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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 '12' 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 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 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 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
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seriously voiced. It insisted on Kkeeping an open mind about them. AS éoon
as evidence appeared that there was a strong chance PCBs were a hazard, it
published the results of its investigations, admitting the danger. It thus

established a reputation of honesty even among the environmentalists."

(Clutterbuck 1981).

At a later meeting in Bethesda, MD.S, 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 notea .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
Sbherman 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).
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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 feediﬁg 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 0.001
mg/kg/day which FDA later calculated as allowable for protracted ingéstion
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 S0 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 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 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 S 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 éutopsy 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 (19753,b,c) on lver 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 particular
Arocler, 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'mﬁls to hepatoma or cholangiohepatoma™ and "In the absence of
metastasis, invasiveness, severe basophilia, mitosés. 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". ~
-5 - . ° 0,30{\03
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With respect to Aroclor 1284, it was noted that "One liver tumor (a2 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 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 hf;pertrophy 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 procesées. 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;r pathologists diagnosed the presence of
mammary tumor metastases in the liver of this rat (Gordon and Richter,

1975b). 11
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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, 1234, 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. 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 vacuolar
changes and focal hypertrophy. Livers of some am‘ma.ls-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.

Apri 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 Protectmn 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,
S 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 cholangio-
hepatomas in the Gordon and Richter reports.
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11.
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Table 1

" Aroclor 1242: Primary Liver Lesions Among Albino Rats

a

Sacrifice Interval 3 Months 6 Months 12 Months Terminal

Diet Level (ppm) 6 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 0 0 0o 0 o 0 1 1 1 0
Focal lymphoid infiltration 0 0 o0 o 0 3 0 0 0o 06 1 o 1 0 o 0
Focal hypertrophy hepatocytes 0 0 o 0 0o 0 0 0 0 0 0 1 0 2 3 8
Nodular hyperplasia 0 o0 o 0 0 0 ‘0 0 0 0 o 0 1 1 1 8
Ductular hyperplasia 0 o0 0 1 0 0 o 0 1 0 1 0 5 3 3 3
. Hepatoma 0o 0 0 o 0o 0 0 o0 0o 0 0 o o o o 3b
Cholangiohepatoma 0 0 O 0 0 0 O 0 0 0 o 0 0 0 o 1€

® control group has animal dead at 19 months and 2 marked "Extra".
1 ppm group has 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".

i

b Includes 1 animal without record of examination in original IBT report. Not listed as hepatoma in worksheets for

Gordon and Richter report but appears and was crossed out on typed tabulation for animal marked "Extra",

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

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

]
H
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Diagnoses
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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 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

.Findingn
Vacuolar 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 o0 1 1 3 1 1
Focal lymphoid infiltration 60 0 o 1 0 o0 o 2 0 o0 2 1 1 2 0 1
Focal hypertrophy hepatocytes 0 0 o 1 o 0 0 4 0 0 4 2 0 3 &4 14
Nodular hyperplasia 0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 14
Ductular hyperplasia 0 o0 0 0 0O 0 o 0 1 1 1 0 5 6 3 4
. Hepatoma o 0 o0 o0 o 0 0 0 0 0o o0 o o o o 4
Cholangiohepatoma 0 0 0 0 0 o0 o0 0 0o 0 O 0 0 0 o 2€

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

1,100 ppm group has animals dead at 23, 23 months and 9 marked "Extra".

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

g
<J€ Both animals marked "Extra" with same designation. 1 without apparent record of examination for original IBT report.
Ea Diagnosis for other animal does not appear in records of examinations for original IBT report.

s . _

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

Sacrifice Interval 3 Honths 6 Honths 12 Months Terminal®

Diet Level (ppam) 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 0 0 4 o 1 o 19 o 0 0 0 o 1 4 3 6

- Focal lymphoid infiltration 0o o0 o 0 o 2 2 0 0 0 0 0 1 0 1 0
Focal hypertrophy hepatocytes 0 o0 o 2 6 o0 o 3 0 0 o0 4 0 3 13 9
Nodular hyperplasia ' 0 0 0 O 0 0 0 0 o 0 0 1 1 06 1 6
Ductular hyperplasia 0 o0 1 0 0 0 o 0 1 1 0 2 5 6 7 12
Hepatoma 0o 0 0 o 0 0 0 o 0 0 0 o o o 1° 708
Cholangiohepatoma 00 o0 o 6_0_0_ o0 0 0 o0 o0 0 0 o 48&h

8 Control group has animal dead at 19 monthe and 2 marked "Extra".

1 ppm group has animals dead at 20, 22, 22 months.
10 ppa 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 merked "Extra'.

€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar change columa.

4,Datc of death of this animal not recorded.
€ No yecord of examination for original IBT report. Listed on worksheets for Gordon and Richter report with diagnosis

o

f

crossed out,

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

reports.

C?K Includes one animal with both diagnoses. lHepatoma is 1 of 2 crossed out (superscript f).

t)h Includes 3 animals without record of examination for original IBT report. Diagnosis for other animal does not appear in

&
I

td

S

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

(2R R 7RG W]

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. Shceboctham, Woodard, Hall & Primm, 4700 Texas

Commerce Tower, Houston, Texas 77002;

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

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

Texas 77704;

Mr. John M. Jochnson, 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

5 DEPOSITION
i  EXHIBIT
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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 request 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 in 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;

L4
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6) The results of any IBT PCB test redone by or for
Monsanto Company;

-7 Any investigation 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 1includes 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,

030003 :
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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 whethér in draft or final form,
including copies bearing different markings or notations.

"pPCB" 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 1in 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. 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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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
BEAUMCONT DIVISION

DEPOSITION
EXHIBIT

SLevivs eas- ol
YIS RS

CECIL SCOTT, et al £5-27.37 wkK
Plaintiffs

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

MONSANTC COMPANY

P Y e )

Defendant

PLAINTIFES" NOTICE OF INTENTION
TO _TAKE ORAL DEPOSITION
AND SUBPCENA DUCES TECUM

TO: 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 BRank

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 givé 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 ths oral

deposition of the representative(s) designated by the

0NaCo7
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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 tecumn.

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

-2 010003
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with the documents produced at this deposition. You are

invited to attend and cross-examine.

Pursuant to Rules 30(b)(5S) 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 Therein 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 criminal
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 <criminal 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 termA"documents” means any
printed, tyﬁewritten 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

S
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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 Cak 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
Bloomingten, Indiana 47402
(812) 336-4840

ATTORNEYS FOR PLAINTIFFS,
CECIL SCOTT, ET AL.

0206211 .
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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 pessenger 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. Shoebctham
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

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

CECIL SCOTT, ET AL.

vVS. CIVIL ACTION NO.

B-84-1103-CA

% R W W W]

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 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 -

DEPOSITION
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

-2- Q10C13 =
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) 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 wused 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 wfiting 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 wused 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 -

an0Cls o
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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
(1) 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 or 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;

eN0CLG6
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b) urine analysis;

c) body weight;
d) feeding data;
- e) autopsy (procedures and results);
£) viscera;
g) 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, custody
or control of a witness or his agents, representatives or
employees, 1including without 1limitation, 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.

"BCB" 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
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REAUD, MORGAN & QUINN
909 Laurel Avenue
Beaumont, Texas 77701
{409%9) 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, Greenbergqg,

Hunt & Crawford, -
P. 0. Box 3708

- 0N0C10
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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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HEESD, MEEGEN @ GEINN

Telex via WUI: LAVYERS | Arswerdeck:
650 263 0717 909 Leuxre! HCI JBLANKS
(409) 838-9941 Beaumont, Texas 77701 MCI1D: 263 0717
May 13, 1987

Walter Crawford

WELLS, PEYTON, BEARD, ICEBERG, HUNT & CRAVTORD

624 Petroleum Building

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

In order to minimize the burden on you of compiying with Plaintiffs’

requests for item 8 on IBT related documents --- which requests first came
December 31, 1986, were renewed via 30(b)(6) notices April 3, 1987,and
most recently, April 29, 1987 --- I repeat my verbal agreement with you of -
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 Monsaato products.

I understand that IBT may have done as many as 650 separate studies for
Monsanto on some 55 products. I 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 IBT misconduct came to light. At this time, we do not insist on
having the 350 study validations. We do, however, want to know the results
of such validations, that is, whether or not the IBT studies were of were not
found to be valid, and if not, why not.

DEPOSITION
EXHIBIT
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As concerns this particular request --- reports about I1BT misconduct --- |
suspect that Monsanto has some summary reports about the tests, the
validations, independent investigations, internal IBT investigations, and even
governmental investigations or reports. | suggest that you start with the
reports presented to the highest leve! 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.

0n0C2<
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Monsanto

ro0u NamC & LOCITIOT.

George Roush, Jr., M. D. —%"—
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TO

September 17, 1975 « [y 7

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 Toxic 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 epidemioclogical studies. These require acquisition
of data on individual work assigmments 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 A7) Jr., M. D.

GR/1n

DEPOSITION
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OCtObﬁP 13" 1971 ce R- Ea Kally

@ M. N. Johnson
AROCLORY 1260 E. P. Wheeler
FI1EB

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 tumors in
rats fed AROCLOR 1260.

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

Ted them to undertake rat reproduction studies with

ARCCLOR 1254 (Lot AK38) and 1260 (Lot AK3). The materials
were odbtalned from Glasgow at FDA. Thelir primary findings
have been lesions in the liver, and Dr. Kimbrough plans to
present a paper on the liver lesions at the 1972 spring
meeting of the Society of Toxicology. In addition, she

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

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

is a carcinoma, others believe it 18 : hyperplasia.

Dr. Kimbrough stated tle t 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. Gaines,
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. Kimbrough.

Dr. Kimbrough said that they had observed porphyria in some rats
with both compounds. - She also indicated that they were contem-
plating doing a8 2 year leeding study with larger numbers of
rats to inveatigate the problem of bladder tumors. She 1is per-
plexed by the bladder tumora, and she is not emphasizing them
in her discusaions. However, she has mentioned her findlngs _
when PCB's have been discusaed at various interagency meetings.

hen.
Thif is apparrently how Weissburg learned abégt the (cont'd.)
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As a final note, Dr. Kimbrough expressed concern over
whather PCB's presented an additional hazard to the
employees who manufacture it. I told bere that because
of the chloracne and liver hazarda, thare had baen

N\ medical supervision of the employees. However, I would

> raise this point with Drs. Kelly and Johnson for their
- review, SR : -
eorge\lJ. levinskas

/bks
‘ \. ,, \! ¢ , ; \ .'
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" October 28, 1971

Dr. Moreno L. Keplinger

Industrial Bio-Teat Laboratories, Inc.
1810 Prontsge Road

Horthbrenit, Illinois 60062

re ArocLo 1260
Dear Kep:

I spoke with Dr. Renate Kimbrough of the EPA in Chamblee,
Georgla regarding our proposed visit to her to discuss
bladder pathology in rets fed this product. I indicated )
to her that we expected to have all of the avsilable bdlsdders
examined by the latter part of Hovember;,; and that we would
confirm a specific date tefcrehand. The express purpose of
the visit 18 to exchange information, 1.8., view the slides
she has, and let her see any slides that Don turns up which
Bay be of interest. This was agreeatle to her. S8he suggestad
that we might bring extra slides for referrsl to NCI, if we
8o desired,

After Don has finished his evaluation of the bladder sections,
and after you and he have had a change to review his schedule,
I would appreciate a ¢-uple’of dates that would be convenlent
for a trip to Chamblee so that I may schedule 8 visit there.

'mndca: personal regards,

George J. levinskas, Ph. D.
Hgr., Product Evaluation

GJL/tks

éc: Dr. Don Gordea
Hr. W. B. Pspageorge
Hr. B. P. Wheeler
5 DEPOSITION
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| DEC 11 137y
P.R.Johannzen - A2SC

Decezber 6, 1974 E. P, VWheeler - A2SA
W, B. Papazeorge - L2cK
AROCLOR 1254

e 7 % M Vi

In a recent lpncne conversation between Dr, R. Kimbrouch (CDO)
and G. J. Levinsiias, Dr. Ximbroush expressed the téllef that iHCI
had recently contracted out a c..rcino;anicity study involvinz
AROCLOR 1254, Conseaquently, I ==de a call to Dr. Sidney Sie _,el
at lICI. Dr., Siezel indicated that he had no knowledre of an
outside contract with ARCCLCR 1254 and furtaer stated he doubted
there was one, e did tell =2 that AROCLOR 1254 has been under
test at liCI in their blcassay operation prozrpa since Septexber

> 1972. He reported that the exverimental part of the study hod
-teen cozpleted es_of October, 1974. His expectations are that
the necessary histopatholcg:r"rlll‘be coapleted within the next

‘ 6 months, at which tire a meeting could be set up for discussio-x
—r“fﬁe test results.

/ A guick checz of the Aporil 3, 1978 14st of chemicals beinz testsgd
.under the lCI ecarcinogenesis prozram did not reveal that AROCLOR
1254 was on test., However, the NCI list does show

Co2664 BIPHENYL, CHLORO

‘a8 part of the prozram. If this i3 the study he is rerei' 3 to,
it could explain why we had not picked it up socner.

\ Ce @ .
fro. | Ol
JW .
TD M‘ L Frederick R. Johannsen ' .

/okp Oasfa& um&mwuoum&aéﬂ-“‘#«
_ ' At il ca kR tm thepptc
_ L W’/‘“"P““/ a;..r,/a/u/

3 WR R ¢
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OEPARTMENT OF HEALTH, TDUCATION, AMND WELFARE

PUBLIC HEALTH SERVICE

. CINTIR FOR DISTASL CONTROL
ATLANTA, GLORGIA 20333
; TRvaomg, o 435 321

Decamber 6, 1974

-~
- -

s (cme
. '!J.r

Dr. Gaorge Lavinskas

¥cosanto Industrial Chemicals Company
800 X, Lindbergh Boulsvard

st. Louls, Mlssouri 63166

Dear George!

1 sm enclosing a brisf outline of the experiment Arcclor 12-72-A

-

for your information. A copy of Bob Squires lsttsr is also enclosed.

Sincsrely yours,

Ranata D, Kisbrough, K.D.
Toxicology Branch

Enclosure

‘ SCH 02231,
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up to-our phone conversaticn yesterday, I aa . - ) ,
sending you copies of 'the -inforsation oan Arvelor 1260 study g s =:
; )

which was sent to.@e by Dr. Kimbrough. 7 You say find this .
informative in preparing for your subsequeat discussion i
N A P R

! 3““5-*\}-}'3’?;"13 PR Rk e . v . :
: schednle, would you . ‘ )

R
ERE AN

H’hcn & chance: to review your

kindly let as know what days may de convenient for & meeting, .- .

This probably will ba in the Washington arsa and I anticipate s - -

that you, Renats shrough, Bob Squires aad I will attend, - . -
G TG e T e R L T i AT, L e T e

“Lavinskas, PhD

 Kar., Environmental’ Assessaen ce
% . and Tovicology 2. -
e
-t _\'vf}
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NOT FOR PUBLICATION OR CIRCULATION

Aroclor 12-72-A

Aniaals

Randow bred female Sherman strain rats resred under specific

_ pathogen=free conditicns vere obtained from the ¥CDC animel farm
at lavrencevills, GCa.

Aroclor 1260
Aroclor 1260 (Lot number AX-3) was supplied by Monsanto Industrial

Chenicals Co., St. Louls, Ho,

Statistics

The students t-test vas used for comparing body veights and veight
gain,

--'.,_.i.‘:} Hethods

. Four hundred 21-26 dsy-old veanling female rats, weighisg 4897 g,
varg digtridutad {nto 2 groups of 200 animals each according to a tsble
of randcm numbars., Rach animal vas veighed and given an individual ear
tag number., The zminals vare housed 10 rats per cage. Tood and vater
vere provided ad lib{tum., Two hundred animals vers fed the control diet
of ground Purina laboratory chow; the test animals vere fed the sa=e
diet fortified with 100 ppm Aroclor 1250,

~ Aroclor 1260 vas incorporated into tha diet by dissolving 5.2 g in
: ethyl ether thea adding this to 100 g corn starch and allowing the ether
. to avaporate, The PCB-cornstarch mixturs vas dlended vith 345 g ground

[ chow, then pulverizad in s mortar and diluted vith additional ground

l chow in g bakers mixar to give & 1000 ppm concentrats. The concentrats

. . was further dilutad to obtain 50 kg of 100 ppm diet. The diet vas

i prepared every 10-14 days. Random samplas from the finsl mixes along
wvith samples of control chow vers taken at rsgular intervals to determine
PC3 levels {n ths control chow and to verify the 100 ppa fortificaticn
level., Ground laboratory chow vas also checksd st intervals for aflotoxin
at the districzoffices of the FPood and Drug Administration ia Rew Orlea:zs.

The c¢ombined body weight of rats in sach cags vas recorded veakly-
until the rats wvars 6 monchs old, bi-veekly until 12 months old, and
monthly thereafrer. Iandividual weights vers recorded only at the cnset
of tha experizent and at death or sscrifice. The animals vere cbserved

SCM  02281:
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Aroclor 12-72-A - Page 2

briefly each dsy and animals exhiditing dedil{tating signs or large
tumors vera rsmoved from the group cage and housed (ndividually. At
aach veighing the animals vere examined individuslly and adnormalitiss
notad. PFood consumption vas measured on all rats during the first two
vesks of the experiment, then during weeks 5, 8, 11 and 20 and avery

12 weaks cthersafter. Auntopsies were parformad om all rats that diad.
Rats that vere sacrificsd wers killed undar sther snesthesia by severing
the vena cava, Tigsuas wars fixed in duffered formalin and stained

vith hematoxylin and ecein. Additiocal special stains will ds conducted.

Rasults

During the course of the study 4 gnimals in the tast growp and §
controls were sacrificed prior to the finsl kill, Thene sni=mglg had
sither large tumors vhich had ulcarated or hindersd movement, or the
enizmal appearsd moribund. Ia all, 14 animsls iz the tast group died;
17 an{mals in the contTol group died. One snimal vas accidently killed
in esch group early in the study,

¥o definite dose ralsted signs of toxicity vers odsarved in the
tast animals throughout the study. Comparative curves of body weight
gain and food consumptica on the dasis of body weight, as well as IC3
{ntake of the test group are givea in P{gurs 1. A slight decline in
the rate of veight gain of the test group compared to the comtrol group
began about 3 months after cunset of the experiment. Mean final body
weights vere $20 g (S.D. 72, S.E. 5.4) for the ccutrol group and 392 g
(8.D, 62, S.E. 4,6) in tha tast group; ths differesca vas statistically
signifi{cant (p<0.001). PFood consumption (gm/rat/dsy) wvas comparable io
both groups throughout the study. Hesa weight gain was 350 g (8.D. 70,
S.E. 5.3) and 323 g (S.D. 60, S.E. 4.5) for the contrel and test.groups,
respectively; the diffarencs in weight gain vas also statistically
significane (p<0.001). PC3 intake declised from 11.6 mg/kg/day during
the first veek of exposure to 6.1 mg/kg/dsy at 3 months of exposura
and to 4.3 mg/kg/dsy at 20 months. A § g mem veight loss occurred in

both control and test groups during the § weeks prior to the final k11l.
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Pralixminary List of Microscopic Pindings (Kimbrough)

Pleasse Xota:

Sactions of All T{(ssuas Listad

Were Not Availsable for All Ani{asls

Tumor
Mammary Gland:
Fidroadencma
Adsnocarcinoma
Pituitary:
Chromophobe Adenoma
Caréinons Pituitary
UtaTus?
Endcmetrial Polyp
Endometrial Sarcome
Thyroid:

Madullary Call Tumors
(parafollicular)

Liver:
Rcdular‘gyyir?lnsit

Nedular H}pcrplxsia
and Eepatomas

Hodular Byperplasis,

Hepatomas, end Hepatocellu-

lar carcinomas
Adenofibrosis

Bladdar:

Papilloma

‘ (Tissua of oma rat sutolyzed)
Controls

Experimantal Rats
19 14
7 0
38 X
0 1
20 23

2 3 nd 1 adenocarcincas
28 18

3 (8183,8192,8232) 7

1 (8231) 154

14
0 &
1 (8317) 0

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

scn 0228
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Preliminary List of Microecopic Findings - Page 2

Out of this group, & control rats and 4 rats {n the experimental group vers
sacrificad early because they vers aeick., All tumors of these enirals,
outside of the liver lesions, are included in the preceeding list. The

j’p&ﬂ_‘:‘. % _ liver lesicas nead to ba added. The animals are as follows:
&>
> Controls . rimental
E 8194 8331
,; 8151 8347
) 8121 8413
8254 8317

--emese

SCKH  0228%6
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{ AROCLCR 126C: Meeting at BCI, January X, 1575

The purpose of this meeting was to review sections <f liver
tissue froa Dr. Ximbrough's 2-ysar study in which female
rats were fed 100 ppa of AROCLOR 1260.

Drs. Ximbrugh and Squire had studied and classified the
findings. Dr. Levitt, eitier & visiting fellow or & post-
doctoral trainee did not participate to any great exteat,
He was ecntioned as having a good knowledge of liver,

Dr. Ricnter had viewed the slides from our 2-yeawr study in
which rsts of both zexes hacd been fed 100 ppa, 10 ppz= or
) pps of ARCCIOR 1260. Subsequently, be and Dr. Jordon
reviewcd sectiions of liver froa all animals in thig study.

Three conclusiocns can be drawm,

1. In our earlier study, the severity of liver lesiocas wan
greater in femrles than in males,

?. To a large extent, substantially the same type of lesionr
were observed in both studics except that the lenions
seemed toO de more advanced in Kimbrough's stuody., Although
thore was soxme variation in terminology, the findings
were reasonably clocse.

3. There were definite liver adenocarcincmss in Kimbrouch’s
study. Dr. Richter expressed the view later that 2 ani-
mls in our study approached the 1ype of lesion MUn-
brough had observed, but there was agreement by Drs. Cor-
don and Ricuter that Dr. Kimbrough's rats had developec
a lesion which they had not cbsarved in our earlier study
with AROCLOR 1260.

1f. Drs. CGordon or Richter feel that I bave no® summarized this

ceeting correctly, or if they desire to amend or expand ay
resarks, I invite them to let 2@ know.

%!

feorge J. Levinskas
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Industuial BLO « TEST Loboraloves, Ine.
1810 FRONTAGE RQAD
NORTHBRQAOK, ILLINQIS 60062

roxicoLoaY March 24, 1975 ames cOOC A2
CNVIAONMENTAL SCITNCES TRLEAWGNE 272- 28 3¢
CHEMIATAY

PLANTY SCIENCES

uCDICAL BCIENCLS

Ceorge 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. Kimbrough
and Squire on Aroclor 1260 (IBT No. 622-07298). :

-
r -

'THe micro-slides of the liver sactions from all these animals and:
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 be billed under a new
Number (IBT No. 641-06672) instead of the previous aumber,

Sincerely,

. /‘/ - .
AT AT €
D. E. Gordor, D.V.M.,Ph.D.
Section Head, Pathology Dept,

DEG:hb
Eanclosure
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February 2, 1975

Trip Report

Cn January 31, 1975; Drs. Richter, Lavinskas and myself mat with
‘Drs. Squire and Kimbrough at the National Cancar Institute in Bethesda,

Maryland. The purpose of this meeting was to review the slides and data
from a 23 month oral fesding study with Aroclor 1260 in rats that was con-
ducted by Dr. Kimbrough while at the E.P.A. In her study, 200 female
rats (Sherman strain) were fed 100 ppm of Aroclor 1260 in the diet for 21
months, whils 200 female rats of ths sa;:nn strain sarved as controls and

were fad Purina Rat Chow. The Sherman Rat {s a random-bred animal

.| - derived from the Osborn Mendel Strain, The animals were 21-26 days of

age when the stu&y began, and were sacrificad afisr 23 months on the study.
Therefore, thare was a 2 month recovery period at the end of the study in
which the test material was remov;d from the diet, The details of the ex-
perimental design, procedures and results that were forwarded to Dr. Lev-
inskas are att;ci'xed. In summary, Dr. Kimbrough found a rather bhigh 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. Robaert Squire, Head of the Tuwmor Patholegy Branch of The
National Cancar Institute, who coacurred with her findings, although, the
terminology he used in classification of the lesions varied slightly from Dr.
K.imbrough's. In this regard, it was his impression that all hyperplastic

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

SCH 02363
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Trip Report

be deleted and re-clasasified as carcinomas or neoplastic nodules. This

classification 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 agencies, research labora-

tories and industry.

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

a 2-Year Oral Feeding Study With Aroclor 1240,. in rats, conducted at Indus-

trial Bio-Tést were processed and evaluatsd, In this study, there was a

3, 8 ;.nd 14 month interim sacrifice which enabled ons to detsrmina ths ap-

prcﬁmz.ta time of onset of the liver changes. No interim sacrifices were.

_ conducted i.n Dr. K.:.mbrough's lt'udy. The additional glides prepaiyed at

on Test were enmined by Dr. Richter and a tzbuht!on of the liver ﬁ.ndings

are attached, These slides were reviawed by Drs. Kimbrough and Squire at

our meeting., Although there was some disagresmsent on the tarminology used

in classification of the lesions, it was apparent that the incidence and severity

of liver lesions (hype;.-'plz:ia, nodular hyperplasia and .nemplutic changes -

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

results csf the Bio-Test Study, aven though the samae level of test material was

administered Ln.t.he diet, Thex;e are two possible explanations for this difference:

1.) The strain of rat. When quastioned, Dr. Kimbrough had no informa-

tion on the spontanecus incidence of hyperplastic or neoplastic liver
lesions in the Sherman strain, However, the incidence of spontazeocus
liver call hyperplasia would appear to be extremely low since this finding

was reported in only 4 controls. The incidence of liver hypefplzsia. 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
. QN0C Ll
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and {n goma of ths other strains,
2.) Sex difference. On the basis of our studies and those of other in-
vestigators in rats and mice, it was found that the incidence of hyper-

plastic and neoplastic liver lesions are much higher in femalas.

The results of the liver tumor workshop are to be published in the near
future and will include the participants. The views of thig group, regarding
clagsification of hyperplastic and neoplastic liver lesions is based on the. patho-
gen'eain of such lesions {n rats that have been induced by known carcinogens
. such as the nitrosoamines and 2 - acetylaminoflorine (2-AAF). The adoption
of this torm.u;olo.w and clagsification ayntunby the sclentific comnmm‘ty.wﬂl
have widesprsad implicztions regarding assessmant of safety of chemicals and
drugs currently on tsst and those previously studied.

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

findings.

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

SCH 023635

¢10C.15 >
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February 3, 1975

Dr. Donovan Gordon
Industrial Bio-Test Labhoratories

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

1.) The criteria that [ used for diagnosis of the lesions are similar
to what they uzved.

2.) My evaluation tends to be a little more conservative than theirs.
For e:a.inpie: they would call some of i::y.h'opt.t;'n.ns careinora but with
some quastion, | |

3.) Therefors, if we both read the samse slides there might be a
little variation in numbers of lesions in the differsnt categories but no
major difference,

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

terminology for the catsgories and liat them as follows:

My Ter::iinolcgl Dr. Squire's
(Classical Use) (Revised Terminology)
Focal Hypertrophy A Cellular Alteration
Nodular Hyperplzsia} Nodular Neoplasia or
Hepatoma Neoplastic Noduls

Carcinoma : Carcinoma

5.) However, the lesions in Dr. Kimbrough's study were more

severe than thoge in the Bio-Tast study.- The lesions that she and Dr.

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

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

study demonstratad carcinogenicity,

lord £, Pk

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

SCH 023637

QN0C.T2<
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May 25, 1970

Otis E. Fencher, Ph.D.

Director

Industrial Bilo-Test laborstories, Inc.
1810 Prontage Rocad

Korthbrook, Illinois 60062

Dear Otis:

This letter will authorize you to proceed with a
study with the leghorn chickens with the Arccler
12482, lot number AL-55. This should duplicate the
study you did previously with Aroclor 1242, lot
number AK-255, except in this inatance you have
suggested using dietary lsvels of 2, 4, and 8 ppe.

This sample of Aroclor represents our current regu-

lar production which involves some clean-up {insti- ¢
tuted since the previous gample was made availadle

to you. VWe would hope thet we might find a higher

"no effect” level with this sample as cozpared to

the previous work, .

As goon as sultable reference standards are availadle,
the research laboratory ia St. Louis will more care-
fully characterize the two samples in terms of possi-
ble minute amounts of contaminants,

Best personal regards.

8incerely,

Elrer P, Wheeler
Fanager, Envirocnmental Health

EPW: ju

SCM 023565
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TOXICOLOQY

Mww BIO-TEST L’a&omm Jhne.

1810 FRQNTAGE ROAD
e NORTHBROOK, ILLINOIS 60062

——

EMVIRONMENTAL BCICNCES ‘ AREA cook 212

PLANTY SCITNCES

TILEPHONCE 372-303Q

®HCOICAL BCITNCRD

September 30, 1971

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

800 N. Lindbergh Boulevard
St. Louis, Misscuri 63166

Dear George:

Enclosed are the.corrsction pages for the three teratology studies

with Aroclor 1242, Aroclor 1254 and Aroclor 1260.

I discussed the intarpretation of the renal caudal ectocpia, found

with Aroclor 1254, with Dr. Keplinger. He is in agreement with the
interpretation that this is probably not a specific teratogenic effect
but 8 general indication of the toxicity of the material. In reviewing
the results from the three generatiocn 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 cut in our phone conversation, the small differences

observed in sex ratios are not significant, A statement to that effect
has been inlcgtad.

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

Sincerely yours,

Ad

< DEPOSITION

i .

