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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,
19723).

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

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

In November 1975, reports containing evaluations of liver sections from the
2-year rat feeding studies (Gordon and Richter, 1975a,b,c) and the results of
an independent evaluation of the same liver sections (Pour, 1975) were
presented to and discussed with several federal regulatory agencies3. Later
that month, a summary of data from all of the studies was presented at the
National Conference on Polychlorinated Biphenyls sponsored by the
Environmental Protection Agency and held in Chicago on November 19-21, 1975
(Calandra, 1976).  Only summaries of data from these and other toxicity
studies conducted over the years have been published (Jenkins, et al., 1972;
Keplinger, et al., 1971; Monsanto, 1980). Knowledge of these efforts mas}
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 keeping an open mind about them. As soon
as evidence appeared that there was a strong chance PCBs were a hazard, it
published the results of its investigations, admitting the danger. [t thus

established a reputation of honesty even among the environmentalists."

(Clutterbuck 1981).

At a later meeting in Bethesda, MD.®, pathologists selected and reviewed some
liver slides from the Monsanto-sponsored and Kimbrough studies. The
pathologists differed in the terminology used to classify tixe 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 notec.:l ‘that
either the strain of rat or sex could have accounted for the differences.
The spontaneous incidence of hyperplastic or neoplastic liver lesions in the
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 tor Research in Cancer at the University of Nebraska. Dr. Shubik
suggested that the liver sections from these studies co_uld be reviewed by Dr.
" Parvis Pour. This was done.

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

literature (Calandra, 1976).
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METHODS

It appears that the Threshold Limit Value of 0.5 mg/m3 for chlorobiphenyl
with 54% chlorine (ACGIH, 1969) was used to estimate suitable dose levels for
the rat t‘eedir.xg- studies. For that purpose the following assumptions were
made: if the ambient air concentration of PCBs is 0.5 mg/m3, and if all of the
inhaled PCBs are absorbed, and if 15 m3 of air are inhaled during the working
day, a person would receive a PCB dose of 7.5 mg/day. The corresponding
dosage would be approximately 0.1 mg/kg/day for a 70-kilogram person.
Consequently, dosages of 0.1, 1, and 10 mg/kg/day were decided upon, and
the dietary concentrations were set at 1, 10, and 100 ppm. As it turned out,
the assumptions used to set dosages for the feeding study resulted in th_e low
dose level rats receiving a dosage that was 100 times higher than the 0.001

mg/kg/day which FDA later calculated as allowable for protracted inéestion
 based on human data (FDA, 1373).

For the chronic toxicity study in rats®, weanling animals of the Charles River
CD strain? were divided into a control group and 9 treatment groups, each
consisting of 50 males and 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 S5 females were scheduled to be sacrificed after 3, 6,
and 12 months of feeding, and survivors ‘were to be sacrificed at the end of
the test period.® Animals were to be given a gross ;utopsy and tissues were
to be preserved for possible histologic examination. Tumors or lesions

suggestive of tumors were to be examined.
RESULTS

Data from the Gordon and Richter reports (1975a,b,c) on liver slides - are
shown in Tabies 1, 2, and 3 for Aroclor 1242, 1254, and 1260, x'espectively.‘9
While the text of the reports contained comments specific to the particular
Aroclor, they also contained similar comments such as "There is evidence of a
chemical effect on the liver...... This consists of a hepatocellular alteration
beginning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few am'mé.ls to hepatoma or cholangiohepatoma™ and "In the absence of
metastasis, invasiveness, severe basophilia, mitoses, or other evidence of
anaplasia; these are benign tumors rather than malignant carcinomas. There

was no evidence of metastasis or invasiveness of these tumors in this study”.
The reports also stated that "The other treatment-related lesions reported are
regai-ded as degenerative or hyperplastic in nature and they are morphologic
manifestations of an adaptive response of the liver associated with biotrans-
formation of the test material" and "In most instances, the spectrum of
treatment-related histopathological findings in the liver from this re-evaluation
did not differ significantly from that previously reported in our original

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

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

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

1975b).11

0N000Y
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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 vacuolar
changes and focal hypertrophy. Livers of some am'mals‘t‘ed 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 Protecnon 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.

