Tabulation of Individus| Liver Losions in Rats 183

Sacrifice Dose Rrima Liver Lasions

Interval Level Ne. I
and
Sex

Infileeations

hepatocytes

flyperplasia
)

Focsl hypertrophy of
of hepatocytee

Vacwolar Change

Nodulsr hynertroephy
flopatoma

Focal Necrosie
Focal lymphold
Focsl pile Duct
Cholanglo-hipstoma

6 Month Al 832M
. 834" +*
| 838"
. 846F

; 340" * !
i 349" | +

Al 640
i 863" |+ .
! 737 *
, S78Y
. 879"

*
+

AN |891M
; 893"
, 94"
| 98"
906F
907"
908"
" 909"

910"

'0910

- ——— e

m
|
|

HARTOLDMONO0023501



AROCLOR 1360

Tabuintion of Individuet Liver lesivas ia Rats

Sacrifico
intervel

Uo-.'f!:‘

Level

No.

Sex

Liver

VYacwolar Change

Focal Nucroeis

Infiltrations

Focal hypertrephy of

Focal lymphoid

hopatocytes

Nodular bypertrophy

of hepatocytes

Lesions

Itypurplasia

Focal pile puet

e

¥
PR o . Tee
b &

*

PR 7\
485
.
)

Hepatoms

'y
1
A Y

[

. ‘.'1',: s

Lo
I3

.

-

Cholangte-Fvjpate:

12 Month

+ 4+

+

+
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AROCLOR 1260 12
. Tabnilation of Individus! Liver Lesions in Rats 185
Sacrifice | Dose aima Liver o
interval | Level | %o. . R S ]
¢ e 3 3 R
- M' . oty I
- m m. T I
ﬂ “ N ey
mmm"wmm% :
AR
o S % 3
P E 12 1ET e
Fimal) Al [ L}¥9 3
86" |+ + *
s ! ] )
101" i _ :
! 106" + i
12~ | | “ :
f 114 m '
108% | + _ i |
—uo.’. H _ 1
4l I N ’ i
- ol i | e _ i
" 129 *
~ 129" _ | + _ |
130" ! H
1387 [++e _ __ _ 1
47 ' ! '
11" ¢ _ m y
158" o | ! _
! Jea I A
i ) LR N N ¢ ‘ i :
) 138" ' ¢ * ' |
_ 139" _ _ : :
tam  fremu _ be | | “
i uz.. .+ ] N . _ _
| 1797 | | o . _ :
i 2 : P !
_ 184" | o | ; | _
] _:.1..* ~ . . _ n
| 2os¥ | _ Lop <! : ! -
i UNOQ: R : ‘
_ o . .
m 4 — I [ ~ _ !
' i i _ _ T |
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
) STUDY WITH
AROCLOR 1260
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

IBT NO, 641 - OveT2
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ndhustrial 910 -T8ST Lrborziseins, Sz
1810 FAONTAGE ROAD 078
NOATHBAOOK. ILLINDIS 60042

July 1, 1978

Gearge J. Levingikas, Ph.D.
Monsant®

Compexy
800 N. Lindbergh Blrd.
St. Louis, Missouri 63166
Dear Dr. Leviaskast

Re: [ET No. 641-066T2 - Histops thological Evalustion of Additional
Liver Sections From Rats of & Two - Year Chronic Oral Toxicity

Study of Aroclor 1268,
We are submitting herewith our revised laborasry report dated

March 24, 1975, prepered in connection with the sbove study.

Very truly yours,

&- . Balado

J. C. Calandrs
President

ICcC/td
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1260
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

IBT NO. 641 - 06672

L lnrroduction

At the requast of Dr. Levinakas of the Moasanto Company, additioeal
sections of liver [rom a two - year chronic orsl toxicity study of Aroclor 1260
{n rats ([BT No. 622-07298) were processed into H &k [ stained sections azd
svaiuated by light microscopy. The following Tepor: presents :he resulis of

this stud,

0nNars9 @
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080 -
@ U temng S
In mest insctances, S spoctrum of trestment-reloind histopeihelogital
findings tn the Mver frem this re-evalustion did net difier stgaifiemndly
frem thet previeusly reperwd is ewr eriginal repert dated Nevember 12, 1971.
Mmmwh.;‘—.“dh-hnhuu
highest trestmant lovel (100 ppm) of the 24-Menth Sacrifice. No hepmwceilular
carcinnmas wers cbesrved. The other treatment-related lesions repurted are
nprd-dud-m"uw:hﬂmmdﬁqu‘.-pwc
manifestations of sa sdeptive response of the Lver sssocisted with biotransformation
of the wet material. In general, the latwr findings wers confined primarily
to test animals of the &, 12- and 24-Month Sacrifices, and they were dose-
relstad in incidemce and esverity.
In conciusion. Areclor 1260 doss not appesr ® be carcinogemic 1n rats
fod for two years at levels wp ® sad including 100 ppm.
Respectfully submitted,
INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared aad Reviewed dy:

D.E. Gordon, D, V.M. ,Ph D,
Section Head, Pathology

Report Approved by:
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Yacwslar Change

Focal Mypertrophy
Nodular Hyperplasia
Hepatoms

Ductalar Hyperplasia
Cholangio-Hepstoma
Hapatocelinlar Necreosis

o/11
o/11
o/11
o/t
0/11
0/11

0/11

4/10
e/t0
0/10
e/10
illo
o/te

a/10

3/10
tne
o/to
e/10
/10
0/10

o/10

2710
0/10
0/10
0/10
e/l0
o/1e

e/l0
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Yacuolar Chaage
Toes! Hypertrophy
Nodulay Hyperplasis
Hepatoma

Ductalar Hyperplasia
Chelangio -Hepatoma

Kepatecsllular Necrosis

176
0/é
0/é
0/é
0/6
0/é
e/é

Tt
2/8
0/
0/%
0/%
0/s
Q/s

1/8

39

a9/9
e/9
9/e
e/9

/9

Comtrol
1/10
o/10
0/1e
0/10
¢/10
[ ZaY]

1/10
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Primary Liver Lesions - Aroclor 1200
¢ Month Sacrifice - Rats
Lesica Growe
TI T T Ceorzrol

Vacuolar Change 2/9 s/1q 39 110
Focal Hypertrophy 9/9 0/10 4/9 912
Nodular Hyperplasi_ 0/9 30 1.9 S 10
Hepatoma : 0/9 ¢/10 0% 010
Ductalar Hypsrpiasia 179 or10 219 110
Cholaagic-Hepatoma a/9 0,12 99 2-1¢
Hepatocallular Necrosis o/9 /10 2/9 30

HARTOLDMONO0023514
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Primary Liver Lasiess - Areclor 1208

Termisal Sacrifice - Rats

i sioe . Growp
1 T ™M Costrol
Vacwlar Chaage /28 623 10727 1723
Foca) Hypertrophy 3728 1023 127 023
Nodular Hyperplasia /28 3123 1727 123
Hepatoma 0/2% 0/23 s2r 0723
Ductular Hyperplasia 628 3723 14727 5,23
Cholangio-Hepatorea 028 0/23 227 0°2,
Hepatocelhilar Necros:s /28 2/23 6’27 1l

HARTOLDMONO0023515
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Sacrifice
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Tabulatien of Individusi Liver Lastens in Rats 087

Liver Lasions

hepatocytes

inliltrations
Nodular h"nrdm)

Hyperplasis
holangie -lupatems

Vacesler Change

of hepatocytes

Fecal Necresis
Focsl lymphaid
Facal hypertrephy of
Focal plle Duce

tlspatoma
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AROCLOR 120 092 s
Tahulation of :1.4.3_1. Livey Lasions 1a Rats
Sacrifice _ Dose Wanima Liver Laslons
Interval Lavel | No. 1 | “
— and — - 9 :
. | [ E 3 M
| r. H - B ﬂ - u - :
_ u » -y w »“ n L] - . ] ” R
H h - S - m .'. " " h '
“ 413 |2318% (1% |A% “ .
| » |5 1gSlaa x> 23 |2 2 X
| RN SR IS
LT - s '3
: ERTIIEE 3318 |z 8
. P 4l s g4 13 -
. ! ' .
Fioal (A Resr _ s vob _ ,
(contirued) | s~ ! ' P _ . '
: X ol | P .
Rere 4 1| _ e P
; pogr e . : i P
E i ! 1 : ! t
i :
!
{
i

Cira Svystary.

* s miaimal in severitv

. = mild ta severity

+++ ® moderute ia severity

s++ s marked in severity
P = Present, 20 grade
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Primary Liver Lesions - Aroclor 1240 093
Terminal Sacrifice - Rats
Growp
a1 ™ T Control
Lesion 12 3 12 3 1 2 3 1 2

Vacuoclar Change 1728 2/2% S/tS 3/23 2/20 6/23 8/27 1/2410/27 1/23 0/24
Focal Hypertrophy 0/2% G/25 3/2% 1/23 4/2010/23 9/27 6/2411/27 0/2) 0/24
Nodular hyperplasia 0/2%8 0/25 0/23 4720 9/2) 2/27 3/24 1/26 1/23 0/24
Heputorna o/2s 028 0/20 o0/2% 0/27 4/24 S/27 0/23 ‘6/24
Dictular Hyperplasia 1/25 1/28 /28 2/20 s/23 1/21 3/2414/21 s/23 0/24
Cholangio-Hepatoma : 0/28% 0/28 0/20 0/23 0/27 0/24 2/27 0/23 o/24
tiepatucellular Necrosis 1/25 4728 e/23 o0/20 2/23 2/2711/24 6727 1723

1 = First evaluation of original slides
2 - Re-evaluation of original slides

) - Evaluation of additional tissue sections

o

tqqozva P

|
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SN P UL O S . Pt Lo,

Sndudtrinl 310 -TEST Aisasbrins, fun.

094

—_A-l A-2 A-) Contral_
Vacuolar Change /28 /20 /24 0/2¢
Focal riypertrophy o/2s V20 o/u 0/24
Nodular Hyperplasia 0/2s V20 324 0/24
Bue Duct Kyperplasia 1/2% 2720 M2 e/
Cholaagio-hepatoms /23 /20 0/24 0/24
Hepatoms 0/28 /20 w24 0/24

£ 000774 9

»
-—
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Sndhulnal 810 - TEST Lrbswaiouies, Sno.
1019 PRONTAGE ROAL
MNORTHEACOR,, ILLINGIS 80002

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRCUIIC ORAL TOXICITY
STUDY WITH
AROCCLOR 1260 (342~
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

I3T NO. 641 - 26672

o e it -

:I\ 6:\"&5‘1\

239

Levmseas -4(
-21-31 wK
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Incbistrial 810 - YEST Labosaloues, e

1918 PRONTAGE S0AD
NOARTHARQOR, ILLINCIS 63063

Mareh 24, 1979

George J. Levinskss, Ph.D.
Moasaate Company

800 N. Liadbergh Blvd.

St. Louls, Missouri 63166

Dear Dr. levinskas:

Re: IBT No. 641-06672 - Histopathological Evaluaticn of Additioma!
Liver Sections From Rats of 8 Two - Year Chromic Cral Toxicity
Study of Aroclor 42wl 1292,

We are submitting herewith our laboratory report dated March 24,
1973: prepared in connection with the above study.

Vary trulv yours,

J. C. Calacdrs
President

I SRR AL e +% . A R B T W T A S g

0

090779 mw»

1.
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1264 -
DN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

IBT NO. 641 - 06672

L Introduction

At the request of Dr. Levinskas of the Monsaato Company, additional
sections of liver {rom a twe - year chroaic osal toxicity stady of Avoclor 1268 2y
:n rats (IBT No. 622-07298) were processed into H & E stained seccions and
evaluated by light microscopy. The {ollowing repar: preseats the rewsults of

this study.

e e ST, Vot g B, 4 B P

. ) ‘s . -

000230
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242

o Fy
o~ X he seecTeam of

~ (I most {astances, Jip treatiment-relsted histopathelegical fladings in
the liver from this re-evalmation ¢id not differ significantly from that previously

reported ia our origisal report dated November 12, 1971. However, there were
three benign liver tumors detectad amopg three of the anirzals at the highes:
treatment level (100 ppm) of the 24-Moaath Sacrifice which wers aot previsusly
reported. The other treatment-related lesicas reportsd are regarded as de-
genarative or hyperplastic in nature and they are morphologic manifestarioas of
an adaptive response of the liver associsted witt biotrans{ormation of the test
material. In general, the lattar {indings were confined primarily to test az:mmals
of the final sagrifice and they were dose-related in incidence and severnity.

In comclusioa, Arceclor '1325’.”..:. to be slightly tumorigenic at levels
of 100 ppm when [ed continously in the diet for two years.

Respectiully submitted,

INDUSTRIAL BIO-TEST LABCRATCRIES, INC.

Report Prepared and Reviswsed by:

D.E. Gordoa, D.V.M.,Ph D.
Section Head, Pathology

Report Approved by:
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IBT No. 622-07298
Moassato

1 have examined additionsl secrions of liver frem rats of Study Number

622-07296 and have re-eviluated them for evid of ¢carei

genesis. ! tave

tabulated my filadings for Arocler 'u:—n the following pages.

There is evidence of a chemical effect oa the liver which iy most
pronounced at tirne of the terminal (24-Mouth) sacrifics. This consists 3¢ a
bepatoceilular siteration begisning as focal hypertrophy which progresses o
asodular hyperplasis, and in a lew animals to hepatoma or cholangiozepazocza.

The hypertrophic cells coatain large volumes of light stalning cytoplasm whicz

is probably rich in glycogen aad endoplasmic reticuluzm. In some secmocs, -:z:-
shaped structures, probahly representing whorls of proliferative endopias:=.:
rericulum, were seen {n the cytoplasm of theee celle.

The byperplastic sodules occupisd larger areas and often compressed
surrounding cells of the normal lver pareachyma. These nodules 8lso conaized
the samse hypertrophic cells,

Those losions which ! classified as hepatomas or cholangichepatomas vere
larger nodules which showed evidence of coalluence or sams variation :a cell s.ze,

n e adseczce ::

shape, staining or a ductular or adenomatous partsra of growth,
maetastasis, imvasiveness, severe basophilia, mitoses, or cther evidence of aza-
plasia, [ chose to call these beniga tumors rather thaa malignam umors -carc.a.

omas). There wau oe evidencs of metastasis or invasivemess of these tumors

ia this study.

o as ackict JEL AR

€ ram -

b i dalih ook o b e an e

s
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" It should be petEtwd UG THAT SHAT TSIty might-sell-shesa mpere
~—CATTINOME T va-the-basis-of ather critaria bus,—his-diagaseiscauld bs dehated. .
A With exception of the vacuolar changes ia the cyteplasm of hepatocytes, the
more severe bepatocellular alterations were coufilned to animals of the 24-

Month Secrifice.

Ul B Rickty

Ward R. Richter, D. V.M., M. S.
Dipl., Am. College Vet. Path.
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Primary Liver Lesioas - Arocler 1260

3 Month Sacrifice - Ra's

Lesion Group
TI ™

“vcunlar Change 0/8 2/10
Foeal Hypertrophy 0/8 o/to
Nowular Hyperplasia 0/8 0/10
Hepatoma o/8 a/10
Ouctular Hyperplasia 0:8 a/10
Zholangic - Hepatorra 0’8 0/10
Hepatocellular Necrosis 1’3 ¢’

S memn e

245

Coazrol
2.3

c'12
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Primary Liver Lasions - Aroclor 1230'

$ 246

8 Month Sacrifice - Rats

T1 ™ Tt Control
Vacuolar Change 0/10 0/t 0/9 1/10
Focal Hypertrophy o/10 o/8 0/9 0/10
Nodular Hyperplasia e/10 o/8 0/9 /10
Hepatoma 0/10 0/8 Q9 ¢/10
Cuctular Hyperplasia Q/19 0/8 /9 /19
Cholangio-Hepatorna a/10 o/s /9 3/10
Hepatocellular Necrosis 1/13 0/8 Q.9 1/10
B e e
. L e 10285
. - ool T
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° >
Primary Liver Lesions - Aroclor 1260

i 14 Moanth Sacrifice - Rats
Lasion

T T

Vacusolay Change 2/10 4/10
Foeal Hypertrophy 0/10 9/10
Nodular Hyperplasia 0/10 9/10
Hepatoma - o/t0 0/10
Ductalar Hyperplasia o/t0 1/10
Cholangic -Hepatoms 0/10 9/10
Hepatocellular Necrosis 0/19 o/10

PV T Oy ver Vaman,
s

..;-’--..-._',,,,., o A P -

' Growp
Tm
L&y
0/9
19 oy
6/9
/9
.a/9

0/°

9710

.~ .- .

Coatrol
lllo‘
s/10
0/10
010
1710

9/19

247

000286 ;

HARTOLDMONO0023536



Primary Liver Lesions - Aroclor ll:.v
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AROCLOUR - 12607~
Tabulation of Individual Liver Lesicns is Raty
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Indiudinal 81O -TEST Mh 155
1810 PFRONTAQR BOAD
NOBTHIAOOK, ILLINQIS 860082

REPORT TO
MONSANTO COMPANY
TWO . YEAR CHRONIC ORAL TOXICITY
STUDY WITH
AROCLOR L2
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTICNS

MARCH 24, 1978

IBT NO. 641 - 06672

0n029; 4

L

HARTOLDMONO0023545



¢

Al m e e b b S . Nam - A — A= o e = ——— . f— —

Sndstual 810 - TEST Ludosslonins. nc.
1810 FRONTAGE ROAD
NOETHEROOK, 1 LLINOIS 60088

e

George J. Levinskas, Ph.D.
Monsanw Company

800 N. Lindbergh Blvd.
St. Louis, Missouri 63166

Dear Dr. Levinskas:

Ra: [BT No. 641-06472 - Histopathological Evaluation of Additdonal
Liver Sections From Rats of & Two - Year Chronic Oral Toxicaty

Study of Aroclor 1242.

156

We are submitting herewith our revised laborstory repert dated

March 24, 1973%; prepared in connection with the sbove study.

Very truly yours,

HARTOLDMONO0023546
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REPORT
MCNSANTO COM. '
TWO - YEAR CHRONIC ORAL TOXICITY
STTOY WITH AROCLOR 1242
ON ALBINO RATS

HISTOPATHOLCCICAL EVALTATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 197¢

BT NC. o4l - 08672

. Iztroduction

At the request of Dr. Levinskas of the Monsazto Compary, additiceal
sect:ons of liver irem a two - year chroaic oral ‘oxmiciry atud> of Areclor 1282
1a vats ([BT No. 622-07298) were processed into H b E stained secsicas aad

eva uated Sv light microscopy. The {0llowing repor: presents tte regul:s of

tk1s study.
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158

L. Sypmary

In most instances, the spectrum of treatment-related histopathelogical findings tn
the liver from this re-svaiuation did not differ significanily frem tha: previcusly
reported in our original repor: dated November 12, 197l. However, thers were
three berign liver tumors detacted among three of the anirnals at the highest -
treatment level (100 ppm) of the 24-Month Sacrifice which were not previously -
reported. The other treatmsat-related lesicne reported are regasded as de-
ienerative or byperplastic in satare and they are morpbologic manifestatiozs of
an adaptive response of the liver associated ait> biotransformation of the tes:
material. In general, the latter findings were ~onlined primarily :3 test azi=a.s
of the final sacrifice and they were dose--elated in incidence and severn:y.

1n cosciusion, Aroclor 1242 appears to be ¢lightly tumorigenic at ievals
of 100 ppm when fed continously in the diet for *wo years.
‘ Respectfully sukmitted,

INDUSTRIAL B.C-TEST LABCRATORIES, INC.

Report Prepared and Reviewsd dy. .
: D. E. Gordena, J.Y.M.,Ph. D,
Sectios Head, Pathology

e .

Report Approved by: //" f
\ . M. L. Feplinger, PY,C.
Manager. Tomeology

e gy rn W g 0w - - A n -

e f 0298
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Sndustrel B1Q VRS T Lokeshoosns, Sms.

IBT No. 622-07298
Moasante ,59

{ have exarmuined additiocal sections of liver from rats of Stedy Number
622-07298 and have re-svaluated them for evidence of carcinegesesis. [ have
tabulazed iy fiadiags for Aroclor 1242 on the following pages.

" Thers is evidence of a chemical effect on the liver whick is moat
pronouaced at time of the terminal (24-Moath) sacrifice. This consista of &
hepatocellular aiteration beginning aa focal bypertrophy which progresses ‘o
nodular hyperplasia, and in a few animals to hepatoma or choelangiokenato=a.

The hypertroph:c cells contaiz large voluraes of light sitaining cyoplasm which

.3 probably rich ia glycogen snd endoplasmic reticulum, I[n sors secdes, sizg-
sbaped structures, probably represanting wherls of proliferative endoplascuc
reticulum, were seen .= the eﬁopﬁsm of these cells.

The hyper.lastic 2o0dules occupied larger areas and oftea compressed
surrounding cells of the asorral liver parenchyrna. These nodules also contaized
tke sarme hypertraphic cells.