EXHIBIT
Paul L. Wright Ieviwskas-17)
Section Head, Toxicology 25'3‘7'37 WK o

Enclosures ’

ongr

SCM 023584
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April 28, 1972

Dr, 0tis Pancher
624 N. Abrego Drive
Green Yalley, Arizona 8%613%

Laar Otis:

I am ashamed that I have Bsenlso Blow: in reviewisg the
mmucripts and sending you our comments, I guess
Kep's sending me the chronic rat and deaminant lethal
and ghicken study on the 18th of April finslly

atiz B8 to move,

'Pi:nt of 211, I agree we should hold up the pubu-

cation of the echicken work until the current study
is completed,

The only other ccmment I have of sudstance is mt

I wizh we could work in several paragraphs Irevismring

the Treon work on vapors publiahed in 1956 (see en-

slosed xerox copy of reprint). A logical place for

31-5“1“ ogthoudﬁamldbb:gmwpotm B
page of your revicw paper ore your parsgraph

at the top which beging with "Durug succeeding

years l1little inf was reported soncesning .
the toxioblpgy or%n mmem.u ott!.. .
1963. .uc " .

Bost of the review miclu on the PCB's have ‘failed to
indicate awarensss of the Treoa work. I delieve this
{8 because the Risebroughs, Pealmlls, ets., ets, —
the environmentalists -- have not encountsred the
Amsrican Industrial Hygiene Association Quarterly in
the review of the lltcraturo oor 18 1% likely that
tbcycvcrh.urdotmm R

.
-~

R« S

'Inmy«u,xthinkth.vox‘.:umrtwornvi«cm'

though it was inhalation data perticularly since Drinker's -
earlier wori in ‘37 18 rrcquonth' nmentioned nnd this
again coa«rmd mhalatio-. .‘ ] ,,._A ¢ T~ -

In th' Iut mrnsraph 01' thil uu r-viu ptp‘r you Qn(‘r‘“"(}

- .
- /-'-"'.-.
SaLe

I

*

'
l
a"'

. we -'e.
. 2 . DAY & 1
M o . S ISR
ceal e Tt .-."--~'-.-.- AAIERE SO

l"'
o

JI;L SCHM 023589 &
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Dr., Otis Fancher L
April 28, 1972
Page - 2 - y

refcr to the "permissable ambient concentrations of
PCE'a" as suggested by Drinker in 1939. Actually the
ACOIH established the Threshold Limit Values based oan
Preon's work rather than the earlier IDrinker work,

I believe we may have arrived at our high dietary
level of 100 prm in the studies done at Bio-Test
based on the Treoa work rather than Drinkerts,

George lavinsksas is reviewing each of the papers
to see if you, Kep and I have missed typo's and he
may well suggest some grammatical changes wWiich we
vinonuronmcopymdundnm'ltom:nd
Kep.

I hope to get coples of all of the ltudiuinthchind: )
of Bill Papageorge, Scott Tucker and the lawyers next

" week, I do not anticipate a lot of changes from them

and hopo that the attorneys agree that we can go
ahead with publication.

Best personal regards,
8incerely,

Elmer P. Wheeler
Mzr., Environmental Health

¥sdical Dspartasnt

es: M. L. Keplinger

.-..' . . - . ': = : ) ] B N A Gnor‘rI
.1 . _.:;:' ..T.-- 3 .. . .'.\, -, ‘0. ) f‘...'_.'t_'_*“ SCH 023590 \ca*
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Industricl 81O -TEST Léom&yuu Dne.

1810 FRONTASE RCAD
NOARTHBROOK, ILLINOIS 40042

rOXICULOQY

AS
ENviaowmCNTAL S3ICNELSD €4 c33c 312

CuEmIaTRY ’ TRLLAP™ONLE 272-23C3
::‘n':;:c:‘::.:::u April 18, 1975 ’VR 2.1 1{\‘7:

Dr, George Roush, Jr.

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

Deazr George:

I fully appreciate that the meeting cn PC3's taday was not
campletely satisfactory and that many nagging questicns remain,
The enclosed is a brief summary of my perscnal riews and [ would
appreciate any open and frank comments that you all may have,

Flease let me know of any acticn 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 ir any way that
you may wish,

Iz {s my feeling that we need to get together again within
the next few weeks to continue cur discussions, )

.- ‘ Very truly yours,

J. C. Caland
President

JCC:AR

cec - Dr, Ceorge Levinskas
Mz, Elmer Wheeler
Mr, William Papageorge -~

STLCOPCB4028877
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. Group T (10ppin Iﬂ”-w .
“ of IBT No.~ ﬁz-«mic " The mn. Tt {rom the original block ¢
of embedded tissue, bﬁnﬁc hcio- wae origisally classified by
Dz, Richter 25 a hpl s, Upoa Teview, Dr. Richter bas classified
this lesiva ae nodular hyp-rphuh aod I coacur, Hawevur, you will
also pots that when lddﬁcnl ‘sectians of liver {rom this aaimal were
procasced (IBT Study Nvmb-; 541-06671). fiver alterations were : ’
N
t

. E.. Gardua, D. Y. M., Ph.D.,

e

‘est. M. KAP“N“‘
‘3. C. Calandra
smclosure,
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Monsanto

Monsents Company

800 N. Linddaergh Boulevarg
- St. Louis, Missoun 83183

Phone: ‘Ji4: 494-1000

July 18, 1975

Dr. J.C. Calandra

Industrial BIO-TEST Laboratories
13810 Frontage Rd.

Northbrook, Ill. 60062

re: ARCCLOR 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 ccnclusion of "slizhtly tumerizeniz”
was chanzed to "does not appear to be carcinogenic’. The lat*er
phrase is preferable. May We request that the AROCLOR 125=

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 regarding the nuabering of the animals. The orizinal
reports show tumors in animals with numbers in the 100-300 range
for AROCLOR 1260 and in the 500 to 800 ranze for ARCCLOR 1242.
This leads me to conclude that the nunbering scheme shown in the
second set of reports is correct. With AROCLOR 12%4 confusion
is compounded. The original report showed tumors in animnals
with numbers in the units to teens, obut the revised report shows

animal numbers ranging from 40 *to 1000. Can this be straizhtened
out?

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

RECEIVED

JuL 210
RIQ-TES

-
b

-
?".0 O
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Dr. J.C. Calandra
July 18, 1975
Page - 2 -

would be supplied. This has not been done.

It zay not be

necessary for AROCLORS 1260 and 1242, but AROCLOR 1254 remains

unresolved.

Insofar as I can see, the remalnder of the reports appear
2 &

acceptabdle.

indest personal regards,

/DD

atzt,

Sincerely,

-~ 4
/

-2 \\ o
George J. Levinskas, PhD
Mzr., Environmental Assessoment

and Toxicology

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

Qo o
™ 448 a
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Supplemental Report  Supplemental Report

Product Al (matled) 72 (JCC delivered)
AROCLOR 1260
conclusicen slightly does not appear
, tumorigenic carcinogenic
hepatomas. ’ 3 T
ranges of tast animal nos: '
pP. 9 ~ 600 to 800 100 to 300
p. 10 1000 series 800 to ggo
p. 11 70 to 100 1o0tto
p. 12 500 to 600 80 to 200
P. li ' €00 to 700 200 to 300
Pe 1 700 series 200 to 300
AROCLOR 1254 .
conclusion slightly slightly -
tumorigenic tumorigenic
hepatomas 6 _ 6
AROCIOR 1242
conclusion . slightly does not apgear
A tumorizenie carcinozanic
hepatomss = 7 : 3

range of tast animal nos. as in report #2 as in rcport #1
for ARCCLOR 1260 AROCLOR 1260

SCM 022804 ~

([Al¢1 00000

f
{
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HAcceon

Industrial B1O < TEST Leboratues, Dne.

1810 PRONTAGE RQAD
NORTHBROOK,ILLINGIS 40062

hi-P4-IN-7-1 4

CENMV'AONMENTAL SCITNGCES

eMExM sTaY August 4, 1978
BLANT SQICNHNCZS gu ! 9
MEDICAL SCILNCES

ARCA COOCK 312
TELEPWONE 172-23C3

Dr, George J. Levinskas, Manager
Environmental Assessment and Toxicology
Mcnsanto Company

800 North Lindbergh Boulevard

St. Louis, Missouri 63166 %

Dear George:

Re: Aroclor = 2 Year Rat Studies . .

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

1, 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
were reversed.

3. The animal identification numbers appearing in the
reports on evaluation of additioral liver sections are the same
as those in cur 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
additicnal liver gsections dated March 24, 1975, there was a typo-
graphical error on page 1 which referred to Aroclor 1260 instead -
of 1254, Perhaps this is the basis of your confusion.

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

Sincerely yours, DEPOSITION

EXHigir

J. C. Calandra -~
President

SCHM 023620

QNOCEE
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{n most uunn:.t;. the tpcctrun ol m:;n;~ﬁhhd wapnhologta-l
&ndi.n‘t in dn uvtr from this n-cvdmdoa Gd not differ ugnlﬁcuxt!y
from that pmmuty ;epcrud in our orx;uuu report dated Novembar 12. 1971.
There were six hepatomas datected among six of the animals at the highest

' mat kvd (100 ppm) of the 24-Month Sacnnu. Mo hcpuonllulu

R O LT T A
.~weim"nobumd Onchwrm(ahcp&ha)prw‘mly :
‘._n A T-B umu.l CNQ__‘? ﬂlS) as n—cluniﬂcd ‘a8 nodu.nr :mﬂlx‘h- Thedsa- -~ T Lot
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. hyperplastic in nature and tf- Yy ire m—pho!ngie manifsdtiticns of an acapdre
- . y" - -
response of the Lwer ascrived to biowansformation of the test material. The °
hmr lcckxu were confined primamly to test animals of the 12 sad 24 month
uc.rsﬁcu md rbq' vcn dou-nhnd 1\ inddcf.a and severity. e - _
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D\DL'STRIAL SIO-TEST LABORATCRIES INC.
Pcport Pnpucd asd Reviewsd by: % )
K :—V;-_ -D. £. Gordoa, D.V.M.,Ph.D. T ]
-‘;',’ A ‘Section Head, Py&obq : 3 N
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Attt it bt e 8 s

Hy

?mfudud B1O - TEST Lbstalones, .Qu
1810 PRONTAGE ROAD
NORTHBROOX ILLINOIS 600462

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 Chrooic Oral Toxicity
Study of Arcclor 1254

Enclosed please find 3 copies of page 2 from our revised laboratory
report dated March 24, 1975, prepared in connection with the above study.

Very truly yours,

9.-&. -@M

* J. C. Calandra
President
Jcc/id
< DEPOSITION
{ EXHIBIT
Ileymspss- 4
3 Lm_
£ S91-37 v
‘ s is'c - b AN L i 1 £ e JaaS RNy Shaseabiauhtnst Odate -
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- August 14, 1978

Dr, J,C, Calandra

Industrial BIO-TEST lLaboratoriss
1810 Prontags Road

N¥orthbrook, 11, 60062

r8: ARCCIOR 2-ysar Rat Feeding Studies
Dear Joe: |

With respect to your letter of August 4, 1975, we appear to
be reading from different scripts. .

The attachad coples of s from ths rsvized ARCCILR 1254
report (IBT No. 6141-06672?? datsd March 24, 1975 shows -that
vi all animal numbers have 3-digits. The excsptions
{nclude a'4-digit number on page 10, & series of 2-digzit
numbers ranging from 71-TO0 ca page 11, and slides markasd
thrxxappuringcaptgnlzmdls.

Coplas of pages 83-88 frova the original report, IBT ¥o. B7298
datsd Hovember 12, 1971 also are attached, Thsse contain ths
tables listing tumors, and thay are the only ocnes in which
indi{vidual animel nunfers appear, As suzmariged delow, tharse
is & repetition of low digit nuzbers in sach group,

AROCIAOK 1254
> . Control i ppa 10 ppa 100 ppm

¥ale rat nos.: 1,2 1,2 1,2 b,5,7
Fenale rat nos. k6-48,%0, 3-13 3-11 1-3,6,
52.23.61&. 8-15

The only pages which centain sizm{lar numbers are pags 11 of
tha revised report and page 83 of the original report. EHow-

: DEPOSITION
{ EXHIBIT

J§LEYINsess QS .
153737 wx scn 02289

Q300ST o
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Dr. J.C. Calandra
August 13, 1975
Pags - 2 -

ever, even in those instancss whers ths sazs numbers
appear, there ars inconsistancies as shown delow:

EZ”L‘E and sex 8

1 ppa Femals 211 shown as
1 ppma Famle control
1 ppa Femals famales
1 ppa Pemale
10 ppa Xale
10 ppm Feoale
100 ppa Kals
100 ppa Female

4

RPIRBEIK E
3

Although it is of minimal significarts, pages 84 and 85
of the original report ars misnumbered in that pags 84
18 & continuation of the table which degins on psge 85,

Ths pags for the AROCIOR 1254 eccntaining the phrase “does
not appear to be carcinogsnic” has been recesived,

We notes the intsrchangs of ths numbers 1242 and 1260 on

those 2 AROCIOR reports, and will destroy the =mislabseled
copiss,

Sincerely,

Gaorge J. Lavinskas, PhD
¥Mgr., Envircnasntal Assessment
_ and Toxicology
/Ep
att,

b

sCh 02289%

~ . Q300G -

STLCOPCB4028893



WXL —mM—f 3 @
N

STLCOPCB4028894



]

R
—
 ermal

Industrial B1O - TEST Laboratyios, ne. —fee—

1810 FRONTAGE ROAD
NORTHBROOK,ILLINOIS 60062

TaxicoLQaAy

v L] - ¥4
ememiarar et October 17, 1975

PLANT SCIENCES .
HEDICAL SCITENCEDR

George J. Levinskas, Ph.D.,

Mgr., Environmental Assessment & Toxicology
Monsanto Company

800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. lLevinskas:

F
et

ARCA COOR 12
TELEPHONE 272-3030

I am returning the black and white photomicrographs of
Aroclor lesions in the rat liver that were takea by Dr. Pour at
the Eppley Institute in Omaha, Nebraska and delivered to me by -
Jim Hill. I 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 xlso 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.

Sincerely,

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

DEG/ji

enclosures

DEPOSITION
EXHIBIT

BV wses Qo
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INTER-OFFICE CORRESPONDENCE
Sndostrinl BIQTEEV Lokuobotss, fon
RO oare Decembaer 24, 1973

ro BLIAILCT: PCB Papers

Ceorge Lovinskas has some quastions regarding the pathology section of
the PCB papers, He wants to visit Northbrook after Jan, 1 at a time
canveniant to you, Please make the necessary arrsagemants,

Ge.~

G, L. Xennedy

GCLK/lam

2. cad . e
\ 2Dk H \-33*»\

C\\\"’- ’SAN LRGN

DEPOSITION
EXHIBIT
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Toxicity and Environmental Effects of Commercial PCBs

'

N

-

(f:F
TR £

Introduction ;

Polychlorinated biphenyls (PCBs) are not a single chemical
entity. Tbey are produced by chlorinating biphenyl to
acheive a final praduct with specified properties. These
products, sold under the trade name AROCIOR by Monsanto, are
mixtures of chlorine-containing biphenyls with different
numbers and positions of the chlorine substituents.

Over the years, & series of investigations have been
conducted to assess potential health and environmental hazards
of écss. 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 establishment
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 foﬁfine industrial handling under ambient
conditions.

2) Threshold Limit Values of 1 mg/m3 and 0.5 mg/m have
been established for materials containing average chlorine
values of U42% and S54%, respectively, of the available sites.

3) The no-effect level for these materials in chronic
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rat and dog'riéding studies is about 10 ppm in the diet.
No hepatocellglar carcinomas were present,

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

S5) No teratogenic or hutagenié effects were observed
in studies with rats and mice.

6) In chicken reproduction and teratology studies,
AROCLOR 1242, which produced the most severe effects, had
a no-effect level of 2-4 ppm in the diet.

7) Acute toxicity to fish varies from less than 1 ppm
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 reasonz2bly biodegradable,

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 casﬁ per generation, rat teratclogy
studies 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, bilodegradation 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
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groups except males fed AROCLOR 1242. As with other
halogenated h&drocarbons, the important histopathologic
changes were present in the livers of animals sacrificed
at the end aof the study. These consisted of hepatocellular
alterations such as focal hypertrophy, cytoplasmic lipid
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 degreases in
body welght 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 - |
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 feeding levels
(10 ppm and 100 ppm). The ability of females to conceive,
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
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rats and mice,
In the chicken toxicity/reproduction study, AROCLOR
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-continuocus

activated sludge systems and tissues of rats fed PCBs 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 animuls. PCBs containing 3 or
less chlorine substituents per molecule are reasodably blode-

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
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independently by Dr. D, Gordon of Industrial BIO-TEST Lab§r;-
tories, Professor W. Richter of the University of Chicago, and
by Professor P. Pour of the Eppley Institute for Regearch in
Cancerf' In addition, Dr. Pour evaluated the Kimbrough slides
and does not agree with the reported findings.

Barsottl and Allen have reported that 2.5 ppm of AROCLOR
1248 in the diet of rhesus monkeys adversely affected repro-
duction. This approximates a dosage of 100 ug/kg/d&y. It
is higher than the safe human intake (1 pg/kg/day) estimated
by FDA from.human da*a when 1t promulgated its tolerances for

01

PCBs in food.
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Human data
(F.R. July 6, 1973. p. 18097, Section (2))

Lowest level of PCBs producing effect in man = 500 mg total.
500 mg consumed by S0 kg individual over 50 days. . :
500 mg 5 50 kg i 50 days = 200 uyg/kg/day (effect level)
. Using 10-fold safety factor leads to estimate that 20 ug/xg/
- day may be--safe over a 50-day interval,

Since PCBs have long half-life; calculating same intake over
a8 22-nonth span arrives at an estimated safe intake for & pro-
tracted period of 1 uyg/kg/day. ’

Primate data
(Ped. 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. "
Assuming 5 kg primate, 500 pg = 5 kg = 100 yg/kg/day
nclusions: Primate study deone at dosages (100 ug/kg/day)
greater than the safe dosage (1 ug/kg/day) esimated from human.

data,
Primate study does show effects at lower dosages over longer

time span (100 ug/kg/365 days) than had been observed in man
(200 ng/kg/50 days).

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

(¥.B. Abrahamson & Allen, Env. Health Perspectives. June, 1973,
“BI-86. Report that infant monkeys are aple 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 ug/kg/day based on dog data and 3 ug/kg/day based on rat
" data. o - seimm-t
" . If rat data "no-effect" level drops to 1 ppa, then corres-
@dmg estimate of human "no-effect" level drops to 0.3 ug/
day. :
Question: In a "collision" between rat data using a 100-fold
salety 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-rold safety factor to rat data, supported
by dog and human data, makes present estimate of safe human

intake appear reasonable, -

e
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PCB Primate and Human Residue Data

Primates Human

Conc. in diet, ppm 25 2.5 -

Intake, pg/kg/day 800 100 -

Estimated safe dose, :

ug/kg/day . - Y

Liver conc.,ug/g 56.3{0.01 * -

Fat conc., ug/g 50,0(27.7)*® 0 (314 samples)®
<1 (125 samples
1-2 (165 samples
>2 (33 samples)

#7alue in ( ) from infant primate. -
Allen et al., TAP 30: 440-451 (1974)

##Ycbs, Env. Health Persp.,79-81, April 1972
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George J. chm«kao. Ph o.
Monsanto Company Lo
800 N. Lindbergh Nivd, =7
St, Louis, Missouri 63106

g

Dear Dr, lavinskas:
[am vm‘lnumg llw rcvucd
that we discussed durine your visit oa Jamury 15. l976. You will -
notice there are twe tables with the sasne data, ‘One (able is a lu(fng ol
tumors by organ system, as you sucueosted, ta rephce the uriginal table,
{ think { also prc {cr the (nrm- r althot.gh it wtll rcqmm nore splcc vhen

printed,
- .' I R ""'F“.-A k . .'A. "Af. .‘/ [ N —l NP
. ) R I':. Denavan B, (lordun. D.V.AL, Ph.D. . . L
. -t bcctmn Ilc;d }"atbolo‘)‘ :
DEG/ji ’ o
cc: M. L. chhm;u )
L B A ' . .
» . ri‘- -
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~Monsanto |

! . .
¢ e et 1.0 5 2 O ety Dnpt. of Medicine & Environmental Health = ¢ } Levinskas, A2SA ! L‘b,-
an November 17, 1978 « G. Roush, Jr. ~ A2SA
J.C. Weber - B2SK
ARO R 1260
sancr cLo G.F. Barton - A3NC
W.J. McCarville - A3NC
agsymemct CoFo Callis - stA
0 FILE J.T. Garrett - A2SA

5 DEPOSITION
{ EXHIBIT

§Levsks- 3
S-IH7 we

On Wednesday, November 15, 1978, I had a call from Joan
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 emoticnal
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, P
I made several statements to Ms. Ranson. She was told that there were 2
no tests we know of to measure the after effects of exposure, and 3
none should be necessary since there was no reason to expect that
persons exposed under the conditions she had described would become -
i1l from PCBs. With respect to air monitoring, the analysts should o

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 hazar§ 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
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-1OM (REV. 2/79)
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FILE - ARCCLOR 1260
November 17, 1378
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
samplés 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. .

Let's see what happens.

. Levinskas

P
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Monsanto

FAOM inAMC & LOCATION, G. J. LeVinskas - AQSC

caTg

sussCCT

NLEFLAENCE

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 takes note of all
the comments which have been received since the
version mailed to you on August 29, 1975.

This was discussed on the phone with Wayne Withers,

and he agreed that it was acceptable. Since Wayne was
the only one who had comments regarding the August 29
version, this should be satisfactory to all concerned.

LJE

George J. Levinskas
/okp
att.
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PCBs

Recently, we were informed that liver carcinomas were
observed in female Sherman strain rats fed AROCLOR 1260 for
203 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 earl;er
studies conducted for Monsanto Company.

There are U4 elements which are closely interwoven in this
matter: (1) differences in test procedures, (2) differences in
results obtained by varilous 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 stucdics, the test material has teen
identified by trade name (AROCLOR, KANECLOR). In others, there
was Jjust a general reference to PCB. Consequently, the quality
of test mgterial with respect to the amounts and nature of
contaminating impurities or by-products cannot be determined
inuggﬁﬁcase. In additién, several -strains of test animals were
used, the duration of the experimental periods varied, and there
was a wide range in the depth of detail with which the observa-
tions were reported. Consequently, it is difficult to make
comparisons between these studies. .

(2) .In general, 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

QNOG7T7 L
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reported liver carcilnomas. Others have observed only

benign tumors. Several have noted changes in liver tissue
without detecting tumor formation. For the reasons just
cited, it 1s difficult to determine the bases for these
different results. The most direct comparison can be made
between the 2 studies nn AROCLOR 1260 since the same high
dosage level of the samé 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, Charlé§
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 the lesions were benign in
character in the traditional pathologic sense. An evaluation
of all information available 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 conclugion 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 flulds. As
such fhey are used in closed systems which will at least mini- -
mize additional environmental contamination. Considering the

SCH 019718
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high degree of fire risk associated with this use, and
recognizing that AROCLOR 1260 may have a weak carcinogenic
potency which has not been fully proven and that AROCLORS

1242 and 1254 have not been shown to be carcinogens, Jit is

—— e ——

C—
concluded that the continued use of AROCLORSA as dielectric

flulds will not present an.unreasonable human health hazard.

S~
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Dr, Donoven B. Gordon
Industrial BIC-TEST Ladoratories, Ins,
1810 Prontage Roed

Northdrook, Illinois 60062

Ret Polychlorinstad Biphenyl (KB)
Dear Dong ‘; : L

N ’

Enclosed are coples of thr« rcprintn dulin; with liver
tuncorigenisis of ICB's. These are fromi

. —— - -

(1) ganmn, (1972).63: 80s.
(2) gann, (1973).83s 105-108.° -
(3) J. Eat'l Cane. Inst., (1573).51:1637-1636.

The n:udtu vere pcrfcmd vith :ap‘ncu mstarisls (Kane-

chlors), dut : sere of direct intereat to cur
neeting You and Dr. Richtar should de
familisr with—be contsnts of those papers es you review
the ARCCILR slides.

Our meeting is scheduled for Janusry 31, 1975 in Roocm 201,
Building 37, st BCI in Bethesda. Ve vwill be meeting wita

Drs. Klsbrough end Squires. No specific time has deen set,
but ¥e esn plan on starting in the morning. I will cone

firm 8 specific tims snd will check with you or Kep ca & N
place to stay the night before.

Sincerely,
george J. levinskas, Ph. D.

Msnsger, Environmental Assess-
sent snd Toxicology -

alw
ce Ir. M. L. Keplinger 2 DEPOSITION =
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Monsanto ’ N be
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oart : Nov. 17, 1975 ~Mr. W. R. Corey - 5257 @E
orecr : ~Mr, F. J. Fitzgerald - B2SA 229,
Dr. J. P. Mieure - T2F v’3 9
e tecus Mr. D. Wood - B2SD ;¢ 1 »
TO ', -Mr. T. H. Bottini - BZCA‘J7 r. C. Paton - B2sC 2577
- Br—PT 0T DeGITmO—~B3KA | Mr, R. G. Potter - B2SB *'”*
~Dr. W, C. Hammann = B3SA+¥"Y ~Be—G—Reush—52S8
-Mr. E. H. Harbison - DIK 327 _Mr. J. C. Weber - BIND °~*~
B+ G+—J.—Levinskas—A2SE Mr. W. W, Withers - B2sa 275
' Mr..W..B. Papageorge—B25K =P g ~Hright. - 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. Levinsgkas, Messrs. Papageorge
and Wood.

Please let me have your comments and/or app;rovals as soon
as possible tomorrow morning.

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

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

- r D. R. Bishop . mﬂvé;,‘u
attaghment] /)Mmi%?;j? W

nLs
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Monsanto
tvouw -mswe s D, R, Bishop - BLND

osrt : Nov. 17, 1975 ""Mr. W. R. Corey - B2SA
. Mr. F. J. Fitzgerald - B2SaA
' Dr. J. P. Mieure -~ T2F
e men Mr. D. Wood - B2SD
TO : Mr. T. H. Bottini - B2CA Dr. C. Paton - B2SC
- Dr. P. 0. DeGarmo - B3NA Mr. R. G. Potter - B2SE
Dr. W, C. Hammann = B3SA Dr. G. Roush - A235A
Mr. E. H. Harbison ~ DI1K Mr. J. C. Weber - BIND
Dr. G. J. Levinskas - A2SC Mr. W. W. Withers - B2SA
Mr. W. B. Papageorge = B2SK Dr. P. L. Wright - A2s3C

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 the final version with Dr. Pour and have
copies printed for distribution in Chicago on Wednesday,
following Dr. Kimbrough's presentation.

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

/mks
attachment
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MONSANTO INDUSTRIAL CHEMICALS CO.

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

PUBLIC RELATIONS DEPARTMENT
800 N. Uindabergh Boulevard
St. Louls, Missourl 63168

CHICAGO, Nov. 19 -- Monsanto Company today announced
that a newly completed scientific report, commissioned by the
St. Louis-based company, does not confirm the presence of malignant
liver tumors in experimental 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 is a Monsanto trademark for a class of chlorinatec
hydrocarbon industrial chemicals it manufactures.

In her stﬁdy, Dr. Kimbrough reported that when Sherman
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 (precursors of malignant tumors). She

further identified 26 of these lesions as hepatocellular carcinomas

—~

(malignant liver tumors). ‘ SCH 058338
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During his re-evaluation, Dr. Pour saw the same alteratic
but identified them as being hyperplastic or non-tumorous lesionms,

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 structural
criteria as to be considered possible precursors to tumorg,';lthoug
a most"siénificaut 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) if the treatment had been continued
is as much as unreliable as the possibility that they might have
been regressed if the animal would have been kept longer or for
1ife," he stated.

"In summary,' the Eppley Institute pathologist reporced,
"{t 13 difficult at present to conclude whether Br not some of khe
examined lesions represent a malignant lesiom, because of the lack
of invasion and metastases. In the case of such organs, as the

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

8339
-more- -~ scu 03
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opinion, difficult and sometimes impossible to distinguish between
regeneration, hyperplasia and neoplasia, particularly when the
tissue is 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
degeﬁerative and regenerative processes in the livers of most
experimentél rats, even two months after Aroclor was removed from
the diet. - S

."One 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.“63i
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Industrial BV\O -TEST Lzboratories, Inc.

1810 BRONTAGE RQAD -
NORTHBROOK,ILLINCIS 60062

TOXIQQLCOAY .

CHEmMIgTRY

MEDICAL SCIRNCES

“ICRTSSIQLOAY

INQUSTARIAL FAFPCTY & MTALT™ J‘uly 31' 1981 )

ARCA C20C Jt2
TELEP™ONC 272-303C
TELLX 72+4al7

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

Dear Dr. Levinskas:

As 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 lver 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, .
= P
M/ﬂ-— /,_; ’c“ : -
Marilyn A, Biederer
Validation Assistance Specialist

MAB:AR

cc - Mr, A. Uelner
Monzanto Company

SCH 023698
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Mansanto

v o De, f Medicine & Environmental Haalth .J. Levinskas, GIWF (4-830
e July 9, 1981 — = J.R.G- ordZ, E2ND ’
| : A.F. Uelner, G2WC )
was  AROCLOR Products 1242,/1254 and 1260: i
Two Year Rat Feeding St(.LCLi,es -

arsqainct

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.

G.J./Levinskas
GJL/mcl

0

DEPOSITION
EXHIBIT
£ LiEVISKAS3

5-37-3) WK

<
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* vionsanto

Name of Nomunee R i Locaion
Paul L. Wright Creve Czoeur
Comoany Unit or Statt Oaept. Qivision Business Group Qevartmaent
Corporate Staff Medical Medical
Posdion Tile Satary Grace Annual Salary Date of Last Increase
Toxicology Managey 19 $28,980.400 2/75
Performance Growtn Oate Last EMpioye Review
Excellent Excellent 2/75
Tyoe of Award (Seiact the award catagory from the 00001ite 1uda Of (N tNedt WilCN MOt J00CTOC1alalY GoILriDes (he dwdard and anter the categary ang
code below.}
Staff
Awarg Category . Category Code Nume
Solution to product toxicity problem which permitted Monsanto 28

Cescribe the achievarmant and «(s sigmificanca to Menunto seiowf O Ccontinue product manufacturing and sale.
Dr. Paul L. Wright has performed his regqular 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.