Q30095
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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,
months at 10 ppm Aroclor 1254 and 13 months at 100 ppm Aroclor 1254
Therefore, numbers in Tables vary slightly from those in reports of
Gordon and Richter (1975a,b,c).

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

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

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

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

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

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

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

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

Qn0007
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10.

11.

12.
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Table 1

" Aroclor 1242: Primary Liver Lesions Among Albino Rats

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

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

£%6850
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b Includes 1 animal without record of examination in original IBT report. Not listed as hepatoma in worksheets for
o Gordon and Richter report but appears and was crossed out on typed tabulation for animal marked "Extra". Diagnoses
> for other 2 animals do not appear in records of examinations for original IBT report.

c R .
BN o
ésc Diagnosis does not appear in records of examinations for original IBT report.



Table 2

. A 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

'Findinga
Vacuolar change 2 3 3 1 1 0 0 0 1 1 & 1 1 7 9 13
Focal necrosis o 1 1 1] 1 2 o0 2 0 0 0 1 1 3 1 1
Focal lymphoid infiltration 0 o0 o 1 ¢ o 0O 2 6 o0 2 1 1 2 0 1
Focal hypertrophy hepatocytes 0o 0 o 1 0 o0 o0 4 0 0 4 2 0 3 4 14
Nodular hyperplasia 0 0 o 0 0 o0 0 0 0 0 o 0 1 0 3 14
Ductulsr hyperplasia o 0 o0 0 0 0 0 0 1 1 1 0 S 6 3 4
.Hepatoma o 0 0 o 0o 0 0 © 0 0 0 o 0 o o 4P
Cholangiohepstoma 0 0 0o O 0 0 0o o o 0 0 o o o o 2F

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

+.100 ppms group has snimals dead at 23, 23 months snd 9 marked "Extra".

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

<€ Both animsls msrked "Extra" with same designation. 1 without apparent record of examination for original IBT report.

< Diagnosis for other animal does not appear in records of examinaii_ons ‘for original IBT report.
) o
> .
Scy
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Table 3
Aroclor 1260: Primary Liver Lesions Among Albino Rats

Sacrifice Interval 3 Months 6 Months 12 Yonths 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 1ob 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 9
Focal necrosis 0 0 4 o 1 o 19 o © 0 0 0 1 4 3 6

- Focal lymphoid infiltration 0 0 o0 0 0o 2 2 0 0 0 o 0 1 0 1 0
Focal hypertrophy hepatocytes 0 0 o 2 0 0 O 3 0 0 O 4 0 3 13 9
Nodular hyperplasia ' 0 0o 0 O 6 0 0 0O 0 0 0 1 1 0 1 6
Ductular hyperplasia 0 0 1 0 0 0 o 0 1 1 o 2 S 6 1 12
Hepatoma 0 0 0 0 0 0 0 0 0 0 0 o 0 o 1° %8
Cholangiohepatoma 0 0 0 0 0 0 0 0 0 0 0 o 00 o4&t

% Control group has animal dead at 19 months and 2 marked "Extra".
1 ppm group has animals dead at 20, 22, 22 months.
10 ppm group has soimals dead at 19, 22, 22 months and 1 marked "Extra".
100 ppm group has animals dead at 22, 22 months.

Includes 1 marked "Extra".
€ Worksheets show listings under this diagnosis with arrow pointing to Vacuolar change column.

q,Dlte of death of this animal not recorded.

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

crossed out.

£ 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 diagnoses crossed out on worksheets for Gordon and Richter

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

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

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

CECIL SCOTT, ET AL.

VSs. CIVIL ACTION NO.

B-84-1103-CA

DN

MONSANTO COMPANY

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

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

-  Birmingham, Alabama 35203; and

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

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

Bank Building, 11 South Meridian Street, Indianapolis,

Indiana 46204.

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

DEPOSITION
EXHIBIT

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

designate that representative knowledgeable of the

documents and subject matter herein below enumerated.