Those 'es:ons which! ciassifled as hepatormas or cholang:obepais=as were
.arger coduies whica showed evidence of coniluence 3¢ some varianoa :a call size,
szape, staining or a ductular or adenomatous pattera of Jrowth. 1 the Adsence of
atasiasis, Lavasiveness, severe Yasophilia, mitoses, or other evideace of ana-
plas:a, I chose ®o :zal! these Serijr umors rather thaa realignant tumers carciz-
smas, There was =0 evidence of metastasis or :nvasivenass of these rumiore

.n tmes srady. : -

e AN TS O (VIRTRAG e - V C Se—ae R e e o
. [N . - H e
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With exception of the vacular changes in the cywplas . of hepatecytes, the .
more severe bapatocsallular slierstions were coafined w antmals of the

24-Menth Saczifice.

Werol B. Richlr

Ward R. Richter, D. V. M., M. S.
Dipl., Am. College Vet. Path.
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Prirmary Liver Lesicas - Aroclor 12342 "l
3 Mouth Sacrifice - Rats.

Lasten Greup

T ™ T Control
Yacuolaz Change 0/8 2/10 1/9 t/10
Focal Hypertrophy 0/8 0/10 /9 /10
Nodular Hyperplasia 0/8 0/10 0/9 /10
Hepatoma 0/8 9/10 0/9 : 9:13
Ductular Hyperplasia 0/8 0/10 1/3 c’lo
Cholangio- Hepatoma 0/8 e/10 /9 910
Hepatocellular Necrosis 1/8 0/19 2.9 0°1d
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Primary Liver Lesioas - Arcclor 1282

¢ Month Sacrifice - Rats .

Lesion

Vacuolar Change
Focal Hypertrophy
Nedular Hyperplasia
Haepatoma

Ouctular Hyperplasia
Cholangio-Hepatona

Hepatocellular Necrosis

e e

0/10
0/10
0/10
/19
9/19

Q/i0

™
0/8
0/8
0/9
0/8
0’8
0/9

/9

Group

Tm
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/9

0/9

29

o ~enapime

Coatrol
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310

00036 4
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Primary Liver Lesions - Aroclor 1282

12 Month Sacrifice - Rats

Lesion Growp
7! Ta Tm
Vacuolar Change 2/10 4/10 0/9
Focal Hypertrophy o/to 0/10 1/9
Nodular Hyperplasia 0/10 0/10 0/9
Hepatoma 0/10 010 219
Ductalar Hyperplasu 0/10 : 1710 0/3
Cholangia-Hepatoma 0/lo 0/10 9/9
Hepatocellular Necrosts ¢€/12 ’ 0/10 /12
.
cam gme = o wm ee - - e e
ke

- = veamn ey s e s - b -
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a/10

oNnernd
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Primary Liver Lesions - Aroclor 1282

Terminal Sacrifice - Rats

Lesion

Vacuolar Change
Foeal Hypertrophy
Nodular Hyperplaaia
l.-hpn:oml

Ducrular Hyperplasia
Cholangio-Hepatoms

repatoceliular Nec- osis

TI
T34
/31
0/31
9/31
¥/
DY)

1731

T
3/30
3/30
2/39
0/30
3/30

0/33

164
T Coatrol
9/20 A
8/20 .23
8729 13
2/23 ) 2.
3/29 5723
/2d g 22
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AROCLOR . 122 : 165 ?
Tabulition of Individual Liver Lesions ia Rars

Sacrlﬂec. Dose Anima . Liver Luioan
laterval . Level| 3n, [ ]
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Tabulation of Iadividual Liver Lesions ix Rats 168

Sacrifice m Dose Antmal Liver Legiong

[aterval | Level No.
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i
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Tabulation of Individual Liver Lasions i Rats

167

AT ST LI ETH T TYTN

) 1.!:

ﬁ. ‘souny Asmnwnyy . _ [ -
B 11 7 LTI R A -
jrunsseg 118 winpnayey .. -
nuyorsdey. spuvioqsy .
nwofede))
_ L — —— - e ms e P emam— = ® = m - -
visrydandiy R
130p oj1q (w04 Cem -
‘- ssizoirdey Jo
h visvidandiy swpmpoy PR
Jd . - e ———
5
3 emirorndey *
19 &y oniaeddy (o0 g o - m e e e o e e =
suoIvay| 1yu) .
proydwii) jesoy R
sstdroiedey
JO ®ys02a>8u |ed0 § e _— e e e mrmee c— - -
lu-aiﬂlll -l e
- vjonawa u_:.-nuq_t .““hu + ' A A i e
|y~ — —— e e
lm . mw..na.‘.—hw:w:nvuo m..u.. Shezozozs Froros o g os -
213 FROIESLRRS 8032385328 Fapasdhed
. . £
st =i e H
83 ve v v
v.'..“ l! —— e e -W z
3t 3
v e ~
@£ -

+
-

Coatrol

9

P PYMP Y St e < S o - -—-‘-""‘";!\'- R - ———

4

—

- W-‘-’—‘\* A

~—~

HARTOLDMONO0023557



KISLALA L 21T
‘soving Aavuinegy

o —— e Ll - -r .l... . . -

R apwmenen o n
- lswosawg; 18 wnnaIay
[ -] e e o e ettt e e e & iae  Amm e aman .t = et e e e emm = e n = e

- [ -]

=

1 nuoyedey-oifueioy)
! "
’ ouevd ey

—— e c———— e —ie = . ——————— v ———— o —— G S ———— ———

stewidrnddy
1INp 8)1q (w30 g

Liver Lasicas
*

3
-
[ 3
a1
]
M
3% .
4 se1h>awdey jo
m 3 wisvidaediy aunpoN
-e —— ——— e ————— = T —— — —— & - — —— —— ——
.x.m enjAroivdny
ok g0 Aydoajrsdiy fwd0g * +
< M 4 - — —_— ———
suajiuas|)u)
m m proydwid) jes0 g
] so143019dey ——=-- - - ——————. _
1 Jo s18042m |ed0 3 .
2 saiizoivday jo - - - -
~ ou uofizionasa djweswidoid) + + 4 + + 4 +
- |Edus $3:i3kebiibtaiiisbagiisiiazais
“ Mun -G S oA 4 WS”““W.&““““““W.&“““
=
_ : 4 4
a O~

[ntersal
4 Month

Sacrifice

HARTOLDMONO0023558



uoyy ¢+

n-o:

*3§130vg

11 TE LTINS

10a0

148117

s
e
‘oN

wusjuy]  esoQ

x
L 4

lytoplasmic vacuolatioa
of hepatocyiss

—— e - —

Focal secrosls of
hepatocytes

Focal lymphoid
inftlitrations

Focal hypsrtrophy of
liepatocyles

Nodular hypseplasia
of hapatocyles

—oo

oo

t—

SUCIP®] dsar]

Focal bila duct
hyperplasia

llepatoma

.

Cholanglo-hepatomes

teticuluns Cell Sarcoma]
matavtatic

Mainmary tumor,
nelastatic

e bovrems asba, ol

o - ¥0TI20uV

S1v) W) Su0)s e J8ATT [WBPLATPA] JO NORN[NQE]

691

141

HARTOLDMONO0023559



anwmswimu .
csotan) Aswusuniegy

" e et v e o e = 2 e o+ | Mo PR

14

Mmesnimuy
lrwosawg (10 mnnd Y

170

wnuojedsy-oiSurjory:) n

. % [}
suoyed et}
- - e e e rma - . e - S——— —————— o o G —— e o+
d
.m wenidinddy '
9 35 130p 8y)q (w30 e ' . o
3 ", -— ——— et & e e et c———— e
’ 4 seydronwde jo
m | wiswjdsediy avinpoy
“m—-ttmm_ e — e —————
m sejhrorndey . ”
P 1o Aydoajaediy yvo0g A A L ¢
<

suojIRaN ) ug
ploydwiy jed0 g

P
P
P
P
P
P
P
P

Tabulation of Individual Liver Lesloas im Rats

* seyhsoredey
jo ®)e0ad0u (vI0 g
7 . - - -
5..-._“uu-ﬂ.““....ﬂ&o.>u w o m o4 m w,“
cun tocb:o:zBzo:ozeozzozz=z:gozzz BT SToroscocohero:ozocoro:o2
mmua muu«uum;umnu“uunuuﬁ szaInaangEtInassy 18
o ~e~~~~r ﬁ7 [ SO S S sy
:? ad :
ou .n.m. g -
_ Rl SO - DO b AU, I .- ’
® - q
4
g H
1 %
b S

HARTOLDMONO0023560



s rek
& i
E s A .
- )
A .. R | 1 it ,
: “riUe 8 e f
’ 2 ‘
v n % A &N :.{' . ?— . ] i
3 e -1 — -
L] LK . o ]
PR R | prass £855| ,
. = :
F g 3 - 13 Cytoplasmic vacwolation ;‘ « ﬁ
F*3 ¥ * of hapatocytes -4 t
s:g:. ——— - —— v ; ‘.. - e
. -lena ocal necrosis of b ,
2 ] -3. g’«' 3 - _.’ hepatocytes g ! L
Yy 5‘;: n 3} Foucal lymphoid s
’ g laftitrations i
! ———— - E> !
v Focal hyperigcphy of 2 "
; hepatosyles E- S , AN
———— Er ‘
Noedular hyperplasia rlc 2 i
v of hapatocytlus 3 < .
s
— e - ~| " E
, Focal bile duct “t‘ 'Y } '
; + hyperplasia )= !
o] 0o !
-
- — -
liopatomas F !
=
»
— e -
Cholangio-hepatoms
f T T Il-.lh:ul\ml C-ll-;arcumm -
metastatic :
o —M.-l;nr;\—:ry lu:nor. - .
' . etastalic b
4 ::I....qu.r- [ a-n-:-.‘_lu}—ul- »

HARTOLDMONO0023561



Ce— . e e = b et I .o slmabedn. .

C Induitucl 810 - TEST Lcioudruss S 098

199 PEONTAGE 20AD o

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
ARCCLOR 12@
I{N ALBINO RATS

HISTOPATHOLOGICAL LVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

IBT NO, 641 - 06672

/.111/’0,'o."-

HARTOLDMONO0023562



—— en —— ot b—

D el VS e

Sndiiral 810 - TEST Laborgbeins. o, 099
W0 FAONTAGE ROAD
MOATHEROOR, 1LLINOIS 60068

July 1, 1918

Dear Dr. Lovinakas:

Re: BT Ne. 641-06672 - Histopathological Evalustion of Additiensl
Liver Sections From Rats of s Two - Year Chrenic Oral Toxicity
Stud; of Aroclor 1242

We are submitting herswith our revised laborstary report dased
March 24, 1975, prepared in connection with the above study.
Very truly yours,

J. C. Calandrs
President

JCC/id
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REPCRT T0
MOMSANTO COMPANY
TWO - YEAR CRONIC ORAL TOXICITY
STUDY WITH AROCLOR &2
DI ALBDIO RATS

RISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER ALCTIONS

MARCH 24, 1979
IBT NO. (41 - 06472

L atroduction

At the requast of D7, Leviaskas of the Mousaste Company, sddistonal
secticas of liver frum & twe - yoar chronic oral tazicisy study o' Arocior 1242
in rate (IBT Ne. 622.07298) were processed inte B & L raained sectiecs a: 2

evalusted by light microscopy. The {ollowing repart presests the resul.s 27

‘this study.
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In mest inetamess, umdww
Mmh&hwh&n—cnhﬂ.“.t&“yh
uwwh--ﬂd—dmmmn..m There
were thres hepatomas detected smong thres of the animals 8t the highest trest-
mant level (100 ppm) of the Zé-Menth Secrifice. Mo hepsmcalinlsr corcinamas
ware sbesrvod. The other Westnent-relsted lssisas reparted are regarded as
degenerative or hyperplastic in asture sad they are morpholegic manifestations
duandﬁ.Muﬂd&dv&Wdt;
test material. In gemeral, the lscier findings were confioed primerily 1o test
anismals of the finel sacrifics and they ware dess-related in incidence and severity.

In conclustcm, Areclor 1242 does nst sppear 1 be arcingemic in rats fed
for two years st levels wp © and including 100 ppm.

' Respectiully submitted,
DDUSTRIAL BIO-TEST LABORATORIES,

Report Prepared aad Reviewed by: i .
" D.R. Gardox, D.V.M., Pa.D.
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Sndsteial $0(0-TEST fnfonshutnt, Soa 3

IBT No. 622-9T298 . 102
Monseste ,-:

R Y

I have cxamined sdditiomal sestiens of liver Srem ruts of IBT Mo. (22-47290
s0d have rv-vealuated iem for ovidmes of carchuogeaseis. | have wbulebid
my Badings for Arecler 132 e the Sillowing pagen: C

There is evidmes of s chomienl ofinct o8 he Xver which is most premownced

RPN

ot tme of the erminal (Ré-Menth) sacrifice. This cemsists of s hepameallulsr
mwuuw@mumm
and in s few smimmls t» beopsteam or chelmgichepstoma. The hypertrophic cells
contain large velumes of light smining cytoplass which is probably rich in
glycogen and endeplasmic reticulum. In sems sectisns, ring-shaped structuree,
probably repressnting whorls of proliferative endoplammic reticulum, wers sews
in the cywplasm of thase cells.

The hyparplastic nodules eccupied larger arves sad slien compressed
surrounding cells of the nermal liver perenchyms. Thess nedules slse contimed
the same hypertrephic cells.

Thoes legions clagsified as hepatomas or chelangichepsiomas were larger
mmwmam-mwueﬂm.
shape, stiming or a ductular er sdenomatous psttern of growth. In the abeence
of oetastasis, imvesivensss, severe besophilia, mitess, er other evidemce of
anaplasia, these sre bemign tumers rether them malignant tumars (carcinsmss).
There was no evidemce of metngtasis or iavasivensss of thess Sumers in thia

study.
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Primary Liver Lasloas - Arocler 1242 115
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mn T IO Cantrol
Lesion | 2 3 1 2 3 2 z 3 3 2
Vacuolar Change 0/31 0/27 1/31 4/30 1719 8/30 13/20°s/2t 9/20 1/23 o/24
Fuc.lillyportrophy 0/31 0/27 2/31) 1730 z2/19 3/3 8/20 2/21 8/20 0/23 0/24
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1 : First evalustion of ariginal slides

2 : Re-cvaluation of original slides

3 = Evaluation of additicasl tissue sections

Fuur animals positive aa first evaluation, §ot ou secamd.

» . |
= -
ongron .

HARTOLDMONO0023579



- el ca s . aaee

Sudoshinl B10-TEST Loiseaboini, S

116
9 Primary Liver Lesions - AROCLOR 1242
Terminal Seerifics - Rats
Re-eveloation of Original Sides -
c-1 c2 =) Control_

Vacualar Change 0/27 1/19 s/21 024
Tocal Hypertrephy 0/27 2119 | o
Nodular Hyperplasia 0/21 0/19 5/21 ¢/24
Ductular Hyperplasis a2 119 y21 524
Cholangio-hepatoma 0/27 0/19 0/21 0/24
Hepatoma 021 0/19 0/21 0/24

HARTOLDMONO0023580



117

Jadagiresi B30 -TUST Lalorsiorns S

e

AROCSOR
Tosioten o aisvide. Lives laseme 2 R

LT SITES
0 ey 4 oaraogy
- . .
Ay ra
S 3evy 1) mam Hyen
— s

Svonpretory woBipmpng )

Cf—— e e ——— aewa

S 3EERIRETIIRFIINIIHIT

HARTOLDMONO0023581




® Cladu0

- —

-,

‘v

o b al e &

RIS Al W

Ll

.ﬂ"m”-l
oy~ s chouses Ml ov

MEIRSSRALT
e L
1
.‘ - -
i

i
i
i

Cyogdonmss wiwiotmn |”
ol hrgrotes phan
g .L..un..-m.k.l:
Y T
i einmy
Fodd hyymrtrmby o
1 syt Yhus

Meddor hypecspleass
od by b yiwe

bbbk ot

bpsplese
b ot avee.

Chnde' g Sngrotuma

Reteardmre o B Barewmee
e fonbotnn
Motangs g tommut ,

—lestetn

WY T SN, M WTILEE, B SHRTRET,
TTDoTY

o -

> a7 1832018 Y

eIt

P

HARTOLDMONO0023582



~n
. \J

grQrs

! |
I
! [ ]
-
i ”' . - . .. — o w-- - - - - - [
! . -:T":*n e f
k ‘ Bttt I — e e e - !

> s toy coBumpet y . ' ‘
l = - — et s = e § e e e - - e e . - ) : ‘

ovenglomily .
e o ] .

oapd wgaday po
v AL ~aa an

!
1
s T ‘!
]

B i pon ) o B

[}
=
) ond
San
]
wul
=
“
"
T
ie
‘w7
ey oo
[P
3
o
teyy -
it I
! tee
[
-y
gy *
vos *
im
Y
N
3
%
3
N
Y
K}
(7]

i T e el

Sadashoal 810 T RSV Loisvatoanss, S
]
|
'
!
1
1
t
i
|

e W

-
-

HARTOLDMONO0023583



onQr? g

. o
[} o 1
L] -
! -— - - - - -
N ey
H * wapeny 4 vy
arrecpem
L i e T RG] st ol
N ) » “l e Sumgeriony on Veepay )
et R : ISR 4
- —mme =t e e e L - e cummet s e
' i, - bogy
]
4f ) Yo o

. ta.

onyd wgn-tny

|
|
|
|
|
|

—yee w——pbinl 1§74
A e | ] 13
\ ; '; cesvws

e

g

Sadusinani 810+ TUST Loimatooins. Sur

N

HARTOLDMONO0023584



~N—m—TXm

HARTOLDMONO0023585



7]
2]
]
=
o=
£
) =
=
S
=
bt 211
O o=
—
=z
] =
[&=N7p}
Q
=z D=
bt
(&8 =
=
o «<C i
a9z
. 23]
= g
.~ Q<
= =1
«Z 2D D>
nCoxEzZ
3 — =3
L <o Red
0N <€ Z L
[~ R
o= — =
> <N
VL >=Aa
— ] e Ll
=
.« = -
nZaZ
< Z
3] < &2
o= Q
- LT ]
Q=U
Q= O
C X >
[~ |
A =z Q
T G- S
Q ..
£ g
o B
< =
g}
Q
(=]
o~
[}
-
7] .
2 -
o .
z 2
= >
a8
« Q
R-31088(8)

REPORT NO.:

JOB/PROJECT NO.:

DATE:

TITLE:

AUTHORS:

A3STRACT:

LMFY CENTRAL
DMEH flLes
Toxicology Section/St. Louis
{CQ./CIVIDEPT/LOCATION) Sl
7

SPECIAL
\TYPE OF REPORT)

REPORT

MSL-2QQ3

October 14, 1981

A REVIEW AND EVALUATION OF CARCINOGENICITY
STUDIES IN MICE AND RATS AND MUTAGENICITY -
STUDIES WITH POLYCHLORINATED BIPHENYLS

George J. Levinskas, PH.D.

This is a review and evaluation of studies
which deal with the potential carcinogenicity
and mutagenicity of polychlorinated biphenyls
(PCBs). It is subdivided into 4 sections:
Chronic Rodent Studies, Metabolism Studies,
Co-Carcinogenesis Studies and Mutagenicity
Studies, A brief summary of Epidemiology
Studies is added to complete coverage of the
issue of carcinogenicity. '

= DEPOSITION
! EXHIBIT
LEvINGKs-4 7

5 -27-87 W

sCM 019651

0N033¢

HARTOLDMONO0023586



ST W

: DISTRIBUTIQN L

COPY NUMBER ABSTRACT ONLY

- Reports Library, R2C
- Reports Library, R2C
- Reports Library, R2C
DMEH Library, G2ZWA
DMEH Library, G2WA
R.T. Berendt, E2ND
Craddock, A2SA
. Levinskas, G2WF
Nassif, E2ND .
Norris, Dow Chemical
Stohr, B3NJ

e
HOWONIOU & N
[ A
mGLnog

pROLE

This report has been assigned to you. When it is no longer needed, you are responsible for returning it to:

[ REPQORTS LIBRARY, R2C l ]
If you transfer it to anyone else, please let your librarian know, so the records can be changed.

R-1008(C) (REV, 1/80) SCM 019652

UN0336

HARTOLDMONO0023587



_INTRODUCTION
This is a review and evaluation of studies which deal with the potential
carcinogenicity and mutagenicity of polychlorinated biphenyls (PCBs). It
is subdivided into 4 sections: Chronic Rodent Studies, Metabolism Studies,
Co<Carcinog=nesis Studies and Mutagenicity Studies. A brief summary of
Epidemiology Studies is added to complete coverage of the issue of

carcinogenicity.

This review does not discuss the effects of impurities or contaminants,
particularly polychlorinated dibenzofurans (PCDF), which are reported to
be present in some PCB mixtures (Brinkman and deKok, 1980). The
presence and amounts of such impurities have not been specified in the
materials used in many studies. Thus, attempts to apportion the observed
biological effects between impurities and PCBs would only add further ~

conjecture to a subject which currently is rife with speculation.