Dr. 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
acceptable to the business group, and Dr. Wright so informed Dow.

ubsequently, Dr. Wright accompanied Dow persconnel to FDA when they
Eresented their findings on maleic anhydride. FDA's toxicologists reviewed
the data and the proposed plans of actions. They concluded that while
khe 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 amaunt

Award Amount approved for
Recommendad Byt Date Recommended: Aporaved By Qate paymaent:
, -
: . ; g/ /< ﬁ $2,500.00
4 - : : -0 V/
G-2512 / ’ | ’

“
Q30: 03 *
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K carcinogern. Because of the many uses of maleic anhydride in Z:c
H 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

SCM 058800
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Maonsanto

( Nome of Nomines

Locanon
Paul I, Wright Creve Cceu:
Company Unit or Staft Oeot. Qivislon Butiness Grouo Cepartment
Med, & Env., HlEh,
Postion Tille Salary Grade Annuat Salacy Qats of Last increase
Toxicology "ianacer 19 $31,800 2/1/76
Partormancs Growth Cate Last Employe Review

Type of Award  (Select the awara category (rom the cOPGHTE 530 O LNS sNeat whXt MOR JOOVOOTiatery CesisIDdt the Swiard 31a enter the calegory anc
code delow.) R
v

Award Category Category Code Nt

Technical = Accomplishment of significant results 106

Daescrida the achleveamant and its tignificancs tg Monsanto below:

At a recent meeting in Creve Coeur, Glenn Schweitzer, head of the Office o
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 si
nificantly to Monsanto's image at EPA. Ee 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 polychlorinate
‘biphenyls (Aroclors) and chlorinated isocyanurates (ACL products). In the
.former instance, his excellent analysis and synthesis of widely scattered
observations played a prominent role in forestalling EPA's promulgation of
unrealistic requlations 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 additional studies which had been underxtaken,

Overall, by virtue of the gqualities of leadership which Dr. Wriqht 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.

DEPOSITION
EXHIBIT

X (£
Cumsens 3
S-3n- “37-wy

PENGAD Beyunne, K, J.

- . . = Awrard Amount = A'r::o:":‘f‘;
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CROE G
iRev 4.3

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___Eastemn District of__ Missouri
or its authorized representative(s) or employvee(s), bearing this release or copv thereof, to obtain anvy

information in vour files pertaining to my:
CY! Employment

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

(] Medical Records

(O Psychological and Psychiatric Records

I 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
anyv other attempt 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.

Payl Lee Wright :3//—;;/?,7

(Authorizing Signature—f i Name) inted or Typed (Date}
eSS — 2t
(Probation Officer) / / (Daze)

{ = DEPOSITION -~
i EXHIBIT ‘ SCM 058741
‘ H Leviuskas-391
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uriTED STATES 21571CT ZouLRT
P08 140 FEQERAL PROBATION STATEM -
13641 e 3/7/8.
REQUEST FOR EMPLOYMENT DATA Desr S
ST or FasiiTon 3FRicE The person identified below i3 under avestizating
by this office. The informetica requested 13 needed
111 U.S. Court & Custom House to complete this investigation. Your coopertion will !
1114 Market Street be meadly appreciated.
St. LOUiS, MO 63101-2071 Please return this form a_three days in the !
encloted eavelet Q
r 1 .
- Personnel Department MAME OF PERSC 1NG [RVESTIGATED (Lau Flrat - Middle)
Monsanto Company WRIGHT,. Paul lLee-.
800 North Lindbergh Blvd. AOORESE OF MERSON BLING INVESTIGATED
St. Louis, MO 63141 2001 North Geyer Rd.
L 3 St. Louis, MO 63131
OATE OF 8IRTW PLACE OF BIATH SEX RACE
1/24/35 South Bend, Indiana M White
ACST XNOWN 4S + + 1
-
§ - .y
Fhass
{ + ITI lrv
H SOCIAL SECURITY At ry : Cyeeany
L & e
308-34-3416 $35ssossccesses:
States employed trom Nov., » to Feb. 29, 1984, as manager of

special projects in Dept. of Medical & Environumental Health earning
555,000 per year., Please INFORMATION DESIRED verify.

;:ik‘;):l’s PERSON EVER N YOUR 1F YES GIVE CATK STAATED CATE LELFT ?.nv OR wAGE
X cw | N[/ 72 2/29/F & SETo00
POSITIONS MELD . / / / 7 Ve

WAS THIS PERIOM'S SALAARY ATTACHED'

iy Frf
=T T D
enleizal,

ne

O ves

WOULDO YOU COMMQER REEMALIYING

THIS PEARION?
e

D ves
L4

Y. roliadility, and difforet (tmes ocopioyed Dy yewr organtsation.) i

AEMAAKS (Concemmy (hle porean's & ) adiity,

AUTHORIZATION TO RELEASE CONFIDENTIAL INFORMATION form attached.

D?%%?y -

M/z/r/@ /WW

1f AQDITIONAL XP l$ lEO‘(ll!O USE REVERSE si0g

it i LJA%

rpy- IAI—! 13.78.738.9012t PAP l
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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 '12' 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 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 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)].

Stardng' 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

. | “ ca0720
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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 Monsantoe 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 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
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

Ford4. Monsanto began to investigate the dangers as soon as they were
g

S~
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serjously 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.S, pathologists selected and reviewed some
liver slides from the Monsanto-sponsored and Kimbrough studies. The
pathologists differed in the terminology used to classify the 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. (1975).
No carcinomas were seen in the Monsanto-sponsored studies. It was noted t..hat
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).

SC” 05893“
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METHODS

It appears that the Threshold Limit Value of 0.5 mg/m3 for chlorobiphenyl
with 54% chlorine (ACGIH, 1963) 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 lqw
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 S0 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 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
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amd~the..designation.. of .some, animals .as ..Extra’«suggests that additional

animals were. placed on test.

Groups of S5 males and 5 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 liver...... This consists of a hepatocellular alteration
beginning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few am‘méls té 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”.

-5 - :
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With respect to Aroclor 1254, it was noted that "One liver tumor (a hepétc;ma)

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 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 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 1aborator§ i)athologists diagnosed the presence of
mammary tumor metastases in the liver of this rat (Gordon and Richter,

1975b).11
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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. 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 Protectmn 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 charige 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. A

- 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, diag'noses were crossed out on the available records.

These were included in the Tables. Crossed out diagnoses for hepatoma
or cholang'lohepatoma 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 animals were reported as having hepatomas or cholangio-
hepatomas in the Gordon and Richter reports.
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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 | 7 8 9
Focal necrosis o 1 o 0 1 1 0 0 0o o0 o 0 1 1 1 0
Focal lyamphoid infiltration 0 o0 o0 0 0 3 o0 0 0 o0 1 0 10 O 0
@
Focal hypertrophy hepatocytes 0 o0 O 0 0 0 O 0 0O o0 0 1 0 2 3 8
Nodular hyperplasia 0 0 o 0 0 o0 0 0 0 0 O 0 1 1 1 8
Ductular hyperplasia 0 0 o0 1 0 o0 0 0 0 1 0 S 3 13 3
. Hepatoma 0o o0 O 0 0 o0 o 0 0 o0 0 0 o 0 3
Cholangiohepatoma 0O 0 0 0 0 0 o 0 0 o0 0 6 o0 o 1

® Control group has animal dead at 19 months and 2 marked "Extra.
1 ppm group has animals dead at 19, 22, 22, 23, 23 months.
10 ppa group has 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 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.
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 Moanths 12 Moaths 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 13 1 1 0 O 0 1 1 4 1 1 1 9 13
Focal necrosis 0 1 1 0 1 2 0 2 o 0 O 1 1 3 1 1
Focal lymphoid infiltration 60 0 o 1 0 0 o 2 0 0 2 1 1 2 0 1
Focal hypertrophy hepatocytes 60 o0 0 1 0o o0 o 4 0 0 4 2 0 3 4 14
Nodular hyperplasia 0 o0 O 0 0 0 O 0 0 0 o 0 1 0 3 14
Ductular hyperplasia o 0 o 0 0o 0 o0 0 1 1 1 0 5 6 3 4
. Hepatoms 0 0 0 0 0 0 o 0 0 o0 O 0 0 0 0 4
Cholangiohepatoma 0 0 0 0 0 o 0 0 0 0 o0 0 0 0 0 2

® Control group has animal dead at 19 months and 2 marked "Extra”.

1

b

2
o
Q

~ o~
[ X .

-

[

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 ppa group has animals dead at 23, 23 months and 9 marked "Extra".

/

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

Both animals marked "Extra" with same designation. 1 without apparent record of examination for original IBT report.

Diagnosis for other animal does not appear in records of exa-inliion:'for original IBT report.

SC,A, '
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Table 3
Aroclor 1260: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Honths 6 Honths 12 Honths Terminal®

Diet Level (ppa) 0 1 10 100 0 1 10 100 0 1 10 100 0 1 10 100
No. Animals Examined 10 10 lOb 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 o0 4 o 1 0 ld 0 0 o0 o 0 1 4 3 6
Focal lymphoid infiltration 0 0 O 0 o 2 2 0 0 0 o 0 1 © 1 0
Focal hypertrophy hepatocytes 0 0 O 2 6 o0 o 3 G o0 o 4 0 3 13 9
Nodular hyperplasia ' 0 0 0 0 0 0 0 0 0 0 0 1 1 0 71 6
Ductular hyperplasia o 0 1 0 0o 0 o 0 1 1 o 2 5 6 7 12
Hepatoma o 0 0 o 6 0 0 o 0 0 o0 o o o 1° 08
Cholangiohepatoma 0 0 0 0 0O 0 0 0 0 0 0 o 0 0 o 48h

® Control group has animal dead at 19 months and 2 marked "Extra".
1 ppa group has animals dead at 20, 22, 22 months.
10 ppa group has animals dead at 19, 22, 22 months and 1} marked “Extra".
100 ppam group has animals dead at 22, 22 months.
b Includes 1 marked "Extra".
€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar change column.

{,Datq of death of this animal not recorded.

€ No record of examination for original IBT report. Listed on workshects 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

3 records of examinations for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter
E reports.
iq; 8 Includes one snimal with both diagnoses. Hepatoma is 1 of 2 cro;acd qut (superscript f).
gzg h Iacludes 3 anil?lﬂ Yithout record of examination for original IBT report. Diagnosis for other animal does not appear 1n
r.7  records qf examinstions for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter
“}» reports, '
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S ' REPORT TO .

MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH ARCCLOR 1254 _
- IN ALBINO RATS . B

HISTOPATHOLOQGICAL EVALUATICN
OF ADDITIONAL LIV=R SZCTIONS

. MARCH 24, 1975

IBT NO. 641 - 06672 -

1 int=oductica .

At the request of Dr, Levinskas of the Morsants Comparny, additional
sections of liver from a two - year chronic oral tcxici:y; study of Aroclor 1234

in rats (IBT No. 622-07298) were processed izto H & E stained sections and

—

evaluated by light miczoscopy. The following report gresents the results of

this study.

DEPOSITION
EXHIBIT

Levinseas- 41§
5-3').)’7 wK |

PENGAD-Boyonas, M. I,

SCM 058166
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a. Sﬁmmarz

In most instances, the spectrum of treatment-related histopathological
findings in the liver from this re-evaluation did not differ significantly
from that pr'eviously reported in. our original report dated November 12, 1971.
There were six hepatomas detected among six of the animals at the highest
treatment level (100 ppm) of the 24-Month Sacrifice. No hepatocellular

carcinomas were observed. One liver tumor (a hepatoma) previously reported

in a T-II animal (No. 243) was re-clas.sif'.ed as nodular hyperplasia. The
other treatment-related lesions repc;rted are‘.reg:.rded as deg;eneradv; or . -
hyperplastic in nature and they are rr.orpl;mlogit manifestaﬁon; of an-adapﬁ\-re:“‘:" -
response of the liver ascribed to biotransformation of the iest ma‘erial. _The :

.latter lesions wes«e confined primarily to iest amx..als of the 12 and 24 mor.:.“'.‘

sacrifices and they were dose-related in incidence and severity. .

:+--In conclusion, Arocler 1254 does not appear to be carcinogenic in rats
. fed_for two years at levels up to and including 100 ppm. .
BeL.ilis . Respectfully submitted,

s me - INDUSTRIAL BIO-TEST LABORATORIES, INC.

———— = .-

Repon Prepared and Reviewed by: /%/d—w{w\/

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

Report Approved by: : /ﬂ- / /k/ '

!' M. L. Keph}(ger. D.
' Manager, Toxxcology
aew
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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 s most pronounced
at time of the 12-Month and 24-Menth sacrifice. This consists of a hepatocellular
-alteration beginning as focal hypertrophy which progresses to nodular hyperplasia,
and in a few animals to hepaton;a. 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. N .

“Those 1e§ions classified as hepato;ﬁ:as or cholangiohepatomas were larger
nodules.which showed evidence of confluence or some variation m cell size,
shape, staining or a ductular or adenomatous pa.ttérn of growth. In the absence
.of metasfasis. i;;va_siveness, 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.

—
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.With- exception of the vacuolar changes in the cytoplasm of hepatocytes, the

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

Month Sacrifice.

B - Wend R. ikt

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

scH 058169
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Primary Liver Lesions - Aroclor 1254

Lasion

Vacuolar Change
Focal Hypertrophy
rodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

HepatocellulariNecrosis

3 Month Sacrifice - Rats

TI T
310 300
0/10 __ o0/10
0/10 0/10
0/10 0/10
0/16 o/10
0/10 0/10
1/10 1/10

Group
T Control
1/10 2/10
e 0/10
0/10 0/10
0/10 0/10
. a/10 o/10
o/10 0/10
0/10 G/l10

053\10

o

—~

0N0- 23

r
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Primary Liver Lesions - Aroclor 1254

lasion

Vacuolar Change
Focal Hypertrophy

| NodularHyperplasia
Hepatoma

Ductular Hyperplasia
Cholangi.o -Hepatorma

Hepatocellular Necrosis

TI
o/10
o/10

o/10

~0/10

0/10 .

0/10

2/10

6 Month Sacrifice ~ Rats

T

0/10
0/10
0/10
0/10
0/10

0/10

.0/10

Grouo

T

1/10
4/10
o/10
o/10
0/10
o/10

1/10

Control
1/10
0/10
o/l0
0/10
/10
0./10

1710

om 053\1 1

qno~n
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Primary Liver Lesions - Aroclor 1254

leasion

Vacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
ﬁepatom

Ductular Hyperplasia |
Cholangio-Hepatoma

Hepatocellular Necrosis

12 Month Sacrifice - Rats

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

0/10

T

4/10
4/10
o/10

g/10

" 1/10

o/10

0/10

TII
1/10
2/10
o/10
/10

0/10

0/10

1/10

Groun
L]

Control

1/10

0/10 . -
0/10

o/10

1/10

0/10 -

0/10

(115 16 M

r
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Primary Liver Lesions - Aroclor 1254

lesion

Vacuolar Change
Focal Hypertrophy
Neodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepzt:ﬁ:za.

Hepatocellular Necrosis

Terminal Sacrifice - Rats

TI

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

3/31

Group
TII TII
10/26 13/27
£/126 13727
3/26 13/27
0/26 . 4/27
3/2:6 | 4/27
0/26 2/27
1126 2/21

Control
1723
Q/23
1723
0/23_
‘123
0723

1/23

58113~
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Tabulation of Individual Liver }..;sions in Rats

4
Sacrifice

i'-xte rval

|
¢

]
|

Dose JAnima
Level No.
and
Sex

Liver Lesions

Cytoplasmic vacuolation
of hepatocytes

Focal necrosais of

hepatocytes

Focal lymphoid

infillrations

I'ocal hypurtrophy of

hepataocyltes

Nodular hyperplasia

of hepatocytes

Focal bila duct

hyparplasia

Hupatoma

Cholangio-hepatoma

Carcinoma, metastatic
Mainmary tumor,
metastatic
flepatitis /Cirrhosia

Squamous Coll

t Month

B.l 356 M
lppm }357"
358"
359u
360"
396F
397
398"
L. oo 3990
400Q"

436M
437".
438"
439"
440"
476F
477"
478"
479"
430"

B-III |516M
100ppm}S1T7"
518"
1519"
520"
555F
557"
558"
s559¢
560

T ¥

+
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|
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Tabulation of Individual Liver Lesions in Rats

Ly

acrifice

Lj erval

Dose
Level

Anima
No.
and
Sex

Liver Lesions

of hepatocytes
Focal necrosis of
"~ hepatocytes
Focal lymphoid
infiltrations
Focal hypertrophy of
hepatocytes
Nodular hyperplasia
of hepatocytes
Focal bile duct
hyperplasgia
Cholangio-hepatoma
Carcinoma, metastatic
Mammary tumor,
metastatic

Cytoplasmic acuolation

. Hupatoma

6| vdonth

B-1
lppm

'B-IL
10ppm

B-II
100ppm

921IM
g2z
923"
924"
ga2s
936F
937"
938"
939"
940"

950M
gs1in
952"
gs3n
954"
966F
967"
968"
969"
970"

S8 1M
982"
983"
984"
985"
996F
997"
998"
99
1000

"|Squamous Cell

scM 058175 -
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Tabulation of Individual Liver Lesions in Rats !

acrifice

aterval

Level

Dose (Anima

Liver Lesions

No.
and
Sex

Cytoplasmic vacuolation
of hepatocytes

Focal necrosias of

hepatocyles

infiltrations

Focal lymphoid

.| Focal hypertrophy of

hepatocytes

Nodular hyparplasia

of hapatocytes

Focal bils duct

hyperplasia

{Hepatoma

Cholangio-hepatoma
1 Squamous Cell
Carvcinoma, matastatic
Mammary tumor,
mutastatic

2 Month

lppm

B.l

B3-O
10ppm

B-II
100ppm |

41M

42"
431 .
4‘4"
45"
46F
47
48"
494
sQn
51M
52"
530
S4
551
S6r%
57"
58.“
sgn
6a"

61M
62"
631
64"
651
66F
67n
68“
69
70"

-+

Tt

+ + + +

+4

SCM 058176
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‘aoutation ot [adividual Liver Lesions in Rats

acrifice
¢ arval

Dose
Level

Animai

Liver

Lesions

No.
and
Sex

Cytoplasmic vacuolation
of huepatocytps

hepatocytes

Focal necrosis of

infiltrations

Focal lymphoid

hepatocytes

Focal hypertrophy of

Nodular hyperplasia

of hepatocytes

Focal bils duct

hyporplasia

llopatoma

Cholanglo-hepatoma
metastatic

Squamous Caeall
Carcinoma, mectastatic
Mainmary tumor

2l Month

B-1
lppm

326M |
33Q"
33sn
33gn
351t
3230
zsn
343"
346"
342F
362"
368"
374"
375"
376"
475"
366"
367
3z
37T
378"
379
380"
381
384"
387
388"
389"
391n
394"
Ext"

++

++

4+

++

++

SCM 058177 -
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a.rifice
‘nterval

!
i

PUR- RVECR Y- 54

iUl oL didivicual Laver [esions in Rats

(-

1

L.

Dose (Anima

Liver

Lesions

Level No.
and
Sex

Cytoplasmic vacuolation
of hepatocytes

Focal necrosis of

hepatocytes

Focal lymphoid

infiltrations

Focal hypertrophy of
hepatocytus

Nodular hyperplasia
of hepatocytas

Focal bilo duct

hyporplasia
metastatic

Hepatoma

Cholanglo-hepatoma
uvanious Cecll
arclnoma, metastatic

Mammary tumor,

d

B-IO |[415M
10ppm | 417"
413"
419"
423"
426"
427"
491"
402"
403"
405"
410"
434"
45Q0F
451"
452"
456"
459"
463"
469" .
470"
471"
478"
443"
445"
448"

+ 1

I'i‘

++

++

'd d
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Tabulation of [ndividual Liver Lesions in Rats

- A
af:rifice Dose Anima Liver Lesions
n :rval Level | No. | ¢
| o ; -
R and '5 -.a u o .:_’ '
. Sex 1Ssle gl alza s ’ 5 .
| SNSRI 5|E2 |25 |o. F L
920|222l o2 [0 a a. -3 =
felasles BT | 152 g SE | &z
v g_ 8 g_ 9_.: ; = | < s % T Q . Z a
o = - o 9 ) o a 3
E2102185 85|22 158 |2 % |3E|%:2
nu s - c = e U a = e * . c o Q9 s o !
) 25z |37 l=" (=2 |37 |= s eS| E° |
L 5 0 Q d 35 v & 9 ad 1 C '
- ERRCUR N LT b I I R I B -
0 & z Wl | 2
24 Month | B-IIT | 484M| ++ )
100ppm | 491" + P P B
497" ++ P
499" + P
. 507" P
509"
‘510" | +
{ 512"
i 4831 -+ + -
489" | + +
522F | ++ ++
524" | ++ + P
S27" | +++ + P -
[ 541n + - P
l 547" | ++ P
Extl'l ++ 4+ P
Ext2" - P + P
Ext3ll b PR .
) Extda! ) P P
Ext3 + P
el 536m | 4+ 4 P
537"
539" | ++ ++ + I
441n *
Exi" P
Ex2" | ++ P
Ex3" + P s
' Grading System
i + = minimal in severity
++ = mild in severity
(¢ +++ = moderate in severity
] ++++ = marked in severity
. = Present, no grade SCH 0581719
" - z Absent ) -
@027 )
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1810 FRONTAGE RQAD
- NORTHBROOX,ILLINQIS 40062

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 - 068672

DEPOSITION
EXHIB!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

2177 1T T MARCH 24,1975
IBT NO. 641 - 06672

L~ Introduction
At the request of Dr. Levinskas of the Monsanto Company, additioral
'sectio-n; of liver from a two - year chronic oral toxicity st‘udy.of Aroclor 1250
i in rats (IBT No. 622-07298) w;re processed into H & E stained sections and
evaluated by light microscopy. Tke following report presents tﬁe results of

this study.

SCM 05834,

0920730

f
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O. Summary

In most instances, the spectrum of treatment-related histopathological

ﬁndiegs in ‘the liver from this re-evaluation did not differ significzntl?

_from that previously reported in our original report dated|November 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 obserw;ed. The other treatment-related lesions. reported are -
regarded as degeneraﬁve or hy-perplastic in nature and they are morphologic
manifestations of an adaptive response of the hver associated with biotransformation
of the test material. In general the Iztter findings 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: % M

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

Report Approved by: /; /

M. L. Keplx er, Ph/
Manager, Toxmology

scM 058182 -

010730
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Indstricl BIO -TEST Loborcboried, Inc. ' 3

IBT No. 622-07298
Monsanto

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

‘;.nd have re-evaluated them for évidence of carcinogenesis. I have tabulated
‘my findings for Aroclor 1260 on the following pages: .

There is evidence of a chemical effect on the liver which was most evident
at time of the 12-Month and terminal (24-M£>nth) sacrifices. This consist‘s of a
hepatocellular alteration beg’i.nning 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;zs clagsified as hepatomas or cholangichepatomas were larger
nodules which showed evidence of confluence or some .vzriation in cell size,
ghape. stzinir;g or a ductular or adenomatous pattern of growth. In the
ab.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.

SCH 058183

=
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. With exception of the vacuclar changes in the cytoplasm of hepatocytes,

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

and 24-Month Sacrifice periods. '

ﬁémd%lﬁbwﬁ;
Ward R, Richter. D. V.M., M. 3.

Diplommate, American College of
Veterinary Pathologists

020752
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Primary Liver Lesions - Aroclor 1260

Lesion

Vacuolar Change
Focal Hypertrophy ‘
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatocellular Necrosis

3 Month Sacrifice -~ Rats

TI
0/11
0/11
0/11
0/11
0/11
0/11

0/11

TIlI

4/10
0/10
0/10
o/10
1/10
6/10

0/10

Group

THUI

3/10
2/10
o/10
0/10
0/10
- 0/10

o/10

Coat=ol
2/10
6/10
0/10
0/10
0/10
0/10

0/10

053\36
s®

0907

r

STLCOPCB4028976



Primary Liver Lesions - Arocler 1240

Lasion

Vacuol#é Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular H.y-perpla.._sia
Cholangio-Hepatoma

Hepatocellular iNecrosis

6 Month Sacrifice - Rats

TI
1/6
0/6
0/6

. 0/6
0/6
0/6
0/6

TII
2/5
0/5
6/5

0/5

ors

0/5

1/5

Group

TOI
5/9
3/9
0/9
0/9
" 0/9
0/9

0/9

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

. 0/10
0/10

i/10

~ SCM 058186

020:.%%

f
p L

STLCOPCB4028977




Primary Liver Lesions - Aroclor 1260

Iesion

Yacuol;r Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatocellulzas Necrosis

12 Month Sacrifice - Rats

TI
2/9
0/9
0[9
. 0/9
1/9
Q/9

a/9

X
5/10
0/10
0/10
0/10
0/10
0/10

o/10

" Group
T Controal
3/9 1/10
4/9 0/10
1/9 0/10
0/9 0/10
219 1/10
0/9 0/10
0/9 Cei1e
scu 058187 _
010755

f
,‘\.
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Primary Liver Lesions - Aroclor 1260

lesion

V_';cuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoﬁ

Ductular Hyperplasia
-Cholangio-Hepatoma

Hepatocellular Necrosis

TI
5/25
3/25
0/28
0/25
6/25
0/28

4/25

Terminal Sacrifice - Rats

T

6/23
10/23
9/23

0/23

. 5/23

0/23

2/23

T Conc:ol'
10/27 1/23
1v27 0/23
7/21 1/23
5/27 0/23
14727 5/23
2/27 0/23
6/27 - 1/23
sCH ?58\33 .
~0N07.%G
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sanuwtation ol Tndisaiduatl Liver Lesiung in Rals ’

it s s ool g

—_—— ——

Sacrifice [Dosc Anima Liver Lesions
{ntcrval Level | No,
and
Sex

Vacuolar Change
FocalNucrosis
Focal lymphoid

infiltrations
Focal hypertrophy of
hepatocytes
of hepatocytoes
Focal plls puct
Ilyperplasia
Cholangio-hepatoma

Nodular hyportrophy
Hopatoma

. 3 Month | AI 116M
| ' 117v :

| | 1ige _
. . 119" - .
i L] 1z
_ 147F
' = | 156"
L ‘ 157"
FUbE N A 158"
{ 159" _
l PR PRSI N 1T L N - - 1:

( - -.-|AD 195M ++ _ .
| 1961 ++
198" +
: 2001} ++
| Extrall
: 235F

‘ 237"
! 238"

- 239n .
J o 240" M
{ .

Al 276M
[. : 27T
L. 278"
279"
280" | ++
315F
m
318"
: 319"
320"

T3

:z:-f'

- , SCM 058189
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‘ AROCLOR 1260 10
. Tabulation of Individual Liver Lecsions in Rats

! Sacrifice Dose [Anima Liver Leasicaas
| fnterval | Level | No.
and -
| ' s . |2 :
. ex ) o > n [-5 " o
l . o0 e = g o™ —— -
[l a - Q9 [« g “w 9 - 0 3
] = — Q > - U g a
= a g P ST [ 3 2 4 )
bo 5 =
I O 18 |aEf S |&e {9 '
: | o e=| 23 V>3 g 9 a o
- ] - Q. &~ - & Jz= ey
— Y > = > 3 i~ a > = =9
, o |Z ~LSl=2=}wuzs - 3 c
! G173 |3 |3 |22 |37 |% 2
I S . . 4 |u ] 8 33 v & 2
> 12 12 o 3 o = o
= y4

6 Month Al 832M ' -

834" + :
! 835"
846F
848" | +
; 849n 1 +

| ‘Al 864M
l ) . |865n
: 873n +
‘ ) 878F . .
i 879" ]

+ +
+

, AT [891M
', e 893
894”
| 895“
| G06F
907"
i . 908"
L 909"
9 10"

+ 4+t
++

SCH 0Ss190

~ (20723 o2
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* Sacrifice
{nterval

Dosc

Level

Tabulation of Individual Liver lesions ia Rats

Wanima
No.
and
Sex

Liver Lesions

)

Vacuolar Change

FocalNccroaia

Focal lymphoid

infiltrations

hupatocytes

Focal hypertrophy of

Nodular hypertrophy

of hepatocytes

Focal gile puct

Ilyperplasia

Hepatoma

Cholanglo-hepatoma

(* 12Month

Al

11M
12"
13"
14"
jan
16F
17"
18"
19"

2IM
221
23n
241
25n
26F
Pyl
28"
291
3g"

31M
32"
33"
34
36F
37
38"
39"
40"

+ +

+ +

++

++

Y1

+ +

SCM 058191

(la el
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ARCCLOR 12860
Tabulation of [adividual Liver Lcsions in Rats 12

Sacrifice
[nterval

Dose
Level

Animai
No.‘
and

Sex

Liver Lasions

Vacuolar Change

FocalN¢crouis

Focal lymphoid

infiltrations

Focal hyportrophy of
hepatocytes

of hepatocytes
Hypurplasia

Nodular hypertrophy
Focal Bile puct

llopatoma

Cholangio-hepatoma

Final .