1) Any document(s) which would state or disclose the
following:
a) when Monsanto first began using the services
of IBT;
b) when Monsanto first began using the services
of IBT 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;
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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 includes copies of government reports;
independent investigations; internal IBT
investigations; Monsanto authored or sponsored
investigations; and, investigations by industry
groups, bodies or authorities or other private or
public body) (IBT includes all of its employees
and consultants).

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

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

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

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

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

This depositionrwill be taken at the offices of Gilpin,

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

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

"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 in the United States mail, certified mail, return
receipt requested, postage prepaid and addressed as follows:

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

Mr. Walter J. Crawford, Jr.

Wells, Peyton, Beard, Greenberg,
Hunt & Crawford,

P. O. Box 3708

Beaumont, Texas 77704

Mr. John M. Johnson

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

Mr. Michael R. 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 = DEPOSITION
FOR THE EASTERN DISTRICT OF TEXAS ; EXHIBIT
BEAUMONT DIVISION ngmms_ Q
CECIL SCOTT, et al £5-27.37 wK

Plaintiffs

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

MONSANTO COMPANY

P P, o, P, P Py P e, P

Defendant

PLAINTIFES® NOTICE OF INTENTION
TO TAKE ORAL DEPOSITION
AND SUBPOENA 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 Bank

Bldg. 11 South Meridian Street, Indianapolis, Indiana
46204

Pursuant to the provisions of Rule 30(b)(6) of the
Federal Rules of Civil Procedure, the Plaintiffs in this
cause hereby 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 the oral

deposition of the representative(s) designated by the
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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 listed
subpoena duces tecum.

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

deposition will be used as evidence in this matter, together
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with the documents produced at this deposition. You are

invited to attend and cross-examine.

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

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

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

3. Any payment by or for Monsanto to attorneys for
Paul L. Wright in connection with any 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 term‘"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
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OF COUNSEL:

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

Michael A. Pohl

David M. Lacey

GILPIN, POHL & BENNETT

1300 Post Oak Blvd.

Allied Bank Tower, 23rd Floor
Houston, Texas 77056

(713) 623-8800

Thomas Henderson

HENDERSON & GOLDBERG

1030 Fifth Avenue

Pittsburgh, Pennsylvania 15219.

Benton Musslewhite

LAW OFFICES OF BENTON MUSSLEWHITE
609 Fannin, Suite 517

Houston, Texas 77002

(713) 222-2288

David S. McCrea

McCREA & McCREA

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

ATTORNEYS FOR PLAINTIFFS,
CECIL SCOTT, ET AL.
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CERTIFICATE OF SERVICE

1 hereby certify that on the day of
1987, a duplicate original of the foregoing Plalntlffs
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 pmessenger delivery
and/or by placing same in the United States mail, certified
mail, return receipt requested, postage prepaid and
addressed as follows:

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

Mr. Walter J. Crawford, Jr.

Wells, Peyton, Beard, Greenbery,
Hunt & Crawford

P. O. Box 3708

Beaumont, Texas 77704

Mr. John M. Johnson

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

Mr. Michael R. Fruewald

Mr. Michael Rosiello

Ms. Anne C. McGown

Barnes & Thornburg

1313 Merchants Bank Bldg.

11 South Meridian Street
Indianapolis, Indiana 46204

JOSEPH C. BLANKS

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

CECIL SCOTT, ET AL.

VSs. CIVIL ACTION NO.

B-84-1103-CA

DO

MONSANTO COMPANY

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

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

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

Commerce Tower, Houston, Texas 77002;

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

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

Texas 77704;

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

Arant, Rose & White, 1400 Park Place Tower,

Birmingham, Alabama 35203; and

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

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

Bank Building, 11 South Meridian Street, Indianapolis,

Indiana 46204.

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

Plaintiffs 4intend to take the oral deposition of the

2 DEPOSITION
i EXHIBIT
é'L,CVIHSKns— 3
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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 tox1cologlcal 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
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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 used as evidence in this matter,
together with the documents produced at this deposition.
You are invited to attend and cross-examine.

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

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

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

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

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

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

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

manufactured by Monsanto Company.