By contrast, specific chemical and trade names have been used to identify
materials that were studied instead of the all encompassing term PCBs.
This was deemed necessary because there are too l;xany one-sided generali-
zations in the literature. Evezjy adverse finding is, by implication at
least, e;(trapolated to the entire class of materials designated as PCBs.
Conversely, -every report which has failed to find an adverse effect is
careful to stipulate that it relates only to the substance studied. Even
more difficult to contend with are misleading references to adverse findings
which are not substantiated by the actual publications referred to. An
example of this occurred in a discussion of in vitro metabolism studies with

liver microsomal enzymes which sctated that the formation of PCB-

macromolecular adducts had been demonstrated. Among the references
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cited was a paper entitled .".The in vitro binding of 2,2',5,5 -tetrachlcro-
biphenyl metabolites to rat liver microsomal proteins". The latter pager
clearly states "There is no clear evidence in the data obtained from the
work reported here to substantiate covalent binding; howewver, it is also
not "possible to exclude the nondialyzable radioactivity as being covalently

bound". (Hargraves and Allen, 1979).

To emphasize the point that dose is important in evaluating safety, test
exposure conditions have been described so that the reader can compare
them to ambient exposure levels encountered in the literature and else-
where. Hoopingarner, et al. (1972) in their studies with Aroclor 1254 on
cultured human lymphocytes are among the few authors who acknowledged
that “The toxic dose of the chemical was several times greater than is
usually found biologically". They used concentrations of 100 ppm of

Aroclor 1254 in their studies discussed under Mutagenicity.

Chronic Rodent Studies

Difficulties in comparing and assessing different studies are compounded
not only by problems of histopathologic diagnosis but also by variations in
experimental design and animal strain differences. Animal feeding studies
cited in the literature as evidence for the carcinogenicity of PCBs and
related s.tudie.s of similar duration have been tabulated for mice in Table 1
and for rats in Table 2. Studies have been grouped by the approximate
weight percent of chlorine in the materials tested to facilitate comparisons
between products from different manufacturers with the same chlorine

content.
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Mouse studies in Table | were conducted with high dietary levels of PCBs.
Kimbrough and Linder (197%) reported a 52% mortality for mice fed 300 ppm
of Aroclor 1254 for 6 months and then held an additional S5 months.
During that interval, contrél mice had a 32% mortality. This appears to be
quaite high for control mice about 1 year of age. In a report discussed
under Co-carcinogenesis, Koller (1977) studied mice injected with Aroclor
products and Moloney leukemia virus. Some data from his study, although
not shown in Table 1, are quite similar to those of Kimbrough and Linder
(1974¢). Koller (1977) fed diets containing Aroclor 1221, 1242, or 1254 to
groups of 25 Balb/c male mice for 6 months. _Afger that time, some mice
were sacrificed for examination and others were returned to a control diet
for another 3 months and then sacrificed. Dietary levels of each Aroclor
were 375, 37.5, or 3.75 ppm. The only feeding regimen that was toxic
was 375 ppm of Aroclor 1254. Only 8 mice of that group survived for 6°
months, giving a mortality of 68%. Other authors cited in Table 1 (Ito,
et al., 1973a,b and Nagasaki, et al., 1972, 1974, 1975) did not indicate
how many of the mice in their studies died when fed 500 ppm of
Kanechlor 500, which has a chlorine content similar to Aroclor 1254.
Koller (1977) reported that "PCBs did not produce hepatic neoplasia".-
There was marked liver injury in mice fed 375 ppm of Aro-clor 1254, mild
liver injury which persisted through the 3-month recovéry period at
37.5 pbm, arid no hepatic lesions at 3.75 ppm. Moderate liver injury was
produced by 375 ppm of Aroclor 1242, but this regressed and no hepatic
lesions were seen 3 months after mice were returned to a control diet.
Other dietary levels of Aroclor 1242 and all levels of 1221 did not produce
liver changes. Highly significant mean liver weight increases after 6
months of feeding occurred in all Aroclor 1254 groups and in the group

fed 375 ppm of Aroclor 1242. Three months after mice were placed on a
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control diet, mean liver weights of each group had decreased. The
decreases were highly significant for the 37.5 ppm Aroclor 1254 and the
375 ppm Aroclor 1212 groups. These observations are generally consistent
with those of other investigators which show regression of lesions when

PCB dosing is ended, the degree of regression depending upon the

duration of the recovery period.

Data for mice reported earlier by Nagasaki, et al. (1972) appear to have
been included in the later publications of I[to, et al. (19’%3a,b). It is
interesting to note that the tumors were called hepatomas in the former
publication and were labeled well-differentiated h.epa.toceuular carcinomas in
the latter. Kimbrough and Linder (1974) apparently also felt that these
same data on mice were reported in these 2 papers as they reference the
production of hepatomas in male d‘d mice to the later publication by Ito,
et al. (1973b). Similar terminology troubles beset the 1974 and 19735
Nagasaki publications. Data from the later publication list 9/17 males and
4/17 females fed Kanechlor 500 as having liver tumors. Table 1 shows
data from the earlier publication; among males, 9/17 had nodular
hyperplasia and 7/17 had hepatocellular carcinoma while the female
incidence of 4/17 was described as nodular hyperplasia. The hepatomas
described by Kimbrough and Linder (1974) were later referred to as "neo-
plastic nodules (hematomas {sic], hyperplastic nodules)"-by Kimbrough,
et al. (1978). The use of the term hepatoma has created confusion. With
respect to terminology of tumors in the mouse liver, "Hepatoma is a
collective term used to describe the progressive stages of tumour
development from the lesion called "hyperplastic nodule” or "simple
hyperplastic growth" to the »morpholog’ically and biologically malignant
neoplasms"” (Turusov and Takayama, 1979). Nevertheless, whatever
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terminology is used to describe them, tumors were attributed only to PCBs
containing 52-51 percent chlorine. Lower doses of the 52-54 percent
chlorine matarials, as well as lower chlorinated materials, were not
described as tumorigenic.

Table 2 summarizes results of rat studies with PCBs. As in the mouse
studies, only some studies with materials having a chlorine content of
52-54 percent, or higher, were reported to produce carcinomas in the
livers of rats, and even for those materials this was not a consistent,

reproducible observation.

Odashima (1976) reported the results from a series of different tests used
to evaluate potential carcinogenicity of several compounds, including PCBs.
Two tests are of suificient interest to mention here. One is the’
transplacental method in which rats were treated for 3 days during
pregnancy. These were days 15, 17, and 19 or 14, 16, and 18, depending
on the strain used. The total dose was approximately the maximum one
that did not cause abortion or early death of the weanlings. In the other,
the newborn method, pn;xps were dosad subcutaneously on days 1, 8, 15,
and 22 after birth. The maximum dose was one that did not cause early
death of over 20% of the animals. The subsequent observation period in
each tést wa.s ‘limited to one year after birth. For both Kanechlor 300 and
Kanechlor 500, the transplacental test was scored negative and the
newborn one as equivocal. Both of these tests gave positive results with

some known carcinogens such as 4-aminobiphenyl, benzo[a]lpyrene,

butyl-nitrosourea and N-methyl-N-nitrosourea.
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Objective appraisal of chronic rodent feeding studies is difficult. Some of
the rodent studies in Table 1 and Table 2 are of the type used to detect
potent carcinogens. They use relatively few animals, high doses of the
tast material, and h_ave a relatively short duration. Studies of that nature
have been Lnéluded in Tables 1 and 2 to illustrate the various diagnoses of
the rodent hepatic lesions observed after dosing with PCBs and to aid in
the stepwise analysis of the results of all the reported carcinogenicity

studies.

In any short-term test with a few animals, the chance occurrence of some
tumors is a possibility which must be considered. ‘The probability that an
event is a chance occurrence is decreased if it is repeatable. Many of. the
studies i.n. Table 1 did not produce tumors. Those which were reported to
produce hepatocellular carcinoma apparently were also reported in other -
publications as producing nodular hyperplasia, or tumors, or hepatomas.
Si.m;e temi:nology of tumors and the use of those terms have subjective,
i.e., judgemental, elements it may not be valid to make direct comparisons

between different studies on the basis of terminology alone.

The rodent studies which were of less than lifetime duration raise a
question as to whether or not cancers would have occurred had the
feeding peridds been extended. That question is speculative, and it
cannot be answered from the present data. Nevertheless, negative studies
even if they are of relatively short duration are part of the overall
evidence which has to be considered. As a first step in the analysis of
the data, the evidence shows that at a minimum, PCBs are not potent
carcinogens to rodents because they do not produce cancers when tested

in studies designed to detect potent carcinogens.
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With resgect to further analysis of the mouse studies, greater significance
can be attached to the dzta of Rimbrough and Linder (i974) because their
study had a largsr number of animals, a longer duraticn, and a relatively
high distary level of PC3. [n those respects, it more closely resembles
cormventional cancer studies. They did not observe any hepatocellular
carcinomas. Thus, it can reasonably be concluded that PCBs are not

carcinogenic to mice.

Review of the rat data in Table 2 shows that there are 2 studies on PCBs
with an average chlorine content of 40% (Levinskas, 1581 and Weltman and
Norback, 1979) and 3 on PCBs with an average chlorine content of 52-54%
(Levinskas, 1981; NCI, 1973; Wasserman, et al., 1978). Results of those

studies are consistent with respect to the absence of hepatocellular

carcinomas. This consistency reasonably suggests a conclusion that PCBs -

with those chlorine contents are not carcinogenic.

Of the 3 studies with PCBs having an average chlorine content of 6G%, one
reported hepatocellular carcinomas (Kimbrough, et al. 1975) and 2 did not
(Levinskas, 1981 and Weltman and Norback, 1978). Since Kimbrough,
et al. (1975) and Levinskas (1981) both used Lot No. AK-3 of Aroclor
1260, the different conclusions they reached are not reiated to differences
in the test material. In addition to the use of a different strain of
rat, Kimbrough, et al. (1975) used a different histologic di.ag'nostic
criteria. Kimbrough, et al. (1973 used the  criteria  for
classification of specific hepatocellular lesioms in rats developed at a
National Cancer Institute Workshop (Squire and Levitt, 1975). That
workshop recommended that the term "neoplastic nodules™ replace so-called

"hyperplastic nodules"” because "Such nodules are proliferative lesions and
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are known to be inducsd by carcinogens and, at the least, they indicate
an increased probabiity for the development of hepatocelular carcinoma"
(Squire and Levitt, 1975). However, Pitot, et al. (1978) in a discussion
of stages in the progression of hepatocarcinogenesis in rat liver have
notdd that "The demonstration of carcinoma cells that appeared to arise
within the nodules was also reportéd (13)!, suggesting the nodule was a
precursor to the malignant neoplasm. On the other hand, as was shown
by Farber and others, the vast majority of the regenerating or hyper-
plastic nodules disappeared on removing the animals from the carcinogenic

diet. Thus, despite the more recent suggestion that these nodules be

termed "neoplastic nodules" (14)2, it is difficult to understand a precursor.

relationship of the nodule to carcinomas if the existence of the putative
precursor is so transient." Further, the use of those criteria for
classifying experimental hepatic lesions was considered and rejected by
Kimura, et al. (1976) in their studies on the co-carcinogenesis of

Kanechlor 400 and 3'-methyl-l-dimethylaminoazobenzene.

There is concern' that a presently benign lesion might at some future date
or under other circumstances be transformed into a malignant lesion.
Kimbrough (1979) apparently had that concern when she stated "Although
it has been shown many times that the neoplastic nodules are part of the
carcinogénic .response they are not always included in the statistical
evaluation of bioassays, which may lead to erroneously interpreted results,
particularly when they are classified as hyperplastic nodules or "nodular
hyperplasia® and when the number of animals studied was small
(Carcinogenesis Testing Program, 1977)".3 A similar concern appears to
have been behind the statement in a recent review (Anon., 1981) that

"hexachlorobiphenyl administered to groups of 50 male and S0 female

-8 -

SCM 019660

0N0344.

HARTOLDMONO0023595



Sprague Dawley rats at dietary levels of 0 and 100 ppm for 105 weeks was
carcinogenic in female rats, producing an increased incidence of liver
hepatocellular carcinomas among the dosed animals (Norback and Weltman,
1980. Personal communication)". Contact with Dr. Norback (Ribelin, 1981)
revealed that her data were available only as an abstract (Weltman and
Norback, 1979), and that the abstract and her oral presentation of the
data referred to the lesions as neoplastic nodules, i.e., not distinctly
tumorous. These 2 examples illustrate the difficulty in establishing that
cancer is not present, and they strongly suggest that the different
findings reported by wvarious researchers are a reflection of their
orientation, training, and philosophical perspective. The latter is defined
as the difficulty in separating what is actually being observed under.the
microscope, from a concern over what it might have become if the animals

had lived longer.

Since only an abstract has been published, details on .the studies by
Weltman and Norback (1979) are limited . Their studies are of particular
interest because .thev observed the sequential development of liver changes
over a 2-year period. They noted that hexachlorobiphenyl was more toxic
than tetrachlorobiphenyl, and that the more toxic, more highly chlorinated
hexachlorobiphenyl produced neoplastic nodules only. Again, the weight
of the evidence leads to a reasonable conclusion that the carcinogenicity of
biphenyls with an average chlorine content of 60% has not been

established.
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Overall, one can surmise that the inability to resolve the crucial issue of
whether or not a lesion is neoplastic in character was one of the factors
which led to the following statement from a recent Surgeon General's
report: "Science. and society have not yet arrived at a final consensus on
the definition of a carcinogea either in the human population or in

experimental animals" (DHHS, 1980).

Metabolism Studies

Several reviews (Goldstein, 1980; IARC, 1978, Matthews and Kato, 1979;
Roberts, et al., 1978; and Safe, 1980) discuss the metabolism of specific
isomers as well as mixtures of PCBs. While there are some exceptions, the
following general conclusions can be drawn. Both the degree of
chlorination and the positions of the chlorine substituents determine the
ease with which PCBs are metabolized. I[n general, the lower chlorinated
ones are metabolized and excreted more readily while the more highly
chlorinated materials are stored in fat. The process of metabolism
converts the fat soluble PCB into a water soluble hydroxylated derivative
which can be excreted in the urine. This metabolism and excretion
appears to occur via arene oxide intermediates, and the carcinogenicity of
some compounds has been attributed to formation of arene oxide interme-
diates and their binding to subcellular macromolecules. Chlorination at the
4,1' position blé.scks the metabolism and eXcretion of PCBs as illustrated

below.
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Studies in rats (Hansell, et al., 1977) and in mice (Morales and Matthews,
1978, 1979) are of interest because they report the metabolism of isomers
which were fed to rats for 2 years by Weltman and Norback (1979).
Hansell, et al. (1977) gave groups of male rats single intraperitoneal
injections of 0.2 nmoles/kg of 2,2',5,5-tetra- or 2,2'.4,4',5,5'-
hexachlorobipheayl (TCB and HCB, respectively). They measured changes
in hepatic mixed function oxidases and the persistence of the PCB in the
livers of animals killed at selected intervals for 35 days after dosing.
TCB produced a transient, but significant increase in O-demethylase
activity only at day 3 while HCB produced significant increases in
O-demethyvlase and aniline hydroxylase activities within 24-48 hours.
Induced enzyme activities by HCB peaked at 4-6 ’times control activity
during days 7-14 and were about 3 times control activity at the end of 35
days. Even though equimolar amounts of each isomer were given, Lliver ’
residues of HCB one day after dosing were about 7 times higher than
those of TCB. HCB residues decreased relatively slowly with time while
TCB residues were more rapidly eliminated and had almost returned to
control walues by 35 days. Livers from HCB treated rats had
centrolobular necrosis at day 35. They also were significantly increased in
size, showed increased amounts of smooth endoplasmic reticulum (SER),
and appeared to contain increased numbers of microbodies and reduced
amounté of ::ough endoplasmic reticulum throughout the 35 day interval.
By contrast, TCB treated livers were similar to control ones except for
occasionally increased aggregates of SER on days 3 and 4. Hansell, et al.
(1977) stated "It would be interesring ro speculate that...2,4,5,2',4',5'-
hexachlorobiphenyl undergoes direct hydroxylation whereas 2,5,2',5'-
tetrachlorobiphenyl undergoes biotransformation via the arene oxide

intermediate, thereby accounting for the different slope for the
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elimination curve of the latter compound.” Thus, the metabolism (Hansell,
et al. 1977) and fe=ding (Weltman and Norback, 1979) study resulcs lead to
somewhat different conclusions. The more potent enzyme inducing, less
readily excreted HCB which appears to resist hydroxylation produces
neoplastic nodules in rat livers. By contrast, the more readily excreted
TCB, which apparently is excreted via an arene oxide intermediate, does

not produce tumors when fed to rats for 2 years.

Covalent binding to cellular macromolecules also appears to be greater for
the more readily metabolized PCB isomers. Morales and Matthews (1978,
1979) compared the covalent binding of 2 hexachlorobiphenyls; the more
readily metabolized 2,2',3,3',6,6'-hexachlorobiphenyl (2,3,6-isomer) and the
more slowly metabolized 2,2',4,4',5,5'-hexachlorobiphenyl (2,%,5-isomer).
Each PCB, with a radiocarbon label, was given orally to groups of mice at
a dosage of 7.28 mg/kg on each of five successive days. Animals were
killed 1, 5, and 8 days later. The concentration of each PCB was
determined in liver, muscle, and kidney. All tissues had consistently
higher concentrations of the less readily metabolized 2,4,5-isomer. The
more readily metabolized 2,3,6-isomer showed a consistently greater
binding to purified macromolecules. The binding was at least one order of
magnitude greater than that seen with the 2,4,5-isomer. Results of animal
feeding .studi.es, with the 2,3,6-isomér would be of particular interest to
determine the degree of correlation, if any, bertween the carcinogenicity of

this isomer and its covalent binding to cellular macromolecules.

Taken as a whole, metabolism studies suggest that if PCBs are
carcinogenic, it should be those PCBs which are more readily metabolized

and excreted, i.e., the lower chlorinated materials. This is in sharp
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contrast to results on animal studies in which questions of carcinogenicity
arise regarding hizher chlorinated materials only. On balance, metabolism
studies on the formation of arene oxide intermediates would lead one to
expect lower chlorinated materials to show a more pronounced carcinogenic
response in animals. Conclusions drawn from metabolism studies are not

supported by animal feeding studies.

Co~Carcinogenesis Studies
The position and degree of chlorination of PCBs also are important in
inducing microsomal mixed function monooxygena_seé (Goldstein, 1980 and
Yoshimura, et al., 1979). Such induction of microsomal monooxygenases
could alter the metabolism of exogenous and endogenous substances in the
body, as reported in a wvariety of studies which have been conducted to
determine whether PCBs might be cocarcinogens. These are summarized in

Table 3 and discussed in greater detail below.

Uchiyama and Chiba (1974) inserted 20-methylcholanthrene impregnated

threads into the uteri of virgin mice and fed them diets containing up to

100 ppm of Kanechlor 400 or DDT. Animals were killed at various times .

and the cervical epithelium was examined for cancerous changes.
Kanechlor 400 dosed mice showed no significant changes as compared to the
controls; but those receiving 100 ppm of DDT "showed a remarkable

tendency towards the induction of cancer."

Diets containing benzene hexachloride (BHC) isomers and Kanechlor 500
separately and in various combinations were fed to male mice by Ito, et al.

(1973a,b). Concentrations of the BHC isomers ranged from 250 ppm to
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50 ppm. The amount of Kanechlor 500 was 250 ppm or 100 ppm. Test
groups consisted of 20 to 30 animals. When fed alone, only a-BHC at
250 ppm produced a high incidence of nodular hyperplasia and a moderats
incidence of hepatocellular carcinoma. A diet containinz 250 ppm each of
a-BHC and Kanechlor 500 increased the number of hepatocellular
carcinomas. In comparison, combinations of 100 or SO ppm of a-BHC and
250 ppm of Kanechlor 500 yielded a moderate incidence of nodular
hyperplasi2 and produced only a few hepatocellular carcinomas. There
were a few nodular hyperplasias in mice fed 100 ppm each of a-BHC and
Kanechlor 500. A mixture of SQ ppm «-BHC and_lOO ppm of Kanechlor S00
was without effect. Diets c_:ontaining 250 ppm or 100 ppm of B-BHC and
250 ppm of [Kanechlor 500 produced both nodular hyperplasia ;nd
hepatocellular carcinomas at a lpwer incidence than that seen with
comparable diets of «-BHC. No liver nodules were seen with 50 ppm of
8-BHC and 250 plpm of Kanechlor 500 or with 100 ppm of each. y-BHC and
Kanechlor 500 did not produce liver nodules either singly or in
combination. Nagasaki, et al. (1971, 1975) reported a similar series of
experiments except that Kanechlor 400 was included. The same
concentrations of -the PCBs, 250 and 100 ppm, were used. Their test
groups consisted of 20 to 38 male mice. For a-BHC and Kanechlor 500,
they presented essentially the same data as Ito, et al. (1973a,b). While
Kanechlor 400 did not produce liver nodules when fed alone at 250 ppm,
there was an increase in the incidence of hepatocellular carcinomas when it
was fed in combination with 250 ppm of a-BHC. The increase was similar
to that reported by Ito, et al. (1973a,b) for a-BHC and Kanechlor 500.
A combination of 100 ppm of a-BHC and 250 ppm of Kanechlor 400
produced only a few nodular hyperplasias and 100 ppm of each in the diet

did not induce any liver nodules.