Al

85M

gen

g7n
lo1v
106"
1120
114%
105"
107"
109"
122F
125"
127"
129"
130"
138"
141"
1470
151
155
144"
1311
132
135"
139%

16™
168"
179"
182"
184n
187
Extra'
205F
208"
210"

++4

++

++

(2 taleatal

t
I

STLCOPCB4028983



ARCCLOR 1250

. - . ) 1
! . Tabulation of Individual Liver Lesions in Rats ’

- Sacrifice | Dose jAnima ) Liver Lesions
| Interval Level No. -
and
l' ) Sex

pertrophy

'Vacuolar Change
li‘ocalNucrouis
Focal lymphoid

! Infiltrations
Focal hypoertrophy of
' hepatocytes

of hepatocytes
I.?ocnl Blle Duct
Ilyparplasia

Hepatoma
!kholangio-hcpatoma

Nodular hy

-‘ Final Al 212F
{continued) 213" | + o

220" + .
221n
v . 224" P
1 233" |- '
234" ++ . +
219t | 4+ + + B . -
230¢ ++ . ‘ ' ' '
203" ) ++
2044h
2065
207" | + ++

)
+
|

+

Al 241M | + P +

253¢
261
264" | 4. +
. 2700
271 | ++
2721 | +++
275% | ++ . P :
243" | + ++ . P
244" .. +
.t 312n + : +
231F +4+ P +
274" § 4 +++ ’
: 2751 ¢4+ ] ++ +++ g ++
- _ L1294 1 - :
297" | ++ | + 1
! ’ 302n . P
g 306" + .
. 308" P +
{ B I3 5 LI e : P .
' 314" . P -
{- . 240" | ++ 4 . +

++ 5+

o'

B o

-~ SCM 058193

0720751 <

STLCOPCB4028984




AL VUC LUK 1260

Tahulation of Individual Liver Lcsions in Rals L4
Sacrifice Dose |Anima Liver Lesions
interval Level | No. I
and 3 .é’ g
Sex o n > a c. o o
& S22 |25 |o= 3
< n 39 C > |- U a &
= > 2% o be 5 3 = v
M - B X e B
8] — p —— - -
L §-: Sel=2 (2% .¢ es
- 0o 1Z |5 |22 e |92 o c
ez |3 |3 |22 |37 |2 2
s |9 3 3 33 v iy e
B P P o 3 o = 3]
) z
Final AT [245F ++ + .
(continued) 281" . P +
’ 12871 P +
291" ++ P
309" + P
R R L ; .
rading System
+ = minimal in severity
++ = mild in severity
. +++ = moderate in severity
++++ = marked in severity
P = Present, no grade
L
. SCH 05319‘#
QN0 50 =
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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

L‘ Dear Dr. Wright:

Enclosed please find the report on Histopathological Re-evaluation 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 contsczt you by telephone. I was very
much tied up with several visitors last week,

‘ : If you have any questions concerning the report, please comtact me,

Sincerely,
-t P, Pour, M.D.
Professor

SCH 058195 -

-
—~
University of Nodrsta Medicatl Center, 42nd snd Oeway Avenvsd, Omana, Moorasns 68103

- o ——

30700
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Industricl 810 -TEST Loborctizs, Ine.
1810 FRONTAGE RQAD
NORTHBROOK, ILLINCIS 40062

REPORT TO

MONSANTO COMPANY

—

TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
~ AROCLOR 1242
IN ALBINO RATS ~
b ]

HISTOPATHOLOGCICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 16672

DEPOSITION
EXHIBIT

I (eVowas 4D
$-2187 WK

Sayonns, B, ).

PENGAD

SCH 0531‘*9 .
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r
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Industrial BLQ «TEST Loboraloried, Ine

REPORT TO *
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
__ STUDY WITH AROCLOR 1242
- - -—INALBINORATS- - -- - ~- - -

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

T T0ITMARCH 24719787 T

m e e b e e wm e e e - - . - e -

IBT NO, 641 - 06672 -

—

) & Introductivn )
At the request of Dr. Levinskas of the Monsanto Compa_ny, additioral

sections of liver from a two - year chronic‘ oral toxicity .study of Aroclor 1242

in rats (IBT No. 622-07298) were processed into H & E stained sections and

evaluated by light microscopy. The following report presents the resulls of

this study.'

L . SCM 058150 Co-

. o

0")0:'.u‘-3
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JRaHsitSE DI W B3 | Laboralsried, Jrc. 2

O. Summary
In most instances, the spectrum of treatment-related histopathological
findings in the liver from this re-evaluation did not differ ;igniﬁcantly 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 Sac:.'iﬁce. No hepatocellular carcinomas
.were observed. 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 Uver associated .w-ith biotransformation of the
" test material. In general, the latter é;:di.ngs were confined primarily to test
animals of the final sacrifice and they were dose-related In incidence and sevmty
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, s
2

INDUSTRIAL BIO-TEST LABORATORIES,

Report Prepared and Reviewed by: % ,@w‘

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

Report Approved by: | g A m

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

- ) , scM 058151
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Jncidiricd Bl O -V B3 T Losorwlorles, Tne

IBT No. 622-07298
Monsanto

I have examined additional sections of liver from ;'zts 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 eﬁgct on the liver wl;ich is most pronounc;d
at time of the terminal (24-Month) sacrifice. This consists of a hepatocellular
“alteration beginning as focal hypertrophy ;vhich progresses to ncdular hyperplasia,
and in a few animals to hepatoma or cholzngiohep;tcma. The hypertrophic cells )
contain large volumes of light staining cytoplasm which {s probably rich in
glycogen and endcplasznic reticulum. In some sections, 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 compresse:’;
surrounding cells of the normal liver parenchyma. These nodules also contained
the same hy‘pertzaphic'cell'.s.

Those lesions classified as hepatc;mzs cr cholangiohepatomas were larger
nodules which showed evidence of confluence or some variation in cell size,
shape, staining or a ductular or adenomatous pattern of growth.. In the absence
‘of metastasis, invasiveness, severe basophilia, mitoses, or other evidence of
anaplasia, these are benign tumors rather t.han malignant tumors (carcinomas).
There was no evidence of .metastzsis or invasiveness of these tumors in this

study.

SCH 058152

. p
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With exception of the vacnglar changes in the cytoplasm of hepatocytes; the

more severe hépatocellulzr alterations were confined to animals of the

24-Month Sacrifice.

-

anod B. Richy

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

SCM 058153

: 10723
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Primary Liver Lesions - Aroclor 1242

3 Month Sacrifice - Rats

Lesion

‘Vacuolar Chazge
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

T T Contzol
2/10 1/9 2/10
0/10 0/9 0/10
0/10 0/9 oo
0/10 0/9 0/10
010", _ 19 0/10
0/10 0/9 6/10
0/10 0/9 0/10

SCM 058154

STLCOPCB4028993



Primary Liver Lesioas - Aroclor 1242

'6 Moanth Sacrifice - Rats

lesion

Yacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Dgctulz.r Hyperplasia
Cholangio ;Hep.a.ton"xa

Hepatocellular Necrosis

TI
0/10
0/10
o/10
0/10
0/10

0/10

1/10

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

0/8

0r8-

Control

1/10

0/10

0/10

0/10 ~
e/10

0/10

1710

SCM 058155 -

090750

(ﬂ
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Primary Liver Lesions - Aroclor 1242

12 Month Sacrifice - Rats

—Wlacgolar Change
Focal Hypertzophy
Nodular Hyperplasia
Hepatoma -
Duc.tulzr Hyperplasia
Cholangio-Hepatoma

Hepatocellular Necrosis

-

TI
2/10
0/10
0/10
0/10
o/10
0/10

0/10

TO

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

/10

0/10

6/10

Group

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

0/10

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

Qe/10

SCM Q58156

010761

.
Nl
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Primary Liver Lesions - Arceclor 1242

Terminal Sacrifice - Rats

lesion

. Vacuolar Change

Focal Hypertrophy

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

Croup

TII Control
9/20 1/23
8/20 0/23
8/20 1/23
2/20 0/23
3/20 5/23
"0 . or23
o020 1/23

scM 058157

£
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Tabulation of Individual Liver Lesions in Rats

ARQCLOR -

1242

0

—

. SacriﬁcJ
{ Interval

L4

Dose
Level

Liver Lesions

|

Animall
No.
and
Sex

epatocytes |

“):)tr?%llpﬁmlc vacuola -
Focal necrosis of

hepatocytes

Focal lymphold

infiltrations

Focal hypertrophy of
hepatocytes
Nodular hypurplasia

of hepatocytes

Focal bilse duct

hypurplasia

Hepatoma

Cholangio-hepatoma

teticulum Cell Sarcoma

|

»

metastatic
metastatijc

Mammary tuinor

3 Month

C-1
lppm

c-1

c-ix

Cone
trol

10ppm

100ppa

596M
s98
599"
636F
637
638"
639"
640"

676M
617"
678 "
679"
680"
T16F
717"
718"n
719
720"

756 M
757"
758"
759"
. 760"
796F
97"
798"
800"

36M
37 1
38
: 39 1"
40 11}
76F
770
78 "
9"

80 "

SCH

058158 ~
l

Q3073 w2

STLCOPCB4028997




. ALV - 1242
| Tabulation of Individual Livar Lesions in Raty ' !

Sacrifice | Dose Animall Liver Lesion
iterval | Level' No,
" and
Sex

l

»
focal

of hepatocytes
Hepajoma

tion of hepatocytes
hepatocytes
infiltrations
hepatocytes
hyperplaala
meatastatic

Focal necrosias of
Chotlanglo-hapatoma

teticulum Cull Sa rcomi
.metastatic

Cytoplasmic vacuola-
Focal lympholid
Foacal hypertrophy of
Nodular hyperplasia
Focal bilv duct
Mammary tumor
‘Telungectauia,

6 Month | C-I | 10110
lIppm [1l012"
, 1013
1014"
1015
{1026F
i1027"
i 1028"
11029
‘1030" o+

+
+

+
I

C-I [1041M
10ppm 1042"
1043
1045
1056F
11057
1058
i1059"
1

C-IT :1071M : *
100ppm.1072! |-
1073
10750
1086F
1087 N
31083" . .

1089
1090%

Control 80IM i+ |+

;802"
803"
804"
~80sn
_8l6F
) . . 817
. 1"
< gign SCH 058159

B I

0107 0% o

STLCOPCB4028998



|

AROCLOR - 1242
Tabulation of Individual Liver Lasions in Rats

11

F

acrifice

terval | Level:®

Dose Animal

wo.

. " and

Sex

Livay

Lesion

tion of hepatocyies |

Cytoplasmic vacuola-
Facal necrosis of

hepatocytes

Focal lymphoid

infiltrations

Focal hypurtrophy of

hepatocytes

Nodular hyperplaasia

of hepatocytas

Focal bijlo duct

hypsrplasia

-

Hepatormna

.

PN PPN I

mectastatic

teticutum Cell Sarcom;
melaslatic

Cholanglo-hepatoma
Manimary tumor

L4 AN IS

2 Month} C-I
lppm

c-Io
10ppm:.:

|
|
|
|

c-mx
.

i

i

L]

H

!

!

.l

Control

7IM
72"
73"
74"
75"
76F
77"
78"
79
8o

: 81M

LAY

. g3
. 841

gs
86F
87"
ggH
ggn

90"

9IM
g2
‘g3
94'.
gs1
96F
g
98

t 99

1M
ZN

3 "
. 4"

5“
33
7"

8"

1 9"

SCHM 058160 -

QN07 o

f
£
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i labulation of Individual Liver Lesions in Rats e
!

Sacrifice Dose Anima Liver Lesions
Interval Level | No.
and
Sex

hepatocytes
infiltrations
hepatocyles
hyperplasia
metaatatic
metastatic

»
.

of hepatocytes

Focal necrosis of

of hepatocyles
Focal bile duct
Cholanglo-heputoma
Mammary tumor

Focal lymphoid
Reticulum Cell Sarcoma

Cytoplasmic vacuolation
Focal hypertrophy of
Nodular hyperplasia

. llopatoma

74 Month [C.I 564M
lppm | 566" A !
591" ’ -
ST + '
5691 P
572" +
576
580"
588" .
589" h P
595" |. + ' ‘
601F | - +
604"
605"
582" | +
583"
Yolrdl + +
608" | <
609"
61311 +
621
627 | +
628" | +
631n
b .| 634"
. . < | 6351 +
. 606" ’
) 610 | +
6204
626"
633"

- g~

\ 00755

f
f

STLCOPCB4029000
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Tabulation of Individual Liver Lesions in Rats

AROCLOR - 1242

13

|

acrifice
[aterval

Dose
Leavel

Anirn.a.{

Liver Leasions

No.
and
Sex

Cytoplasmic vacuolation
of hepatocytes

Focal necrosis of

hepatocytos

Focal lymphoid

infiltrations

Focal hypertrophy of

hepatocytues

Nofi

ular hyporplasia

'of hepatocylus

Focal bilu duct

- hyperplasia

Hepatoma

.

i
:

Cholanglo-hepatoma

metastatic
metastalic

Reticulum Cell Sarcoma
Mammary tumor,

c-u
10ppm

655M
637"
662"
667"
640"
641"
643"
644"
645"
646"
649"
651"
6734
686F
687"
689"
685"
690"
695 1"
697"
700"
703"
707"
708"
711
712n
682"
683"
69 1"
702"

++

++

+

SCM 058162

STLCOPCB4029001



. _ ARCCLOR - 1242
{ : Tabulation of [ndividual Liver Lesions in Rats 14

Cacrifice Deose Anima Liver Leasions
l (nterval Level | No.
.o and
Sex

hepatocytes
hepatocytos
hyparplasia
mectastatic
melastatic

Infiltrations

.

of hupatocytes

F"ocal necrosia of
Focal lymphoid

of hcpatocytas
Focal Lila duct
Cholangio-hepatoma
Mammary tumor

Focal hypertrophy of
Hepatoma

Nodular hyperplayia

. [Cytoplasmic vacuolation
[Reticulum Cell Sarcoma

}
!
]
!

$ Month |C-IOI T40M
100ppmj 722"
T24" | +++
744"
746" +
748 | ++
768F +

7718 | & ++
778" ++4+
Ext!t | ++4
733"
765" 1 4+ +
766" | ++ ‘ + P +
767 | P
7764 +
773¢ +
786" |+++
789" ‘ P
- : 793" F4+4+t ’
Ext | ++ + P

)

‘o

o I

Control 8M +
11 ) ’
12
21
. L 23
331 . +
340 :
. 3sn
Exttt
46F +
47 ' .
490 +
X s1v : ++
. E2n
« [ ' -T-X ‘ -
. : Sgn . .
l 621 ‘ —~ SCM 058163

l o

0nO7 LR

STLCOPCB4029002



Liver Lesions

ARCCLOR - 1242
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Industricl BLO - TEST Libowatonies, Ine.
1810 FRONTAGE RQAD
NQRTHBROOK,ILLINQIS 60062

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
AROCLOR l254
IN ALBINO RATS

HISTOPATHOLOGCICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1578

IBT NO. 641 - 06672

STLCOPCB4029004
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W 810-TEST Ackorairuiss, Ju.
1910 PRONTAGE BOAD
NOATHABOOX, ILLINOIS ssdel

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONMIC ORAL TOXICITY
STUDY WITH
AROCLO® 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
QF ADDITIONAL LIVER SECTIONS

MARCTH 24, 1978

IBT NQ. 64] - 06672

- st @ e s i,

@ © cson

= DEPOSITION

T EXHIBIT )
I EViosens 44
g S-3137 W

f
{
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Snduibrial 810 -TEST Lobsralvuiss. Jec ','zz

8 FAONTADS SCAD
MORTHESOOK. 1L NOIS 60062
Mageh 24, 1973

George J. Laviaskas, Ph.D.
Moasanto Compazy

800 N. Lindbergh Blivd,

St Louis, Misscuri 63164

Dear Dr. Lavinskas:
Re: IBT No. 641-06472 - Histopathelogical Evaluatien of Additicaal

Liver Sectioas From Rats of 2 Twe - Year Chreaic Oral Tericity
Study of Aroclor 1234

We are submitting barewith our laberatory report dated March 24,
- 197%; prepared in coansctien with the above study.

Yery truly yours,

J. €. Calamdra
Preeidant

STLCOPCB4029007
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Sadusirted 810 -TEST Lnioonburs, Sus. .

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHROMIC ORAL TOXICITY
STUDY WIIK AROCLOR 11%4
DM ALBDIO RATS ’

HISTOPATHOLOGICAL EVALUATION
QOF ADDITIONAL LIVER SECTICNS

MARCH 24, 1973
IBT NQ. 641 - 064T2

' L Istrodectios
i’
At tha request of Dr. Lavinskas of tha Moasente Company, additicenal

ucﬂu:dunrtrcm.!vo-y‘crwwmmﬂydAmlorlza
in rats (IBT Re. 622-0729%8) were procossed iots H & K swinmed cections and

evaluated by light microscopy. The foliswing repert preseats tha results of

this study.

STLCOPCB4029008
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Subustinl 810 -TEST niourbois, Sus

= 3 : e 224

1L gemmary -
gg.i%%??

© liver frem this re-evalmtion @Qid mot differ significantty frem that previeusly

reporea] ia cur original yepert dnted Novermber 12, 1971, Hoosver, thare

wsre six bawign Nver temere dotocted ameag six of the asimals at the highest

LT L I e T T I

repartnd. | The other tresmment-reisted losions repersed are regarded a5 Syemasa.

dogenarative ez hypsrplastic ia satuare and they are morpholegic amaifestations

of 22 sdaptive response of the Liver sSssubid To Mecrsastarmation of the

mst matarial. Tho lattay losicns were cenfined primarily to test anbmals of
“o the }€ snd 24 menth secrifices sad they wers dese-reisted tn (ncideats asd

egverity.

Ia conslusion, Arealer 1254 appears to be slightly tamorigemic st
lovels of 100 ppm wbea fod ceattaously ia the diot for twe yvars.

Respactiully submitted,

INDUSTRIAL BIO-TEST LADORATORIES, INC.

STLCOPCB4029009
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810- Sen
Sndustrsl B10-TRSY Lodoeatnton, 225

IBT Ne. 622-0T7298

1 have axmmined sdditismal sseticas of livor frem rate of Study Nunber
621-07293 end bowe ro-svalmassd them {or ovidencs of esrcizegeassis. [ have
tabulsted my Sadiags for Areclor 1234 ea the follewiag pages.

There is ovidenos of & chomical effect ea the liver which ls meet pro-
Muhd&.&-“nﬂ“d‘.ﬂmﬂi«. This consists of »
bopatocsiinlar altaratien beginning as fecal bypertreply m.mnnc ta
sedular byporplasia, sad in ¢ fow aniznals to bepatama or chelangiehepatoma,
Tho kypertrephis colls comtain large amounts of light staining cytoplasm which
{s prod Tily rich ia glycoegea aed endoplaomic reticubum. Ia comms casss ring
shaped struttures, probadly regresenting wherls of prolifsrative cadoplasmic
reticulwrn, ware gooa i the cyteplasm of these colla.

The hyporplastic nodules occupisd larger arvas sad oftea compressed
gerroundiag colls of the mermal Hver parcechyma. Theoy slse coatained the
same hypertrophic colls.

Thooe lecions which I classiflod as hepatomas or cholangie-bepasomas
wore larger podulas which choood evidense of conllusnce or some varistiea ia
cell siso, chaps, staiming or & ductular or adeacmatous patters of growth. In
the aboeonca of motastasis, mvasivensss, sovere basephilia, mismces, er other
evidonce of amaplacia; I c2ooo to call these bamign tumers rether thas maligzan:

(carciagmas), Thore vus 2o ovidence of matasinsis or Iavasiveasss of these

tamors la this sundy.

STLCOPCB4029010
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Sedwtotnl B10TEST Sodeaxtoms, Sm T 226
8

-t . £
With emceptien of the vecualaz changes in the cytaplasm of hepatesytss, the
mere sovers hepotocelinlar altoraticas wore coafined 1o aniwals of the 34-

Moeth Sacrifice.

Wond ©. R4S,

Ward I, Richwr, D.V. M, S.
Dipl., Am. Collegs Vat. Path,

STLCOPCB4029011
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- R
Primary Livar Lscions - Arecler W
3 Moath Sacrifics - Rars .-
Lesion . Sresw
11 ™ TIM . Comtrsl
1
Yacuslar Chaage 3/10 310 110 gfe 2710
Y ocal Hypartrophy 0/10 0/10 110 - /10
Nodular Hyparplacia /10 0/10 e/10 o/10
Repatoma 0/10 /10 /10 o/10
Ductular Hyperplasis 0/10 0/10 010 o/10
Chelangio Hispatoma 0/10 e/10 e/0 e/10
Hepatocellular Necrosis 1710 1/10 010 e/10
- * % -2 '-‘“
.
e e v e s
- -
' 0nGL~?
.

STLCOPCB4029012
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Yacwolar Change
Tocal Hypertrophy
Nodular Hyperplasia

?

Ductular Hyperplasia
Cholangio-Hapatoma

Hopatoceliular Necrosis

o/10
/10
e/10
8/1e
e/10
9/10

2/10

9/10
0/10
/10
9/10
Qe/10
Q/10

Qe/10

™,
/710
4710 Yo -
8/10
0/10
0/10
0/1a

1710 %a

Coatrel

1/10
0/10
e/10
0/18
9/18
/10

1/10

STLCOPCB4029013
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8 Primary Liver Lacioas - Arocler 1234
14 Month uuua - Rats
jestoa e
_ R T ™ i’i&' Ceatrol
Vacuslar Chcage 1/10 4/10 1710 She 1710
T ocal Hypertrophy e/10 4/10 2/10 %o 0/10
Nodular Hyperplasia 0/16 o/to o/10 6/10
Hapatoema 0/10 0/10 6/10 0/10
Ductular Hyperplasia 1/10 1/10 0/10 1/10
Cholangio-Hepatama 0/10 0/10 a/1e 0/16
Hepatocelinlar Necroeis 0/10 0/10 1710 % 0/1c

T N At ey
B
b

£
i

STLCOPCB4029014
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Termisal Bacrifieos - Rats

3
ot i ces
3 - & -1,
Vacwolar Chaage : 8/31 3/ Yal 10726 /Y. 3,.,
T ocal Hypertrophy 3/31 Y Tulssze ' o
Nodular Hyperplasia orsr vs JRvzs ‘g .
Hepatoma ot Tucjorze v . e
Ducralar Hyperplasia 6/31 YuTu{3/26 Vac¥, .
Cholaagio-Hepatoma /31 Kl 0/26 U ° ..
- Hopatocellular Necrosie 3731 Y Y.d1/26 \‘u.va.q 121 nqluires “riq
Y - .
fw= 1 ‘
“ . - -
D >
aJd
e v b
» Ed =~
(A
M

Thoe et 8§ e ke - .,J—.b"(‘gv“.a.-—on'w
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Sacrifice Deese kztnn Liver s
Ixtervel Lavel | Ne.

NE )

hegstocyies
Fosal tympheld
taflitrations
Toesl hypertrophy of
bagateayien
Nedular hyperpiasie
of hepatecytes

byparplasia
LR
Cell
W
Mammary tumbe,

Totzal neerosie of
Hepatoma ¢ B
Chele

e

Tocal bile dust

metsstatic
Hepalltla FCTrrhaals

3 Mouth Bl 3S6M |

lppen 1357 | ¢
358"
ISy~ +
’“n
AT INr
i o™
o bl L
b} ol
mn

*

B-O [436M} ¢+
N\ {0ppm | 437"
- 438" | »
439~

476X *
47T
418"
4T
mﬂ

B-IX {S16M
100ppma | 51T i
5187 pe | o oo ]
sie”
30"
1113 4
s
538"
L] o
560"

——— e

Qaer '-‘.....I..‘ v gsasd SR T s o “.'\L“ ff»«r -
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AROCLOR - 12%4 i 10
Tabulatien of liudividual Liver Lasiens in Rats 2R

Sacrifice | Deee

Liver Lesiees =
Latsrval Level ’

|

FEx

Cytoplasmic vacuslation

hopatouytes

Feocal tympheld

of hopasecytes
Tocal aacresis of
fefiltrations
Tocal hyportroghy of
hopatacytes
Nedular byperplasia
Toeal bile duet
hyporplasie
Hapatomna
4
e W
Qell
Marnmeary tomee, .. .
1lepatitis /Clrrhoels

c

”n" .
924"
~.° ‘rey 72’"

ot e LAY 4
”r
’”"
939 |
mn

10ppm | 981"
92"
983~
%4

A

”*%9
.0

B-IX [981M | Oﬂl L ;]
100ppm|{ 982~ ¢ b

2
pry

3
*

)

3 ;
:

-« e Daslas e o anderhand A IR, W SNy W T
;‘I. - e c .
'

-~
TN 000732
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- et

vwojedof)

wevrdaediy . .
© 19%p oiq tesey

ssihroyndoy o
nsejdasdiy setapopn

Liver Leslons
]
i
t
i
{
j

esyhraytdoy
o Aydosyaediy yeiog AR & kS

swenyvaifipu)

prondwii] (voeg M t

ssyhseyedey . T
)0 Stoei20u (ese g °

: snsdoervdey o
wetinjondva dusvidoidy

mm.: 3553556583

C SRR~ .
AROCLOR - 1254

Tabulsties of Individws! Liver Lasions in Rats
!

P"
|

$1M

Dose

Lovel

B.l

lppem | 42
3.0

10ppm

3-
§00ppm | 62"

72
$3
s".
s8¢
56T
§7
5y
59
“l’

laserval
(—.
Armevoegd o
. Siw v

Bet

Sacrifice
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Sacrifice | Dose Livey
[atezval lLeavel | Ne.

hopatasytes

“Pocal lympheld

of hepatocyles
Foeal acereeie of
hyperplasie

Hepatitia /Clrrhoais

Cytoplasmic vaewolation
Tocsl bile duet

24 Momb | B-1 |326M p o
lppm | 33Q%

'°/: 338~
| 381+ ch

—

-~

[

&
£

|
.

3780 (p TN
N 3Te e
i

1/ 366 * (e

3
L2
}

+

-

i

—

:3:@‘{:&‘) \r S

§ aadyr o ,.L..;L.}.L A dua bl o

o g liesn bo o b . .. . -
< Sl --.um’ 5 R
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Tadulation of Individual Liver Lasions ia Rats 235

Sacrifice { Doss Aaima Liver Lasicns
[nzgrval | Level | Ne.
Rl

ICytoptasmic vacuelation
of hapatecytes
Focal mecraosis of
bepatocytes
Focal tymphetd
infiltrations
Focal hypartrophy of
hepatecytes
of hapatocytes
hyparplasia
Cholangle-hbpstima®
%:-mmn Cell
reinema, metasiatle
Mamnmary tumer,
mutastatle
Iepatitia/Cirrhoals

Nodulay hyperplasia

Focal bile duct

lepatems

24 Moath | B.T 1415M Y wl

10ppm | 417

418" o
419"

Ao a2

426

h 4
t
4

491" Nt ‘ P
402" ¢ 8¢ X
403"

405" r’ \qp’ *

t*

410"
4347 pye
4507 )
"""“ﬂ"“"‘" 451" Pe
4527 e bo (+
456" .
1459 - (3 **
‘661" I >l

471"
478"
4437 ) P(P‘
-1 448 [ red
- - 2 b‘:\ .

19" w19
-

STLCOPCB4029020
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237

11. Surmunary

i an most ;n:m_:n}‘ troatment-related histopatholo, .1 findiags in the
liver {rom this re-evslustior did cot differ significa: {rom that previcusly
reported in our ¢ iginal report dated Novembar 12, (97]l. However, the-e
were six baniga liver turaors detected arnong six of the snrmals at the highest

treatmaent level (100 ppm) of the 24-Moeath Sacrifice which were oot previcusly
. . I . . - “a . -

t.er e ac <,

reported. The other trestment-relatad lesions r'portod ;n nnrdc& as
degeperative or hyperplastic in naturc acd they are morphologic rmaaifestations
of an sdaptive response of the liver assscisiad wish biotransformation of the
test raterial. The latter ledions were confined primarily to test animals of
the }4 and 24 mosth sacrificas and they were dose-related in iccidence and
severity.

in conclusion, Aroclor 1254 sppears to be slightly tumorigenic at
levels of 100 ppm when fed contincusly in the diet for two yesrs.

Reapactiully suboutted,

INDUSTRIAL BIO-TEST LABORATORLIES, INC.

Report Prepared and Reviswed by:

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

Report Appraved by:

-
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Industucl B1O -TEST Lobocimies ‘e

1810 FRONTAQE ROAD <
MORTHMEAIOK, “LiLINOIE 04443 .

REPORT TO

MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY"
STUDY ¥ITH
AROCLOR 1254
IN ALBINO RATS

HISTOPATHQLOCICAZ EVALUATION
QF ADDITICNAL LIVER SECTICNS

MARCH 24, 1978

IBT NO. &4 . 06672

STLCOPCB4029023
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Sndusinl 810 - T88T LAubowstowss, Soc - .

- 1810 FEONTAGE 8OAD -
NOATHOBOOK. (LL1eOIS 00082 -~ - .

Goorge J. Levinskas, Ph.D.
Monsanlo

Company
200 N. Lindbergh Blvd.
$t. Louts, Missowrt 43166

Dear Dr. Levinaskas:
Re: IBT No. 641-06472 - Hissopathological Evaluation of Additional

Liver Sections From Razs of 3 Two - Year Chromic Oral Toxicity
Study of Aroclor 1254.

We are submitting Ferewith our revised laborasary report dated
March 24, 197%; prepered in comnection with the above stady.

Vary truly yours,

C eug .

00G-.5

STLCOPCB4029024




REPCRT TO
MONSANTO COMPANY
TWO « YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1254
IN ALBINC RATS

HITOPATHOLOGICAL EVALUATICO
QF ADDITICNAL LIVER SLCTICNS

MARCH 24, 197

IBT NC, 641 - 06672

. L jatroducticn
At tae request of Dr. Leviaskas of the Monsasto Company, additicnal
sectioas of liver {rom a twe - year chroaic oral toxicity study of Aroclor 1254
ia nu. (IBT Neo. 622-072%) ware prmucd’ ‘oto H & & stained secnions and .
svaluated by light microscopy. The {ollowing repor: pre.ents e results of

thig study.