Respectfully submitted,

By:

Michael A. Pohl

OF COUNSEL:

David M. Lacey

GILPIN, POHL & BENNETT

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

(713) 623-8800
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REAUD, MORGAN & QUINN
909 Laurel Avenue
Beaumont, Texas 77701
(409) 838-9941

Thomas Henderson

HENDERSON & GOLDBERG

1030 Fifth Avenue

Pittsburgh, Pennsylvania 15219
(412) 471-3980

Benton Musslewhite

LAW OFFICES OF BENTON MUSSLEWHITE
609 Fannin, Suite 517

Houston, Texas 77002

(713) 222-2288

David S. McCrea

McCREA & McCREA

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

ATTORNEYS FOR PLAINTIFFS,
CECIL SCOTT, ET AL.

CERTIFICATE OF SERVICE

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

Mr. Robert A. Hall

Mr. Jonathan B. Shoebotham
Woodard, Hall & Primm

4700 Texas Commerce Tower
Houston, Texas 77002

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

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

Mr. John M. Johnson

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

Mr. Michael R. Fruehwald

Mr. Michael Rosiello

Ms. Anne C. McGown

Barnes & Thornburg

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

depntc02/txt86551

Michael A. Pohl
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BERSS, MURGEAN ¥ RUINN

Telex vis VUI: LAVWYERS ‘ Asswerbeck:
650 263 0717 909 Laurel MCI JBLANKS
(409) 838-9941 Beaumont, Texas 77701 MCI1D: 2630737
May 13, 1987

Walter Crawford

WELLS, PEYTON, BEARD, ICEBERG, HUNT & CRAVEORD

624 Petroleum Building

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

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

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

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

tests performed on Monsanto products.

I understand that IBT may have done as many as 650 separate studies for
Monsanto on some 55 products. 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 defore 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 resuits
of such validations, that is, whether or not the IBT studies were or were not
found to be valid, and if not, why not.

DEPOSITION
EXHIBIT

Levivskras- ﬁl
¥-37-¥7 wk

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

Thank you for your ongoing help in this matter.

Sincerely,

000023
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‘Monsanto

ve@u 1mamt § \OCAViINA,

George Roush, Jr., M. D. -%"—

oarg
[T FT{34 N

eagreminge

TO

September 17, 1975 « Fw

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 epidemiological 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 1) Jr., M. D.

GR/1n

DEPOSITION
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* we-+ -Monsanto
) reca mawe s rocarioms  Madical Department A28A

, oara o October 13'. 1971 « R. E. Kelly
7 @ M. N. Johnson
suester A,Rmm 1260 E. P. Wheeler
TO
FILE

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

today regarding her obaervation oi‘ bladder tumors in
rats fed AROCLOR 1260.

The observations of Vos and Koeman (Toxicol. and Applied
Pharmacol. 17, 656-668, 1970) on polychlorinated Egphenyla
led them to undertake rat reproduction studies with -
AROCLOR 1254 (Lot AK38) and 1260 (Lot AK3). The materials

were obtained from Glasgow at FDA. Their 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 Soclety of Toxicology. In addition, she
has seen 2 lesions in the bladders of rats fed AROCLOR 1260.
The first occurred in a female which died after 6 months
on test. This was diagnoaed as a malignant anaplastic
carcinoma of the bladder. The second was in a male killed
after 8 months on test. The firat diagnosis was of epithelial
hyperplasia, Sections of both bladders were sent to NCI for
diagnosis to Drs. Strauss {7) and Katherine Snell. The
diagnosis of carcinoma in the female was confirmed. The lesion
. in the male was not resoclved. Soma pathologists believe it
is a carcinoma, others believe it 1is : hyperplasia.

Dr. Kimbrough stated thmt 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. Galnes,
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 a 2 year feeding study with larger numbers of
rats to investligate the problem of bdbladder tumors. She is per-
plexed by the bladder tumors, and she is not emphasizing them
“ in her discussions. However, she has mentioned her findings
when PCB's have been discussed at variocus intersgency meetings.