- 14 -

SCM 019666

0N03uw.

HARTOLDMONO0023601



The effscts of PC3s on tumor induction by diethylnitrosamine (DEN) have
besn studied extensively. Male rats were given 25 ppm of DEN in their
drinking water and 500 pom of Kanechlor 530 in their diet concurrently for
20 weeks, returned to a control die't for 4 weeks, and then killed
(Makiura, ﬂi_. 1871). Neither liver tumors nor nodular hyperplasia were
seen. even though rats receiving the same DEN treatment alone had a 92%
incidence of liver cancer. The livers of rats treated with Kanechlor 500
only also had no tumors. When administered after DEN, Kanechlor 500
markedly enhanced liver tumor production as reported in a series of
papers by Nishizumi (1976, 1979a, 1979b). He described studies in which
male rats were given S0 ppm DEN in drinking water for 2 to 10 weeks,
after which they were intubated twice weekly with a corn oil solution of
Kanechlor 500 for 6 to 12 weeks. Kanechlor 500 doses were either 0.2 ml
of a 5% or 0.1 ml of a 10% solution. Since experiments were terminated at
20 or 52 weeks after dosing, some animals received untreated diets prior to
sacrifice. Only one paper (Nishizumi, 1976) contained results for animals
dosed only with Kanechlor 500 alone. That treatment produced
enlargement of the livers of rats but no neoplastic lesions. After pre-
treatment with DEN, however, hepatocarcinogenesis was enhanced as
evidenced by the earlier appearance and a significant increase in the
number of tumors. A similar dosing pattern was used by Preston, et al.
(1981). Male rats were given drinking water containing 66 pug DEN/ml
(66 ppm) for 5 weeks after which they were fed for 18 weeks on a control
diet or one containing 100 ppm of either of 2 Aroclor 1254 diets. One was
Aroclor 1254 as received. The other was an Aroclor 1254 which the
authors claimed to have purified by removing polychlorinated dibenzofuran
(PCDF) impurities by adsorption onto and subsequent elution from

activated Florisil. No analysis was made of Aroclor 1254 as received for
18- SCM 019667
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PCDF. The authors reported recovery of PCDF at a level comparable to 30
pg of tetrachlorodibenzofuran (TCDF) per 10 g of Aroclor 1254. TCDF
was used as a positive control and a standard for quantification for the
purification process. Other animals received one of the 2 Aroclor 1254
diets only during the latter 18-week interval. "No evidence of hepatic
tumor formation was seen in control animals or those receiving 100 ppm of
either Aroclor 1254 diet. However, using the diagnostic criteria of Squire
and Lewvitt (1975), they reported that both Aroclor 1254 diets resulted in
significantly greater incidences of hepatocellular carcinomas in rats
pretreated with DEN as compared to those dosed with DEN alone. Thus,
they concluded that the hepatic tumor-promoting ability appears to reside
in Aroclor 1254 ifself. As the autho;s of this paper pointed out, it cannot
be concluded that PCDFs are not p.romoters of hepatocarcinogenesis since
appropriate studies have not been done on PCDFs alone. Similarly, their °
findings do not invalidate the hypothesis that some of the other effects

reported for some PCBs may have been due to PCDF impurities.

The dependence of the inhibition or promotion effect of PCBs on
DEN-induced tumors on the dosing sequence was illustrated in a.different
manner by Nishizumi (1980). Pregnant female rats were given oral doses
of 200 mg/kg or S50 mg/kg Kanechlor S00 on days 5, 10, and 1S of
gestatioh ana were allowed to deliver their pups. At 28 days of age, pups
were given 50 ppm of DEN in their drinking water for S weeks. Groups of
these pups were sacrificed at 16, 20, and 24 weeks after the start of DEN
dosing and their livers were examined. The number of liver tumors in the
offspring from Kanechlor 500 treated dams was significantly decreased as
compared to the controls. The decreases were more pronounced in males.

This decrease in DEN-induced tumors apparently resulted from induction of
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microsomal enzymes in the livers of the pups. Those livers contained
Kanechlor 300 residues and electron microscopy showed an increase in the

smooth endoplasmic reticulum of hepatic cells.

Rambow trout were fed 6 ppb of aflatoxin B, (AFB,), or 100 ppm of
Aroclor 1254, or a combination of both for a year (Hendricks, et al.,
1977). At intervals during the year, some fish were killed. The
remainder were killed at the end of that time. All livers were examined
grossly and microscopically. There were no tumors in those fed a control
diet or Aroclor 1254 alone, and growth was not affected by 100 ppm of
Aroclor 1254. The number of tumor-bearing fish m the group fed AFB,,
plus Aroclor 1254 was significantly reduced (to less than one-half) when
compared to those fed AFB,, alone. There also were fewer tumors per

liver and the tumors were smaller in those fed the mixture.

In the studies cited earlier, Makiura, et al. (1974) also fed combinations
of 500 ppm Kanechlor 500 with 300 ppm of 3'-methyl-4-dimethylaminoazo-
benzene (3'-Me-DAB) or 150 ppm of N-2-fluorenylacetamide (2-FAA).
Results similar to those when PCBs were fed concurrently with DEN were
obtained. Kanechlor S00 reduced the incidence of liver tumors to zero
from 65% for those treated with 3'-Me-DAB and from 54% for those treated
with 2-.FAA.. However, the effect of PCBs on the tumorigenicity of
3'-Me-DAB appears to depend on the dosing sequence as shown for DEN.
Kimura, et al. (1976) used different sequences to feed groups of rats diets
containing 400 ppm of Kanechlor 400 for six months and 600 ppm of
3'-Me-DAB for 2 months. Some received Kanechlor 400 alone and some
only 3'-Me-DAB. Others received one diet, then the other, after a

2-month interval on control diet. A final group received Kanechlor 400 for
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4 months and both materials for another 2 months. No hepatocarcinomas
were produced by Kanechlor 400 alone or when it was given before or
during the overlap with 3'-Me-DAB. No hepatocarcinomas occurred in
control animals. The incidence of liver cancer rose from 13% in those
receiving 3';D'ie-DAB alone to 64% in the group which received

Kanechlor 400 after 3'-Me-DAB.

The inhibitory effect of Kanechlor 500 on rat liver tumors was evident
when rats were dosed with two carcinogens (Makiura, et al., 1974).
Combinations of 3'-Me~-DAB and DEN or 2-FAA and DEN were administered
with and without Kanechlor S00 at the concentrations stated earlier. The
liver cancer incidence fell from 92% to 8% when Kanechlor S00 was given to
rats dosed with 3'-Me~-DAB and DEN. It went to zero from 82% for those

receiving 2-FAA and DEN.

Nishizumi (1979a,b) studied the effects of various combinations of DDT and
sodium phenobarbital (SPB), in the absence and xn the presence of
Kanechlor 500, on the induction of rat liver hepatocellular carcinoma by
DEN. Pretreatment of rats with DEN followed by DDT, by SPB, or by a
combination of both produced low incidences of liver cancer while DEN
pretreatment alone did not induce cancer. When Kanechlor 500 was
included with each of the preceding dosing regimens, there was a marked
increase in liver cancers. Increases resulting from joint administration of
compounds after pretreatment with DEN were lower than those observed for

DEN followed by Kanechlor 500 alone discussed earlier.

Ito, et al. (1978) fed diets containing 200 ppm of 2-FAA to male rats for

two weeks and then a diet containing 1000 ppm of an unspecified Kanechlor
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mixture for 8 weeks. Partial hepatectomies (PH) were performed on some
rats during the third week of -the study. Feeding of 2-FAA was without
effect, but that diet plus PH produced a few hyperplastic nodules in the
liver. Treatmgnt with both diets caused an even greater incidence of
hyperplastic nodules and bo‘th diets combined with PH produced a marked

rise in the number of liver nodules.

DiGiovanni, et al. (1977) and Berry, et al. (1978, 1979) studied
Aroclor 1254 in a two-stage mouse skin carcinogenesis assay to see if it
was a tumor initiator or promoter. The shaved skin of female mice was
dosed with Aroclor 1254 at a level of 100 pg or 625 pg per mouse. _This
was applied alone as an initiator or from 5 minutes to 72 hours before
initiation with 7,12-dimethylbenz(a]anthracene (DMBA). One week later,
mice received twice weekly applications of 5 pyg of the phorbol diester’
promoter  12-O-tetradecanoylphorbol-13-acetate (TPA) for 32 weeks.
Animals were observed for both papillomas and carcinomas. Aroclor 1254
alone produced a few papillomas. The authors of these reports apparently
faced a dilemma common to scientists, i.e., how much significance should
be attached to the observation of a low incidence finding which may or may
not have a causal relationship to treatment. On the basis of these few
papillomas, Aroclor 1254 was called a "weak tumor initiator" (DiGiovanni,
1977). . Latei-, it was described as possessing "little or no tumor-initiating
properties" (Berry, et al., 1979). While Aroclor 1254 had a negligible
effect on tumor induction when given 5 minutes before an initiating dose of
DMBA, it markedly inhibited tumor induction when given 18 to 72 hours
before DMBA. In other studies, an initiating dose of 200 nmole of DMBA
was applied to the shaved backs of mice. After one week, 100 pg of

Aroclor 1254 was applied twice weekly for 30 weeks. Aroclor 1254 failed to

- 19 -
SCM 019671

000355

L

HARTOLDMONO0023606



promote tumors while 0.2 pg doses of TPA applied in a similar manner
induced an average of 8 papillomas per mouse. The authors concluded
that Aroclor 1254 possessed little or no tumor-initiating or tumor-promoting
properties.

The transplantability and growth of Walker 256 carcinosarcoma in rats was
inhibited by Aroclor 1254 (Kerkvliet and Kimeldorf, 1977a,b). Diets
containing up to 800 ppm of Aroclor 1254 were fed to rats of both sexes
for 30 days, after which they were given intramuscular injections of Walker
tumor cells. Nine days later, during which time they continued to receive
Aroclor 1254 in their diets, animals were killed and the tumors were
dissected out and weighed. Mean tumor weights of all Aroclor 1254 fed
groups were significantly reduced as compared to th.eir sex-matched
controls, and the reductions were dose-related to the dietary level of ~
Aroclor 1254. Body weight gain was depressed in males receiving 400 ppm
or more of Aroclor 1254. Females showed reduced body weight at
100 ppm, the lowest level fed to that sex. Intraperitoneal injections of 50
to 200 mg/kg every other day for 14 days after injection of a small
inoculum of Walker 256 cells (l03) inhibited both the development and
growth of the Walker tumor. The number'of tumor takes and the size of
the tumors were reduced and the tumor latency period was increased.
Body wéight.gain was reduced only at the 200 mg/kg dosage. Alternate
day intraperitoneal injections of 100 mg/kg and 200 mg/kg of Aroclor 1254
after a large inoculum of Walker 256 cells (107) were continued for 60
days. Control animals receiving tumor cells only had 100% mortality by
day 20 with a mean survival time of 13.5 days. Mean survival times were
significantly increased to 17.7 days and 18.9 days for animals dosed with

100 mg/kg and 200 mg/kg of Aroclor 1254, A few animals survived to 60
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days, and four receiving the higher dosage of Aroclor 1251 showed total
regression of their Dbilateral tumors. Tumor growth rates in
Aroclor-treated animals were significantly reduced. Again, body weight
gain was dep;e;sed_ only at the 200 mg/kg dosage. An experiment was
undertaken to determine if there was an optimum time period for the
anutumor effect of Aroclor 1254. Intraperitoneal injections of 100 mg/kg of
Aroclor 1254 were given on 5 consecutive days before tumor inoculation, on
S days after inoculation, and daily from S days before until 10 days after
inoculation. This study was ended 14 days after the initiating tumor
inoculum was given. While all dosing schedules reduced tumor growth,
there were variations in the responses. The greatest inhibition of tumor
growth resulted from dosing animals for 15 days. Almost equally effeéﬁve
were pretreatment and treatment starting with i.noculatio'n of the Walker
cells. The delayed treatment starting after 5 days was least effective as
the tumor had become established. While early treament reduced tumor
growth, it was less effective in preventing metastases and death of the

animals.

Kerkvliet and Koller (1980) offered groups of male mice diets containing
10, 100, or S00 ppm of Aroclor 1254 for 15 weeks prior to injecting them
with MSB, an established tissue  culture cell line derived from Moloney
sarcoma.viru's. They measured tumor growth and cell-mediated toxicity
over the next 19 days. A dietary level of S00 ppm of Aroclor 1254
resulted in marked weight loss and deaths. This was reduced to 250 ppm
at 11 weeks, and a few weeks later surviving animals were placed on a
control diet. They reported that Aroclor 1254 pretreatment enhanced the
growth rate of the MSB tumor and inhibited or delayed the development of

cellular immunity against the tumor.
- 921 -
SCM 019673

aNoas7

HARTOLDMONO0023608



Koller (1977) fed groups of mice diets containing 3.75, 37.5, or 375 ppm of
Aroclor 1221, Araclor 1242, or Aroclor 1254 for 6 months. About 2 weeks
after being placed on test diets, some mice in each group were inoculated
i.ntraperitoneally_ with Moloney leukemia virus. None of the dietary levels
of any Aroclor arfscted, i.e., did not promote or induce, the oncogenesis

of Moloney leukemia wvirus.

Since PCBs are enzyme inducers, their biological effects resemble those of
other enzyme inducers. Peraino, et al. (1978) noted that phenobarbital
had a specific tumorigenic enhancing effect that was restricted to the
liver. With the exception of the mouse skin painting studies and those in
which tumor cells or a wvirus were injected, all of the studies in Table 3
were concerned with liver tumors. Peraino, et al. (1978).also pointed out
resemblances between phenobarbital and PCBs. Both substances "enhanced -
hepatic tumorigenesis” when given after DEN, and both "exerted a protec-
tive effect against hepatic tumorigenesis” when administered concurrently
with AAF or DEN. The comparison between PCBs and phenobarbital is
extended by the observation of Berr?, et al. (1978, 1979) that PCBs did
not promote skin tumors in mice pretreated with DMBA. Peraino, et al.
(1978) refer to a study* in which skin tumorigenesis was not enhanced in

mice fed phenobarbital after skin painting with DMBA.

Lichti, et al. (1978) described the induction of ornithine decarboxylase
(ODC) in mouse epidermal cell cultures by TPA. Aroclor 1254, appareantly
at much higher concentrations than TPA, induced a low but reproducible
stimulation of ODC in the same system. They also noted a reportS that a
high intraperitoneal dose of Aroclor 1254 induced ODC in the liver of rats.
After commenting that PCBs "warrant further investigation into their
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possible action as tumor promoters,” they added that "These compounds
are being tested on carcinogen-initiated mouse skin (T.J. Slaga, personal
communication)". The series of pub'l.ican'ons by Berry, et al. (1978, 1979)
and DiGiovanni, et al. (1977;) show that PCBs are not promoters on mouse

skin.

Authors of some of the mutagenicity studies to be discussed (Danz and
Urban, 1980; Norback, et al., 1981; and Stadnicki, et al., 1979) have
suggested that PCBs may act as promoters of carcinogenicity. In general,
those comments appear to have been offered as hypotheses to aid in
understanding the observations which had been made. This also appears
to be the case for the NCI study on Aroclor 1254 which was reviewed by
the Data Ewvaluation/Risk Assessment Subgroup of the (:Jlean'nghouse on
Environmental Carcinogens. That group, charged with the responsibility
of providing a peer review of NCI bioassay reports on chemicals studied
for carcinogenicity, made and accepted a motion to add the following to the
report summary: "Based on the liver proliferative lesions in the treated
rats and published reports, it is suggested that Aroclor 1254 may be a

tumor promoter” (NCI, 1978).

with respect to tumor promotion, Weisburger and Williams (1980) state that
"certair; inducers of liver metabolic enzyme systems, such as pheno-
barbital, DDT and BHT, when administered after minimal doses of primary
hepatocarcinogens exerted a powerful promoting effect". As_ mentioned
earlier, PCBs also induce liver metabolic enzyme systems. However, since
the carcinogen alone produced tumors in animals in the co-carcinogenesis
studies summarized in Table 3, it appears that the doses were greater than

minimal. In addition, even though the co-carcinogenesis studies were of
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shorter duration, sewveral used much higher dietary levels of PCBs than
those fed to rats for 2 years. The latter studies are the ones which gave
rise to questions of carcinogenicity. Thus, while the evidence indicates
that PC3s are not  carcinogenic, their reported effects in
rodent livers following prolonged exposure in conjunction with an initiator

may be promotion or inhibition.

when administered to animals together with a biological agent, PCBs show a
promoting or inhibitory effect similar to that seen with chemical agents.
Pretreatment with PCBs inhibited the growth of Walker 256 carcinosarcomas
in rats and increased their survival time (Kerkvliet and Kimmeldorf,
1977a,b), enhanced the growth of MSB tumer in mice (Kerkvliet and
Koller, 1978) and neither promoted nor induced the oncoge.nesis of Moloney

leukemia virus in mice (Koller, 1977).

Mutagenicity Studies

Mutagenicity testing of PCBs has ranged from bacterial systems to intact
animal studies. - A series of studies with eleven bacterial test strains
(Heddle and Bruce, 1977; Hsia, et al. 1978; McMahon, et al. 1979;
Odashima, 1976; Probst, et al., 198l1; Sugimura, et al., 1976; and
Wyndham, et al., 1976) are summarized in Table 4. Hsia, et al. (1978)
used bo.th 'pl:xenobarbital and Aroclor 1254 to induce liver enzymes in rats
for preparation of S-9 activation systems. They also tested 4-hydroxy-
2,2',5,5'-tetrachlorobiphenyl and 2,2',5,5 -tetrachlorobipheny!-3,4-oxide, a
known and a presumed metabolite of 2,2',5,5'-tetrachlorobiphenyl,
respectively. All three materials gave negative responses with each
activation system. Odashima (1976) presented data in tabular form from a

series of screening tests. I[n addition to the results shown in Table 9,
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bacrterial s:rai.r_xs wP2, TAl00, TA<98, H-17, M-45, W3110, and TA1978 ar=
shown in groups in their Table 3 with a text notation that not all chemicals
were tested with each strain. For Kanechlor 300 and 500, such of the
preceding strains as were tested showed a negative response. The group
consisting of H-17 & M-45, WP, try~ (hcr' & hcr”™) shows a plus sign for
Kanechlor 300. Presumably, one or more of those bacterial strains gave a
positive response. Kanechlor 500 was listed as giving a negative response

with the latter group.

With the exception of Wyndham, et al., (1976_), all of the studies were
negative with and without the addition of a microsomal enzyme activation
system. It is somewhat difficult to reconcile the text and the graphs in
the publication by the latter authors. They stated that their "results
clearly showed that as the degree of chlorination decreased the-
mutagenicity increased, a concentration of 100 ug of 4-chlorobiphenyl in
the tesAt medium gave over 2000 revertant colonies per plate. The higher
chlorinated biphenyls show very little activity as mutagens". While
Figure 3 in their article shows their marked increase in revertants for
4-chlorobiphenyl, the same figure also shows results fof Aroclor 1221,
which averages 1.15 chlorine units per molecule. The mutagenicity of
Arocior 1221 is not discussed in the text, but Figure 3 shows that at a
concentration of 100 pug per plate, it produced about one-tenth of the
revertant colonies that 4-chlorobiphenyl did. Thus, a 15% increase in
chlorine content produced a 10-fold decrease in the reported mutagenic
activity. In light of that sharp reduction of mutagenic activity with a
slight chlorine increase, it is difficult to understand the statement in their
text that Aroclor 1254 "was only weakly mutagenic.” Results from

Aroclor 1254 (average of 4.96 chlorine per molecule) are not shown in their
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Table 3, but 2,2',§,5-tetrachlorobiphenyl (average of 4 chlorine per
molecule) was presented. At 100 yg per plate, 2,2',5,5 -tetrachloro-
biphenyl was virtually devoid of mutagenic activity. Overall, primarily
because McMahon, et al. (1979) reported that 4-chlorobiphenyl was not
mutagenic, it can only be concluded that the findings of Wyndham, et al.
(1976) are aberrant. A similar conclusion that the findings reported by
Wyndham, et al. (1976) are unfounded because attempts to repeat them
have been unsuccessful was reached by the State of California (Anon.

1981).