-
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Sndetiriol BIO-TEST Sninrnbotrs, Sus 191

O. Symmery ‘
hmm.hdeM*

. R
- in the lver from this re-evilustion did Dot differ significandy frem that provisusly

repartsd in our origisal pepert deted November 12, 1971. Sovever, thars were
six benign liver tumers 4stectod smong 6ix of the animels at the kighest trestment
Leval (100 ppam) of the 24-Mamth Sacrifics which ware ast previcusly reperted.
One liver tumor (nhq-—n)MWhnT-nnthb.ﬂi)
w1s re-classified as nodular hyperplasia The other tres rolated logi

reported are regarded as degenerutive er hyperplastic in natwre and they are
morphologic manifestations of an sdaptive response of the liver ascribed w
bictransformation of the et material. Thae latter lesions ware confined primarily
o tost enimals of the 12 and 24 month secTifices and they were dooe-ralated m
incidence and sevarity.
in conclusion, Arecler 1254 sppears w de alightly tumorigenic ot leveis
of 100 ppm when fed cmtinously in the dist for twe yosrs.
Respoctfully submitted,
INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by: /‘%%{’,—/

D.K. Gerden, D.V.M., P2.D.
$oction Hesd, Pathology

Report Approved by:
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Snductinl B1O TS Y Lokoustosins, Soun

e IBT Ne. 6224729
Moassnto

{ bavo sxamined additicaal sections of liver frem rats of Stedy Nurber
622-07298 and have re-evaluated tham for evidence of carcinogemesis. [ have
tabulatad my fiadings for Arocler 1254 on the followiag pages. ‘

Thare is evidance of a chemical effsct oa the liver which is most pro-
sounced at time of the 12 -Month and 24-Month sacrifice. This comsts:s of &
bepatocsiiular aitsration beginaing as focal hypartrophy which progresses 2o
sodular hyperplasia, and in & [ew anirmals 1o hepatoma or cholangiobepatoma.
The kypsrtrophic caells comtaia large amounts of light staimang cytoplasm whieh
is probably rich in glycogen and endoplasmic reciculum. In sorme cases rizg
shaped structures, probably representing whorls of proliferative endoplasm:c
reticulun, were seen in the cytoplasm of these cells.

The hypsrplastic nodule s occupied larger areas sad oftens comprussed
serrounding cells of the norma! - += —arenchyma. They 2iso contained te
u.u-c hypertrophic cells.

Those lesioas which [ classifisd as hepatomss or cholang:o-hepazzmas
were larger nodules which showed evideace of confluence or some varianoas ia
cell size, shaps, staining or a ductular or adancmatous patteran of growtn, =
the abeenca of macastasis, invasiveness, severe basophilia, miivees, er other
evidence af anaplasia; | chose to call these bezign tumers rather thaa malig=az?

{carcinomae), There was =0 evideace of metastasis or iavasivessse of these

tumors in this study. . -
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s
Primary Liver Lasicas - Aroclsr 1254
¢ Momth Sacrifice - Rats
sion Groep
TI ™ ™ Control
Vacuolar Change 0/10 0/10 1210 1/10
Focal Hypertrophy /10 /10 4/10 a0
NodularHyperplasia o/10 0710 0/10 012
Hapatoma 0/10 0/10 0/10 .10
Ducralar Hyperplasia 0/10 ¢/10 0/10 623
Cholangio -Hepatoma 0/10 910 0/10 Q712
Hepatocallular Necrosis 2/19 0/10 1710 1710

STLCOPCB4029030



T e el et Le e i Oe e s s meaier amt et e wte e = m—

136
£ Primary Liver Lesions - Aroclor 1284
12 Month Sacrifiée - Rats
Lesion growp

n ™ T Cootrol
Yacuwolar Change i/10 4/10 1710 1/10
TFocal Hypertrophy 8/10 4/10 2/10 o/1¢
Nodular Hyperplaasia 0/10 0/10 0/10 9/10
Hepatoma /16 9/10 /10 /10
Ductular Hyperplasia 1/10 1/10 /10 1/10
Cholangio-Hepatoma Q/10 Q/10 Q/19 0/10
Hapatocellular Necrosis e/1¢ /10 ‘ 1/19 0/19
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Primary Liver lLesioms - Aroclar 1254
Terminal Sacrifice - Rats
Lasion Crouop
g T ™ Ce.
Vacuolar Change 8/31 10726 13/27 1723
Fuecal Hypertrophy . 3731 8716 13727 3:23
llodular Hyperplasia /31 3/26 13727 123
Heparoms Q31 0726 4/27 2/23
Cucrular Hyperplasa 6’31 328 4/27 £:2)
Cholangio-Hepatoms Q/31 . Q26 2/7 423
. Hepatoceilular Necrosis 331 1726 227 1/23
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Gesrgs 1. Lovindkas, Ph.D.
Memsents Compancy

569 . Lindvergh Bivd.

8. Loute, Mivoweri 63166

Desr Dr. Levinckas:

R IBT Ms. $41-66672 - Histapothslogical Rvalustica of Additional
Liver Sections Frem Rats of s Tow « Year Chwonic Oral Texicity

Sxydy of Areclor 1294
Wa sro submitting hercwith cur reviced laborstory report dated
March 24, 1973, preper wd in commection with the above study.

Very truly yours,

B. Golonslo

J. C. Calemdrs
President

JCC/sd

L4 18 18 %5 05.
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REPORT TO
MONSANTO COMPANT
TWO « YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLCR 1254
DN ALBINO RATS

HITOPATHOLOGICAL EVALTATICH
OF ADDITIONAL LIVIR SLCTIONS

MARCH 24, 1973

BT NO. 641 - 06472

. C\ L = tion
At the request of Dr. Levinskas of the Monsaate Compaay, addizioral
secticas of liver from a twe - year chronic oral taxicity study of Aroclar 1254

in rats (IBT Neo. 622-0729%8) were processed ixta H & I suined sections sad

evaluated by light mmicroscopy. Tha {cllowing report presexnts :8a results 3f
dis stody.

£
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Sudesttl B10-TUST Lrfonstoms, S ‘ .32

Yy ot

& U. Pusgmery
muumhumuumu&ﬁ”' ’
&—umwhcmcwumum
Thers were stz hepsismne detocted ameng 5ix of the emimals a: the highest
treatmseat lovel (183 ppm) of fhe 24-Momth Sacrifics. No hepstecellnler
carcinomes vers chosrved. Cms Mver tumer (3 hepatema) previcssly reported

ta a T-U saimal (M. 445) wos re-clessifiod 23 modular hAyperplacia. The

other trestmamt~roisted leciens yeported sre regarded as degemsrattve or
hyporplastic ia petwre tad they are morphologic manifestatiens of an adapdve
respesge of the Hver ascribed to bloransiormatisa of the st matarial. The
lsther lesions wers confined primerily 10 test smimals of the 12 end 24 momth
mummmhm“m

e ¢ uv. b &vd A JJ\\'“ sep - a A L.
'.dmppmmm'!yhhdﬁbmm. .

Respoctfully swbmitted,
BOOUSTRIAL BI0-TEST LABORATORIRS, INC.

Report Prepared and Reviowed by /4!
D. K. Gerdoa. D. V.M. ,P2. D,

Section Hesd, Puthology

Ropert Agproved by

T

W N I Hiiof S b
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uhdhmﬂm—m M“lcm
mwuww-&hm-sﬁw
“hah“-h@.‘-w The hypearwephic calls
mkm-.dmmmmumman
m-&mm In some cwas ring shapsd ocrs:tures,
Mywvhdsdmmm.m“
hhqaph-d.-un- .
mwwmwmﬁﬁw
M&db-ﬂmm They alcs camteined tho
-w-n-
M“Wuhp—nrmmhn-
mwwmam-mmndu
“‘.“ﬁ‘.lmcm’d.-dm In the sbeence
of mototosts, irvastvemess, severe bacophilia, miteses, or oiher ovidemes of
eneplagin; thees &70 bexmiga temors rathor then smlignent cwrcinemas. Thare

wee 2o evidense of motastusis or mvasivemess of thess hamurs in this study.

r L
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Werd R, Richaer, D.V.3.,M. 8.
Dipl., Am, Collegs Vot. Path.
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o/1e

g/10

STLCOPCB4029045




063
~
Primary Liver Lasions - Argd.or 12%4
6 Moath Sacrifice - Rats
Lasion Grvep.
T1 T T™m Coutrol
Vacuolar Change o/l0 0/10 110 110
Focal Hypertrophy 0/10 0/10 o 010
Nodular Hyperplasia /10 0’lQ 0:10 - 0/10
Hepatoma ' 0710 0/10 0/10 0/10
Ducrular Hyperplasia 0/10 0/19 0r10 or10
Cholanglo-Hepatoma 0/10 0’10 ore 010
Hepatocsllulsr Necrosis 2/10 0/10 Y20 1110
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PRV VERIY P,

Vacuolar Change

T ocal Hypertrophy
Nodular fypsrplasia
Hepatoma

Dectalar Hypsrplasia
Cholaagio-Hapatama

Hepatocollular Necrosis

1/10
0/10
0/10
o/10
1/10
o/1e

0/10

T

4/19
4/310
0/10
/10
1/10
0/10

0/10

1710
210
/10
0/10
0/10
/10

1/10

1/10
0/10
0/10
or10
/14

0/10

9/10
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Cholangio-Hepstoma
Hapetocslinlar Recrosis

3727

27

[
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Primmary liver Lenions - Arcclor 12%4

Tarmimsl Sscrifice - Rata

ket Growe Cantrol

L esion 1 2 3 1 2 ] 1 2 3 1 2
Yacuolar Change 3/31 5/28 8/31 4/26 4/2510/26 UIZ‘I. 3/2513/27 1/23 0/24
Foca] Hypertrophy 1/31 2/28 3/31 1/26 1/25 5726 627 s 0/23 o/24
Nodular Hyparplasia 8/28 0/31} M2 3725 326 3/27 9/2513/27 1723 o/24
Hepatomna e/28 /31 Yio o125 o/ 127 2/28 4121 0/23 0/24
Ductular Hyperplaaia 3/3t 6/28 &/3) 3/26 ¢/25 3/26 5/21 2725 4127 5/23 6/24
Cholangio-Hepatoma - 9/28 a/31 0/25 0/26 0721 1728 2117 0/23 0/24
lkpnocolhl:-r Necrosia 2/31 2/28 3/31 1/26 2/25 /26 1727 /25 /27 1/23 0/24

! = First evalmatioa of original siides
2 - Re-evaluatioa of original slides
3 - Evaluatioa of sdditiomal tissue secticns

There were 5 saimals in which this lesion was aot peea at time of the coceed avalestion but was present
va the first, -
Similar to above imvolving 4 animals, . - - «
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" Primary Liver Lasiems - AROCIOR

(‘t

- e
Yacusier Chenge ‘ /18 . Vs . 2 [Y;7}
ro‘dw -‘ v s
Nedular Myperplasia /28 %) v %7
Ductular Hyperplasia /28 v
Cholangio-hepatoma ¥ 02 128 /24

Vs L7

228 /24

Hepatoms /28 /28 228 0/2¢
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1810 SRAONTAOE 80OAD
.. NORTHBPOOK. ILLINOIS 60062

8 Snduitrsl 810 - TEST Loboraloossi, Snc. 20

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
AROCLOR 44 2.0
IN ALBINO RATS

HISTOPATHOLOCICAL EVALUATION
CF ADDITIONAL LIVER SECTIONS

MARCH 24, 1979

IBT NO. 641 - 06672

= "29%
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Sediitial 810 -TEST Labovibdrisi. e 205

10 TBONTAGE ROLD .
LALUNOIS 60062

%“

Leviashas, Ph.D.

Monsantc Company
800 N. lindbergh Blvd.
St Louls, Missowri 63164

Dear Dr, Lavinskas:

IBT No. 641.06672 - Histopathological Evaluation of Additional
Liver Sections From Rats of 8 Two > Year Chroniz Oral Texicity

Study of Aroclor W4 1200

g
We ars submirting herewith our'laboratory report dated March 24,

1975. zvopared in coamactioa with the above study.

Very truiy yours,

J. C. Calapdra
President

.

—~ g G ¢ P e e b= mem
m V. e «
-
. -
“l o . a
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR Hd 1340 .
IN ALBINO RATS -

RISTOPATHOLOGICAL EVALUATION
QOF ADDITIONAL LIVIR SECTIONS

MARCH 24, 1973 .

IBT NO. 641 - 06672

L introduction
At the requact of Dr. Lavinskas of the Monsaato Compacgy, additional

1340
sactioas of liver {romh & two - yoar chronic oral toxicity stady of Aroclor Ja

in rats (IBT No. 622-07298) were procecsed imo H & [ stained sections asd .
evaluatid by light microscopy. The following report presents the results of N
this study,

-—— e ee W’PF' ‘.w ..—-q.“—m—.w- - - —~
. . d ” . - -y .
; . A A g

-
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Sodustrsel B10-VEE TV Lodougtootas, s

: 20
' 7

O. Sempany :
CW)‘ WM-EWWK fiadings in

‘he liver frem this re-svalwmtioa did not differ significantly froen that previcusly
ropc rtod o our original report dated November 12, 1971, Howvever, thers were
ooves benign liver tumors detacted among soves of the paimals at the highest
treatmont lavel (100 ppm) of the 24-Moath Sacrifice which were set previously
reported. The other trestmeat-related lassicas reported m regarded as dagenara-
tive or kyparplastic {n pature aad they are marphologic masifestations of az
adaptive respoase of the liver associated with biotransformatien of the test

material., Iz gemsral, the latter findingo wore confined prirmarily to tast anirrals
of hj‘. }':-’- end 24-Month Secrifices. and thay weras dose-related in incidence
and sevarity. )
In conclusion, Aroclor l'-;.iiiumus to be alightly tummerigenic at lavels
of 100 ppm whaes {ed comtinvously in the @et for twe years.
Respectfully submitted.

INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared amd Reviewed by: %4——&”«

D. E. Gerdoa, D.V.M.,Ph. D,
Sectioa Head, Pathsloyy

Roport Approved by:

E
|

;e
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Sndottiel BIO-TESTY Scheenbrin, Sou
BT Ne. 622-07298 208
8 Moaszam

1 have examined sdditiom] sectiens of Liver free rats of IBT No.
§22-07298 and dave re-ovaluated dun tor evidenso of carcimsgemasis. I
have tabulnted my findings for Areclsr - lz&u&oM”u

Thnhcdhmd.dumw'cﬂcdnhuvu'udmmﬂ
evidant at time of &o&“ and tarminal (24-Moxth) sacrifices. This
consists ef a hapatocsellular altaration begimming as focal hypertrophy which
progresses to podular hyparplasia. aad in a few avimals, to hepatomas or
cholangiohepstomas. The hypertrophic cells crutain large ;m-nto ef Light-
staining cytoplasm which is probably richk in glycogea and endopilasmic reti-
culam.  In some cases. ring-shaped structures. probably representing whorls

/‘. of prolifarative endoplasmic reticulum, ware seen in the cytoplasm of these
calls.

Tha hyperplastic nodules occaupied larger areas and oftsa compressed
surrounding cells of the mormal liver pareachyms. They alse costaimed the
samae hypertrophic cslls.

Those lesions which [ classified as bapatomas or cholangiobepetomas
were larger podules which sbowed evidence of confluance or seme variation =
cell sise. shape. etaining or a ductular or sdatamatous patters of growth  In
the sboance of metastasis, imvasivenass. severe basoptilia, mitoses or other
evidence of anaplasia. [ chooe to call thase benign tumors rather than malignan:

carcinomas. There vwas mo eviderce of metastasis or lavasiveness of thase

tumors in this etudy.
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MM—W
With szoeptien of the vasuslar changes in the cytoplasm of hepatocytss, the
more mnhmwudurwmunm‘uuwolm:ﬁ;m

2¢-Moath Sacrifice psrisds.

Yard R . icdilr

Ward B. Richtsr, D. V.M., M S
Diplomate., Americas College of
Vetarinary Patrologists
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Primary Liver Losions - Arocler $343
3 Moath Sacrifice « Rats
Jeasion - Grewp
T T TUl ¢, Costrol
Vacwolar Changs 6/11 8/10 3710 :/; 2/10 -
Focal Hypertrophy o/11 9/10 210 Y% 0/19
Nodular Hyperplasia 0711 0’10 erio 0/10
Hepatoma e/t 0/10 o/10 0/10
Ductalar Hyperplasia 0/11 1/10 0/10 0/10
Cholangio-Hepatoma 0/11 0r10 0/19 0/10
Hepatocellnlar Necroais 0/11 0/10 /10 /10
| 20 R R 5=
an, AN T e Sg—— ~ -~
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Primary Liver Lasiess - Aroclsr lli';
8 Morth Secrifice - Rats
TI T ™™ e, Control
Vacuelar Chaage 1/6 218 879 c'/q 1710
Focal Hypertropdby 0/6 0/s 319 /e 0/10
Nodular Hypsrplsaia 076 0/3 . el9 0/10
Hapatoma 0/6 0/5s 0/9 010
Ductular Hyperplasia 0/6 0/s 079 . 0710
Cholangio-Hepatera 076 0/5 0/9 0/19
> Hapetocallular Necrosis 0/6 175 0/9 1710
‘ '
.o ‘""”‘”"”'*—W’*’“"”’" e -
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Primary Liver Lesions - Aveclor llia

14 Month Sacrifice - Raty

fasice Qrewp
TI ™ Tm f*.- Contral

Vacwslar Chaage 2/9 $/10 319 Ve 1710

! ¥Focal Hypartrophy 0/9 o/10 479 .. 0/i0
Nodwlar Hyperplasia 0/9 0/10 9 Yo 0/10

Bapotoms 0/9 0/10 0/9 0’10

Ductular Hyperplasis 179 0/10 2/9 %a 1710
Cholangio-Hepatota 0/9 0/10 0/9 0/10

3 Hepatocsllular Necroais 0/9 0/10 0/y 0/10
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Primary Liver lesions - Arecleor 12482,

Lesica

Vacwolar Change
Focal Mypsrtrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia

Cholango-Hepatoma

Hapatocsliuiar Necrosis

Tormim] Sacrifice - Rats

Grow

T 4, TR 4, Tm -
P4 . '?
8725 ke ¥ 6723 Ma%. 10027 T by as23 oy

3728 7 -V 10023 Va3 1027 Ya-S.q 0723

0725 T 9723 T4 1127
o/2s T g3 T 8727
6/28 %o lir 5123 Vo par27
028 uo0r23 Ve 2127

4728 Kol 2723 %yqt, 6127

- —
TR
- -
< B .
» .
vy,
.
B H M
Y
H K3
»
v
P . e
- L
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Taluiation of Individre! Liver Losions ia Rats

214

A

Sacrifice
x*erval

Dose WMnima

Liver Lesions

level | No. I
and
Sex

infiltrations

Focal hyportroghy of

Vacwslay Change

Focal Nezresnie

Foeal lymphold

hep-tocysos

Nedular hypertirophy

ol hapatocytes
Focal pile puct
Hyperplasla

Hopatoma

Cholangie-hepatoma

3 Mowth

tes T P as
. L

Al 116M
1
1187
119
120"
47T
156"
187
153"
159~
160"

AQ 1954
194"
193"
200"
236F
23
238"
239"
240"

11

iAm 276
2 L-»
1278
279"
280" (-1
315F
nr
318
319~
320"

aqmore e ln in pocad

o'+
Lot b
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AROCLOR W28

Tabulation of Individusl Liver Lesions ia Rats
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1IM

Mll
3r
3T
uﬂ
39
“ll

+

+

+
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+
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*
32"
33 l —d

uﬂ
13"
14"
ls"
16r
m
18"
‘9'!
zz'l
23"
20
28"
26F
27"
z.ﬂ
29"
”l'
IINM

Ne.

Anima

-
Level
Al
A
ALl

Sacrifice
intarval
5/s

220

N

& Moas
loetf Dl .
~
Y/,

STLCOPCB4029073



PR S ———a— . .

- AxocLon 128’
Tabulation of Individus! Liver Lastens ia Rats

217 ¥

Dese Anima Liver Lasions

Lavel | Ne,

Vacwolar Change
FocalNecrosie
Focal lymphoid

infiltrations
Focal hyportrophy of
hepatocytes
of hepatecytes
Tocal pile Duet
Hyperplagia

Hepatema

Nodular hypertrophy

Cholangle -hepatema

Fimal

7
e

B o ™i. o sa
T ser . e

~
. N/’.

86" @+t 4o

-, ' R ad
SN0 l

106" g -4
112"
114"
108" 39+
v\y-ﬂor' t
oad 109 AR P-’ + .+ |
a2r |

128" 4+
1z ) +
1297 yy +
138"
1387 + Y
141"
a7 {~ uy
181+ e
ISS"bJ

T
*

13174 +
132"
138" r\’ + e

1397

ALl 16T H+
168" of + () +
179" - + PIg4+
182" iprt- P

184

s
Extre™ . 3 + )+
ROST ) i1 PP J4 =~
Ros"
210 a4

St e, e T Loat =k = oy At e Ve aa.,f

- = ke 43 " aal o L
AR . gt fatey AR

L
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Tabulatioa of Iadividwat Lieer hoh.'h Rats

Sacrifice
intarvsl

infiltrations

Focsl hypertraphy of

Vaauwelar Change

FocalMecrosio

Focat lymphold

hepatocydes

Nodular hypertrophy

Fieal
(coatigned)

i

Ve

)

(e

£4)

- 44

ip

+ ¢
AL 4 4

-+

"% TR

. —— o g e eme—

Liver Losisus

.

Hypeorplania

of hepatocytes

Cholangio-hepatema

Foeatl pile Dct
tlepatoma
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Tabulation of Individus! Liver Lesions inRats 219
Sacrifise | Dose HMaima Liver Lesions
Latarval Lavel { No. )
and
Sex 3 §
12 : i: - a e
51z 32882 ii :
v ls ‘é: E ! - 1:
'R zjt2 } 21 2
21 |23|Rb TR ek |E ¢ |
py - - - - =
¢ le - a 3% ° i ] '
SlE 118018 2 |5
Tioal Al R4ST L 44(P. L) + l
(contioned) REl" t’ P (L*P IS o i
287" %) P .+ v :
91" Lo = ) eqey s LOP - |
309" 4 (o P .
(-0 b i
t
‘
{
J
Gradiag Systeem
+ s miximal in severity
++ s mild {a severity
+++ o medarats ia severity
++++ = marksd in scverity
P = Preseat, to grude
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Industucl 810 - TEST Lrioralores. nc. - 172
. 161C FRONTAGE 20AD
NORTHMEROOVY, HLINOtS 600482

REPORT TO
MCONSANTO COMPANY
TWO - YEAR CHRMONIC ORAL TCX:C!TY
SITDY WITH
ARCCLOR 1260
IN ALBINO RATS

HISTOPATHOLOCICAL EVALUATICN
OF ADDITIONAL LIVER SECTICNS

MARCE 24, 1375

I3T NQO. t4l - 06672

25 060?n17.
R
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Induitrial BIO -TEST Labomlousi, Snc 173
141C FRONTAGE ROAD
NORTHEROOK, 1LLINOIS 60062

Goorge J. Lovinskas, Ph.D.
Monssnto Company

800 N. Lindbergh Blivd.

8t. Logis, Missouri 63164

Dear Dr. Lavinskas:

Re: IBT No. 641-06472 - Histopathological Evaluation of Addioonal
Liver Sections From Rats of a Two ~ Yesr Chrenic Oral Toxicity
Study of Aroclor 1260.

We are submitting bareerith our revised laboratury report dated

March 24, 1975: prepared in conmection with the above study.

Very truly yours.

J. C. Calandrs
Premident

~ e ;""{M - .;vw~ ey W o—p’rv on"‘-'—-— - -

-y
ono7 A=
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Secdesirial B1O-TEST Anisanteatn. Ses

174

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

RISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 04672

b l=trocuction
At the requast v. Dr. Lavinskas of the Mornsanto Compar~», additional
sections of liver from & two - year chroaic oral toxicity studv of Aroclsr 1260
in rats (I27 No, 622-07298) were proceseed iz=:1o H & E stained secnozs and .

evaluated by light microscopy. The following repor: prasests the resulis of

this study.

STLCOPCB4029079
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175

O. Summery

In most instances, tus

pectrum of tr ‘r'--Aan

the lver from this re-evaluation did mot differ significantly from that previoasly
reported ia eur original report dated November 12, 1971. However, there were
saves benign liver tumors detected among seven of the animals at the nighest
treatment lavel (100 ppm) of the 24-Month Sacrifice which were not previcasly
reported. The othar treatmant-relatad lasions reported are regarded as degensra-
tive or byperplastic iz natare and thay are cwrphologic manifestations of an
sdaptive respomse of the liver associated with biotransformation of the test

matarisl. In gemeral, the latter findings were coafined primarily to et animals

of the b=, 12- and 24-Momh Sa-rifices. and they were dose-ralated in incidence

and severity.
In conclusion. Arcelor 1260 appeare to be slightly turmnorigeaic at levels
of 100 ppm when fed cortinucusly in the diet for two years.
Respectiully eubmitted,

INDUSTRIAL BIO-TEST LABPORATORIES, INC.

Report Prepared and Raviewsd by: %4—»‘«\—”

Repor: Approved by:
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Sl B10-TUST Aukonabotn, Sim

IBT No. 622-07298 176
Monsanto

I have examinsd additional sectioas of liver frem rats ef IBT Mo.
622-07298 and bave ra-evalusted them fer evidence of carcinegenesis. !
have tabulsted my findings for Aroclor - 1260 ouﬁ.hl.hnh(m'

Thare is evidence of a chamical effect on the liver which was most
evident at tima of the 12- Month and terminal {24-Month) sacrifices. This
consgists of s hepatocallular aiterastion begioming as focal bypertrophy whic:
Progreseas to modular ﬁmrphd;. and {n s few aximals. to havatomas o-
cMWﬁopwm The hypertrophic cells contain large amoutts of lLight-
staiaing cytoplasm which is prodbably rich ia glycogen and endoplasmic re::-
culum. It some cases. ring-shaped structures. probably represanting wnoris
of prollferative endoplasmic reticulum, were seen in the cytoplasm of hese
calls.

The byperplastic modules occupied larger areas and oftan compressed
surrounding cells of the mormal liver parenchyma. Tiey alse contained :ne
same hypertrophic cells.

Those lesions which I classified as hepatomas or cholangicheparomas
werae larger nodulss whick showed evidencs of confluence or s0rna varianiorn 1=
cell size. shape. staining er a ductular or adenomastous pattera of growtk. n
the abssnce of metastasia, lovasiveness., severs basophilia. mitosas or otner
evidence of anaplasia. [ chose to call these benign tumors rather than maiigoasnt

carcinomas. There was po ovidence of meotastasis o. iavasivensas of these

tumors in this study.
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and 24-Moath Secrifics pertods. '

Yard R . Richtss

Ward R. Richter. D. V.M , M. S
Diplomate. American Collage of
Veteripary Pathologists
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Primary Liver Lesioas - Aroclor 1284

1y
-4
o
o

Vacuolar Chasge
Focal Rype rtrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatoceliular Necrosis

3 Moach Sacrifice - Rats

0/11

e/11

0/11

e/11

0/11

0/11

0/11

TI!

4/10
Q/10
0/10
/10
1710
0710

0/10

S
Tai
3710
2/10
a¢/10
0/10
0/10
0/10

0/10

178

Countrol
2/10

6/10

0’10
0/1¢C
0/10

o/10
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Primary Liver Lesioas - A.roclor 1262

Lasion

Vacuolar Change
Focal Hypertrophy
Neodular Hyperplasia
Hepatoma

Ducrular Hyperplasia

Cholangio-Hepatorma

Hapatocellalar Necrosis

& Month Sacrifice - Rats

TI
176
a/é
0/6
0/6
0/é
/6

0/6

T
278

0/%

0/%

/s

175

Gros

™

5/9

3/9

Qe/9

/9

/9

079

0/9

179

Conmtrol

1710

6’1o

9719

9710

0/10

/19

1710
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Primary Liver Lasions - Aroclor 1260
12 Moath Sacrifize - Rats
Lasicn ‘Oeswp
T T T Contro!
Yacuolar Change N 5/10 379 1110
Focal Hypertrophy 0/9 6/10 4/9 2710
Nodular Hyperplasia 0/9 6/10 /9 ) 0r10
Hepatorna 0/9 0/10 L A er10
Ductular Hyperplasis 1/9 0/10 210 1/1c
Cholangio- Hepatoma Q/9 0/s10 0/9 0/.0
Hepatocellular Necrosis 0/9 0719 0/9 0’10
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asiog Growp

T TO T Cornrrol
Vacwolar Change 5/28 §/23 10727 1:23
Focal Hypertrophy 3128 10/23 1y27 0:23
Nodular Hypsrplasia 0/28 9/23 vy 123
Bepatoma 0/25 0/23 $727 0/23
Ductular Hypseplasia 6728 §/23 14727 5723
Cholangio-Hapetirma 6/28 0/23 2127 023
, Hepatoceliular Necrosus 4725 2123 6727 1/23

} ()()OZSU , o
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1810 FRONTAGE 2OAL
ORTHE AOOK, IHAINOIS &86062

REPQRT TC
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 - QooT2
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Tedustaisl 810 -T8ST _Brbosalovies, Sac.
nonuuooc..wmm

July 1, 1978

Goarge J. Lavinsias, Ph.D.
Monsants Campeny

$00 N. Lindbergh Bl=d.

St. Louia, Missouri 63166

Dear Dr. Leviaskas:
Re: [BT Mo. 641-06672 - Histops thological Tvalustion of Additional

Liver Sections From Rats of 8 Two - Year Chronic Oral Taxicity
Study of Aroclor 1268.

Wae are submitting herewith our revised laborstory report dated
March 24, 1975, prepared in connection with the above study.
Very truly yours,

3. C. Calandrs
President

Jcc/ia

STLCOPCB4029094
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REPCRT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH ARCCLOR 1264
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 06672

Isrroduction

e

At the requast of Dr. Levirskss of the Mogsanto Compacy, additionsl
sactioas of liver from a two - year chroamic orsl toxicity study of Aroclor 1260
in rats (IBT No. 622.07298) were processed into H & E atained sectiona azd
evaluaied by light microscopy. The following Tepor: presents ke resulss of

this stuly,
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Scbtuel $10-TEST Undosatorss, Sou 2

- 089 -
.} B. Semenry H-

hum,umdww
findings ta the Mver frem s re-evalmtien did met dMor slgaifiesntly
frem that previcusly repermd in ecur originsl repert dated November 12, 1971.
Mwﬂmwwmmd&muh
highest trestment lovel (100 ppm) of the Zé-Menth Sacrifics. Mo hepatocsiluler
carcinoams wvere cbesrved. The other trestment-relatad lesions repurted are
regarded as degenerstive or kyperplastic ia nsture &nd they are morphologic
manifestations ef sa edeptive respones of the Hver 2eeocistad with biotransformation
of the wet material. In goneral, the latter findings were coafined primarily
to test snimals of the ¢, 12- and 24-Month Sacrifices, and they were dose-
related in imcidemce and osverity.
In conclusiom. Areclor 1260 does not appear 0 be carcinogenic in rats
{od for teo yoars at levels wp to and including 100 ppa.
Respecttully subeitted,
INDUSTRIAL BIO-TEST LABORATORIES, INC.