This {8 apparrently how Weissburg learned about theam. (cont'd.)
i DEPOSITION |
EXHiBIT
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As a final note, Dr. Kimbrough expressed concern cver
whether PCB's presented an additional hazard to the
employees who manufacture 1t. I told bere that decause
of the chloracne and liver hazards, there had bsen

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

> raise this point with Dra. Kelly and Johnson for their
review. el . :

»
- -

eorge\lJ. levinskas

- - - -
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" October 28, 1971

Dr. Moreno L. Keplinger

Industrial Bio-Test ladboratories, Inc.
1810 Prontsge Road

Northbrenk, Illinois 60062

re arocLor® 1260
Dear Kep:

I spoke with Dr. Renate Kimbrough of the EPA ian Chambdlee,
Georgla regarding our proposed visit to her to discuss
bladder pathology in rats fed this product. I indicated .
to her that we expected to have all of the available bdladders
examined by the latter part of November, and that we would
confirm a specific date befcrehand. The express purpose of
the visit 1is to exchange information, 1.e., view the slides
she has, and let her see any slides that Don turns up which
may be of interest. This was agreesble to her. 3She suggested
that we -tght bring extra slides for referrsl to KI, if we
80 desired.

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

'x,l.ndeat personal regards,

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

OJL/tks

gc: Dxr. Don Gordon
Nr. W. B. Papageorge
NAr. E. P. VWheeler

‘_ DEPOSITION

SCM 023586
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/ | DEC 11157y
' P.R.Johannsen - A2SC

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

o AV / ,
B S AN M\ﬂ‘

In a recent lphone conversation bdbetween Dr. R. Kimbroush (CDO)
and G. J. chi.ns::a.s, Dr. Ximbrouch expressed the l'c.....ef that nCI
had recently contracted out a c...rcinc zenicity study involvinzg
AROCLOR 1254, Consequently, I ==de a call to Dr. Sidney Siezel -
at IICI. Dr. Slezel indicz2ted that he had no knowledse of an
outside contract with ARCCLCR 1254 and furtzer stated he doubted
there was one, [e did tell 22 that AROCLOR 1254 has been under
test at ICI in thelr bicassay operation prozram since Septexber
> 1972, Ha reported that the exverimental part of the study hzad
-been cozpleted eg of October, 1974. His expectations are that
the necessary histopatholozywillIDde coapleted within the next
‘ 6 months, at which tire a meeting could be set up for discuss-o'x
m test results.

/ A guick checz of the Aoril 3, 1978 list of chemicals being tested
.under the lCI carcinogencsis prozram did not reveal that AROCLOR
1254 was on test, However, the NCI list does show

CO2664 BIPHENYL, CHLORO

-ag part of the program. If this 1s the study he is refer 3 to,
it could explain why we had not picked it up sooner.

e (D »
e (D Josse A fe B

Prederick R. Johannsen

/okp ."'f‘ Uhf&wﬂud&aﬁlwwoaﬁv‘«"*“d”’;&‘
: /Uof al Co J ¥ g YOI
- D:N’:’P:; %%ﬂl’dapm/n.ﬁub‘/{::‘d
4 R .7
Hetpys dewrgy @ W oo
Y e
' . ﬁ-vob"- < C’.ﬁ/v&
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

PUBLIC MEALTH SERVICE

.- CENTER FOA OISTASE CONTROL
ATLANTA, QEORGIA 20333
1 TODvwme, wen 435300

Decamber 6, 1974

.
~ea ..
PR ] . .
- 22

e
N

Dr. Gaorge Levinskas

¥ousanto Industrial Chexicals Company

800 N, Lindbergh Boulsvard

St. louls, Missouri 63166

Dear George!