In a variant of this test, Stott and Sinnhuber (1978) used Aroclor 1221,
1242, 1254, and 1260 to induce the mixed funcﬁon oxidase system of the
liver in trout. The submitochondrial fraction of those )iv-ers was used to
activate the metabolism of AFB,; which was assayed for mutagenicity using

strain TA 1538 of S. tvphimurium. The mutagenic response was decreased

compared to the concurrent control using untreated trout liver. A general
pattern of decrea'si.ng' response with increasing degree of chlorination was
observed, except for Aroclor 1260. Induction of mutagen detoxifying
enzyme systems was suggested as a possible explanation for the apparent
conflict between the reported induction of trout mixed function oxidases
and the decrease in mutagenic activity. These results are consistent with
those of He;-xdricks, et al. (1977) discussed earlier who reported that

Aroclor 1254 reduced h'epatic rumors in trout fed AFB,.

On the basis of slower sedimentation rates in alkaline sucrose gradients,
Stadnicki, et al. (1979) reported that 2,2',5,5'-tetrachlorobiphenyl (TCB),
a mixture of the 3-hydroxy and 4-hydroxy derivatives of TCB and the
3,4-epoxide of TCB induced single strand breaks in DNA of L-929 cells.
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At 100 pug/ml. each of the three materials caused all of the DNA to come
out in fraétions at the top of the gradient. The epoxide caused some
breakage down to 1 pg/ml. The mixture of hydroxy derivatives caused
significant brlea‘kage at 20 pg/ml! and only slight breakage at 1 and
10 pg/ml. TCB, the least potent, caused lesser breakage at 20 pg/ml and

was without effect at 1 and 10 pg/ml.

Nilsson and Ramel (1974) conducted genetic tests on adults and larvae of

Drosophila melanogaster fed Clophen 30 and Clophen 50. These PCB

mixtures were without effect on the loss of sex chromosomes used to
measure chromosome breaking action and nondisjunction of the sex
chromosomes. Tazima (1980) has described a specific locus test using the

silkworm (Bombyx mori). Neither Kanechlor 300 nor Kanechlor S00 showed

mutagenic activity in that system.

Hoopingarner, et al. (1972) induced mitosis in cultured human lymphocytes
with phytohemagglutinin and treated them with 100 ppm of Aroclor 1254.
There was no effect on the mitotic index, satellite association, chromatid

gaps or chromatid breaks in comparison to control human lymphocytes.

Odashima (1976) also studied the incidence of chromosomal aberrations.
Their in vitro test used Yoshida ascites sarcoma cells cultured for 6 to 72
hours in the presence of PCBs at concentrations producing a minimal or
S0% growth inhibition. Kanechlor 300 gave a positive response and
Kanechlor S00 a negative one. For an in vivo system, they examined bone
marrow cells 6 to 48 hours after adult or newborn animals were given an
approximately lethal dose of PCBs. This test gave the opposite result;

Kanechlor 500 was positive and Kanechlor 300 was negative. They noted
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that chromosomal aberrations frequently occurred in controls and :that
chemicals were called positive when they induced more than twice the

aberrations in coatrols.

In a2 Syrian hamster cell transformation system (Pienta, 1980), Aroclor 1251
was one of several chemicals tested double-blind. It gave a negative
result. Mouse embryo fibroblasts also have been exposed to different
PCBs. Nesnow, et al. (1981) studied the cocarcinogenic action of agents
which increase microsomal mixed-function oxidase activity in the
C3H10T%CL8 transformation assay. After a 48-hour pretreatment with
Ar_oclor 1254, cells were then treated with benzo(a)pyrene [B(a)P} and the
agent for an additional 24 hours. Aroclor 1254 did not increase
B(a)P-mediated transformation and no Type [I or T'y;;e 11 foci were
observed. Norback, et al. (1979, 1980, 1981) exposed C3H10TY% cells °
continuously for 6 weeks to 10 pg Aroclor 1254 per ml of medium. Treated
cells developed Type III foci. Cells exposed to the same concentration
of Aroclor 1254 for 2% hours or to 1 pg of Aroclor 1254 per ml of medium
did not develop Type III foci. Continuous exposure of cells to Aroclor
1260 and 2,4,5,2',4',5'-hexachlorobiphenyl also caused formation of Type -
[II foci. A clone from a focus transformed by Aroclor 1254 induced sar-
coma formation when inoculated in irradiated mice. Foci from Aroclor 1260
and 2.4-,5,2';4',S'-hexachlorobiphenyl had not been characterized further.
Since transformation occurred only after continuous exposure, Norback,
et al. (1981) suggested that the effects of PCBs in culture include
promotion. When fed to rats, however, 2,4,5,2',4',5'-hexachlorobiphenyl
produced neoplastic liver nodules, not hepatocarcinomas (Weltman and

Norback, 1979).
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Wong, et al. (1979) claimed that d4-chlorobiphenyl induced an increase in
unscheduled DNA synthesis in Chinese hamster ovary cell cultures in the
presence of hydroxyurea. a chemical agent which suppresses normal
replicative DN‘T\ sy_nthesis. Few details were presented regarding the
validation and reliability of their test system. By contrast, Aroclor 1254
gave a negative response in an unscheduled DNA synthesis in primary
cultures of adult rat hepatocytes (Probst, et al., 1981). The latter
authors presented results of an extended series of compounds tested in

their system.

Danz and Urban (1980) have proposed using the mitogenic response of the
rat adrenal cortex after dosing the animals with a test substance V-as a
short-term test for evaluating the .promoti.ng action of chemical compounds.
Clophen A60, Delor 103%, Delor 106%, and Phenoclor DP6 all gﬁve positive -

responses in their test system.

At 3-8 days of incubation, embryos from ring doves (Streptopelia risoria)

fed a control diet or one containing 10 ppm of Aroclor 125¢ were examined
for cytogenetic changes (Peakall, et _al., 1972). The relative frequencies
of chromosome aberrations in the.8 largest chromosome pairs in metaphase
cells of allantoic sac and hmb bud origin were scored. The 6 control
embryos had a mean aberration rate of 0.8% (0-2.0). The aberrat‘ion rate
in 17 embryos from Aroclor 1254 treated birds was 1.8% (0-9.4). In the
latter group, there was one chromosome rearrangement, 13 embryos with
aberration rates exceeding the mean control rate, and 4 embryos which
exeeded the highest control rate. Aroclor 1242 was injected into fertile
White Leghorn eggs to give estimated final concentrations of 10 or 20 ppm
(Blazak and Marcun, 1975). After 4 or 5 days of incubation, eggs were
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injected with coicemide, incubated an additional 45-60 minutes. and
embryos were harvested for examination. There was a high degrse of
early embryonic death, and a few live embryos showed drastically recarded'
development wicl_mout malformation. The first five pairs of chromoscmes,
constituting over 50% of the chromatin material per cell, were examined for

detection of clastogenesis. There were no-chromosomal aberrations.

Heddle and Bruce (1977) injected mice with Aroclor 1254 for five consecu-
tive days and then examined bone marrow preparations for chromosomal
breakage and sperm cell preparations for sperqi with abnormally shaped
heads. While nonspecific factors can induce sperm abnormalities, the
authors believe the latter also can result from point mutations or sr;lall
deletions. Aroclor 1254 was judged to be neither carcinogenic or

mutagenic.

Dikshith, et al. (1975) gave male rats oral dosages of 50 mg/kg of
Aroclor 1254 on each of 7 consecutive days. Animals were killed at
intervals over the next 3 days. Those scheduled for cytogenetic analysis
were injected with colchicine 2 hours before killing, after which time the
seminiferous tubules were prepared for such study. At autopsy of the
other animals. testis, epididymis, and liver weight were recorded and
sections .were' prepared for microscopic study and histochemical determi-
nations. Livers were markedly enlarged and showed a significant increase
in weight compared to controls. There were no differences in body weight
or weight and appearance of testis, epididymis, or vas deferens between
control and treated rats. Aroclor 1254 treated rats showed a few meta-
phase figures with abnormal chromosomes whch appeared to be sporadic

and not specific to any one type. Histological examination showed testis
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and epididymis from Aroclor 1254 treated rats were comparable to controls
although interstitial cells were increased in Aroclor 1254 dosed rats.
These cells showed an increase in acid phosphatase activity. The authors
concluded that they "found no evidence to suggest that Aroclor 1254
causes significant chromosome damage or histopathological changes in the

rat testis."”

Similar studies were conducted by Green, et al. (1973, 1975a) who gave
male rats single oral dosages of 5000 mg/kg, 2500 mg/kg or 1250 mg/kg or
four successive daily dosages of 500 mg/kg of Aroclor 1242. Other rats
received five consecutive daily dosages of 300 mg/kg, 150 mg‘/kg or
75 mg/kg of Aroclor 1254. Animals were injected with colcemide 3 or %
hours before sacrifice which occurred about 24 hours after the single dose
or the series of doses. There were some body weight losses and some °
deaths occurred. Bone marrow from rats dosed with both PCB mixtures
and spermatogonial preparations from Aroclor 1242 treated rats were
prepared for cytogenetic study. Repeated dosages of 150 mg/kg and
300 mg/kg of Aroclor 1254 produced decreases in the number of mitoses in
bone marrow cells. Repeated dosages of 75 mg/kg of Aroclor 1254 and all
dosages of Aroclor 1242 were without effect. Neither PCB mixture at any
dosage produced a significant number of chromosomal abnormalities in bone
marrow. cells.‘ At the lower dosages, Aroclor .1242 did not affect mitoses of
spermatogonial cells, but 5000 mg/kg or 4 dosages of 500 mg/kg
significantly reduced the rate of cell division. No dosage of Aroclor 1242
produced cytogenetic abnormalities in spermatogonial cells. The authors
concluded from their studies that Aroclor 1242 and Aroclor 1254 did not
possess mutagenic potential. Garthoff, et al. (1977) fed male rats diets

containing 5, 50, or S00 ppm of Aroclor 125% for 5 weeks, after which they
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examined bone marrow and testis samples. There was no significant
difference between test and control animals with respect to the incidence of
chromosomal.abnormal.ities and the number of cells in mitosis from bone
marrow and spermatogonial cells.

In a dominant lethal study (Keplinger, et al., 1972 and Calandra, 1978),
albino mice were given single intraperitoneal dosages of S00 or 1000 mg/kg
of Aroclor 1242, Aroclor 1254, or Aroclor 1260 and mated on successive
weeks to virgin females. There was no evidence of mutagenic effects.
Although details on their studies are limited, their results are in general
agreement with those from another dominant lethal study in rats conducted
by Green, et al. (1975b) with Aroclor 1242 and Aroclor 1254. The for:;xer
was administered orally at a single dosage of 625, 1250, or 2500 mg/kg or
in five daily dosages of 125 or 250 mg/kg. Afoclor 1254 was given orally
in five daily dosages of 75, 150, or 300 mg/kg. After dosing, they were
mated with untreated females for 10-11 we-eks. Another group of rats was
given 150 mg/kg of Aroclor 1254 for five successive days and starved
overnight before admittance to females. Other male rats were offered diets
containing 25 or 100 ppm of Aroclor 1254 for 70 days, then mated with
untreated females for one week. TEM (triethylenemelamine) was used as a
positive control. There was a body weight loss and some deaths occurred
in a few groups. Neither the oral dosing nor the dietary feeding of
Aroclor 1242 or Aroclor 1254 had any effect on the number of implantations
or the number of dead implantations per pregnant female while TEM
produced significant postimplantation losses in weeks 2, 3, and 4. These
authors noted that the reduction in the number of dividing spermatogonial
cells reported earlier for Aroclor 1242 (Green, et al., 1973, 1975a) did not

impair the reproductive performance of male animals.
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Review of the various mutagenicity tests and their results prompts three
comments. Chlorinated hydrocarbons do not generally give positive rssults
in Salmonella strains. Therefore, the mutagenic responses with TAl538
(Wyndham, et al. 1976) are either aberrant or else the response is,
indeed, Limit.ec'i fo essentially monochlorobiphenyl. The degree of
correlation between in vitro mutagenicity tests and carcinogenicity depends
upon the initial classification of the test materials. Pienta (1980) classifies
Aroclor 1254 as a non-carcinogen. Rinkus and Legator (1980) regard
Aroclor 1254 and Kanechlor S00 as having known or suspected carcinogenic
activity. Odashima (1976) and Sugimura, et al. (1976, 1977) consider
Kanechlor 500 to be c_arcinog'em'c and Kanechlor 300 to be
non-carcinogenic. Apart from the difficulties they present for correlation,
these different opinions about the carcinogenicity of PCBs; are a reflection
of what data these individuals considered and how they evaluated those .
data. Finally, in light of the large number of tests conducted to evaluate
various mutagenic parameters, it is not surprising that an occasional
suspicious or positive finding resulted, simply on a statistical basis.
Those occurred in in vitro systems. In vivo tests gave negative results
and provide a basis for concluding that ambient levels of PCBs deo not

present a mutagenic risk.

Epidemiology Studies

With respect to epidemiologic studies, it should be noted that there are
frequent references in the literature to an epidemiologic study of workers
exposed to Aroclor 1254 (Bahn, et al., 1976, 1977). Those articles are
cited in two recent reviews. One states "The epidemiological data provide
suggestive evidence of a relationship between exposure to polychlorinated
biphenyls and the development of malignant melanoma. ...for practical
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purposes, polychlorinated- biphenyls should be regarded if they were
carcinogenic to humans" (IARC, 1978). The other states "No conclusive
evidence has thus far been reported which demonstrates that occupational
exposure to PCBs has caused an increased incidence of cancer"
(Kimbrough, 1980). The latter author then proceeds to discuss the study
by Bahn, et al. (1976). Among the references for these 2 reviews are
NIOSH (1978) which has the following comment on the Bahn study, "PCB
exposure histories were based on recollections of two company employees.
Exposures to other chemicals could not be ascertained.----To correct these
deficiencies in the preliminary study, a more intensive investigation is
being conducted (B.N. Kightlinger, written communication, November
1976). A substantial change has occurred in the cohort since releas; of
the preliminary report by Bahn apd her coworkers, and it seems Ukel§
that the findings on this new cohort will differ significantly from those of -

the preliminary study. The final report is not yet available."

Recently, Gaffey (1981) reviewed and evaluated existing reports concern-
ing health effects and exposure to PCBs. . The reports he discussed dealt
with diverse potential health effects. With respect to liver effects, he
concluded that "Alterations of liver function and fat metabolism associated
with PCB exposure ha've been observed in several studies, but are

characterized by investigators as mild and ‘of no clinical significance."

He also concluded that "Mortality studies concerned primarily with cancer
present problems of interpretation due to the small sample size of some of
the studies, and to the confounding effect of other exposures. However,
they do exhibit a pattern, which is that none of the studies agree on the

cancer sites at which an excess mortality was found, and the excesses that
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were found are:-in general not statistically sigmificant. One must conclude
that the findings of the mortality studies reflect a sporadic pattern of
excess mortality ac different sites which is not consistent with a
carcinogenic effect of PCBs. In addition, where an examination of
duration and latency of exposure was possible, no association with these

variables was found {32]7.

"Taken as a whole, the epidemiologic studies find that high occupational
exposures to PCBs may cause dermatitis of various kinds, but that chere
are no other clinically observable effects, including the occurrence of

cancer."

Summary

Some remarks by Cole and Merletti (1980), although written in a more °
general vein, appear to be particularly suited for ending a discussion
on the potential carcinogenicity of PCBs. "In view of the difficulty
of deciding whether a "suspect" carcinogen is in fact a weak carcinogen
or in fact harmless, we point out one aspect of this scientific judgement
which, though well known, is often lost sight .of; namely, that in prin-
ciple, it is more likely that a non-carcinogen will appear to be a weak
carcinogen than the reverse. This asyvmmetry should be fully appreciated
by legi*.slator.s and regulators. It is summed-up succinctly, if not very
accurately, in the oft-heard phrase "you can prove a positive but not a

negative". This is clearly illustrated in the case of PCBs.

Review of the results of a large number and wide range of chronic feeding
and metabolism studies in animals and of mutagenicity studies in various

systems has failed to establish that PCBs are carcinogenic. However,
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presently available rodent data raise some suspicions and lead to disputes
about the carcinogenicity of PCBs. Attempts to compare and evaluate
results of rodent studies reported in the literature are complicated by
different uses of similar terminology and variations in the criteria
employed forrdﬁiag'nosing' hepatic tumors in rodents. Co-carcinogenesis
studies have reported both promotion ;nd inhibition of tumors in rodent
livers following prolonged administration of PCBs in conjunction with
an 1initiator. Thus, it is n’ot likely that animal studies and other

laboratory procedures will lead to a universal consensus on the carci-

nogenicity or non-carcinogenicity of PCBs.

While epidemiology studies of humans exposed to PCBs present problem§ of
interpretation due to their sﬁaﬂ sample size and the confounding effect of
other exposures, they present the best available evidence for assessing -
the carcinogenic potential of PCBs to humans. Epidemiology studies,
including recent studies involving large cohorts with lengthy exposures to
PCBs, demonstrate a pattern that is not consistent with a carcinogenic

effect of PCBs.
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Footnotes

Farber, E. (1973). Hyperplastic liver nodules. In:Methods in Cancer
Research, Vol. 7, H. Busch, ed. Academic Press, N.Y. pp. 345-373.

See reference: Squire, R.A. and Levitt, M.H. (1973).
See refarence: NCI (1978).

Grube, D.D., Peraino, C., and Fry, R.J.M. (1973): The effects of
dietary phenobarbital on the induction of skin tumors in hairless

mice with 7,12- dimethylbenz(a)anthracene. J. Invest. Dermatol., 64.
258-262. -

Costa, M., Costa, E.R., Manen, C.A., Sipes, [.G., and Russell,
D.H. (1976): Adenosine cyclic 3',5'-monophosphate-dependent protein
kinase and ornithine decarboxylase involvement in the induction of
cytochrome P-450 and hepatic hypertrophy. Mol. Pharmacol., 12,
871-878.

Delor is a tradename for PCBs made by Chemko in Czechoslavakia.
Brown, D.P. and Jones, M. (1981). Mortality and industrial hygiene

study of workers exposed to polychlorinated biphenyls. Arch.
Environ. Health 36, 120-129.
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TABLE 1

PCBs: TabulaLion of Liver Nodules Reported in Mice!

PcR llepato-
Approx. ‘Dosing in diet No. Nodular cellular
wt. % CI2 Product Strain DNuration (ppm) Animals llyperplasia Hepatoma Carcinoma Reference _
52-54 Aroclor 1254 BALB/cJ -6 mos? 0 34 - 0 - Kimbrough
300 24 - 1 - + Linder (1974)
11 mos (] 24 - 0 - '
300 22 - 94 - “
Kanechlor 500 dd 32 weeks 0 6 0 - 0 Nagasaki, et al.
100 12 0 - 0 (1972)
250 12 0 - 0 lto, et _al. (1973a,b)
500 12 7 (-)3 58 :
Kanechlor 500 dd 32 weeks 0 20 - - 0 Nagasaki, et al.
100 18 - - 0 (1974, 1975)
250 20 - - 0
500 1? 9 - 16
Kanechlor 500 dd7 32 weeks 0 12 - - 0 Nagasaki, et al.
100 19 - - 0 (1974, 1975)
250 20 - - 0
500 17 4 - 08
48 Kanechlor 400 dd 32 weeks 0 6 0 - 0 Nagasaki, ct al.
100 12 0 - 0 (1972)
250 12 ] - 0 Tto, et _al. (1973a,b)
500 12 ] - 0
Kanechlor 400 dd 32 weeks | 0 0 Co- - 0 Nagasaki, et _al.
100 17 - - 0 (1974, 1975)
250 19 - - 0
7] 500 20 - : - 0
2 .
Kanechlor 400 dd? 32 weeks 0 12 - - 0 Nogasaki, et _a 1.
o 100 20 Y- - 0 1974, 197%)
° 250 20 - - 0
S 5010 17 - - 0
[+ _ — - e e e vim———
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TABLE 1-continued

PCBs: Tabulation of Liver Nodules Reported in Mice!

PCl ltepato-
Approx. ‘Dosing in diet Neo. Nodular cellular
wt. % €12 Product Strain_Duration  (ppm)  Animals Hyperplasia Hepatoma__ Carcinoma  Refereure L
40-42 Kanechlor 300 dd 32 weeks (] 6 0 - 0 Nugasaki, ct al.
100 12 0 - 0 (1912) T
250 12 0 - 0 lto, eL al. (1973a,b)
500 12 0 - 0 .
Kanechlor 300 dd 32 weeks 0 20 - - 0 Nagasaki, et al,
100 19 - - 0 (1974, 1975)
250 19 - - 0
500 20 - - 0
Kanechlor 300 dd’? 32 weeks 0 12 - - 0 Nagasaki, et al.
100 19 - - 0 (1974, 1975) 777
250 20 - - 0
SN0 20 - - 0
} Males, except as noted. 8 Apparently same data repocted as nodular hyperplasia
2 From Brinkman and deKok (1980). and hepacellular carcinoma or Lumor. Sce references aml
3 Jleld an additional 5 months before sacrifice. text.
4 No. of animals. One had 2 hepalomas for a tumor total of 10. .7 Females.