Raport Propared aad Revisewed by %

D.E. Gordea, D.V.M., Ph.D.
Sgectioa Head, Patbelogy

Report Approved by:

"o
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G BT Ms. 6224729
xm—-sduannqumun;d%fhfm

and have re-evabusted Miom for evidanse of careinegencsia. | hove Wbuited |
qmumﬁuuuum-'m '

There to ovideoes of a chomiesl offect ca e liver which ves mest ovidenmt
at tme of the 12-Month and tarminal (J4-Meath) sacrifices. This consists of &
hopstocollular aliorsticn begiaming te focal hypertrophy which pregresses w
nodulsr hyperplasis, sod ia & frw amimals, to hepatoms or chelsmgiohepatoms.
The hypertrophic colls contain large samourts of Hght staining cywoplasm which
ts probably rich in glycogen amd endoplasmic reticulmm. In some cases, ring-
shsped structures, probably reprecenting whorls of preliferarive eadoplasmic

- reticulum, were sosa in the cywplasm of these calls.

The hyperplastic sedules eccupied larger orees ond cftem ceapressed
swrrousding cells of the mormal Mver parcmchyma. They alos comtxined the
same hypertrophic cella.

Thooe lesions classified 20 hop or cholangioh were larger

P

nodules which showed svidence of conflucnca or somee varistion in call sise.
shape, staiming er 3 ductular er odemometous potisrn of grewth. In the
absence of metastusis, invesivemsss, eeveru besgphilia, mitoess or other

evid of ensplasia, thecs are benign hemers rother thes malignmest

r

carcinomss. There was no evidence of motastasis or imvasiveness of these

tuseors in this study.
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Yaceelar Change

Tocal Nypertrophy
Nodular Hyparplasia
Hepatorns

Ductalar Hyperplasia
Cholangio-Bepatoma
Hepatocelinlar Necreoais

/11
/11
/11
0/11
6/11
o/11

o/11

4/10
)
/10
0/10
1/10
a/l0

/10

3/10
2710
9/10
q/i0
a/10
e/10

/10

/10
e/1e
e/10
e/10
0/10
Q/1e

/10
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. . L1
§ Meath Sscrifice - Rats )
fesica ' Srsse

’ T Tt ™ Comtzrol
Vacuolar Change 176 275 5/9 1710
Tossl Hypertrophy 0/6 0/ 3y 0/10
Nodulay Hyperplasia 0/6 0/$ 0/9 o/te
Hepacoma 0/6 0/ 0/9 010
Duetular Hyporplasia 0/6 0/ o/ . 0/10
Chalangio-Hepatoma 0/6 0/s 0/9 0/10
Hepatecellular Necroeis /6 1/% /9 1710
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Prirmary Liver Lesions - Aroclor 1248
¢ Mcath Sscrifice - Rats
Leaten Growe
TI T3 =1 Ceexrol
Vacuolar Chazge 2/9 s/1Q 379 ti10
Focsl Hypsrirophy 0/9 a/10 49 812
Nodular Hyperplasi. 0/9 LRSY l.e FIRY
Hopatoma 6/9 c/10 0's 9.0
Ductalar Hmﬁunu 179 /10 2/9 t 10
Cholaagic-Hepatoma Q/9 Q12 Q9 3-1c
Hepatocsllular Necrosis or’e a/10 319 30

I
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Primary Liver Lasiens - Areclor L280

Termisal Sacrifice - Rats

sioe . COrews
TI 924 T Coatrol
Vaceolar Chaage L ¥e 1] 623 10727 1723
Focai Hypertrophy 3728 1623 127 623
Nodular Hyperplasia 0/28 2123 727 1/23
Hepatoma 028 0/2} §27 n/z3
Ductular Hyperplasia 6/2% $/23 1437 §.23
Cholangio-Hepatorma 028 0/23 227 ‘2
Hepatocellular Necros:s +/28 2723 $°27 122
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095
Primary Liver Losioas - Aroclar 1260
Tearminal facrifics - Rats
Growp
11 Py ™™ Conatrol
Lesion 1 2 3 1 2 3 1 2 3 i 2
Vacuolar Change 1725 2/28 S/28 3/23 2720 6/23 8/27 1/2410/27 1/23 0/24
Focal Hypertrophy 0/2% /25 3/25 1/23 4/2010/23 9/27 6/2411/27 0/23 0/24
Nodular Hyperplasia 0725 0/25 0/23 4/20 9/23 2/27 3/24 1/26 1/23 o/24
Hepatorna 0/28 0/25 0/20 ©/23 0/27 4/24 S/27 9/23 '6/24
Diuctular Hyperplasia 1/25 1/25 6728 2/20 5/23 1727 3/24 14/27 5/23 0/24
Cholangio- Hepatoma ’ 0/23 0/25 0/20 0/23 0/27 0/24 2/27 0/23 0/24
tHepatocellular Necrosis 1/28 4/2% /23 0/20 2/23 2/2111/24 6/27 Y/

l = First evaluation of original slides
2 - Re-evaluation of original slides

3 - Evaluation of additional tissue sectiocas

STLCOPCB4029109
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Sodusiie! BIO-TES T Lotcastboins, fus
094
N Primary Liver Lesicns - AROCLOR - 1260
Terminal Socrifics - Ram
Ro-svalustion of Origimal S.des
A-1 A2 A3 Control
Vacuolar Change /28 /20 724 0/2¢
Focal riypertrophy /28 420 6/24 /24
Nodular Hyperplesia 0/2% 20 V24 /24
Bile Duct Kyperplasia 1/28 /20 v e
Cholangio-hepatoma /28 0/20 0/24 0/24
Hepatoma 0/28 0/20 v 0/24
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e, 10077 @
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRCXIIC ORAL TOXICITY
STUDY WITH
AROCLOR $24@ (342
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
‘QF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

I3T NQ. 641 - 26672

< DEPOSITION
{  EXHIBIT

sLEVsEns -4,
P S-2131 X

0907778
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8 Incbudinial 810 - TEST LobowDuss, e
1918 FROMTAGE RCAD
NOATHERQOK, ILUNDIS 63d6Y
March 24, 1973

George J. Levinskas, Ph.D.
Monsacte Cormparny

800 N. Lindbergh Blvd.

St. Louls, Missouri 63166

Dear Dr. Lavinskaa:
Re: IBT No. 641-06672 - Histopathological Evalzatioa of Additional

Liver Sections Fram Rats of s Two - Year Ciromic Cral Taxmc:ty
Study of Arocior—ié¢e. {191,

We are subrnitting Rerewith our libaratory report dated Marchk 24
197S: prepared in connsction with the above study.

Very tralv yours,

J. C. Calacvdrs
President

et A ‘-o"vr.'s”n-mq O Ta A S S . U T A ¢ Sy
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REPCRT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC QRAL TAXICITY
STUDY WITH AROCLOR 1264 -
DN ALBINO RATS

HISTOPATHOLOGICAL EVALTATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 197%

BT NO. 641 - 06672

L Introduction

At the request of Dr. Lewinskaz of the Moasaste Compasny, additiosal
sections of liver from a two - year chroaic oral toxicity study of Aroclor 1268 2y
:n rate (IBT No. 622-.07298) wore processed into H & E stained sect=ioas and

evaluated by light microscopy. The following repor: presants the sesults of

this study.

STLCOPCB4029117
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242

m.  jueemery
S The gpacTrem of
- Tu miaet {astances, g treatment-related histopsthelegical findings in

tha liver from this reo-evaimatioa did sot differ significantly from that previcusly

reportsd ia cur origimal repart dated Novembsr 12, 1971, However, thare were
three beaign liver tumors detacted amopg three of the aaircals at the highes:
treatmant lavel (100 ppm) of the 24-Moath Sacrifice which were aot previsusly
reported. The other treatmant-relstad lesions reportsd are regarded as de-
genarative ’or hyperplastic ia nature and they are morpbologic manifestaticas of
53 adaptive response of the liver aseociated witk bictrans{ormation of the test
material, In geperal, the latter findings were confined primarily to test azizmals
of the final sacrifice and they ware dose-related n lncideace and sevenisy.

Ia coaclusioa, Aroclor '5’325‘2".." to be slightly tumorigenic at levels
of 100 ppen when fed continously in the dist for two years.

Respoctfully submitted,

INDUSTRIAL BIO-TEST LABCRATCRIES, INC,

Report Prepsred and Reviewed by: %

D.E. Gordoa, D.V. M..Ph.s
Section Head, Pathology

Report Approved by:
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Sedathinl B10-TEST Loinenibaiss, Sus

‘ IBT No. 622.07298
Moasanto

I bave axamined addiricoal secdoas of liver frem rats of Study Number
§€22-07298 sad have re-sviluated them for evidencs of carcinogenesis. [ -ave
tabulated my findings for Arocler ‘m:-e. the {ollowing pages.

There is evideace of 3 chamical effect ca the liver which {s most
pronounced at timme of the terminal (24-Moath) sacrifice. This consists of a
bepatoceliuiar alteratioa baginning 28 focal bypertrophy which progresses ‘o
podular hyperplasia, and in & few animals to hepatoma or cholangioceparo=a.

The hypertrophic calls contain large volumes of lighs staining cytoplasm whick

is probably rich in glycogea and endoplasmic reticulomn. [n soms secmozs, ~irs-
shaped structures, probably represeating whorls of proliferative endoplism.:
reticulum, were seen in the cytoplasm of these celle.

The hyparplastic sodulas occupied larger areas and oftes compressed
surrounding cells of the aarmal liver parenchyma. These nodules also conaized
the sama hypertrophic cells.

Those lesions which I classified as bepatomas or cholangichepatomas were
larger nodules which showed evidence of confluence or somrs varianon iz cell s.22,
shape, staining er a ductular or adenomiatous pattara of growth, In the adgezce 3:
maetastaeis, iavasivenass., severe basophilia, mutnses, or ocber evidence of aza-
plasia, I chose to call thase beaign tumors ratber thaa maligaam tumors -carc.a-

omas). Thare wau 5o evidamce of motastasis or invasivensss of these rimors

in this srudy.
£ -
< . ~- .. S . PU S DR X i i il LA AR
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e o I tra” ” o L
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244

1t should be potated o THAT SUAS Y FATSSIGITITY mright-ouil-these tumore
—CATCINOBILE vn—the-baaisof ather critaria has, this-disgaseis.conld be debatad
With exception af the vacuolar changes im the cyteplasm of hepatocyrss, the

more severe hopatocsllular alterstions were coafined o animals of the 24-

A

Meonth Sacrifice.

Werd B. Ricky .

Ward R, Richear, D.V_ M, M S,
Dipi., Am. Collags Vet Puth.

| I o | TG Y e =
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Primary Liver Lesions - Arccler 1260

3 Month Sacrifice - Ra‘s

Lasion
=Aasios

“wcuclar Change
Focal Hypertrophy
Nowular Hyperplasia
Hepatorma
Suctuiar Hyparplasia
Zhelangio- Hepatorma

Hepaiocellular Necrosis

Growp
TI T
0/8 2/10
0/8 o/10
0/8 0/10
0/8 9/12
08 3/19
0’8 g/l0
178 019
hnsthandhaaibhth

3

STLCOPCB4029121
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Primary Liver Lasions - Aroclor 12;:

‘ § Month Sacrifice - Rats
Lasion Orocs
T T = Centrol
Vacuolar Change 0/10 0/8 9/9 1/10
Tocal Hyparirophy 0/10 0/8 0/9 0/10
Nodular Hyperplasia 9/10 0/8 0/9 0710
Hepatoma 0/19 /8 0,9 10
Ducsular Hyperplasia 0/19 0/8 /9 9/12
Cholangio-Hepatora » a/10 /3 0/9 3/10
Hepatocellular Necrosis 1/17 0/8 0.9 1’10
o T S e e e
e : — B !lz..
N - k& ":‘u:. T

246
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C10285

f
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Primary Liver Lasions - Aroclor 1264

14 Mouth Sacrifice - Rats

Lesion " Growp
Tt o Tm
&y
Vacuolar Change 2/10 4/10 09
Focal Hypertropky 0/10 0/18 e
Nocular Hyperplasis 0/10 0/10 Q79
Hepatoma - 0/10 o/10 /9
Ductalar Hyperplasia o/1c 1/10 .6/9
Cholangic-Hepatoma Q/10 0/10 0/9
Hepatocellular Necrosis 0/19 g/1e v/10

Oyt O ver el

247

Coatrol
1/10
g/10

e/10

STLCOPCB4029123
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Primary Liver Lesicas - Aroclor 1260 248
* Terminal Sacrifice - Rats £
. g’nl 1‘ 3 12 3 <
Lasica r Group
’,"TI [ ma,’ T 0:; Controt
Vacuolar Change /1 % 21 las30 %o V4l 920 'Yhe YAy .
Focal Hypert- ophy 2131 Yo7 [3730 Mo Yial 8720 ShoVuloras |
Nodular Hyperplasia 031 g4, 1230 Ra%luf 823 YheVu s -
Hepatorra 0/318/31 %7 0130 ‘ét a2 o fais .
Ductular Hyperplasia WY {3030 eyl 329 Yoo 2 si23 -
. . 9
Cholangio-Hepatoma 0/31 $¢ 25, 0030 438 %uf 1120 he e\ 123
Hepatocellular Necrosis 1/31 )8 %4 J1/30 )5,,9’.1 020 'I" Tadt 3 .
O oGeoe|: 5|2
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Tabulation of Individual Liver Lesicas in Rats
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AROCLOR - 1284

Tabulatica of Individual Liver Lesiocas ia Rats
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AROCLOR - 1284, 252

Tabylatisn of Individeal Liver Lasions {a Rats 12

Sacritice I Dose
Interval Level

§

Liver lestions

T8

ICytoplasmic vacuolstion

of hapatcoytes
hopatecylss
Focal lymphoid
iafittrations
hupatocytes
of hepatocytes
hyperplasia
inetastatic
metastatic
o)

Focal necrosis of
Focal bile duct
Chulangio-hepatoma
Mammary tumer,

Foval hypsrirophy of
e patoma

Nodular hyperplasia
Hutlculvin Coll Sarcoms

Ve batsgers Lavora,

fppm | 566" ! {# : !
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+
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AROCLOR - 1280
Tabulatioa of Iadividual Liver Lesisas ia Rats
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AROCLOR - 1260-1*

Tabelatien of Idividwal Liver Lasions inRats 2§54 ¢

Sacrifice Dose Mnima Liver Lesioas
Intazval Level No.

foeal -

hepatocytes
Focal lymphoid
infiltrations
hepatocytes
hypearplasia
matastatie
metastatic

of hepatecytes
of hapatocytes

fanpectasts,

Focal necrosia of
Focal hypertrophy of
Focal bile duct
Cholangio-hepateme
Mammary tumer,

Hepatoma
Raticulum Cell Sarceoma)

Cytloplasmic vacuolation

Nodular hyperplasia

24 Moot~ (C.IO T40M ;

100ppm{ 722"
726 | WP P

746" . -'

17—
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Indusinial 810 - TEST Lobouatoues. e, 185
1810 FRONTAGE ROAD .
HNORTHBAOOKL, ILLINQIS 60042

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

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTICNS

MARCH 24, 1978

IBT NC. 641 - 06672

STLCOPCB4029132
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Indstral 81O - TEST Lrbosalories. nc.
1810 FRONTAGE ROAD
NORTHBROOK, 1LUNCIS 60048

¢

George J. Lavinskas, Ph.D.
Monsanto Commpeny

800 N. Lindbergh Blvd.
St. Louis, Missouri 63166

Dear Dr. Levinskas:
Ra: IBT No. 641-06472 - Hiswpathological Zvaluation of Additonal

Liver Sections From Rats of a Two - Year Chronic Oral Toxicaty
Study of Aroclor 1242.

Weo are submitting herewith our revised laborstory repart dated

March 24, 1975; prepared in connection with the above study.

Very truly yours,

STLCOPCB4029133
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REPCORT
MCNSANTO COM.
TWO - YZAR CHRONIC ORAL TOXICITY
STUOY WITH AROCLOR 122
ON ALBINO RATS

HISTOPATHOLCGICAL EVAZLTATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 197¢

BT NC. o4l - 068672

= =zroduction

At the request of Dr. Levinskas of the Monsante Cormpary, additnozal
sections of liver irom a two - year chrosic aral taxiciry study of Aroclor 1282
12 rats (IBT No. 022-07238) were processed into H & E stained gecticas aad
evaluated bv light microscopr. The fellowing repar: presents e resulis of

=i study,

-

STLCOPCB4029134
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L Summary

in most instances, the spectrum of treatment-related histopathelogical Sndings in
the lUver from this re-evaluation did not ¢iffer significancly from tha: previcusly
reported {n our original report dated Novernber 12, 1971, However, there ware
three becig= liver twmors detacted amopg three of the animals at the highest
treatrnent level (100 ppm) of the 24-Month Sacrifice which were not previcusly
reported. The other treamment-related lasicnc reportad are regazdsa as de-
generative or byperplastic iz sarure and they are marphologic caaifesmatiozs c¢f
an adaptive response o the liver associated mit: biotransfosmarice of the tast
material. In gemaral, the latter findings were ~onliaed prircarily 15 test azia.s
of the final sacrifice sad they were dose-selated in incidence and sevency.

In coaclusion, Aroclor 1242 apgpears to be tlightly tumorigenic at ioveis
of 100 ppm when fed continously in the diet for *wo years.
Respecfully submitted,

INDUSTRIAL BIC-TEZST LABCRATCRIZS, INC.

Report Prepared azd Reviewed by. % M

D.E. Gordon, D.V.M..P%D.
Sectica Head, Patkology

Report Approved by: .: /

\.. Z.. ..np
Manager, ‘I’arxeolo;‘?

PR . ) e MEPI gD = - —— - Armnnam—. = _—
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IB3T No. 2-07298
Monsanto ] 15 9

{ %ave exarmined additional sections of liver {rom rats of Stady Number
$622-07298 and hare re-evaluated them for evidence of carcivegemesis. . have
tabulazed my {iadings for Aroclor 1242 on the following pages.

" There is evidence of a chemical effect oa the liver whick is most
pronounced at time of the termiaal i24-Month) sacrifice. This cousists o(»n
bepatocellular alteration begin=ing as focal hypertrophy which progresses o
noczlar hyperplasia, and in & few animals o hepatomna or cholangiobesato=za.

The hypertrophic cells contaiz large volumes of light staiaing cyoplasm which

18 probably rich in glycogen and eadoplasemic reniculur, Is jorse secx=dzs, ring-
staped structures, nrobably represesting wherls of proliferative endoplascuc
reciculum, were seen .t the cytoplasm of thease cells.

The hyper-last:ic moduies occupied larger aroas and oftes compressed
surrounding cells of the aorrmal liver pareachyria. These nodules also coama:ized
the same typertrophic cells,

Those les:ons which ! classified as hepatornas or cholang:ckepasszas were
arger zodules whicz |h;vcd evidence of consluence 37 soms variation :a cell size,
s=ape, stainiag or a ductular or adenomatous pattera of zrowth. o e adsemce o
etasiasis, invasiveness, severe basophilia, mitoses, er other evidesce of aaa.
olas:a, ! chose %o zall thase Secigr rurmors rather thaa rralignast tumors carciz-

smmas, There was 2o eviience of meastasis or :vasivenass of these rimiors

STLCOPCB4029136
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8 1690

With sxception of the vacular changes in the cywplas . of hepstscytes, the
more severs hepatocsllular sltaritions wers confined t antmals of the

24-Menth Sactifice.

Wend B. Rickis

Ward R. Richtsr, D. V.M., M.S.
Dipl., Am. College Vet. Path.
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Primary Liver Lasions - Aroclor 1242 151
3 Month Sacrifice - Rats.

Lasion GCroup
T1 T ™ Control
Vacuoclar Change 0/8 2/10 1/9 2/10
Focal Hypertrophy 9/8 0/10 /9 910
. Nodular Hyperplasia o/8 0/10 0r9e 010
Hepatoma o/s 3/10 0’9 - 012
Ductular Hyperplasia 0rs 0/10 13 c’i0
Cholangio- Hepatoma 0/8 0/10 0/9 210
Hepatocellular Necrosis 1/8 Q.10 2.3 0°19
N ]
R lard ¢ o olit Aeaeeni e A

S~

»

\ e T 00301 @
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Primary Liver Lesioas -~ Areclor 1242

é Month Sacrifice - Rats . 162
Lasion Group
T: ™o T Control
Yacuolar Change 6/10 0/8 /9 110
Focal Hypertrephy a/10 0/8 0/9 0’19
Nodular Hyperplasia 0/10 Q/8 0/9 ) 0-to
Haepatoma 2/19 /8 /9 - er1e
Oucrular Hyperplasia 9/19 a8 919 213
Chelangio-Hepatorna 0710 0r8 PR 3710
Hepatocellular Necrosis 112 0/8 g./9 1.19
S jemems e o e - e ~eremame —— -
P .
-

00036 g
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Primary Liver Lasions - Aroclor 12Q

12 Month Sacrifice - Rats !63
TI ™ Tm Control
Vacuolar Chacge 2/10 4/10 0/9 1)10
Focal Hypartrophy 0/10 0/10 1/9 3710
Nodular Hyperplasia /10 0/10 Qa/e 0/10
Hepatoma Q/10 0710 279 . 319
Deralar Hyperplasus ¢/10 i/10 e/ 112
Cholangio-Hepatoma Q/10 0/10 a9/9 0’10
Hesatocsllular Necrosis €/19 ’ g/10 2/12 333
.
. ;.. PR BEEE S e — - e
. 0neN3 ,

&
k
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Primary Liver Losions - Aroclor 1282

164
Terminal Sacrifice - Rats
T! T >t Coatrol
Vacuolar Change 7/31 3/30 9/20 A
Focal Hypartrophy 23 3/30 8720 .13
Nodular Hyperplasia 0/31 2/39 822 123
;-(-pl:ama Qe/3t 0/30 2/21 y 22
Ducrular Hyperplasia 3/31 3’30 329 5°23
Cholasgio-Hepatoma 3 9733 1/ y
Heoatocellular ‘\‘oe; ogis 1731 V30 .21 <.
. ) . o g T P TR NG Tmis ey Rt .
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Sacrifice Dose
~aterval | Level

.

Con-
trol

-— % e v —a

Tabulition of Individual Liver Lasions in Rats

Liver Lesions

v

Focal hypertrophy of

~

Focal tymphoid

mie vacuola-
teticulum Celt S.recoru

208

elastatic

nmetastaric

Foceal necrosis of

hapatocytes
irfilirations
hepatocyles

of hepatocytes
hypurplasia
I'egaton s

- - —————— — tacaesth Sl

et = — s ———

Nodular hyperplisia
Cholanglo-hepatoina
Matna ry tuinor,

Focal bite duct
Pulanges boaga,

e+ s e s e e

Crtony

m—— —

APRO - TP WP e

TR T R
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AROCLOR - 1242 16
Tabulaticn of Iadividual Liver Lesicns in Rats 168

Sacrifice ! Doss Aatmal Laixe
iaterval . Levei No,
- and
» : Sez

Llasions

aeinic vacuola -
b

tion of Lepatocytan |

Focal necroris of
infitirations
hepatocyles

hepatocytes

Focal lymphoid

of hepatocytes
hyperplacia
metastatic
Mammary tumor,
metaatatic .

Nodular hyperplasia
Cholangio-hepstioma

Focal hyperirophy of

tlepajorme

tuticulum Cull Barcon

Focal bile duct
Tulangaciewia, fucal

6 Month 'C.l  1011) +
pPm 10127
i 101371
10147 i

10157
1026F"
oﬂ"' ,
028" {
1
f
{

+

+

, 10209
1030

C-I 1041M,
"loppm 1042" i i
1043" i :
1048 - , i '
toser! | : ' !
|
{
!

o8 |
1058
1059

C-IT 107IM.
100ppm 1072 |
1073

1978
1086F :

1087 :

tosse | | |

1089 |

! 1099" : i

Contral lOlM‘o - '
802" o
803~ . : (
soa | |
808" |
glex - !

81T i ' ! :

!

318" ' :
819n !
820 ‘ :

i
I'
1
{
\
(
f
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Indcstc 810 - TEST Lchoutuiss, Suc. 098

( 19 PEONTAGE 204D

REPORT TO
MONSANTO COMPANY
" WO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
ARCCLOR 12
{N ALBINO RATS

HISTOPATHOLOGICAL LVALUATION
OY ADDITICNAL LIVIR SECTIONS

MARCH 24, 1973

IBT NO. 641 - 06672
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Saduilaesl 810 - TEST Labotalreins, S 099
‘ 1990 PRONTAOE ROAD
PNOATHEBOOK. +LLINOIS 60048

July 1, 1978

Geerge J. Lavinakss, Ph.D.
Monsanto Company

860 N. Lindbergh Blvd.

5¢. Louis, Misssurs 63166

Dear Dr. Lavinakas:

Re: IBT Ro. 641-06672 - Histopsthalogical Bvaluation of Additienal
Liver Sectiema From Rats of a Two - Year Chrenic Oral Toxicity
Study of Aroclor 1242.

We are submitting herewith our revised laborstary report dased
March 24, 1973, prepared in connection with the above study.
Very truly yours,

8. %. Colamtnn

J. C. Calamdra
President

IcC/id
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Sodustntel B1O-TEST Slossbois, fen
100

REPCRT TO
MCHUSANTO COMPANY
TWO - YEAR CERONIC CRAL TOXICITY
STUDY WITH ARCCLOR 2@
IN ALBINO RATS

KISTOPATHOLOGICAL EVALUATION
OF ADDITIOMAL LIVER SLCTIONS

MARCEH 24 1973

IBT NO. (41 - 06472

L wtrodoction

At the request of D7, Lavinsicas of the Mossaate Company, sdditioesl
secticas of lver frum a twe - year chronic oral toxicity study o7 Arocler 1242
{n rats (IBT Xe. 622-07298) worv processed ise B & L scained sectiocs a7

evalwated by light microscopy. Tha ‘cllowing report presents the resul.s o°

‘this study.
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101
n. B

I mest tnstsmess, the aposw —dww:
were thres hepetommo detected among thros of the animalo ot the highent trest-
mant lavel (109 ppm) of the 24-Menth Sacrifice. Mo hepamcelinlsr carcinemss
ware choerved. The other Weatment-relsted lesions reparted ere regarded oo
degemserative or hyperplastic tn nature and they ore morpholegic memifectations
dulﬁﬂnwdhkwm-&m‘ﬁ;
test materisl. la gomsral, the lacer findimge were comfined primarily to et
snimals of the fnal sacrifics amd ey ware deoe-reisted in incidemcs end severity.

In conclusicn. Arvecler 1242 does not sppear o be Jarcinugemic in rsts fod
for two years at lovels wp o 2d including 168 pom.

. Raspoctially scbmitind,
L BIO-TEST LABOBATORIES,

Report Prepared aad Reviewed by: . *
- D. . Gorder, D.V. M., PR.D.
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Sodesteinl B1Q0-TEST Lotvashant, Sua

IBT Mo, 622-97298 . 1.3
Monsanto ‘-:

e

1 have examined sdditiomal sestione of liver frem rats of IBT Mo. C22-0710
15d have rsvaluated them for evidemce of carclmogenests. 1 bave ibudetid
my Sodings for Arecier 122 e the hllewing pages: o
- There is ovidames of & chemical efiact en e Xver which is mset prencwnced

o e

st tme of the termimal (Ré-Month) sacrifics. This csmeists ef s hepatecellulsr
mwuuw-@mnmm
and tn a Ssw smimals ¢t hepstesm er chalangiohopesema. Ths kypertrophic calls
contain large velumes of light staiming cytopleems which is probably rich in
glycogon and emdoplasmic redculom. In some sectiens, ring-shaped structures,
probably representing whorls ef prolifsrstive endoplasmic reticulum, wers sees
in the cywplaem of thess cells.

The hyperplastic nodules eccupled larger aress and ofien compressed
surroundiag calls of the nermwal liver pereochyms. These medules also contximed
the same hypertrephic cells.