1 aa enclosing a brief ocutline of the experimsat Aroelor 12-72-4

for your information. A copy of Bob Squires lacttar is also ndoud:

Sincsrely yours,

Ranats D. Kisbrough, M.D.
Toxicology Brmanch

Enclosure

3 DEPOSITION
{ EXHIBIT
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As a toumr-up eo our pbcnc onvorht.ioa yuurm. s
sending you coples'of 'the -information oa Arcclor 1260 lt.udy Dy
which was sent to.me by Dr. Kimbrough. 7 You may find this .- - -
informative in prepsrug‘tor your mbsequcnt duennioa pEXS
with them. col: s I ol s R

,'~ -'1.«»-.-4.‘4

i'hcn m hnve had & cha.m:e to review yaur, lehedaxe, Iould
kindly let me know what days smay be convenieat for & -eeuns
This probably will be in the Washington area and I nnticipato
that you, mma.f.o Kinbmgb. Bod Squirn md 1.wvi21 ntcnd

.:' S
“ ’

?.'Oeorzc 35 '!:evinaun, P
- KITe p myironnenm naesmnt

. A
, att. .o -
ec: Dr. J. C. mlndn

sy * eroson )
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NOT FOR PUBLICATION OR CIRCULATION

Aroclor 12-72-A

Ani{zals

- Random bred femals Sharman strain rats reared under specific

. pathogen=frae conditions veras obtained from the NCDC snimsl farm
st Lgwvrencaville, Ga.

Aroclor 1260

Aroclor 1260 (Lot numbar AK-3) vas supplied by Monsanto Industrial
chd‘ CO.’ st. LO\d... m‘

Statistics
The students t-test vas used for comparing dody weights and weight

‘lino

Methods

Your hundred 21-26 dsy-old veanling female rats, veighing 42-37 g,
vers distridutad into 2 groups of 200 animals each sccording to a tabls
of random numbers, Pach aninal vas veighed and given an individual ear
tag oumber., The animals vere housed 10 rets par cags. Tood and vater
vers provided ad liditum, Two hundred animals vers fed tha control diet
of ground Purina laboratory chow; the tast animsls were fed the same
dist fortified vith 100 ppa Aroclor 1260.

~ Aroclor 1260 vas {ncorporatad into the diet by dissolving 5.2 g in
sthyl ether then adding this to 100 g corn starch and allowing the ether
. to avesporats. The PC3-cornstarch mixture vas blended vith 345 g ground

[ chow, than pulverized in a mortar and diluted vith additionmal ground

| chow in & bakers xixar to give s 1000 ppm concentrats. The concentrate

. . was further diluted to obtain 50 kg of 100 ppm dist. The diat vas

I preparad every 10-14 days. Random samples from the final mixes alcng
vith samples of control chow vers taken at regular intsrvals to detarzine
PC3 levels in the control chow and to verify the 100 ppm fortificaticn
level., Ground laboratory chow vas also checked at intervals for aflotoxin
at the districtoffica of the Food and Drug Administraticn in New Orleazs.

The coabined body weight of rats in each cage vas recorded veekly-
until the rats vere 6§ months old, bi-veekly umtil 12 months 01d, and
monthly thereafter. Individual weights wers recorded only at the onset
of the expariment and at deeth or sacrifica. The animals were cbserved

SCM 022812
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Aroclor 12-72<A = Page 2

briefly each day and enimals exhiditing dedilitating signs or large
tumots vere removed from the group cage and housed individuslly. At
each veighing the snimals vere examined individuslly and abnormalitids
noted, Tood consumption vas measured on all rets during the first two
weeks of the experiment, thea during veeks 3, 8, 11 and 20 and every

12 weeks thereafter. Antopsies vers performsd om all rets that diad.
Rats that vers sacrificed vere killed under ether mesthesia dy severing
the vena cava. Tissues vere fixed in duffered formalin snd stained

wvith hesmatoxylin and ecein. Additicnal special stains will de conducted.

Rasults

During the courss of the study 4 mimals i{n the test group and §
controls were sacrificed prior to the final kill., These aniagls had
either large tumors vhich had ulcersted or hindersd movemant, or the
animal appesresd moridund. In all, 14 anisale {n the tset group died;
17 animals in the control group died. One mnimal vas accidently killed
{n each group early in tha study.