5 Apparently same data reported as hepatoma and hepatocellular
carcinoma. See references and text.
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Approx. Dasing  in diet No. Adcaouatous Nodular Neoylastic
wi. T Cl' Product Strain _ Sex Duralion  (ppw) _ Amimals
(Y] Aroclur 1260 Sherman F 21 mos.? 0 171 - - 0 -
100 184 ~ - 144 -
Araclor 12060 Charles M, 24 mos. 0 27 - ] - -
River ¥ [} 26 - 0 - -
10 25 - 7 - -
100 25 - [ - -
2,2 ,4,4',5,5- - ~ 24 mos. 100 - - - + -
Hexacblorobiphenyl?
$2-54 Aroclor 1254 Charles N, 24 mos. 0 23 - 1 - -
River ¥ \ 30 - 0 - -
10 26 3 - -
100 26 - 14 -
Aroclor 1254 Fischer H 105 wecks 0 2% - - - 0
344 25 24 - - - 0
50 24 - - - ]
100 24 - - - [
Aroclor 1254 Fischer F 105 weeks 0 21 - - - 0
344 25 24 - - - 0
50 22 - - - ]
100 24 - - - 2
© Aroclor 1254 Lucal F 28 mos.® 0 4 - - - n
g: 200 [ - - - ot
Kanechlor Wislar H 28-52 whka 0 11 - 1 - -
o 500 (] 24 - | - -
:z Sin) o - 5 - -
- 1on 1) [y - -
(= — o - .- - . - .
o

Hlepato- Cho-
cellular langio-
CModules _ Myperplesia _ Nedules _ Alcwoms Nepatvms  Careomoms lvpatoms  Kelggene

i - Nombrvough,
26 - et al. (197%)
- 0 Levinukas -

- 1] (1v81)

- {

- 4

- - Wellwbi &
Nurback (1979)

- 0 levinskas

= o (1981)

- [}]

- 2

" - NCT (1978)

0 -

\ -

2 -

- - NUEL (1arn)

- - Wanse o,

- - ctoal. (19)e)

- - v, v

- - t1a14)
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TANMLE 2-conlinued
PClis: Tabwlatjon ol Liver Nodules Keportvd in Ruty
. (%] Hepata- Cho-
Approx. Dosiang  in dicet Na. Adcwomatons Nodular Neoplastic cellular langio-
!&;.l.glt".ffﬁﬂﬁf!____.__55!‘iﬂ._§E§__"¥!£ —feew)  Awwals o Neales o lypeoplasie | Nodules | Adenona CMepatums - Carepnome Bepatoms K beocnes
48 Kantechilor Donryy  H 22-62 wks 1B.%- 5 0 - - - - - - Kimara ¢ Haba
400 Lib 10 ] .o - - - - - (1)
¥ . 5 0 - - - - - -
1 [ - - - - - - ..
Kenechlor Wistlur H  28-52 wks ] 1) - 0 - - - - - Ttu, »1 ul.
100 1 - 2 - - - - - ey
500 4 - (V] - - - - - )
“loue w - 3 - - - - -
4L0-42 Aroclor Charles M, 24 mos. [ 2’} - 1 - - [[] - [V} Irvinnkan
1242 Wiver ¥ 1 32 - ] - - 1] - [{] (iys1)
10 24 - I - - 1} - 1}
100 19 - [ - - - 1
Kunechlor Wistar H  28-52 wky 0 18 - 0 - - - - - Itu, »t al.
100 22 - 1 - - - - - 114y’
500 19 - 0 - - - -
1000 15 - 1] - - - - -
2,2',5,5'~tetra~ - - 24 mos. 100 - - g - - - - - - Weltwan &
chlorubiphenyl? Nuthath ((%79)

From Brinkman and deKok (1980).

Ueld an additional 2 wouths belure sacrilice.
Abstract, Detarln liwited.

I'rescuie veported.

tibanol aslurion on i cnking water.

v e w N =

SCM  01970)
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Other
Product Hade Time Treatment ! Hude Species Observalions Kel .
Kenechlor 400 Dict With 20-HeCl heriae dil wouse Hepatocel lular rarcinoms with 20-Helh. Uehiyomwa, aad Chiba, 1974
smplaat None with cuwbination,
Kanechlor 500 et With w-BIC Biat i mouse Combination rnceeased hepatocel hular Tra, i al. 197104,0 .
carcinoma over w=bc alone, Nagasaky, et al. 1974, 49y
Kanechlor 500 et with p-nilc [LITUY dd wuuse Combinat lun praduced hepatocelinlar i, e sl 19734 ,0
carcinomwa. Esvl dlune aegative. Nagasaki, ot al. 1974, 1975
Kanechilor 400 Diel With a-Blc DieL dil wouse Combinstion (ucreased hepatocel tular Nagusaki, eL al. 2924, 1975
carcinoms ovar a~WIC sione.
Kanechlor 500 Diet With DEN Water Sprague- Hepatocel lulur carcinoms with DEN. Hakiura, et al. 1974
Dawley ral None with combination.
Kanechlor 500 Gavage After DEN Wiler Wister Cowbination increaned hepatocellular Nishizuwi, 1976, 19794, b
ral corclooma wver DEN ulous.
Araclor 1254 Diel After DEN Waler Sprague- Combhination increavel heputocllular Freston, et al, 1941
Bawley ral carcinoma uver BEN aloie.
Kunechlor 5002 Gavage Heloce DEN? Water Wistar Comhination decreaserl hepatorellular Nishizumi, 1980
rat carcinoms 1y ollspring.
Aroclor 1234 Dist With - AYB, Dict Ra inbuw Hepatocellulur carcinoms with AFH;. Hendricks, et al. 1977
Lrout Notie with combination. ot
Kanechlor 500 Deel With 2-FAA Diet Sprague~ Hepstaccllular carcinoms with 2-FAA. Bakiurva, ¢1 al. 1974
' Dawley rat Notie with combination,
Kanechlur 500 Orect with 3 ~He-DAD Nict Spragne= Nepatocel lular carcinoma with 3'-He-BAIL Hakinva, et ul. 1974
Hawley rat ‘Nupe with vombinatton. © Kimura, el 19
Kancchlor SO0 Dict Metore 3¢ -He-bab i Spsugue= . Hlepgtocel lular carcinome with 3 =He-BAl Kiwntba, ol ol 49/
hewley rat Noconr wilh comditbeat 1oa. .
Kanechlor 00 Niet Alter 1 -He-BAN il TR Combianat tan Jociegsed logatosed lalay Kosmssoo, ot ol 39710

bawiey 13 Vo it uvet 80 o thes BAR Lbaae .
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SUNMARY_OF _CO-CANCINOGENESIS

Other
Product Hode Time Treatment ! Hude
Kanechlor 500 Diet With 3' -He-DAHB et
+ DEN
Kanechlor 500 Dict WiLth 2-FAA + DEN Dict
Kanechlor 500 Gavage Alter DBEN Water
& Wilth (1117} Gavage
Kanechlor 500 Gavage After NEN Walur
& With [-{3] Walec
Kunechlor 500 Cavage Afrer DEN Water
& With 58, DT Wuter, Lavuage
Unspecified bBiet Aier 2-FAA Diet
Kenachior & With Partial
hepat ectomy
Aroclor 1254 Skin After 7.12-DHBA Skin
Avoclor 1254 Skin Before TPA Skin
Aroclor 1254 Skin Before 7,12-DHUA Skin
LTV
Aruvlor 1254 Bivt Belure Walker 256 latra~
Ltamor cuells wuacular
Avuclur 1254 Diet Beldore HSB celly? TuLra~
sustuler
Avoud lur 1254 et Bera e Hulaney bt ga-

bevkewy
Vietna

pervitaneal

TABLE d~continued

Species

Sprague-
Bawley rat

Sprague=-
Dawley rat

Wiktar
Fal

Wistar
rat

Wistar
rat

Fischer
rat

Chl mouse

CHl mouse

COI wouse

Sy apene
Dawley oat

TN

balli/a

[P

Ty

'S WITh_ Pols
Observations
Combdinat ion decreased hepatocrl lular

caccinoms over 3°'-=He-DAB ¢ DEN.

Couwbination decreasced heparovellnlar
carcinome over 2-FAA t+ DEN.

Combination increasell hepatoceltular
carclonme uver DEN ¢ DIVF,

Combluution increasved hepatocel lular
carcinoms over DEN + SPB.

Coshinstion inrrensed hepatocellular
carciouma uver DEN, SPB, + DT,

Harked Incresse In hyperplastic

Viver nwilnlos.

Not 4 prowoter of wkin tumors.

Little or no skin tumor juatiation.

Na dilference or decccase an skin Loauer

tuduction over 7, 12-DHIIA & TPA,
depending oa pretrestumcnt iuleival .

Tumor growil iuhiliited,
Survival Lime wncceased.

Esdisneed growth ol HSI Guor .

Did wat ab)erd antogreiiezie ol Boluoey
foeubcuad vions,

Rel .

Hakiura, et al. 1974
Hakiura, ct al. 1974 .
Nishizuwn, 19794,
Noshigumi, 19793, 1
Nishizum, 19294,0

lto, ¢L_gl. 1978

Herry, cL al, 1978, 1929

Hervy, mboal, 1979
Ditiovanni, vt al. 1972

flerry, ¢t al. (974
hGiovanay, ¢t al. 19
Kerhvliet and

Ko ldocs, 1497704, 4

Kerkvicet and Kot beo, (974

Kolleo, 19427
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TABLE 3-cont inued

SUHHARY_OF CO-CARCINOGENESIS STURIES WITH PCHs

Other

Product Hude Tine Treatment ! Hode

Aroclor 1242 et Helore Hictoney Intea-
leukemwia pestloncal
virus

Aroclor 1221) Diet Belore Holouney lotva-
feukewia pesitoncal
virus

Species Ohscrvations Red
lalh/c Rid not atlect oncogenesis ol Holuaey Kaller, 14977
wouse feakimia virus.

Rallife Did nol affect oncogeunsis ol Holoney Kolter, 1917
wous L

beukuvmia vivus,

'Chemicaly used:

20-HeCh = 20-methylcholanthrene
a-BIC » a-benzens hoxachloride
f-BIC = f-benzene hexachloride
DEN = diethyluiLrosamiane

AFB, = aflatoxin B,

2-FAA 3 N-2-fluorcnylacetamide

3'-He-DAN = 3'-methyl-4-dimethylaminoazobenzene
Dot

dichloraodipheayltrichlocoethane
SPB = sodium phenobarbitael

7,12-DBA = 2, 2-diwcthylbenzlafanthkraciue

TEA = 12-0-tetradecanoylphoibo) - 13~acetare

lreguant dums dosed with Kauechior &400.
Oftspring dosed with DEN.

kstablished vLissua culture cell lias derivad

from Molonsy sarcoms virus-induced lLuwors in
W6 mice.
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TABLE 4

PCBs: Tatmlation of Hicrobial Hutagenicity Tests

Tester . S typhiswesom E.ocoby

Strain €3076 D3052 G4b TA98 TAY00 TAIO00 TA1535 TALS36 TAIS)? TAIS148 wp2 Wi2 uvrA® Rel .

Froduct —. st o e e e it e e e e
AROCIOR 1268 . . . . . . 4 . . Neg. . . Wyndham, ¢t al. 1970
AROCLUN 1254 Neg. Neg. Neg.  Neg. . Neg. Neg. . Neg. Neg. Neg. Neg. Piobst, ¢l ab. 1981
AHOCLOK 1254 o« o . Neg. Neg. . Neg. . Neg. . . . Heddte and Hruce 190/
AROCLOR 1254 o o . . . . . . . rous! . . Wyndhuw, €t_al. 1970
Kauechlor 500% o o . . . . Neg. Neg. Neg. Neg. . e Odashima, 1926
Knnachln? 500 ¢ ® ° Neg. Neg. . . . . . ng.n . Sugimuca, et al, 19/0
2,2 ,5,5~tetra~

chilorobiphenyl s o ° . . b g . . Neg. . b Wyndliam, ¢t al. 1974
2,2'5,5'-tetra-

chlocobiphenyl ° o . Neg' Neg' . Neg . Neg' o . . Usia, et _al, 1918
Kenechlor 3002 e o . . . . Neg. Neg. Neg. Neg. . . Olashima, 1976
Kanechlor 300 e o . Neg. Neg. L] . (] [ . Neg.” . Sugimira, et al. 90
AROCLOR 122) o o . . . . . . . Pos’ . . Vyudhaw, ¢ al. 196
4~chlarobipheny! ° o . . . i . . . Pos' . . Wymidham, et al. (970
&-chlorobipheayl Neg. Neg. Neg. Neg. Neg. L] Neg. (] ~ Neg. Neg. Neg. Neg. MeMalon, et al. 1979

17 AIT Lesis done will aod wilhual wicrosomal actsvalion excepl as noted.
2. Uther strains lesled, sce Lext and relercoce.

. = Not tested,

Neg. = Negalive.

Ncgu = Unly testbeal without aclivation.

Neg' = tinly tested with avtival o,

ruh: s Posttive vply wilh avbivat tia.

Poa' o= lmvertaln, e 1eat.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are chemical compounds with the empirical ‘
formula C,;H,0_,Cla, With n = [-10. They are a mixwre of chlorinated i
biphenyl congeners. Theoretically, 209 such congeners are possible, but at
least 20 congeners have never been identified in commercial products. In
addition, PCBs may contain polychlorinated dibenzofurans and chlorinated
quaterphenyls as impurities. PCBs were discovered before the tum of the
century, and the useful industrial properties of mixtures obtained by chlorina-
tion of biphenyl were recognized carly. In 1966 the discovery of PCBs in
environmental samples (1) spurred renewed interest in the analysis and toxic-
ity of these compounds.

In recent years many industrial nations have taken steps to control the flow
of PCBs into the environment. PCBs and PCB-containing formulations are
restricted (an exception is sometimes made for mono- and dichloro-PCB) for

~ most uses, except for categories such as closed-system electrical equipment
and hydraulic fluids in mining equipment.

Commercial production of PCBs began in the United States in the late :
1920s. In 1971, Monsanto Chemical Company voluntarily stopped open- !
ended uses of PCBs, and subsequently only the lower chlorinated biphenyis

e~ o = == e e = -
e o
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were produced (Aroclor 1242 and 1016). In 1977 the company ceased produc-
tion entirely (2). Many PCBs manufactured in the past (3) are still in use in
old transformers, but even this use is decreasing. The estimated cumaulative
production and consumptinn of PCBs in lhe United States in the period
1930-1975 (in millions of pounds) was as follows: total production, 1400;
imports, 3, domestic sales, 1253; exports, 150.

PCBs are inert chemicals that are fairly resistant to degradation. Because of
their stability and lipophilicity, they have accumulated in ithe environment and
in organisms. They have been identified in indoor air (4) at concentrations of
0.1 pg/m?® (5), in fish (6, 7) and other food products, and in sediments from
Yakes and rivers (8, 9). PCBs have also been identified at varying con-
centrations in soil (0.01 mg/kg—100 mgrkg) (10). They do not occur naturally.
Thus, their presence in the environment is linked with human activities, and
concentrations are higher in urban and heavily industrialized arcas than in
rural and remote arcas. However, trace amounts arc also found in remote
areas, since the air may transport such chemicals over large distances.

Although PCBs are no longer used commercially in the United States
because of their persistence, they are still present in our environment. A
number of transfonmers and capacitors thai contain PCBs, however, are still
in use. Results of laboratory experiments showed that pyrolysis of PCBs at
temperatures of 200-600°C could result in the formation of significant
amounts of the more toxic polychlorinated dibenzofurans (PCDFs) (11).

In February 1981, an electrical fire occurred in a New York State office
building in Binghamion, N.Y. The fire, which originaied in a switch gear in
the basement, caused the bushings 10 crack on a nearby transformer. About
180 gallons of PCB dicleciric Nluid Pyralon (65% Aroclor 1254, 35% chlorin-
ated benzenes and Irace additives) were lost. A fine layer of vily soot covered
many of the intemal surfaces of the 18 floors of the building. Analysis of a
soot sample showed that it contained various isomers of chlorinated di-
benzofurans, 2.3,7.8-teirachlorodibenzodioxin, other chlorinated  di-
benzodioxins, and chlorinated biphenylenes. Some of these chemicals are
much more toxic than the PCBs. Because of these findings the Binghamton
state office building was closed, and workers wearing respirators and pro-
tective clothing began an extensive cleanup of the building. The clcanup
operations lasted four years, and the cost has been enormous (12). Since then
several other transformer fires have occurred. These fires have not resulted in
as much contamination as the one in Binghamion, partly because ihe
transformers in the other fires were usually located in a separate.vault (13).

The problems with polybrominated biphenyls (PBBs), which are also a
mixture of chemicals. have heen quite different. In 1970 a chemical company
in Michigan manufactured polybrominated biphenyls as flame retardants. The
same company also produced magnesium oxide. a chemical commonly mixed

HUMAN HEALTH EFFECTS OF PCBs & PBBs 89

into feed for livestock. The flame retardant was called Firemaster and the
magnesium oxide, Nutrimaster. In 1973 some bags of Firemaster were
accidentally sold as Nutrimaster and mixed into animal feed. This resulted in
widespread contamination in the state of Michigan (14). Since 1974 PBBs
have noi been produced in the United States, At the time of the exposure little
was known about the toxic effects of PBBs. Ten years after the Michigan
residents were exposed, no clinical illness has been causally linked 1o PBB
exposurc in this group, although chloracne was apparently noted in some
workers who manufactured PBB.

HUMAN EXPOSURE

Because PCBs are ubiquitous and very persistent in the environment, humans
have been and will continue 10 be exposed to them, particularly in in-
dustrialized countries. PCBs may be inhaled in small amounts through the air
or ingested through food. In the United States today, people are primarily
exposed to PCBs by consuming fish from contaminated waters (9). In the
past, some farm families were exposed to PCBs from dairy products; these
PCBs originated from coating material used in the inside of silos (15). In
addition, workers who repair transformers and workers who handle toxic
wasltes may also be exposed (16).

The PCB products that were manufactured by Monsanto in the United
Siates had the trade name “Aroclor.” The particular kind of Aroclor is
identified by a four-digil number. The first two digiis refer to the 12 carbon
atoms, and the second two refer to the percent, by weight, of chlorine in the
mixture. Thus, Aroclor 1254 contains about 54% chlorine, and Aroclor 1260,
about 60% chlorine.

The compasition of this mixture of chemicals, with different properties,
changes once it gets into the environment and into organisms. Some com-
ponents of the mixture are more casily degraded in the environment than
others. As a result the PCBs identified in the environment resemble Aroclor
1254 but are not identical to it. Similarly, the PCB mixiures found in humans
usually resemble Aroclor 1254 if exposure occurred primarily through the
environment. A different composition of the PCBs may be found in serum or
adipose tissue samples from occupationally exposed workers. For instance, if
the workers arc primarily exposed to Aroclor 1016 or Aroclor 1242, which
contain much less of the more highly chlorinated homologs. then their
gas-chromatographic patiemns resemble a combination of Aroclor 1016 or
1242 and Aroclor 1254. For this reason Smith et al (17), in evaluating
occupational exposurc, divided PCBs into high and low chlorinated
biphenyls. The gas-chromatographic pattern of the PCB mixture preseni in
humans can be used 10 determine whether the exposure occurred primarily
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through occupation or through the environment, or, in the case of occupation-
al situations, whether most of the exposure was recent or occurred many years
ago.

Although 93% of the US population cats fish, thc average annual per capita
consumption is small: 15 Ibs. per year (6. 7). If PCBs are to be quantitated in
fish, the edible portion rather than the whole fish must be examined. Because
of their lipophilicity, PCBs arc preferentially stored in the hepatopancreas of
the fish, giving eroncously high lcvels if the whole fish is analyzed. Sim-
ilarly, levels in cooked fish are lower (6).

Generally, PBBs are not found in the environment because they have had
less commercial use than PCBs. PBB contamination is essentially restricted to
Michigan’s lower peninsula. Most persons who lived in Michigan during the
1973-1974 period have low-level PBB body burdens (18). The greatest
degree of contamination occurred mainly in areas with contaminated farms;
this segment of the population still has appreciablc body burdens (19).