Those lesions clacsified 235 hopatomas or chelsngichepetomas were larger
mmwmam:»—-muwu.
shape, staiming or s ductular or adenomatous ruttern of growth. In the abeemcs
of metastasis, imvesiveness, severe bacophilia, mitees, or other evidemce of
anaplasia, those are bamign tumers rather them malignent tumors (carcimemss).
There was no svidemcs of motastasis or imvasivenees of thess Smmers in this

study.
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24-Month Secrifics.
Leao B Richis
Ward R. Richter, D. Y. 3., 3. S,
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iagies

Vaceslar Chaage

T ecal Hyportrophy
Nedular Hyperplasia
Hepasoma

Ductuiar Hyperplasia
Cholaagio- Hepatoma
Hepatocellular Necrosis

/8
/8
0/8
0/8
0/8
0/8

1/8

2/10
Q/10
o/10
9/10
Qe/10
Q/10

g/10

179
e/9
a9
0’9
i/9
e/9

09

2/10
0/10
0/10
0/10
art0
0/10

.12

f
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Lestea

Vocwlar M

¥ocal Hyportrophy
Modular Hyperplasia
Hapatoma

Ductular Hyporplasia
Cholangio-Hepatoma
Hepatocelimlar Necrosis

9/10
o/10
0/10
0/10
c/10
¢/10

1/10

Qe/e
/8
/8
9/8
0/8
8/8

/8

/9
0/9
o/e
8/9
e/9

0/8

8.
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108
Primary Liver Lesioes - Arecler B8
) G 12 Month Sacriflce - Rasm R
lasien >N
T m irm Ceatrol
Yasuolar Change 2/1@ 4/19 = ‘.I‘ 1710
Tocal Hypsrtrephy 8/10 8/19 119 a710
Nedular Myperplasia 0/10 0/18 a9y /10
Hepstoma - 0/10 /10 3re 0.10
Dwcmlar HMyparplasia ¥4 1] 1710 [TA 4 1710
Cholangio-Hepasoma 0/10 ¢/10 a/9 379
Hapatocellular Necresis 8/10 ¢/l0 ¢/10 9119
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Prirmery Liver Lesisas - Aroclor 1282

kasion

Vacuslar Changs

F ocal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

Hepatocellular Necrosis

1731
2/31
/31
0/31
3/31
6/31

1/31

Termisal Sacrifices - Rats

8/3
3/3%
2/3
0/30
3/30
0/39

1/30

/20
8/20
8/20
2/23
3/20

"1/20

0/20
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C ©
Primary Liver Laslioas - Arocler 1242 115
Termiaal Sacrifice - Rats
Group
T Ta TIX Cantrol
Lesioa i 2 3 1 2 3 1 2 3 1 2
Vacuolar Change 0/31 0/27 7/31 4/30 1/19 8/3% 13/20° 572t 9/20 1723 0/24
Focnl.”ypvrtrophy 0/31 0/27 2/31 1/3 2/19 3/30 8/20 2/21 8/20 0/23 0/24
Noduhr‘Hypcrphnh 0/31 0/27 0/3} 1/30 0/19 2/30 2720 s/21 8/20 1/23 o/24
Hepatoma 0/31 0/27 0/31 o/30 1/19 0/30 0’20 0/21 2/2¢ 0/23 0/24
Ductular Hy}.rplnu 0/31 4/27 3/31% 1/30 0/19 3/30 20 2/2% 3/20 5/23 6/24
Cholangio«Hepatoma /31 0/27 /31 0/30 0/19 o/ 0/20 6/20 1/20 a/23 0/24
Hepatocelular Necrosis 1731 o/271 1/31 1730 0/19 1,30 0/20 0/21 0/20 1723 0/24

1 = First evaluation of original slides

2 : Re-evaluation of original slides

3 z Evaluation of additicaal tissue sactions

Fuur animals positive oa first svaluatioa, got ca eecamd.

P =P
onNgr oG T

L S
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Sudustrtnl BIO-TEST Loiseaheit, Sus

116
) Primary Liver Lesions - AROCLOR 132
Terminal Sacrifice - Mats
Ra-svalustien of Original Stides - .
c-1 C-2 C-3 Cantrol

Vacuolar Change 0/27 1/1¢ 5721 024
Focal Hypertrephy 0/27 2/19 2721 o2
Nodular Hyperplasia 0/27 0/19 5/21 €/24
Ductular Hyperplasia 4/27 1/19 y2 6724
Chalangio-hepatoma 0/27 0/19 /21 0/24
Hepatoma 0/27 /19 Q/21 0/24
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INTRODUCTION
This is a review and evaluation of studies which deal with the potential
carcinogenicity and mutagenicity of polychlorinated biphenyls (PCBs). It
s 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.

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 r;xany one-sided generali-
zations in the literature. Every adverse finding is, by implication at
least, gxtrapolated 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 stated that the formauon 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',5,3 -tetrachlero-
biphenyl metabolites to rat lver microsomal proteins”. The latter pacer
clearly states "There is no clear evidence in the data obtzined from the
work reported here to substantiate covalent binding; howewver, it is also
not "possible to exclude the rondialyzable radioactivity as being covaleatly

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. (1872) 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 wvariations in
experimental design and animal strain differences. Animal feeding studies
cited in the literature as evidence for the carcinogenicity of PCBs and
related gtudiés 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.

-2 - scM 019654
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Mouse studies in Table 1 were conducted with high dietary levels of PCBs‘.
Kimbrough and Linder (197%) reported a 32% mortality for mice fed 300 ppm
of Aroclor 1254 for 6 months and then held an additional S months.
During that interval, concrcﬂ mice had a 32% mortality. This appears to be
quite 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 Mcloney leukemia virus. Some data from his study, although
not shown in Table 1, are quite similar to tﬁose 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. .Aflfer 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 3.753 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
KRanechlor 500, which has a chlorine content similar to Aroclor 1254.
Koller (1977) reported that "PCBs did not produce hepatic neoplasia®.
There was marked lver injury in mice fed 375 ppm of Aroélor 1254, mild
liver injury which persisted through the 3-month recovery period at
37.5 pf:m, 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.
QOther 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
-3 - -
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control diet, mean Llver weights of each group had decreased. The.
decreases were highly significant for the 37.3 ppm Aroclor 1254 and the
375 ppm Aroclor 1242 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 Ito, et al. (lsfza,b). It is
interesting to note that the tumors were called hepatomas in the former
publication and were labeled well-differentiated h.epa‘tocellular carcinomas in
the latter. Kimbrough and Linder (1974) apparently also felt that Lﬁese
same data on mice were reported in these 2 papers as they reference the
production of hepatomas in male cid mice to the later publication by Ito,
et al. (1973b). Similar terminology troubles beset the 1974 and 1973
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
nyperplasia 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], hyperplasde nodules)"vby Kimbrough,
et al. (1978). The use of the term hepatoma has created confusion. With
respect to terminology of tumors in the mouse lver, "Hepatoma is a
collective term wused to describe the progressive stages of tumour
development from the lesion called "hyperplastic nodule” or "simple
hyperplastic growth" to the morphologically and biologically malignant

neoplasms" (Turusov and Takayama, 1979). Nevertheless, whatever

- SCH 019656 -

- 0903450

r
F

STLCOPCB4029178




terminology is used to descrite them, tumors were attributed only to PC3Bs
centaining 52-31 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
52-31 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.

Qdashima (1976) reported the results from a series of different tests used
to evaluate potential carcinogenicity of several compounds, including PCBs.
Two tests are of sufficient interest to mention here. One is the
transplacental method in which rats were treated for 3 days during
pregnancy. These were days 1S5S, 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, pups were dosed 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 cést wa.s ‘limited to one year after birth. For both Kanechlor 300 and
Kanechlor 500, the transplacental test was scored negatve and the
newborn one as equivocal. Both of these tests gave positive results with
some Kknown carcinogens such as 4-aminobiphenyl, benzo[a]pyrene,

butyl-nitrosourea and N-methyl-N-nitrosourea.
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Objective appraisal of chronic rodent fzeding studies is difficult. Some _of
the rodent studies in Table 1 and Tatle 2 ars of the type used to detfect
potent carcinogens. They use relatively few animals, high doses of the
test material, and hgve a relatively short duration. Studies of that nature
have been included 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. lThe probability that an
event is a chance occurrence is decreased if it is repeatable. Many ofA the
studies i.nb Table 1 did not produce tumors. Those which were reported to
produce hepatocellular carcinoma apparently were also reported in other -
publications as producing nedular hyperplasia, or tumors, or hepatomas.
Singe terminology 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 lifetdme duration raise a
questionn as to whether or not cancers would have occurred had the
feeding pericids been extended. That queston is speculatve, and it
cannot be answered from the present data. Nevertheless, negative studies
even if they are of relatively short duratdon are part of the overal
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 significan:e‘
can te attached to the dzta of nimbrouzh and Linder (i974) because their
study had a largsr number of animals. a longer duratizn, and a relatively
high disfary level of PC3. In those respects, it more closely resembles
comrventional cancer studies. Thev 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 10% (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 ccnclusion that PCBs °

with those chlorine contents are not carcinogenic.

Of the 3 studies with PCBs having an average chlorine conteant of 60%, one
reporied 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 theAtest'material. In addition to the use of a differeat strain of
rat, Rimbrough, et al. (1973) used a different histologic diagnostic
criteria. Kimbrough, et al. (1973 used the criteria  for
classification of specific hepatocelular lesions 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 carcinegens and, at the least, they indicate
an increased probabiity for the dewvelopment of hepatocellular carcinoma"
(Squire and Levitt, 1975). However, Pitor, et al. (1978) in a discussion
of stages In the progression of hepatocarcinogenesis in rat liver have
notéd that "The demonstration of carcinoma cells that appeared to arise
within the nodules was also reported (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-d-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 smal
(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 50 female
-8 - -
SCM 019660
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Sprague Dawley rats at dietary levels of 0 and 100 ppm for 105 weeks wag
carcinogenic in female rats, producing an increased incidence of Lliver
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 various 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 abbs:ract has been published, details on .the studies by
Weltman and Norback (1979) are lmited . Their studies are of particular
Interest because they 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.

-9 - . SCM 019661 ~
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Qverall, 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 scciety have not yet arrived at a final consensus on
the definition of a carcinogen either in the human population or in

experimental animals" (DHHS, 1980).

Metabolism Studies

Several reviews (Goldstein, 1980; I[ARC, 1978; Matthews and Kato, 1979;
Roberts, et al., 1978; and Safe, 1280) 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. In 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
4,4" position blzacks the metabolism and excretion of PCBs as illustrated

below.
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Studies in rats (Hansed, et al., 1977) and in mice (Morales and Macthews,‘
1678, 1979) are of interest because they report the metabolism of isomers
which were fed to rats for 2 y=ars by Weltman and Norback (1979).
Hansell. et al. (1877) 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'-
hexachlorobiphenyl (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 3S 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 7-1¢ and were about 3 times control activity at the end of 35
days. Even though equimolar amounts of each isomer were given, lver ’
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 wvalues 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
a.mounté 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 interesting to speculate that...2,4,5,2',4',5'-
hexachlorobiphenyl undergoes direct hydroxylatdon whereas 2,5,2',5'-
tetrachlorobiphenyl undergoes biotransformation via the arene oxide

intermediate, thereby accounting for the different slope for the

- 11 - -
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elimination curve of the latter compound.” Thus, the metabolism (Hansell,
et al. 1977) and fesding (Weltman and Norback, 1979) study results 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 (2,4,5-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, S, and 8 days later. The concentration of each PCB was
determined in lver, muscle, and kidney. Al 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
f2eding 'studi.es with the 2,3,6-isomer would be of particular interest to
determine the degree of correlation, if any, between 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

- 12 - -
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contrast to results on animal studies in which questions of carcinogeanicity
arise regarding higher chlorinated marterials 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 monooxvgenases (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
1C0 ppm of Kanechlor 400 or DDT. Animals were killed at wvarious 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

- 13 -
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S0 ppm. The amount of Kanechlor 300 was 250 ppm or 100 pom. Tast
groups consisted of 20 to 30 animais. When fed alone, only «-BHC at
250 ppm producsd a high incidence of nodular hyperplasia and a moderats
incidence of hepatocellular carcinoma. A dief containing 250 pom each of
¢-BHC and Kanechlor 500 increased the number of hepatocellular
carcinomas. In comparison, combinations of 100 or SO ppom of a-BHC and
250 ppm of Kanechlor 500 yielded a moderate incidence of nodular
hyperplasiz and produced only a few hepatocellular carcinomas. Thers
were a few nodular hyperplasias in mice fed 100 ppm each of a-BHC and
Kanechlor 500. A mixture of 50 ppm «-BHC andAIOO ppm of Kanechlor 500
was without effect. Diets containing 250 ppm or 100 ppm of B-BHC and
250 ppm of Kanechlor 500 produced both nodular hyperplasia and
hepatocellular carcinomas at a l_ower incidence than that seen with
comparable diets of «-BHC. No liver nodules were seen with 50 ppm of
8-BHC and 250 ppm of Kanechlor 500 or with 100 ppm of each. y-BHC and
Xanechlor 800 did not produce Llver nodules either singly or in
combination. Nagasaki, et al. (1573, 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 - -
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bezn studisd 2xiensively. Male rats were given 25 ppm of DEN in their
drinking water and 300 pom of Ranschlor 500 in their diet concurrently for
.
20 wesks, returned to a control diet for 4 weeks, and then killed
(Makiura. i_aL 1874). 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 lvers of rats treated with Kanechlor 300
only also had no tumors. When administered after DEN, Kanechlor 500
markedly enhanced lver tumor production as reported in a series of
papers by Nishizumi (1976, 197%a, 1979b). He described studies in which
male rats were given 50 popm DEN in drinking water for 2 to 10 weeks,
after which they were intubated twice weekly with a corn oil solution of
Kanechlor 300 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.
(1981l). Male rats were given drinking water containing 66 ug DEN/mi
(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 Arcclor 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
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PCDF. The authors repor:ed 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 (197S), 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 itéelf. As the autho;s of this paper pointed out, it cannot
be concluded that PCDFs are not élromoters 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 Nishi;umi (1980). Pregnant female rats were given oral doses
of 200 mg/kg or 50 mg/kg Kanechlor S00 on days 5, 10, and 15 of
gestatioﬁ and; were allowed to deliver their pups. At 28 days of age, pups
were given S0 ppm of DEN in their drinking water for 5 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
éffspring 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 lvers of the pups. Those livers containad
Kanechlor 300 residues and electron microscopy showed an increase in tha

smooth endecplasmic rericulum 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 vyear, 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 125¢. 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, ez al. (197%) also fed combinations
of 500 ppm Kanechlor 500 with 300 pcm of 3'-methyl-4-dimethylaminoazo-
benzene (3'-Me-DAB) or 150 ppm of N-2-flucrenylacetamide (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 354% for those treated
with Z;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. Qthers 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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¢ months and both materials for another 2 months. No hepatocarcinomas
were produced by RKanechlor 400 alone or when it was given before or
uring the overlap with 3'-Me-DAB. No hepatocarcinomas occurred in
centrol animals. The incidence of Llver cancer rose from 13% in those
receiving 3';}fe—DAB alone to 64% in the group which received

Kanechlor 400 after 3'-Me-DAB.

The inhibitory effect of Kanechlor S00 on rat liver tumors was evident
when rats were dosed with two carcinogens (Makiura, et al., 1974).
Combinations of 3'-Me~-DAB and bEN 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 500 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 in 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 560 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 hepatsctomies (PH) were performed on some.
rats during the third week of the study. Feesding of 2-FAA was without
effect, but that diet plus PH produced a few hyperplastic nodules in the
liver. Treaunent with both diets caused an even greater incidence of
hyperplasiic nodules and both 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 pyg 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 S pyg of the phorbol diester-
promoter 12-0-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 initator” (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 iniHaring 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
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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 Kkilled and the tumors were
dissected out and weighed. Mean tumor weights of all Aroclor 1251 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 S0
to 200 mg/kg every other day for 14 days after injection of a small
inoculum of Walker 256 cells (103) 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 w'eight‘ 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 255 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 receivin

uq

the higher dcsage of Aroclor 1251 showed toral
regression of their bilateral 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
undertzken to determine if there was an optimum time period for the
antitumor effect of Aroclor 1254. Intraperitoneal injections of 100 mg/kg of
Aroclor 1254 were given on S consecutive days before tumor inoculation, on
S5 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 effective
were pretreatment and treatment starting with inoculatio;x of the Walker
cells. The delayed treatment starting after 5 days was least effective as
the tumor had become established. While early treamment reduced tumor
growth, it was less effective in preventing metastases and death of the

animals.

Kerkviiet and Koller (1980) offered groups of male mice diets containing
10, 100, or 500 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 S5S00 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.
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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
mtrapericoneal.ly_ with Moloney leukemia wvirus. None of the dietary levels
of any Aroclor ariscted, i.e., did not promote or induce, the oncogenesis

of Moloney leukemia virus.

Since PCBs are enzyme inducers, their biclogical 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 virus were injected, all of the studies in Tab.le 3
were concerned with liver tumors. Peraino, et al. (1978)-3150 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 observatuon of Berry, et al. (1978, 1879) that PCBs did
not promete 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.

Lichd, et al. (1978) described the induction of ornithine decarboxylase
(ODC) in mouse epidermal cell cultures by TPA. Aroclor 1254, apparently
at much higher concentrations than TPA, induced a low but reproducible
stimulation of ODC in the same system. They also noted a report® that a
high intraperitoneal dose of Aroclor 1254 induced ODC in the lver 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 publications 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 Evaluation/Risk Assessment Subgroup of the (:Jlearinghouse on
Environmental Carcinogens. That group, charged with the responsibility
of providing a peer review of NCI bicassay reports on chemicals studied
for carcinogenicity, made and accepted a motion to add the following to the
report summary: "Based on the lver proliferative lesions in the treated
rats and published reports, it is suggested that Aroclor 1284 may be a

tumor promoter” (NCI, 1978).

With respect to tumor promotion, Weisburger and Williams (1980) state that
"certaiﬁ 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, several 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 ars 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 bioclogical agent, PCBs show a
promoting or inhibitory effect similar to that seen with chemical agents.
Pretreaument 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 tumor in mice (Kerkvliet and
Koller, 1978) and neither promoted nor induced the oncoge-nesis of Moloney

leukemia wvirus 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., 1981; Sugimura, et al., 1976; and
Wyndham, et al., 1976) are summarized in Table 4. Hsia, et al. (1978)
used bo'th pﬁenobarbita.l and Aroclor 1254 to induce liver enzymes in rats
for preparation of S-39 activation systems. They also tested 4-hydroxy-
2,2',5,5'-tetrachlorobiphenyl and 2,2',5,5 -~tetrachlorobiphenyl-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. In addition to the results shown in Table 9,
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bacterial strains WP2, TAL00, TA9S8, H-17, M-45, W3110, and TA1973 are
shown in groups in their Table 3 with a text notaton 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-lT & M-43, WP, try” (her' & her™) shows a plus sigm 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 grapﬁs 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 tes;t medium éave over 2000 reverzant 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
i-chlorobiphenyl, the same figure also shows results for 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 pg 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
slicht 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',5,5-tetrachlorociphenyl (average of 1 chlorina per
molecule) was presented. At 100 pg per plate, 2,2',5,3 -tetrachloro-
biphenyl was virtually devoid of mutagenic activity. Overall, primarily
because McMahon, et al. (1979) reported that 4-chlorobiphenyl was not
muragenic, 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 function oxidase system of the
liver in trout. The submitochondrial fraction of those h'v.ers was used to
activate the metabolism of AFB,; which was assayed for mutagenicity using

strain TA 1538 of S. typhimurium. The mutagenic response was decreased

compared to the concurrent control using untreated trout liver. A general
pattern of decrea_sing 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 oé Heﬁdn‘cks, et al. (1977) discussed earlier who reported that

Aroclor 1254 reduced hepatic tumors in trout fed AFB;.

On the basis of slower sedimentation rates in alkaline sucrose gradients,
Stadnicki, et al. (1979) reported that Z,2',5,5'-tetrachlorobiphenyl (TCB),
a mixture of the 3-hydroxy and 4-hydroxy derivatives of TCB and the
3,3-epoxide of TCB induced single strand breaks in DNA of L-929 cells.
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At 100 pe/ml. each of the three materials caused all of the DNA to cecme
out in fractions at the top of the gradient. The epoxide caused some
breakage down to 1 pg/ml. The mixture of hydroxy derivatives caused
significant brga}cage 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 ug/ml.

Nilsson and Ramel (1974) conducted genetic tests on adults and larvae of

Drosoohila 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 (Bombvx mori). Neither Kanechlor 300 nor Kanec;hlor 500 showed

mutagenic activity in that system.

Hoopingarner, et al. (1972) induced mitosis in cultured human lymphocytes
with phytohemagglutinin and treatsd them with 100 ppm of Aroclor 12541.
There was no effect on the mirotic 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
50% growth inhibition. Kanechlor 300 gave a positive response and
Kanechlor 500 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 S00 was positive and Kanechlor 300 was negative. They noted
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that chromosomal aberrations frequently occurred in controis and :that
chemicals were called positive when they induced more than ctwice the

aberrations in controls.

In a Syrian hamster cell transformation svstem (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%CLS8 transformation assay. After a 48-hour pretreatment with
Ar.oclor 1254, cells were then treated with benzo(a)pyrene [B(a)Pl and the
agent for an additional 24 hours. Aroclor 1254 did not increase
B(a)P-mediated transformation and no Type II or Typ.e III 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 24 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 -
ITI 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’,5’—hexachlorobipheny1 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. (1878) claimed that d-chlorobiphenyl induced an increase m
unscheduled DNA synthesis in Chinese hamster ovary cell cultures in the
presence of hydroxyurea, a chemical agent which suppresses normal
replicative DNA S}inthesis. Few details were presented regarding the
validation and relability 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 ..as a
short-term test for evaluating the .promon'ng action of chemical compounds.
Clophen A60, Delor 103%, Delor 106%, and Phenoclor DP§ all gave positive -

responses in their test system.

At 3-6 days of incubation, embryos from ring doves (Streptopelia risoria)

fed a control diet or one containing 10 ppm of Aroclor 1254 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 crigin 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 3 days of incubation, eggs were
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injected with coicemide, incubated an additional 45-60 minur‘es.
embryos were harvested for examination. There was a high degree of
early embryonic death, and a few live embryos showed drastically retarded
development w.i:l_-louc 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.

{eddle 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 sperm with abnormally shaped
heads. While nonspecific factors can induce sperm abnormalities, the
authors believe the latter also can result from point mutations or small
deletions. Aroclor 125¢ was judged to be neither carcinegenic or

mutagenic.

Dikshith, et al. (1873) gave male rats oral dosages of 50 mg/kKg 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 defermi-
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 epididyxzis from Aroclor 1254 treated rats were comparable to con::ols.
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 S00 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
marrch cells; At the lower dosages, Aroclor .1242 did not affect mitoses of
spermatogonial cells, but 5000 mg/kg or & 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 S5, S0, or SO0 ppm of Aroclor 1254 for 5 weeks, after which they
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examined bone marrow and testis samples. There was no significant
difference betwesn test and control animals with respect to the incidence of
chromosomal abnormalities 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 deminant lethal study in rats conducted
by Green, et al. (1975b) with Aroclor 1242 and Aroclor 1254¢. The fort-ner
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. Aroclor 1254 was given orally
in five daily dosag_es 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 1850 mg/kKg 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 grbups. 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, 1375a) did not

impair the reproductive performance of male animals.
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Review of the various mutagenicity tests and their results promgts three
comments. Chlorinated hvdrocarbons do not generally give positive rasuits
in Salmonella strains. Therefore, the mutagenic responses with TA1338
(Wyndham, et al. v1976) are either aberrant or else the response is,
indeed, LLmiEea t§ 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 125¢ and Kanechlor 500 as having known or suspected carcinogenic
activity. Odashima (1976) and Sugimura, et al. (1976, 1977) consider
Kanechlor S00 to be cgrcinogenic and Kanechlor 300 to be
non-carcinogenic. Apart from the difficulties they present for correlation,
these different opinions about the carcinogenicity of PCB; 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 mutagenié parameters, it is not surprising that an occasional
suspicious or positive finding resulted, simply on a statistical basis.
Those occurred in in vitro systems. [n vivo tests gave negative results
and provide a basis for concluding that ambient levels of PCBs do 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 epidemioclogical 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, polychlorinatad biphenyls should be regarded if they wers
carcinogenic to humans" (IARC, 1978). The other states "No conclusive
evidence has thus far been reported wh.ich 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 histo'm'es 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 releasé of
the preliminary report by Bahn apd her coworkers, and it seems likely
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. i 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 h#ve been observed in several studies, but are

characteérized 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 s:tatistically sigmificant. One must conciude
that the findings of the mortality studies reflect a sporadic pattern of
excess mortality at different sites which is not consistent with a
carcinogenic ef_fect 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 there
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 wview 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 asvmmetry should be fully appreciated
by legi.;‘,latcrﬁ 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 carcinogeanicity of PCBs. Attempis to compare and evaluats
results of rodent studies reported in the literature are complicated by
different wuses of similar terminology and variations in the criteria
employed for diag'nosi.ng hepatic tumors in rodents. Co-carcinogenesis
studies have reported both promotion é.nd inhibition of tumors in rodent
livers following prolonged administration of PCBs in conjunction with
an initiator. 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 epidemiclogy studies of humans exposed to PCBs present problemé of
interpretation due to their small 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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TABLE 1

PCR Hepato-
Approx. ‘Dosing  in diet No. Nedular cellular
wt. % €12 Product Strain Duration  (ppm)  Animals llyperplasia Hepatoma _ Carcinoma  Refercnce
52-54 Aroclor 1254 BAI.B/CJ 6 mOﬁ3 0 34 - 0 - Kimbrough
300 24 - 1 - + Linder (1974)
11 mos 0 24 - 0 -
300 22 - 91 - o
Kanechlor 500 dd 32 weeks 0 6 0 - 0 Nagssaki, et al.
100 12, 0 - 0 (1972) -
250 12 0 - 0 Ito, et_al. (1973a,b)
500 12 7 (-)* 55 '
Kanechlor 500 dd 32 weeks 0 20 - - 0 Nagasaki, et _al.
100 18 - - 0 (1974, 1975)
250 20 - - 0
500 17 9 - 78
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 - 0 Ito, et _al. (1973a,b)
500 12 0 - 0
Kanechlor 400 dd 32 weeks 0 0 - - 0 Nagasaki, et al,
100 17 - - 0 (1974, 1975y
250 19 - - 0
(%] 500 20 - : - 0
=
Kanechlor 400 dd7 32 weceks 0 12 - - 0 Nogasaki, et al.
o 100 20 - - 0 (974, 19y
S 250 20 - - 0]
o 500 17 - - 0
v,
@ - —— - et a8 s e 4 s roman e e m s v am s mme e .
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TABLE 1-continued

PCBs: Tabulation of Liver Nodules Reported in Hicgi

PCH llepato-
Approx. ‘Dosing in diet No. Nodular cellular
wi. % €12 Product Strain_Duration (ppm)  Animals llyperplasia llepatoma__ Carcinoma  Relerence .
40-42 Kanechlor 300 dd 32 weeks 0 6 0 - 0 Nagasaki, ¢t al.
100 12 0 - 0 a2y T
250 12 0 - 0 fto, 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, ct al.
100 19 - - 0 (1974, 19715) 7
250 20 - - 0
500 20 - - 0
! Males, except as nated. 8 Apparently same dats reported as nodular hyperplasia
2 From Brinkman and deKok (1980). and hepacellular carcinoma or tumor. See references amd
3 Jleld an additional 5 months before sacrifice. text.
4 No. of animals. One had 2 hepatomas 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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TABLE 3-cont inued

SUNHAKY OF_CO-CARCINOGENESIS STUDIES WITH FCis

Other

Product Hude Time Treatuent? Hode

Aruclor 1242 Bret Buturse Holoney Intra-
Jeakewia pesitoneal
ViITUn

Aroclor 1221 et Belore Holoncy tutia-
leukemia peritoncal
virus

Species Obscervat fons Rel .

Ball/e Did net allevet ontogencsis of Huluney Kobler, 1977
Yy feokomia vitus,
Balb/c Did not atfect oncogencits ol Holuney Kollee, 1911}
moubL leukvimia Vivas,

‘Chemicaly used:

20-HeCh 5 20-methylcholanthrene

a-BHC & a-benzena hexauchloride

f-BIC % f-benzene hexachloride

DEN = disthylnitrosamine

AFH, = aflatoxin B,

2-FAA # N-2-fluorenylacetamiide

3 -He-DAR = 3'-mcthyl-4-dimcthylaminoazobenzens
BDT = dichlorodiphenyltrichlovocthsne
SPH = sodiua phenobarbital

7,12-DBA = 2,2-dssmcthylbenzalanthracene

TPA = 12-0-tetradecanoylphorbul-i-acetate

pregnant dass dosed with Kanschlor 400,

Oftspring dosed with DEN.

putablished tissua culture cell fine derivad
from Holoney sucrcoms vitus~inducad tumors in

116 mice.
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PCRs: Tabmlation of }

Tester . . 8.
Strain €307 D052 G46 TAOH TAL00
Froduct -
AHOCLOR 1268 . . ] ° °
AROCLUR 1254 Neg. Neg. Neg.  Neg. o
AROCLOR 1254 . . Neg. Neg.
AROCLOR 1254 . ° . .
Kanechlor 500% . . ° °
Kanachlor 500 . . Neg. Neg.
2,2',5,5-tetra-

chilorobiphenyl ° ° . .
2,2'5,5'-tetra-

chiaorobiplienyl ° . Neg' Neg'
Kanechlor 3002 ° . . .
Kanechlor 300 . . Neg. Neg.
AROCLOR 122} ° ° . .
4~chlorobiphenyl L] ° ° °
4-chlorobiphenyl Neg. Neg. Neg. Neg. Nueg.

2. Uther straans tested, sce text aml reterence,

° = Nut tested,

Neg. = Negutive.

Nc‘u ~ Only tested without avbaivat ton,
Reg' = Ouly tested with actival o,

l'.n." = Posttive ouly wilh avlbivat tan.,

P . TN

1A Lestu done with snd withoal microsoma] activation except as uoted.

S, typhimurtum

Heg .

*

TAI000 T TAIS35

Neg'

Neg.

TAISI6 TAISH) TAISUM

Nug®

Neg.

Neg.

[

Neg. .
Heg. Neg.
. [ 2
l'uu' L]
Neg. L4
. Nuy
Heg . -
. .
Heg . .
L4 Neg
Pou’ .
Pus' .