Since PBBs and PCBs are lipophilic, they are preferentially stored in
adipose tissue. They are also present, 1o a smaller extent, in serum and other
organs and in human milk. The concentration of these matenials in different
organs depends upon the lipid content of such organs, with the exception of
the brain where the concentration is lower than the lipid content would
indicate. PCBs and PBBs pass the placenta and are primarily excreted through
bile and milk. In addition to lipid content, the ratios between adipose tissue,
blood, and vital organs are influenced by exposure level, sex, age, length of
exposure, and also by whether exposure is cumrent. At very low con-
centrations an analytical imprecision influences the ratios much more than at
higher concentrations (19). Sincc human milk is relatively easy to obtain, it
has been used to monitor human exposure. Jensen (20) recently summarized
results of such monitoring studies. Average levels of PCBs below 2 ppm
(mg/kg) in milk fat have nommally been found, alihough women living in
heavily industrialized urban arcas may have higher levels, The fat concentra-
tion in human milk averages 2.6-4.5% (21). At 2% fat, 1 liter (1) of milk
would contain 0.04 mg or 40 pg if the PCBs were present in milk fat al a
concentration of | ppm. If an infant weighed 5 kg and imbibed 750 m| of milk
per day. it would take in about 6 pg/kg. a dosc that exceeds the 1.5 pg/kg
dose calculated as acceptable by Cordle ct al (6). At 1% milk (at this dosec
would be reduced to 3 ug/kg. As the infant gains weight, the dose on a
kilogram body weight basis will be reduced to some cxient, however; milk is
the sole food source for only about six months. After the first week, the daily
milk intake is cstimated to be 150 mivkg body weight per day. This consump-
tion gradually falls after two months and dcclines to 120 ml/kg body weight at
four-to-six months. Finally, the amount of PCBs and other halogenated
organic chemicals declines with time. However, at low concentrations this
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may not be obvious because of continued exposure of the mother and the
variability of the analytical results. In addition to PCBs, human milk contains
trace amounts of many other persistent chemicals. Whether the infant’s
consumption of such chemicals has any adverse health effects is not known.

Most persons, particularly in industrialized countries, have had some cxpo-
sure to polychiorinated biphenyls even il they do not eat fish. The con-
centrations at which such exposure presents a risk are not clear. Recently,
Cordle et al (6, 7) calculated the dose of PCBs to people consuming fish from
Lake Michigan. They concluded that persons cating Lake Michigan fish
ingested an average of 46.5 mg of PCBs per year; this amount ranged from
14.17 10 114.3) mg/year/person. The calculated mean daily dose received by
the exposed group was 1.7 pg/kg/day and ranged from 0.09 10 3.94 pg/kg/
day. Thus, the average sports fisherman consuming contaminated fish would
receive a total PCB dose equal to 200 mg in about 4.3 ycars. No adverse
health effects or groups of symptoms clearly related to PCB exposure could be
identified in this exposed group. The presence of PCBs in the exposed persons
has not caused any observable adverse health effects similar to those observed
in the Yusho population (see below). However, this finding does not exclude
the possibility that the effects are too subtle for detection or that they require
long-term observation.

Similarly, in Michigan an analysis of 1,075 human milk samples showed
that all contained PCB residues and that the residues ranged from trace
amounts to 5 ppm (mg/kg) based on fat level. The public health significance
of PCB residues in human breast milk and their effects on breast-fed infants
are unclear. Since there are no human data on which to base public health
policy, risk predictions for PCBs have been based on results from animal
studies, particularly the positive bioassay studics. Reviewing these daia,
Cardle et al (6, 7) concluded that a 2-ppm (mg/kg) tolerance for PCB in fish
be established, since a 1-ppm (mg/kg) tolerance docs not greaily reduce the
estimated risk,

As previously mentioned, some of the isomers of the PCBs and PBBs are
much more easily degraded or metabolized. Because they can be metabolized,
they are more easily excreted. Others may be retained in the body for long
periods; in general, the PBBs appear to be more persistent in human tissues
than the PCBs (19, 22).

POLYCHLORINATED BIPHENYLS

Background

When PCBs were first used industrially some workers developed chloracne.
Results of early animal studies seemed 10 suggesi that PCBs might have some
toxic effects on the liver. Beyond that observation no information was avail-
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able. Because PCBs were so inert chemically, they were not considered to
causc a great deal of toxicity. In 1968 a poisoning outbreak occurred in Japan
(23) that affected over 1,000 persons. These individuals had purchased rice
oil, in large drums, from a single source and had used this rice oil for cooking.
Chloracne was one of the leading signs in those who became ill. It was soon
discovered that PCBs had been used as a heat-exchange fluid in the factory
where the rice oil originated. PCBs had leaked out of the columns in which
they were contained into the rice oil when the rice oil was heated. Since the
disease was caused by ingesting contaminated rice oil, it was called Yusho
(rice-oil discase). When the outbreak first occurred, its association with
exposure to PCBs was not clear. At that time the capabilities for measuring
these types of chemicals in tissues and body Muids were limited, particularly
in Japan. Therefore, carly in the investigation total chlorine, rather than
PCBs, was measured. Retrospectively delermining the precise dose these
patients received is difficult. Whether the consumed oil was uniformly con-
taminated is also not clear. llowever, a relationship between the amount of
rice oil ingested and some symptoms could be established (24). Because of
this poisoning ouibreak and other environmenial problems, animal studies
were started in Japan, in the United Staies, and in other countries to elucidate
the toxic effects of PCBs. These data are summarized in several detailed
reviews (16, 25, 26).

Animal Studies

This article addresses primarily the human health effects of PCBs and PBBs.
Therefore we highlight only recent results from animal studies that might give
a better undersianding of implemented public healih policies and potential

human health effects. One of the difficulties in using animal data 1o predict -

human health effecis for PCBs and rclated compounds is that animal species
vary greatly in their responses. Further, many of the animal studies use
relatively high doses. Therefore, determining how such animal siudics relate
to the human situation Is difficult. Some animal specics, such as the subhu-
man primates, the guinca pig, and the mink, are much more sensitive to 1he
1oxic effects of PCBs than the ral or the mouse; also the lypes of toxic effects
and morphological changes in the organs of different species vary.

Most animal studies conducted during the 19705 used mixtures of PCBs. In
general, PCBs were found to affect reproduction and the immune response,
and to cause liver tumors in rodenis (16). When different mixtures of PCBs
were studicd, however, the results were inconsistent. For instance, the mix-
ture Aroclor 1254 affects reproduction in rats at much lower doses than does

- Aroclor 1260 (27).

More recently some of the isomers of the PCB mixture were found to be
much more toxic than others (28-32). The more toxic isomers constitute only

R
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a very small portion of the mixture, particularly those with less chlorine by
weight, such as Aroclor 1242 or Aroclor 1016. Recently, Schacffer et al (33)
found that a German PCB mixture—Clophen A-30, with an average composi-
tion of 1% monochlorobiphenyl, 20.7% dichlorobiphenyl, 57.4% trichio-
robiphenyl, 17.3% tetrachlorobiphenyl, 1.8% pcntachlorobiphenyl, 1.0%
hexachlorobiphenyl, 0.6% heptachlorobiphenyl, and 0.1% octachlor-
obiphenyl—produced a 3% incidence of hepatocellular carcinoma, whereas
Clophen A-60 produced a 61% incidence of hepatocellular carcinoma in
Wistar rats. The incidence of the discase in the controls was 2%. The Clophen
A-60 had an average composition of 0.2% monochlorobiphenyl, 1.1% di-
chlorobiphenyl, 2.2% trichlorobiphenyl, 3.1% tetrachlorobiphenyl. 19.8%
pentachlorobiphenyl, 43.2%  hexachlorobiphenyl, 25.3%  heptachlor-
obiphenyl, 4.7% octachlorobiphenyl, and 0.3% nonachlorobiphenyl. Sim-
ilarly, Norback & Weltman (34) and Kimbrough et al (35) were able to
produce hepatocellular carcinomas in rats with Aroclor 1260, the more highly
chlorinated Monsanto product.

When Aroclor 1254 was fed to rats, fewer liver tumors developed in
exposed rats (36); however, the incidence of gastric intestinal metaplasia and
adenocarcinoma of the stomach increased (37, 38). Whether PCB fractions
without hexachlorobiphenyls, heptachlorobiphenyls, and ociachlorobiphenyls
produce hepatocellular carcinomas in rodents should be explored.

Particularly in the United States, mixtures such as Aroclor 1242, 1254, and
1016 were used more than Aroclor 1260. Because of these differences in
potency, the PCBs in heavily contaminated areas of our environment should
be characterized according to their isomeric \composmon For instance,
whether the PCBs in Lake Michigan are of the| samec composition as those
found in New Bedford Harbor, Massachusetts, 'is not clear.

Aside from tumor formation, PCBs cause al variety of other biological
effects, such as the induction of enzymes (39): In some species they may
cause atrophy of the thymus, intrahepatic bile duci hyperplasia, hyperplasia of
the epithelial lining of the urinary bladder, atrophy of the sebaceous glands,
and hyperkeratosis of the ducts (40). Some isomers are felotoxic, and some
produce metaplasia of the sebaccous glands, nmlbcds. ameloblasts, thymus
corpuscles and gastric mucosa (28, 41). Subhuman primates, mink, and
guinea pigs are particularly sensitive to the lo:uc cffecis of PCBs; other
specics, such as the rat, the mouse, and the dog. can tolerate much higher
doscs. From empirical observations, humans nlso appear to be less sensitive
to the toxic effects of PCBs. The ability to storc these chemicals in adipose
tissue may be protective. Generally, the subhuman primates and mink have
less adipose tissue than humans. Animals with grealcr abilijy to store vitamin
A on a quantitative basis, such as the hamster and the rat, arc somewhat less
susceplible to the toxic effects of thesc types of compounds (42). The
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mechanism by which these types of chemicals alfect hepatic retinoids is not
clear. Apparently, the duration of the reduction of hepatic retinoids docs not

corrclate with the induced aryl hydrocarbon hydronylase (AHHH) activity (43). .

Body Burdens

Many investigators have reported PCBs in human tissues (44, 45). In the
United States, according to data from the Centers for Disease Control (CDC),
mean PCB serum lcvels are about 5-7 ng/ml (pbb), although some patients
may have higher serum levels without any documented unusual exposure.
These data were also summarized by Kreiss (46). Levels in adipose tissue and
in human milk fat are 100-200 times as high, since PCBs arc highly lipid
soluble (20). Mes et al (47) reported that PCB levels in adipose tissue of
accident victims ranged from 0.9-9.4 mg/kg. '

Sahl et al (48) surveyed PCB blood levels in 738 pre-employed and 1,058
currently employed workers of a utility company. The median blood level
before employment was 4 mg/l and the range, 1-37 mg/1. These levels were
quite similar to those in the currently employed group.

Patients who died of cancer in Denmark had somewhat higher levels of
PCBs in their adipose tissue (49). Since terminal cancer patients have usually
lost a great deal of weight, bioconcentration may have occurred. Similarly, in
patients with highly impaired liver function, tissue concentrations of xenobsi-
olics may be slightly higher than those in healthy persons. However, levels
remained higher if parameters such as weight, height, occupation, and resi-
dence were considered (50), whereas levels of PCBs in breast fai iissue from
paticnts with breast cancer were similar to those of controls (51).

Furthermore, Lawton ¢t al (52) demonstrated shat random errors and
Interlaboratory variations in procedure and methods of dala reporting can
influence serum and adipose PCB levels. Unless an interlaboratory quality-
control system is set up, measured levels between laboratories are not neces-
sarily comparable. For instance, Lawton et al (52) found that the results of
repeated analyses on scrum samples of known composition showed the 95%
prediction interval for an individual measurement (o be about * 42%. This
interval depends on the method of extraction, the procedure uscd, and the
means of quantilation.

Summary of Human Epidemiology Studies

Recently, investigators studied the predominantly black popuiation of Triana,
a small rural town in the southem United States (53). This population was
excessively exposed to DDT residues by consuming contaminated fish. The
residents also had PCB body burdens. Fish consumption correlated positively
with PCB blood levels; no other source of PCB exposure could be established.
These researchers noted that PCB serum levels increased with age and that
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levels were lower in females of cach age group. Similar findings were made
for DDT residues. The serum cholesterol level was positively associated with
the log PCB level, independent of age, sex, fish consumption, body-mass
index, and alcohol consumption. Rates of borderline and definite hyperten-
sion for study parnticipants were 30% higher than those expected on the basis
of national rates (54). Log PCB secrum values contributed significantly to
explaining the variability of log systolic and diastolic blood pressure in
multiple regression analysis (55). Median total cholesterol levels of in-
dividuals in the United States increase with age from about 150 to 160 mg/d!
at age 20 to over 200 mg/d| at age 50. PCBs in blood are influenced by serum
lipid content, and populations with inherently lower total serum cholesterol
levels appear to have a different PCB scrum to adipose tissue ratio. The
age-associated increase in blood PCB levels could be related to the long
half-life of some PCB isomers that are prefcrentially retained in mammals
(29); as long as exposure conlinues, a truc stcady state between intake and
excretion is never reached. Other variables affecting body burdens may be
differences in metabolism with age. In the Triana studies, the blood levels of
total DDT residues also increased with age, and others have made similar
observations (56, 57). Lawton et al (58) studied workers who had been
exposed lo ciectrical-grade Aroclor 1016, 1242, and/or 1254; the study
covered the period from before the workers were exposed to two years after
PCB exposure ceased. Serum levels for the lower chlorinated PCBs in 1977
ranged from 57-2270 ppb and in 1979, from 12-392 ppb; for the higher
chlorinaied PCBs serum levels ranged from 6142 ppb in 1977 and from
4-108 ppb in 1979. These findings again illustraie the preferential excretion
of lower chlorinated PCB. Lawton et al (58) also found thai cholesterol levels
comrelated with log serum PCBs. Similar associations with log serum PCBa
were found (or log gamma glutamyl transpeptidase (GGTP) and, in some
cases, for log alaninc aminotransferase. When the PCB concentrations were
expresased as levels in serum lipids. all the associations between serum lipids
or enzymes and log serum PCBs disappeared except for those between log
GGTP and log PCBs. Similarly, Chase ct al (59) found no significant
correlation between cither serum triglycerides or sminotransferases and the
PCB levels in adipose tissue. How age and length of exposure affect these
parameters is not adequately explained in the article. Finally, Akagi &
Okumura (60) were not able to confirm a positive association between PCB
blood levels and elevated blood pressure in Yusho patients.

Thus, as Brown (61) has suggested, the positive association between PCB
serum levels and elevated triglycerides and serum cholesterol can be ex-
plaincd by the increased solubility of PCB in serum with higher lipid content.

In several cross-sectional studies of exposed workers, only minor
abnormalities not necessarily related to PCB exposure have been detecied
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(62-66). In cross-sectional studies, however, the ability to evaluate chronic
“health effects is limited. In scveral studies, a positive associalion between
results of one liver function test—the test for y-glutamyltranspeptidase—and
PCB blood levels has been found. Kimbrough (67) has summarized carlier
studies on the health effects of PCBs observed in workers.

In 1930 and 1940, chloracne, a disfiguring skin discase, was reported
among workers exposed to PCBs. One of the clinical fcatures of chloracne is
the chloracne cyst, which is skin colored and measures from 1-10 mm in
diameter, wilh a central opening. The other dominant icsion is the comedo.
The skin lesions may only involve the face, but many also extend to other
parts of the body. Microscopic examination of human skin biopsics {rom
chloracne cases shows markedly dilated hair follicles filled with keratin. The
sebaccous glands involute partially or completely. The cpithelial cells lining
the hair follicles and the adjacent surface epithelium proliferate, and acantho-
sis is present. In old lesions, the epithelial lining of the greatly dilated hair
follicles becomes atrophic.

Jones & Alden (68) examined 17 of 23 workers engaged in the production
of PCBs. The workers had chloracne involving the lace, genitalia, trunk, and
extremities. Before the outbreak of chloracne in the plant, the clectrical
property of the PCBs had fallen below specifications, and the color had
deepened. In the report, symptoms of illness were extensively described for
the first worker who was diagnosed as having chloracne. This worker com-
plained of lassitude, loss of appetite, and loss of libide. Over the years, other
cases of chloracne following exposure to PCBs have been reported. Most of
these involved exposure to vapors that developed when PCBs were heated
(69).

Al limes, the skin rashes that developed in workers were accompanicd by
pruritus. Some workers also complained of burning of the cyes, nose, and
throat; dry throat; nauses; and dizziness. Mcigs et al (70) reported chloracne
in workers who had been exposed to PCB vapors for 5-14 months. The
concentration of PCBs in the workers’ breathing zone was 0.1 mg/m’.
Evidence of slight liver injury was also present. Ouw et al (71) found air
levels in a capacitor plant that ranged from 0.32-1.44 mg/m?® Aroclor 1242
(PCB). Here workers complained of buming eyes, face, and skin in general,
and persistent body odor. One worker suffered from chloracne, five com-
plained of eczematous rashes, and a few had abnormal liver function tests.
These workers had a mean PCB blood level of about 400 ppb (ug/kg). In most
studies of workers with chloracne, evidence of liver injury was also found; in
one study, workers who did not have chioracne were found to have abnormal
liver funclion (69).

PCBs also affect the liver by inducing mixed-function oxidases. Alvares el
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al (72) determined that in five workers occupationally exposed to Aroclor
1016—a PCB mixturc primarily composed of dichlorobiphenyls, trichlor-
obiphenyls, tetrachlorobiphenyls, and pentachlorobiphenyls—plasma anti-
pyrine half-life was significantly lower than that in matched controls, suggest-
ing the induction of mixed-function oxidases in the liver. Thesc workers had
been exposed to Aroclor 1016 for at least two years and had no obvious
symptoms of PCB poisoning.

Other health effects are eye and upper respiratory irritation. Warshaw et al
(65) studied a group of 326 workers in a capacitor plant with a mecan
cmployment of more than 15 years and mean employce ages of 41.1 years for
males and 47.3 years for females. Work-related cye or upper respiratory
irritation was reported by 48% of the workers, and 10% had experienced
tightness in the chest. Spirometric studies were conducted on 309 workers; 66
of them were dropped from the study because they had been exposed to falc,
textile dust, or asbestos. Thus, 243 men were available for analysis. In males,
there were about twice as many smokers and exsmokers as nonsmokers. In
females, the proportion of nonsmokers was higher. Thirty-four of the workers
(14%) had a reduced vital capacity, and 27 of these demonstrated a restrictive
pattern of impairment. Because of additional variables such as smoking and
asbestos exposure, these findings are difficult to interpret.

Taylor et al (73), in an attempt to determine whether the fetus would be
affected in capacitor workers, examined pregnancy outcome and birth weigh,
and found that the gestation period was reduced by onc week. The infants
weighed slightly less than the controls: this finding could be explained by the
reduccd gestation period. Smoking and alcohol consumption were not con-
trolled, however; furthermore, whether the socioeconomic status of this group
of women was similar to” that of the control group is not clear. Thus, until
other studies confirm these findings, they should be viewed with caution.

In several papers Jacobson and his associates rcported behavioral changes
and a reduced gestation period in associatinn with highcr fish intake or higher
intake of PCBs (9, 74-76). Furthermore, Jacobson et al (74) reported that
intrauterine PCB exposure may have a delayed elfect on central nervous
system functioning. Since genctic makeup. the mother’s lifestyle, and acute
illness also affect these parameters, these findings are difficult to interpret.
Furthermore, many other chemicals are also excreted in human milk (20).
Rogan & Gladen (17), for instance, found that mothers with high levels of
DDE |1.1'-(2,2-dichlorocthenylidene)-bis-4-chlorobenzene] in their milk
tended to wean their infants earlier, as they did not thrive. Apparenily, PCB
levels in milk were higher in older women, women who drank alcohol
regularly, and primiparas (78).

Whether high levels of DDE affect lactation is not clcar. In animals, DDT
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homologs, but not specifically DDE, have been shown to have estrogenic
effects (79). Before these findings can be clarified, additional studies must be
done.

No conclusive evidence thus far reporied shows that occupational exposure
to PCBs causes an increased incidence of cancer. Bahn et al (80) reported
results of a preliminary study of a group of 51 research and development
cmployces and 41 refinery plant employces at a New Jersey petrochemical
facility. Between 1949 and 1957 these workers had been exposed to Aroclor
1254. Three meclanomas and two carcinomas of the pancreas were found. This
incidence was significantly higher than expecied. Exposure 1o other chemicals
also occurred, however, and the cohort was small.

Brown & Jones (81) conducted a retrospective mortality study of 2,567
workers in \wo capacitor plants. The relatively few deaths (163) severely
limited 1he statistical power of the study, and the average follow-up was only
IS years, whereas latency periods of 20-30 ycars are not uncommon for
cancer. Over 50% of 1he sample had exposure 10 PCBs for two years or less.
Deaths from liver cancer, cirvhosis of the liver, and rectal cancer were slighily
higher than expected. but not significanily for both sites comhined. The
observed increase for cancer of the rectum was statistically significant among
females al onc of the planis. In a follow up study (82) no additional cancers of
the rectum were noted, and the standardized mortality ratio (SMR) dropped
from 336 to 21 1. However, two additional cancers of the liver and biliary tract
were observed, bringing the total of these tumors to five as reported on the
dcath ceniificates. However, a review of the medical records raises questions
about at least onc of these wmors.

Bertazzi et al (83) reviewed the montality of 290 males and 1.020 females
who had worked for six months or more in capacitor production. Males had a
statistically significant increased number of deaths from all ncoplasms. When
deaths were analyzed by organ sysiem, deaths from ncoplasms of ihe di-
gestive system, the peritoncum, and the lymphatic and hematopoiciic tissues
were higher. Among females, all causes of deaths were significantly elevated.
The actual numbers in this study, however, were small.

Yusho and Yucheng

Two outbreaks of poisoning have been reported 1hat followed the ingesiion of
rice oil contaminated with polychlorinated dibenzofurans, biphenyls, and
quaierphenyls (PCQs). The firsi outbreak occurred in Japan in the summer of
1968 and the second outbreak. in Taiwan in 1979. lronically, the outbreak in
Taiwan repeaied what had occurred 10 years carlier in Japan. Many siudies of
these (wo oulbreaks have been published in Japanese or Chinese. In 1984
some of the information in these reporis was published in Engiish in the
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American Journal of Industrial Medicine 5:1-153; the information is also
summarized in volumes 59 and 60 of Environmental Health Perspectives.

In Japan and Taiwan the discase was first recognized because chloracne
developed in the affected patients (84). In Japan, members of all of the
affected households had purchased rice oil from a specific company, and the
toxic rice oil produced or shipped on February S and 6 of 1968 contained large
amounts of Kanechlor 400, a brand of PCB with a chlorinc content of 48%.
At the time of the outbreak, no analytical methods specific for PCBs were
available in Japan; the concentration of Kanechlor 400 in the oil was therefore
estimaied from the organic chlorine conient to be 2,000-3,000 ppm. Kanech-
lor 400 had been used for heating the rice oil in a metal container at over
200°C, at a reduccd pressure of 344 mm llg, to remove odorous maicrial
from it. Kanechlor (K) must have lcaked from the heating pipe into the
processed oil, but the actual mechanism of the contamination has apparenmily
not been determined. The reanalysis of the K-rice oil, once the methods were
developed, showed that some of the oil samples contained 1,000 ppm (mg/kg)
PCB. This concentration was much lower than had originally been cstimated.
Thercfore, other chlorine-containing compounds were assumed to be in the
oil. and additional samples were analyzed. The oil was found to contain an
average of 5-ppm polychlorinaled dibenzofurans (85). According to Buser et
al (86). the Yusho oil contained more than 40 polychlorinaied dibenzofuran
isomers, including the highly toxic 2,3,7,8-tetrachlorodibenzofuran (TCDF)
and 2.3.4,7.8-pentachlorodibenzofuran (PCDF). In addition, the oil con-
tained PCQs at a concentration of 866 ppm (87, 88).

According to cstimates made by Kuratsune (89), the total amount of PCB,
PCDF, and PCQs consumed by the palients was, on the average, 633 mg of
PCB, 3.4 mg of PCDF, and 596 mg of PCQ. This calculaics 1o roughly 157
pe/kg body weighvd. PCB, 0.9 ug/kg body weightd. PCDF, and 148 ug/kg
body weightd. PCQ. At this dose the lengih of the latent period between
exposure and onsct of clinical illness was roughly 71 days, with a range from
20 to 190 days. Some of the oil the patients consumed may have containcd
higher or lawer levels because in such siluations contaminalion is usually nol
uniform. Furthermore, the patients consumed different amounis of con-
taminated rice oil. The severity of symptoms was positively associated with
the amount of contaminated rice oil consumed (24).

Early in the outbreak the paticnts had chloracne, dark-brown pigmentation
of the nails, itching, pigmentation of the skin, swelling of the limbs, pig-
mented mucous membranes, eye discharge, hyperemic conjunctivac, jaun-
dice. swelling of the upper cyelids, a feeling of weakness, numbness of the
limbs, and fever. Over 1,000 people were affected. Thirty-six babics showed
feral PCB syndrome, which consists primarily of a dark-brown pigmentation
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of the skin (Cola babics). The cutancous pigmentation was caused by an
increase in melanin pigment in the epidermis (90). The mucous membranes
were also pigmented. In all cases, the pigmeniation disappeared by the time
the babies were between two and five months old. In affected infants, the face
was edematous, and spolly calcifications were noliced in the parictal and
accipital areas of the skull. In a few of the infanis, the teeth had enupted al
birth. Subsequently, the adult patienis with clinical discase complained of
having to expeclorate a great deal and, on ausculiation. wheezing was noted;
however, on examination, there was no evidence of bronchial asthma or
pulmonary emphysema. In many of these patients, the respiratory symploms
have persisled. and the patients have chronically infected airways. In the early
1970s, some changes were noled in the patients’ serum immunoglobulin
levels, but the levels retumed to normal. Over time the severity and the extent
of the skin lesions improved considerably in the exposed population. Fificen
years afier the accident, only a very few patients had exiensive chloracne
on.

About five years after the outbreak of Yusho, tissue and body Nuids of
Yusho patients were analyzed for various congeners of PCB and PCDF. At
this time, the PCB levels in adipose lissue were 1.9 * 1.4 ppm (mg/kg). In
the liver they were 0.08 * 0.06 ppm and in blood, 6.7 * 5.3 ppb (ug/kg).
thus, they were not very different from levels in the general population in
Japan. On the other hand, the isomeric distribution for the PCBs in the Yusho
patients varied from that in the control population in the same area (92).
About 40 PCDF congeners were ideniified in the rice oil that the Yusho
paticats ingesied. Only some PCDF congeners were retained in the body for a
long time; they included 2,3,6,8-TCDF, 2,3,7,8-TCDF, 1,2.4,7,8-PCDF,
2.3.4,7,8-PCDF, and 1,2,3,4,7.8-hexachlorinaled dibenzofurans. Since
these congeners do not have free adjacent carbon atoms, they are not as easily
metabolized and excreted. More of the 2,3,4.7.8-PCDF than the other iso-
mers was relained in the patients’ tissucs. In the five patients studied. the
concentration of this isomer ranged from 6.9 ppb (ug/kg) in a specimen
oblained in 1969 to 0.1 ppb (ug/kg) in a specimen collected in 1977.
Measurable concentrations of TCDFs were only detected in the earlier years.
Although not the most loxic isomer, the 2,3,4,7,8-PCDF caused mixed-
function oxidase induction at a dose of 1 ug/kg in rats, and atrophy of the
thymus, suggesling toxicity at a very low dosage level. Thus, the clinical
manifestations obscrved in these patients were primarily caused by the
PCDFs, specifically by the more toxic isomers.

In the Yucheng cpisode. it was never determined with centainty how the
rice oil was contaminated (93). In 1979 a school for blind persons informed a
local health burcau in Taichung County that a strange disease characierized by
an acnelike skin eruption had been occurring frequently among students and
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staff since the end of March. At the same lime, 85 of 150 workers in a nearby
plastic shoe factory had the same symploms. Later that year, this outbreak
was also reported to a local health bureau. Victims in both outbreaks had
consumed the same brand of cooking rice oit, which had been manufactured
by the same company and which had been purchased in the same store. For
this reason the rice oil was the prime suspect in the oulbreak. In additional
reports of outbreaks in other companies and in the general population, all
viclims had consumed the same type of C-rice oil.

Finally, because the discase resembled the Yusho discase in Japan, samples
of C-rice oil and patients’ blood were analyzed in Japan and were found to
contain cither a Kanechlor-400 or a Kanechlor-500 mixture at concentrations
as high as 65 and 108 ppm (mg/kg). respectively. Over 2,000 patients were
finally identificd as having been poisoned by comtaminated rice oil. Oil
samples collecled from other outbreaks contained PCBs at concentrations of
31-300 ppm (mg/kg). Retrospective studies detesmined that the period of
PCB intake ranged from 3 1o 9 months. The average total intake for each
person varied from 0.77 to 1.8 mg of PCB. Within the first year of the
outbreak, the blood levels of PCB in 13 paiients ranged from 3 ppb to 1,156
ppb. Most of the patients had blood levels between |1 and 150 ppb (ug/kg).
The symptoms obscrved in these palienis were quite similar to those already
described for the patients in the 1968 Yusho outbreak in Japan.

The rice oil was not only conlaminated with PCBs but also with PCDFs and
polychlorinated qualerphenyls. It comained the same major componenis of
PCDFs obscrved in the rice oil in Japan—namely, 2,3.4.6,7-PCDF and
2,3,4.7.8-PCDF. Relatively high concentraiions of 2,3,4,5.3',4'-hexachlo-
robiphenyl were found in the blood and adiposc tissue of the Yucheng
patients. This particular PCB isomer is biologically quite active, and the
concentration of 2,3,4,3'4'-pentachlorobipheny! was also clevaied in these
patients. Furthcrmore. as in the Yusho paiients, the concentration of 2,3,7,8-
TCDF was comparatively low (92). Chen et al (94) analyzed additional
samples of the oil, blood, and adipose tissue of the Yucheng patients. These
investigators identificd several TCDF and PCDF isomers. Apparcntly,
2.3.7.8-TCDF was only a minor component in the oil: the major component
was 2,1,4,8-TCDF. One of the major furans in the toxic oil was 2,3,4,7.8-
PCDF.

The concentrations of the PCDFs in different oil samples ranged from 0.2
to 1.68 ppm. Polychlorinated quaterphenyls were present in concenlralions
ranging from 25 10 53 ppm (mg/kg). Overall, the concentrations of PCDFs
and PCQs were lower in these oil samples than in the oil samples that had
caused the Yusho outbreak. Wheiher these oil samples were representative is
not really known. The 3,4,3'4’-teirachlorobiphenyl was also identified in the
oil that caused Yucheng disease in Taiwan. This isomer is considered lo be
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the most toxic PCB isomer present in commercial PCB preparations (93); it
was present at a concentration of about 1%. Most other commercial PCB
preparations, such as the Aroclors, in the United States have not been shown
to contain this particular isomer.

In addition to the cpidemiological studies, some disease-specific in-
vestigations were also conducted. The blood pressure of the Yucheng and
Yusho patients was not affected (60). Although some of the paticnts in the
Yusho cohort have dicd of cancer (90), the number has been small; because
the latency period may be long, the population should be followed for a longer
period to determine whether the cancer incidence will increase.

Although PCBs and related compounds are known (0 affect reproduction in
animals, and although they affected some fetuses and neonates in the Yusho
and Yucheng episodes, the information on reproduction and fetal toxicity in
general is very limited. In one such study, Hara (96) examined women
working in a capacitor plant who also nursed their infants and who themselves
had mild chloracne and erythema of the skin. The human milk of some of
these women contained, on a whole milk basis, PCB levels 1hat ranged from
below 50 ppb (ngrkg) to about 400 ppb (ug/kg). Forty children of these
mothers were followed for a five-year period. Some children were found to
have “decayed™ nails, gingival pigmentation, mottled enamel. and dental
carics. No relationships between these changes or symptoms to PCB blood
levels, however, were observed. The general population in the United States
and other countrics also has body burdens of PCBs, PCDFs, and polychlorin-
ated dibenzodioxins (97, 98). However, these background concentrations—
particularly for the biologically active isomers—are far lower than they were
in the Yusho and Yucheng patients, even scveral years after exposure.

Chang et al {99) examined the delayed immune response in 30 Yucheng
patients and compared their responses with those of 50 controls. The mean
age of paticnts in both groups was about 14 years. The authors injected a
solution of streptokinase and strepiodomase subcutaneously into the flexor
side of the forcarm. The response was read at 24 hours (hr) and again at 48 hr
after injection. Eighty percent of the controls had an induration of S mm or
more in diameter 24 or 48 hr after they were injected; only 43% of the
exposed group responded similarly. All of the poisoned patients had dermal

- lesions, and the percentage of patients with a positive response decreased with

increasing scverity of the skin lesions (chloracne). Furthermore, the degree of
the dermal lesions appeared to be associated with the whole blood PCB
concentrations. Patients with minor skin lesions that were classificd as grade
| appeared to have a normal skin response. The same authors found that
PCBs causcd a decreased concentration of IgA and IgM, but not of 1gG, in
serum.

Furthermore, the percentages of total T cells, active T cells, and T mu cells
decreased. whereas the percentage of B cells and T gainma cells were not
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affected (100). These two reporis are the first in which the effect on the
immune response was actually correlated with body burdens of PCBs and in
which only severcly poisoned patients showed this effect. This finding is
consistent with the findings from animal studics in which relatively high doses
of PCBs affected the immune respons¢ and also caused some other adverse
effects. o

In the Japancse and the Taiwanese Yusho and Yucheng poisoning out-
breaks, sensory neuropathy was reported in a number of patients for whom
nerve conduction velocities were measured (101, 102). The biood levels of
the various chemicals (PCBs, PCDFs, PCQs) were negatively correlated with
the lowered nerve conduction velocity, suggesting that these types of chemi-
cals affect nerve conduction velocity. (It is not quite clear why most in-
vestigators measure nerve conduction velocity to detect sensory ncuropathy.
Other tests that would measure the detection of vibration, touch, and tempera-
ture would be more useful from a clinical perspective.)

Scppalainen et al (103) examined 16 men working in a cardboard plant .who
were exposed to fumes that resulted from the explosion of 15 capacitors
containing Clophen A-30. The first PCB air concentrations, measured 5.5 hr
after the explosion, were 8,000 to 16,000 ug/m’® air. PCDFs were also
formed. The soot samples contained tetrachlorodibenzofuran up to 90 ug/g.
of which 6.5 pg/g was 2.3,7.8-tetrachlorodibenzofuran. In addition, mono-
chloropyrenes and dichloropyrenes were found. Most of the men had a
transient sensory ncuropathy in their lower extremities.

Chang et al (104) reported increased urinary 8-aminolevulinic aciq uropor-
phyrin excretion in 69 Yucheng patients over that of 20 controls. No informa-
tion on the patients’ clinical conditions or on how these findings related to
degree of exposure was given. No such observations have been reported from
Japan.

POLYBROMINATED BIPHENYLS

Since the (oxicity of PBBs both in laboratory animals and livestock was
recently reviewed (105), we do noi review it here in detail. In laboratory
animals, PBBs generally cause effects similar to those thai the PCBs cause.
They produce morphological changes in the liver, affect repm{!uctio:ll. and
promote biochemical changes, such as hepatic porphyria and induction qf
mixed-function oxidases. Teratogenic effects have also been noted. In addi-
tion, atrophy of the thymus has been reported, and hepatocellular catcinom,s
have been produced in both rats and mice. The overall findings reported in
animal studies arc similar to those that have been reported for PCBs.
Although ‘the PCB contamination of the environment is a more gc.:ncral
problem, the PBB contamination primarily affects certain arcas wnhm. lh'c
stute of Michigan. Most persons living within the lower peninsula of Michi-
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gan have had slight exposure, since the contamination resulted from dairy
products and since normal marketing channels for these products involved the
mixing of milk from many producers in relatively few processing facilities. in
addition, maost cull dairy catile are used for hamburgers and processed meat
producis that would also receive wide distribution. Thus, the marketing
system diluted the degree of exposure for the individual; however, it increased
the number of those exposed. In 1978, the distribution of PBBs was com-
prehensively studied in a probability sample of 1,738 persons. PBB levels in
serum were delermined, and 844 adipose tissue samples were also analyzed
for PBBs. PBBs were detecied in 97.3% of the adipose tissue samples, in
68% of the adult scrum samples, and in 72.7% of the serum samples from
children. The mean PBB concentration in adipose tissue was 400 ppb (peg/kg);
in serum it was 1.3 ppb (ug/kg) for adults and 1.8 ppb (u/gkg) for children.
The highest adipose tissue concentration was 37 ppm (mg/kg) (18). In addi-
tional studies, when cohonts of PBB-exposed residents of Michigan were
compared with residents of the state of Wisconsin, a higher prevalence of a
variety of symptoms and complaints was noted in the Michigan residents
(106). Simifarly, in comparative neurobehavioral studies, the Michigan pop-
ulation was found to be affected more than that in Wisconsin (107).

Since the (indings were not correlated with body burdens of PBB in any of
these studies, determining whether other factors may be responsible for these
differences is difficult. 1n 1976, the Michigan Department of Public licalth
established a cohort of farmers who had been exposed to varying con-
centrations of PBBs in their products and their environment. A total of 3,877
persons were enrolled. They included farm residents, direct recipients of farm
products, chemical workers and their familics, and a few persons who had
been originaily studied in a smaller previous siudy.

The serum PBB levels in this entire group ranged fram no detectable levels
to 1,900 ppb (peg/), with a mean of 21.2 ppb (ug/1) and a median of 3 ppb
(ug/l). Because of the wide range of exposure and because results could be
analyzed by regression analyses with exposure as a variable, a comparison
group for acute health effects was not included. This cohort was found to have
various symploms and conditions; however, these symptoms did not correlate
with PBB body burdens. Symptom prevalence rates were slightly higher in
persons with no detectahle PBBs in serum than in those with measurable
quantities. In all groups, including chemical workers and quarantined farm
residents, the highest prevalence rates were in persons with the lowest serum

PBB levels (22).

Similarly, in this study and in a previous immunologic study (108) no
dose-related depression of lymphocyte funclion in persons exposed to PBBs
could be demonstrated. All these findings suggest that there may be no causal
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relationship between the abnormal lymphocyte functions observed in some
persons or the prevalence of other symptoms and exposure to PBBs. This
cohort of Michigan residents is still being followed by the Michigan Depart-
ment of Health in collaboration with the Centers for Discase Control. Several
studies of subgroups of this population and surveys for chronic heaith effects
have been conducted since the cohort was first assembled (109, 19). When
serum and adipose lissue concentrations were compared, a significant correla-
tion was found. The serum : adipose tissue concentration ratios ranged from |
to 140 to | to 260 for pregnant women and male chemical workers, respec-
tively. Males from farms had a significantly different ratio of | to 325 t0 329.
Potential transplacental passage of PBBs was demonsirated, since they could
also be found in the fetus and newborn. Cord blood contained one-tenth of the
concentration found in the matemal serum, which indicated partial placental
passage. Human milk contained PBBs at 107-119 times the quantity found in
matemal serum. PBBs were also detected in bile and feces, which indicates
that these materials can be transferred into the intestinal tract. All of these
concentrations were measured long after the population bad (irst been exposed
to PBBs (19). Concentrations of PBBs observed in bile and feces were about
one half to seven-tenths of the serum levels and are probably about 0.5% of
the adipose,tissue levels. These findings indicate lhat PBBs are very slowly
excreted, which is consistent with the findings of Tuey & Matthews in rats
(110). The estimated half-life for PBB is 6.5 years.

More recently, two groups of Michigan residents—those with high PBB
serum levels and those with PBB serum levels around 1 ppb—were matched
for age, sex, and smoking. For both groups, various clinical laboratory tests
were conducted, blood pressure was measured, and height and weight were
determined. In this study, 83 panticipants had PBB serum levels of 50 ppb
(ng/1) or more. In the middle group, 83 had PBB levels of 549 ppb and 96
had PBB levels of 0—44 ppb (pg/l) in serum. Urinary porphyrins were also
mecasured in all of the panticipants. Thus far, the final results of this siudy
have not been reported. For most of the parameters studied—which included
serum glucose, triglycerides, high-density lipoproteins, various liver func-
tions, creatinine, uric acid, thyroid function, proteins, caicium and phospho-
rus in serum, and also measurement of various porphyrins—no differences of
clinical significance were found among differcnt groups (M. Barone, persomal
communication). (Note: Even though significantly more women in the high
PBB group used birth-control pills than women in the low PBB group, too
few were using them to affect urine porphyrin levels.) In none of a variety of
other studies conducted on this population as well as other groups in Michigan
did any findings indicate that exposure to PBB had impaircd the health of the
exposed group. All of these studies have been reviewed by Fries (103).

R
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Although this population was exposed during a 9-month period in 1973 and
1974, whether it will have chronic health effects is unknown. This particular
cohort needs to be followed for 30 10 40 years before the question of chronic
health effecis can be inlelligently addressed. Two problems with assessing
chronic health effects are that the cohort, in spite of its size, is still relatively
smal) and that the amount of exposure il has received varied widely. Although
some members of the group exposed lo PBBs have relatively high body
burdens, these burdens are still appreciably lower than those of rais in which
liver cancer developed.

In the study by Kimbrough el al (111), liver cancer developed in the rats
that reccived a dose of 1,000 mg/kg body weight. This dose for humans
would roughly translate inlo a dose of 70 grams per person. These amounls
are much greater than the estimated mean Iotal exposure per person. The
highest exposure was about 11.7 grams, and the mcan was 170 mg per
person. In rats given 200 mp/kg. a dose that for humans would be beiween 12
and 14 grams, only neoplasiic nodules developed in their livers: there was no
evidence of hepatocellular carcinomas. Of course, whether humans would be
more or less susceplible to the toxic effects of PBBs and whether their
response would be similar to that of rats is not known.

In conclusion, various toxic effects of PBBs and PCBs have been described
in laboratory animals. In humans. acute poisoning outhreaks have only
occurred following exposure to a combination of PCBs and PCDFs. When
humans werc exposed only 10 PCBs or PBBs. the only vbserved acute effects
have generally been minor. So far, no significant chronic health effects have
been causally associated with exposure to PCBs or PBBs.

Use of trade names is for ideniification only and dves not constitule
endorsement by the Public Health Service or the US Department of llealth
and Human Services.
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