B
WE2 T OWE2 uvIA”

Wyndbam, et al,. 140
Probst, et al, 1941

Heddte amd Bruce 19211
Wynidiiam, et al. 1970

Odushima, 1970

Suglwura, et al, 1976

Wyndbhaw, et al. 19706

Hsaa, ¢l al, 1978
Odashiwa, 1906
Sugimura, et ol 1Y/
Wynmdhaw, ot ol 1970
Wymdham, et al. 1970

Hotlabion, e . 19y
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Renate D. Kimbrough

Center for Environmental Health, Centers for Disease Control., Public Health Service, :
US Department of Health and Human Services. Atlanta. Georgia 30333 “

INTRODUCTION

t
f Polychlorinated biphenyls (PCBs) are chemical compounds with the empirical
formula Cy;H,5..Cl,. with n = [-10. They are a2 mixmre of chlodnated !
biphenyl congeners. Theoretically. 209 such congeners are possible, but at .
least 20 congeners have never been identified in commercial products. In i
addition. PCBs may contain polychlornated dibenzofurans and chlorinated - ':
: quaterphenyls as impurities. PCBs were discovered before the tum of the ‘ b
. century, and the useful industrial properties of mixtures obtained by chlorina- } .
tion of biphenyl were recognized early. In 1966 the discovery of PCBs in :
environmental samples (1) spurred renewed interest in the analysis and toxic- i
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 formulatioas are
restricted (an exception is sometimes made for mono- and dichioro-PCB) for
~ most uses, except for categories such as closed-system electrical equipment
: and hydraulic fluids in mining equipment.
i Commercial production of PCBs began in the United States in the late
i 1920s. In 1971, Monsanto Chemical Company voluntarily stopped open- }
]

Omer  wemswems 1 Lt im
. POORORO Dt B

ended uses of PCBs, and subsequently only the lower chlorinated biphenyls

"The US Government has the right to retain a nonexclusive. royalty-free license in and to any
copyright covering this paper.
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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 cumulative
production and consumption of PCBs in the 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 the environment and
in organisms. They have been identificd in indoor air (4) at concentrations of
0.1 pgim? (5), in fish (6, 7) and other food products, and in sediments from
lakes and rivers (8, 9). PCBs have also been identified at varying con-
centrations in soil (0.01 mg/kg—100 mg/kg) (10). They do not accur naturally.
Thus, their presence in the eavironment is linked with human activitics, and
concentrations are higher in urban and heavily industrialized arcas than in
rural and remote areas. However, trace amounts are also found in remote
arcas, 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 transformers and capacitors that 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 clectrical fire occurred in a New York State office
building in Binghamton, N.Y. The fire, which originated in a switch gear in
the basement, caused the bushings to crack on a nearby transformer. About
180 galloas of PCB diclectric fluid Pyralon (65% Aroclor 1254, 35% chlorin-
ated benzenes and trace additives) were lost. A fine layer of oily soot covered
many of the internal surfaces of the 18 Mloors of the building. Analysis of a
soot sample showed that it contained various isomers of chlorinated di-
benzofurans, 2.3,7.8-tetrachlorodibenzodioxin,  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 cleanup
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 Binghamton, panly because the
transformers in the other fires were usually located in a scparate .vault (13).

The problems with polybrominated biphenyls (PBBs), which are also a
mixture of chemicals, have been 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
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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 not been produced in the United States, At the time of the exposure litile
was known about the toxic effects of PBBs. Ten years after the Michigan
residents were exposed, no clinical illness has been causally linked to PBB
exposure in this group, although chloracne was apparently noted in some
workers who manulactured PBB.

HUMAN EXPOSURE

Because PCBs are ubiquitous and very persistent in the environment, humans
have been and will continue to 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 primanily
exposed to PCBs by consuming fish from contaminated waters (9). In the
past, some farm familics were exposed to PCBs from dairy products; these
PCBs originated (rom coating material used in the inside of silos (15). In
addition, workers who repair transformers and workers who handle toxic
wastes may also be exposed (16).

The PCB products that were manufactured by Monsanto in the United
States had the trade name “Aroclor.” The particular kind of Aroclor is
identified by a four-digit number. The first two digits 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 composition 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 mixtures found in humans
usually resemble Aroclor 1254 if exposure occurred primarily through the
cnvironment. A different composition of the PCBs may be found in serum or
adipose tissue samples from occupationally exposed workers. For Instance, if
the workers are primarily exposed to Aroclor 1016 or Aroclor §242, which
contain much less of the more highly chlorinated homologs, then their
gas-chromatographic patterns resemble a combination of Aroclor 1016 or
1242 and Aroclor 1254. For this rcason Smith et al (17), in evaluating
occupational cxposure, dividled PCBs into high and low chlorinated
biphenyls. The gas-chromatographic pattern of the PCB mixture present in
humans can be used to 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 exposuse was recent or occurred many ycars
ago.

Although 931% of the US population cats fish, the average annual per capita
consumption is small: 15 Ibs. per year (6, 7). If PCBs arc to be quantitated in
fish, the edible portion rather than the whole fish must be examined. Because
of their lipophilicity, PCBs ase preferentially stored in the hepatopancreas of
the fish, giving erroncously high levels 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 occusred mainly in arcas with contaminated farms;
this segment of the population still has appreciable body burdens (19).

Since PBBs and PCBs arc lipophilic, they are preferentially stored in
adipose tissuc. They are also present, to a smaller extent, in serum and other
organs and in human milk. The concentration of these materials 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 betwcen adipose tissue,
blood, and vital organs arc 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). Since human milk is relatively casy 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 normally been found, although 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, | liter (1) of milk
would contain 0.04 mg or 40 ug if the PCBs were present in milk fat at a
concentration of | ppm. If an infant weighed 5 kg and imbibed 750 ml of mitk
per day, it would take in about 6 ug/kg, a dose that exceeds the 1.5 ug/kg
dose calculated as acceptable by Cordle ct al (6). At 1% milk fat this dosc
would be reduced 1o 3 ug/kg. As the infant gains weight, the dose on a
kilogram body weight basis will be reduced to some extent, however, milk is
the sole food source for only about six months. Aficr the first week, the daily
milk intake is estimated to be 150 ml/kg body weight per day. This consump-
tion gradually falls after two months and declines to 120 mi/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 persans, particularly in industrialized countries, have had some expo-
sure to polychlorinated biphenyls even if they do not cat 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 ycar; this amount ranged from
14.17 1o 114.31 mg/year/person. The calculated mean daily dose reccived by
the exposed group was 1.7 ug/kg/day and ranged from 0.09 to 3.94 ug/kg/
day. Thus, the average sports fisherman consuming contaminated fish would
reccive a total PCB dosc equal to 200 mg in about 4.3 years. 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 docs 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
arc 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 studies. Reviewing these data,
Cordle 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 does not greatly reduce the

estimated risk.
As previously mentioned, some of the isomers of the PCBs and PBBs arc

much more casily degraded or metabolized. Because they can be metabolized,
they are more casily excreted. Others may be retained in the body for long
periods; in gencral, the PBBs appear 1o be more persistent in human tissucs
than the PCBs (19, 22).

POLYCHLORINATED BIPHENYLS
Background

When PCBs were first used industrially some workers developed chloracne.
Results of carly animal studics seemed to suggest 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
cause a great deal of toxicity. In 1968 a puisoning 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-o0il disease). 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 fluids were limited, particularly
in Japan. Therefore, carly in the investigation total chlorine, rather than
PCBs, was measured. Retrospectively determining the precise dose these
patients received is difficult. Whether the consumed oil was uniformly con-
taminated is also not clear. However, a relationship between the amount of
rice 0il ingested and some symptoms could be established (24). Because of
this poisoning outbreak and other environmental problems, animal studics
wecre started in Japan, in the United States, and in other countries to clucidate
the toxic cffects of PCBs. These dala arc 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 understanding of implemented public health policies and potential
human bealth effects. One of the difficultics in using animal data to predict
human health effects for PCBa and related compounds is that animal specics
vary greatly in their responses. Further, many of the animal studics use
rclatively high doses. Therefore, determining how such animal studics relate
to the human sjtuation Is difficult. Some animal specics, such ax the subhu-
man primales, the guinca pig, and the mink, arc much mare scasitive to the
toxic effecta of PCBs than the rat or the mouse: also the types 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 rodents (16). When different mixtures of PCBs
were studied, however, the results were inconsistent. For instance, the mix-
ture Aroclor 1254 affects reproduction in rats at much lower doses than docs

* 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
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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, §7.4% trichlo-
robiphenyl, 17.3% tetrachlorobiphenyl, 1.8% pentachlorobiphenyl, 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 highty
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 octachlorobiphenyls
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 arcas of our environment should
be characterized according to their isomeric composition. For instance,
whether the PCBs in Lake Michigan are of the same composition as those
found in New Bedford Harbor, Massachusetts, is not clear.

Aside from tumor formation, PCBs causc a variety of other biological
effects, such as the induction of enzymes (39). In some species they may
causc atrophy of the thymus, intrahepatic bile duct hyperplasia, hyperplasia of
the cpithelial lining of the urinary bladder, atrophy of the sebaceous glands,
and hyperkeratosis of the ducts (40). Some isomers arc fetotoxic, and some
produce metaplasia of the sebaceous glands, nailbeds, ameloblasts, thymus
corpuscles, and gastric mucosa (28, 41). Subhuman primates, mink, and
guinca pigs arc particularly sensitive to the toxic cffects of PCBs; other
specics, such as the rat, the mouse, and the dog, can tolerate much higher
doses. From emplrical observations, humans also appear to be less sensitive
to the toxic effects of PCBs. The ability to store these chemicals In adipose
tissue may be protective. Generally, the subhuman primates and mink have
less adipose tissuc than humans. Animals with greater ability to store vitamin
A on a quantitative basis, such as the hamster and the rat, are somewhat less
susceptible to the toxic effects of these types of compounds (42). The
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mechanism by which these types of chemicals affect hepatic retinoids is not
clear. Apparcntly, the duration of the reduction of hepatic retinoids does not
correlate with the induced aryl hydrocarbon hydroxylase (AHH) 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 Discase Control (CDC),
mean PCB serum levels are about 5-7 ng/m! (pbb), although some paticents
may have higher scrum 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 are highly lipid
soluble (20). Mes ct al (47) reported that PCB levels in adipose tissue of
accident victims ranged from 0.9-9.4 mg/kg. '

Sahl ct 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 somewhal higher levels of
PCBs in their adipose tissue (49). Since terminal cancer paticnts have usually
lost a great deal of weight, bioconcentration may have occurred. Similarly, in
paticnts with highly impaired liver function, tissue concentrations of xenobi-
otics 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 fat tissue from
paticnts with breast cancer were similar to those of controls (51).

Furthermore, Lawton et al (52) demonstrated that random crrors and
interlaboratory variations in procedure and methods of data reporting can
inflluence scrum and adipose PCB levels. Unless an interlaboratory quality-
control system is set up, mcasured levels between laboratories are not neces-
sarily comparable. For instance, Lawton et al (52) found that the results of
repeated analyses on serum 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 used, and the
means of quantitation.

Summary of Human Epidemiology Studies

Recently, investigators studied the predominantly black population of Triana,
a small rural town in the southern 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 rescarchers noted that PCB serum levels increased with age and that
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levels were lower in females of each 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 participants were 30% higher than those expected on the basis
of national rates (54). Log PCB serum 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/di
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 adiposc tissuc ratio. The
age-associated increase in blood PCB levels could be related to the long
half-life of some PCB isomers that are preferentially retained in mammals
(29); as long as exposure continues, a true steady 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 to clectrical-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
chlorinated PCBs scrum levels ranged from 6-142 ppb in 1977 and from
4-108 ppb in 1979. These findings again illustrate the preferential excretion
of lower chlorinated PCB. Lawton ¢t al (38) also found that cholesterol levels
correlated with log serum PCBs. Similar associations with log scrum PCBs
were found for log gamma glutamy! transpeptidase (GGTP) and, in some
cases, for log alanine aminotransferase. When the PCB concentrations were
expressed as levels in serum lipids, all the associations between serum lipids
or enzymes and log scrum PCBs disappearcd except for those between log
GGTP and log PCBs. Similarly, Chase ct al (59) found no significant
comrclation between cither serum triglycerides or aminotransferases and the
PCB levels in adipose tissuc. How age and length of exposure affect these
paramelcrs is not adcquatcly explained in the article. Finally, Akagi &
Okumura (60) were not able to confirm a positive association between PCB
blood levels and clevated blood pressure in Yusho patients.

Thus, as Brown (61) has suggested, the positive association between PCB
serum levels and clevated triglycerides and serum cholesterol can be ex-
plaincd by the increased solubility of PCB in serum with higher lipid content.

In scveral cross-sectional studies of exposed workers, only minor
abnormalities not nccessarily related to PCB exposure have been detected
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(62-66). In cross-sectional studies, however, the ability to evaluate chronic
health effects is limited. In several studies, a positive association between
results of onc liver function test—the test for yglutamyltranspeptidase—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. Onc of the clinical features of chloracne is
the chloracne cyst, which is skin colored and measures from 1-10 mm in
diameter, with a central opening. The other dominant lesion 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 biopsies from
chloracne cascs shows markedly dilated hair follicles filled with keratin. The
scbaceous glands involute partially or completely. The cpithelial cells lining
the hair follicles and the adjacent surface epithelium prolifesate, 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 face, genitalia, trunk, and
extremities. Before the outbreak of chloracne in the plant, the electrical
property of the PCBs had fallen below “specifications, and the color had
deepenced. 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 libido. Over the ycars, 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).

At times, the skin rashes that developed in workers were accompanied by
pruritus. Some workers also complained of buming of the eyes, nose, and
throat; dry throat; nausca; and dizziness. Meigs ct 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. Quw 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 burning eyes, face, and skin in gencral,
and persistent bady odor. One worker suffered from chloracne, five com-
plained of cczematous 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 chloracne were found to have abnormal
liver function (69).

PCBs also affect the liver by inducing mixed-function oxidases. Alvares ¢t
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al (72) determined that in five workers occupationally exposed to Aroclor
1016—a PCB mixture primarily composed of dichlorobiphenyls, trichlor-
obiphenyls, ‘tetrachlorobiphenyls, and pentachlorobiphenyls—plasma anti-
pyrinc half-life was significantly lower than that in matched controls, suggest-
ing the induction of mixed-function oxidases in the liver. These workers had
been exposed to Aroclor 1016 for at least two years and had no obvious
symptoms of PCB poisoning.

Other health effects arc eye and upper respiratory irritation. Warshaw ct al
(65) studied a group of 326 workers in a capacitor plant with a mcan
employment of more than 15 years and mean employee ages of 41.1 years for
males and 47.3 ycars for females. Work-related eye or upper respiratory
irritation was reporicd by 48% of the workers, and 10% had experienced
tightness in the chest. Spirometric studics were conducted on 309 workers; 66
of them were dropped from the study because they had been exposed to talc,
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 weight,
and found that the gestation period was reduced by one week. The infants
weighed slightly less than the controls; this finding could be explained by the
reduced gestation period. Smoking and alcohol consumption were not con-
trolled, however; furthermore, whether the socioeconomic status of this group
of women was similar 1o that of the control group is not clear. Thus, until
other studies confirm these findings, they should be viewed with caution.

In scveral papers Jacobson and his associates reported behavioral changes
and a reduced gestation period in association with higher fish intake or higher
intake of PCBs (9, 74-76). Furthermore, Jacobson et al (74) reported that
intrauterine PCB exposure may have a dclayed effect on central nervous
system functioning. Since genetic makeup, the mother’s lifestyle, and acute
illness also affect these parameters, these findings are difficult to interpret.
Furthermore, many other chemicals are also cxcreted in human milk (20).
Rogan & Gladen (77), 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 carlier, as they did not thrive. Apparently, 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 clear. In animals, DDT
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homologs, but not specifically DDE, have been shown to have estrogenic
effects (79). Before thesc findings can be clarificd, additional studies must be
done.

No conclusive evidence thus far reported 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 rescarch and development
employees and 41 refinery plant employees at a New Jersey petrochemical
facility. Between 1949 and 1957 these workers had been exposed to Aroclor
1254. Three melanomas and two carcinomas of the pancreas werse found. This
incidence was significantly higher than expected. Exposure to other chemicals
also occurred, however, and the cohort was small.

Brown & Jones (81) conducted a retrospective montality study of 2,567
workers in two capacitor plants. The relatively few deaths (163) severely
limited the statistical power of the study, and the average follow-up was only
15 years, whereas latency periods of 20-30 years are not uncommon for
cancer. Over 50% of the sample had exposure to PCBs for two years or less.
Dcaths from liver cancer, cirrhosis of the liver, and rectal cancer were slightly
higher than expected, but not significantly for both sites combined. The
observed increase for cancer of the rectum was statistically significant among
females at one of the plants. In a follow up study (82) no additional cancers of
the rectum were noted, and the standardized montality 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
death certificates. However, a review of the medical records raises questions
about at least one of these tumors,

Bertazzi et al (83) reviewed the monality 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 neoplasms. When
dcaths were analyzed by organ system, deaths from ncoplasms of the di-
gestive system, the peritoncum, and the lymphatic and hematopoictic tissues
were higher. Among females, all causes of deaths were significantly elevated.
The actual numbers in this study, however, were smali.

Yusho and Yucheng

Two outbreaks of poisoning have been reported that followed the ingestion of
rice oil contaminated with polychlorinated dibenzofurans, biphenyls, and
quaterphenyls (PCQs). The first outbreak occurred in Japan in the summer of
1968 and the second outbreak, in Taiwan in 1979. Ironically, the outbreak in
Taiwan repeated what had occurred 10 years carlier in Japan. Many studics of
these two outbreaks have been published in Japanese or Chinese. In 1984
some of the information in these reports was published in English 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 houscholds had purchased rice oil from a specific company, and the
toxic rice oil produced or shipped on February 5 and 6 of 1968 contained large
amounts of Kancchlor 400, a brand of PCB with a chlorine 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
estimated from the organic chlorine content 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 reduced pressure of 3-44 mm lig, to remove odorous malcrial
from it. Kancchlor (K) must have leaked from the heating pipe into the
processed oil, but the actual mechanism of the contamination has apparently
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 estimated.
Therefore, 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 polychlorinated dibenzofurans (85). According to Buser ct
al (86). the Yusho oil contained more than 40 polychlorinated 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 (o estimates made by Kuratsune (89), the total amount of PCB,
PCDF, and PCQs consumed by the patients was, on the average, 633 mg of
PCB, 3.4 mg of PCDF, and 596 mg of PCQ. This calculates to roughly 157
ng/kg body weighud. PCB, 0.9 ug/kg body weight/d. PCDF, and 148 ug/kg
body weightd. PCQ. At this dose the length of the latent period between
exposure and onset 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 lower levels because in such situations contamination is usually not
uniform. Furthermore, the patients consumed different amounts 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 patients had chloracne, dark-brown pigmentation
of the nails, itching, pigmentation of the skin, swelling of the limbs, pig-
mented mucous membranes, eye discharge, hyperemic conjunctivae, jaun-
dice, swelling of the upper cyelids, a feeling of weakness, numbness of the
timbs, and fever. Over 1,000 people were affected. Thinty-six babies showed
fetal PCB syndrome, which consists primarily of a dark-brown pigmentation
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of the skin (Cola babies). 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 pigmentation disappeared by the time
the babies were between two and five months old. In affected infants, the face
was edematous, and spotty calcifications were noticed in the parictal and
accipital areas of the skull. In a few of the infants, the teeth had erupted at
birth. Subsequently, the adult patients with clinical discase complained of
having to expectorate a great deal and, on auscultation. wheezing was noted;
however, on cxamination, there was no evidence of bronchial asthma or
pulmonary emphysema. In many of these patients, the respiratory symptoms
have persisted, and the patients have chronically infected airways. In the carly
1970s, some changes were noted in the patients’ serum immunoglobulin

levels, but the levels retumned to normal. Over time the severity and the extent

of the skin lesions impraved considerably in the exposed population. Fifteen
years afier the accident, only a very few paticnts had extensive chloracne
1.

About five years after the outbreak of Yusho, tissue and body fluids of
Yusho patients were analyzed for various congeners of PCB and PCDF. At
this time, the PCB levels in adipose tissue were §.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 identified in the rice oil that the Yusho
paticents ingested. 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-hexachlorinated dibenzofurans. Since
these congencrs do not have free adjacent carbon atoms, they are not as casily
metabolized and excreted. More of the 2,3,4,7.8-PCDF than the other iso-
mers was rctuined in the patients’ tissues. In the five patients studied, the
concentration of this isomer ranged from 6.9 ppb (ug/kg) in a specimen
obtained in 1969 to 0.4 ppb (ug/kg) in a spccimen collected in 1977,
Measurable concentrations of TCDFs were only detected in the carlier years.
Although not the most toxic isomer, the 2,3,4,7,8-PCDF caused mixed-
function oxidase induction at a dose of | pug/kg in rats, and atrophy of the
thymus, suggesting toxicity at a very low dosage level. Thus, the clinical
manifestations observed in these patients were primarily caused by the
PCDFs, specifically by the more toxic isomers.

In the Yucheng episode, it was never determined with certainty how the
rice oil was contaminated (93). In 1979 a school for blind persons informed a
local health bureau in Taichung County that a strange discase characterized by
an acnclike skin eruption had been occurring frequently among students and
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staff since the end of March. At the same time, 85 of 150 workers in a ncarby
plastic shoe factory had the same symptoms. Later thal year, this outbreak
was also reported to a local health burecau. Victims in both outbreaks had
consumed the same brand of cooking rice oil, which had bcen manufactured
by the same company and which hn‘d been purchased in the same store. For
this reason the rice oil was the prime suspect in the outbreak. In additional
reports of outbreaks in other companies and in the general population, all
victims had consumed the same type of C-rice oil.

Finally, because the disease resembled the Yusho disease in Japan, sample:
of C-rice oil and patients’ blood were analyzed in fapan and were found t«
contain cither a Kanechlor-400 or a Kanechlor-500 mixture at concentration:
as high as 65 and 108 ppm (mg/kg). respectively. Over 2,000 patients wert
finally identificd as having been poisoned by contaminated rice oil. Oi
samples collected from other outbreaks contained PCBs at concentrations o
31-300 ppm (mg/kg). Retrospective studies determined that the period o
PCB intake ranged from 3 (o 9 months. The average total intake for eacl
person varied from 0.77 to 1.8 mg of PCB. Within the first year of th
outbreak, the blood levels of PCB in 13 paticats ranged from 3 ppb to 1,15
ppb. Most of the patients had blood levels between || and 150 ppb (ug/kg)
The symptoms observed in these patients were quite similar to those alread:
described for the patients in the 1968 Yusho outbreak in Japan.

The rice oil was not only contaminated with PCBs but also with PCDFs ans
polychlorinated -quaterphenyls. It contained the same major components o
PCDFs observed in the rice oil in Japan—namely, 2,3.4,6,7-PCDF an
2.3,4,7.8-PCDF. Relatively high concentrations of 2,3.4,5,3',4'-hexachla
robiphenyl were found in the blood and adipose tissue of the Yuchen
patients. This particular PCB isomer is biologicslly quite active, and th
concentration of 2,3,4,3'4"-pentachlorobiphenyl was also elevated in thes
patients. Furthcrmore, as in the Yusho patients, the concentration of 2.3,7.8
TCDF was comparatively low (92). Chen et al (94) analyzed addition:
samples of the oil, blood, and adiposc tissue of the Yucheng patients. Thes
investigators identified several TCDF and PCDF isomers. Apparently
2.3,7.8-TCDF was only a minor component in the oil; the major componer
was 2,3.4,8-TCDF. One of the major furans in the toxic oil was 2,3,4,7.¢
PCDF.

The concentrations of the PCDFs in different oil samples ranged from 0.2
10 1.68 ppm. Polychlorinated quaterphenyls were present in concentratior
ranging from 25 to 53 ppm (mg/kg). Overall, the concentrations of PCDIE
and PCQs were lower in these oil samples than in the oil samples that he
caused the Yusho outhreak. Whether these oil samples were representative
not really known. The 3.4,3'4" -tetrachlorobipheny! was also identified in tt
oil that caused Yucheng disease in Taiwan. This isomer is considered to t

!
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the most toxic PCB isomer present in commercial PCB preparations (95); 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 epidemiological studies, some discase-specific in-
vestigations were also conducted. The blood pressure of the Yucheng and
Yusho patients was not affected (60). Although some of the patients in the
Yusho cohort have died 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 to affect reproduction in
animals, and although they affected some fetuses and neonates in the Yusho
and Yucheng cpisodes, 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 that ranged from
below 50 ppb (pgrkg) 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 gencral population in the United States
and other countries 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, cven several years after exposure.

Chang et al (99) examined the delayed immune response in 30 Yucheng
paticnts and compared their responses with those of 50 controls. The mean
age of patients in both groups was about 14 ycars. The authors injected a
solution of streptokinase and streptodomase subcutancously into the flexor
sidc of the forcarm. The responsc was read at 24 hours (hr) and again at 48 hr
after injection. Eighty percent of the controls had an induration of 5 mm or
more in diamcter 24 or 48 hr after they were injected; only 43% of the
exposed group responded similarly. All of the poisoncd patients had dermal

- lesions, and the percentage of paticnts with a positive response decreased with

increasing severity of the skin lesions (chloracne). Furthcrmore, the degree of
the dcrmal lesions appeared to be associated with the whole blood PCB
concentrations. Patients with minor skin lesions that were classified as grade
! appcared to have a normal skin response. The same authors found that
PCBs caused 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 gamma cells were not
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affected (100). These two reports 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 studies in which relatively high doses
of PCBs affected the immune respons¢ and also caused some other adverse
cffects.

In the Japanesc and the Taiwanese Yusho and Yucheng poisoning out-
breaks, sensory ncuropathy was reported in & number of patients for whom
nerve conduction velocitics were measured (101, 102). The blood levels of
the various chemicals (PCBs, PCDFs, PCQs) were necgatively 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 uscful from a clinical perspective.)

Seppalainen ct al (103) examined 16 men working in a cardboard plant }vho
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 cxplosion, were 8,000 to 16.000 pg/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 neuropathy in their lower extremities.

Chang et al (104) reported increased urinary 8-aminolevulinic aciq uropor-
phyrin excretion in 69 Yucheng paticnts 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
Jupan.

POLYBROMINATED BIPHENYLS

Since the toxicity of PBBs both in laboratory animals and livestock was
recently reviewed (105), we do not review it here in detail. In laboratory
animals, PBBs generally cause effects similar to those that the PCBs cause.
They produce morphological changes in the liver, affcc.l ncproduclior.\. 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 hepatocellutar cnrclnom.u
have been produced in both rats and mice. The overall findings rcported in
animal studies are similar to those that have been reported for PCBs.
Although the PCB contamination of the environment is a more ggncml
problem, the PBB contamination primarily affects certain arcas wnhm. lh.c
state 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, most cull dairy cattle are used for hamburgers and processed meat
products 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 determined, and 844 adipose tissuec samples were also analyzed
for PBBs. PBBs were detected in 97.3% of the adipose tissue samples, in
68% of the adult serum samples, and in 72.7% of the serum samples from
children. The mean PBB concentration in adipose tissue was 400 ppb (ug/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 studics, when cohorts of PBB-exposed residents of Michigan were
compared with residents of the state of Wisconsin, a higher prevalence of a
varicty of symptoms and complaints was noted in the Michigan residents
(106). Similarly, in comparative neurobehavioral studies, the Michigan pop-
ulation was found to be affected more than that in Wisconsin (107).

Since the findings 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. In 1976, the Michigan Depaniment of Public Health
cstablished a cohort of farmers who had been exposed 10 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 originally studied in a smaller previous study.

The scrum PBB levels in this entire group ranged from no detectable levels
to 1,900 ppb (ug/l), with a mean of 21.2 ppb (ug/) and a median of 3 ppb
(ug/1). Because of the wide range of exposure and because resulls 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 symptoms and conditions; however, these symptoms did not correlate
with PBB body burdens. Symptom prevalence rates were slightly higher in
persons with no detectable PBBs in serum than in those with measurable
quantitics. 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 function in persons exposed to PBBs
could be demanstrated. All these lindings 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 stifl being foliowed by the Michigan Depant-
ment of Health in collaboration with the Centers for Disease Control. Several
studies of subgroups of this population and surveys for chronic health effects
have been conducted since the cohort was first assembled (109, 19). When
sesum and adipose lissue concentrations were compared, a significant correla-
tion was found. The serum: adipose tissue concentration ratios ranged from |
to 140 (o 1 1o 260 for pregnant women and male chemical workers, respec-
tively. Males from farms had a significantly different ratio of 1 to 325 to 329.
Potential transplacental passage of PBBs was demonstrated, since they could
also be found in the fetus and newbom. 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. Alf of these
concentrations were measured long after the population had first 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 that PBBs are very slowly
excreted, which is consistent with the findings of Tuey & Matthews in rats
(11). 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 | ppb—were matched
for ugc, 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 participants had PBB scrum levels of 50 ppb
{ug/l) or mare. In the middle group, 83 had PBB levels of 5-49 ppb and 96
had PBB levels of 044 ppb (ug/l) in serum. Urinary porphyrins were also
mcasurcd in all of the panticipants. Thus far, the final results of this study
have not been reported. For most of the parameters studied—which included
serum glucose, triglycerides, high-density lipoproteins, various liver (unc-
tions, creatinine, uric acid, thyroid function, proteins, calcium and phospho-
rus in serum, and also measurement of various porphyrins-——no differences of
clinical significance were found among different groups (M. Barone, personal
communication). (Note: Even though significantly more women in the high
PBR group used birth-control pills than women in the low PBB group, too
few were using them to affect urine porphyrin fevels.) In none of a varicty of
other studies conducted on this population as well as other groups in Michigan
did any findings indicate that exposure to PBB had impaired the health of the
exposed group. All of these studies have been reviewed by Fries (105).
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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 nceds to be followed for 30 to 40 years before the guestion of chronic
health effects can be intelligently addressed. Two problems with assessing
chronic health cffects are that the cohort, in spite of its size, is still relatively
small and that the amount of exposure it has received varied widely. Although
some members of the group exposed to PBBs have relatively high body
burdens, these burdens are still appreciably lower than thuse of rats in which
liver cancer developed.

In the study by Kimbrough et al (111), liver cancer developed in the rats
that received a dose of 1,000 mg/kg body weight. This dose for humans
would roughly translate into a dose of 70 grams per person. These amounts
are much greater than the estimated mean total exposurc per person. The
highest exposure was about 11.7 grams, and the mean was (70 mg per
person. In rats given 200 mg/kg, a dose that for humans would be between 12
and 14 grams, only neoplastic nodules developed in their livers; there was no
evidence of hepatocellular carcinomas. Of course, whether humans would be
more or less susceptible to the toxic effects of PBBs and whether their
response would be similar (o that of rats is not known,

{n conclusion, various toxic effects of PBBs and PCBs have been described
in laboratory animals. In humans, acute poisoning outbreaks have only
occurred following exposure to a combination of PCBs and PCDFs. When
humans were exposed only to PCBs or PBBs, the only ubserved acute effects
have gencrally been minor. So far, no significant chronic health effects have
been causally associated with expasure to PCBs or PBBs.

Use of trade names is for identification only and does not constitute
endorsement by the Public Health Service or the US Depariment of ficalth
and Human Services.
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