No definite dose relatsd signs of toxicity vere observed in the
test aninsls throughout the study., Comparative curves of bdody veight
gain and food consumption ou tha dasis of body veight, as well as ICB
intake of the tsst group are givem in Pigurs 1. A slight decline in
the rats of veight gain of the test group compared to the comntrol group
began about 3 months after onset of the experiment. Mean final bdody
veights vere 420 g (S.D. 72, S.Z, S.4) for the control group and 392 g
(3.D. 62, S.Z. 4,6) 4in the test group; the differenca vas statistically
significant (p<0.001). Pood consumpticn (gm/rat/day) was couparable in
both groups throughout the study. Mean veight gain was 350 g (S8.D. 70,
S.Z, 5.3) and 323 g (S.D. 60, S.B. 4.5) for the control and tast.groups,
reapectively; the difference in weight gain vas also statistically
significant (p<0.001)., PC3 {ntaks declined from 11.6 mg/kg/day during
the first veek of exposurs to 6.1 ag/kg/day st 3 months of exposurs
and to 4.3 mg/kg/day at 20 months. A 6§ g mesn veight loss occurted in

both control and test groups during the § veeks prior to the final kill.

SCM g228l%
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Prelixinary List of Microscopic Pindings (Ri{sbrough)
Sections of All Tissues Listed
Were Not Available for All Animals

Please Note:

Tumor
Mammary Gland:
Pibroldtnﬁnn
Adenocarcinocaa
P{tuitary:
Chromophobe Adencma
Caréinou; Pltuitary
Uterus:
Endometrial Polyp
Eadonatrial Sarcoma

Thyroid:

Medullary Call Tumors

(parafollicular)
Liver:
Rodular Hyperplasia

Nodular Eipqrpl;sia
and Hepatcmas

Nodular Hyperplasis,
Hepatomas, and Hepatocsllu-

lar cqrcino-nl
Adenofibroels
Bladder:

Papilloma

38

20

3 (8188,3192,8232)

1 (8231)

1 (8317)

(Tissua of ona rat sutolyred)
Experizantal Rats

14

23

3 and 1 adenocarcincea

18

14

0

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

scu  0228]
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Preliminary List of Mlcroecopic Pindings - Page 2

Out of this group, & control rats and 4 rate in the experimentsl group vers
sacrificed early because thay vers sick. All tumors of these snimals,
outeide of the liver lesions, are included in the precseding list. The

i??ns _ liver lasicns nead to be added. The animale are as follovs:
&1
S Controls . Ixperimental
E 8194 | 8111
< 8181 8347
8121 8413
8254 8517

sCH 022816
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Figure 1 BODY WEIGHT
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Figure 2 FOOD INTAKE AND PCB CONSUMPTION
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AROCLCR 1260: Meeting at ICI, January 31, 1978 ‘

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

Drs. Ximbrough and Squire had studied and classified the
findings. Dr. levitt, eitier a visiting fellov or a post-
doctoral truinee did not participate to any great extent,
Ae was mcentioned as having & good knovledge of liver.

Dr. Ricntear nad viewed the slides from our 2-year study in
which rets of both sexes had been fed 100 ppm, 10 ppa or
1 ppa of AROCLOR 1260. Subsequantly, be and Dr. Jordon
reviewcd sec-ions of liver froa all animals in this study.

Three conclusions can be drawm,

1. In our earller study, the severity of liver lesiocns wa~
greater in femrles than in males,

?. To a large extent, substantially the same type o lesionr .
were observed in both studies except that the lenions
seemed to de more advanced in Kimbrough's stady. Although
thore was some variation in terminology, the findings
were reasonabdbly close. N

3. There were definite liver adenocarcincams in Kimbrouch's
study. Dr. Richter expressed the view later that 2 ani-
=als in our study approached the type of lesion Tin-
brough had observed, but there was agreement by Drs. Cor-
don and Ricuter that Dr. Kimbroagh's rats had developec
a lesion which they hsd not cbuerved in our eaerlier study
with AROCLOR 1260.

If. Drs. Gordon or Richter feel that I have no’ summarized this
meeting correctly, or 12 they desire to amend or expand ay
remarks, I invite them to let 13 know.

1L

Leovge J. Levinskag

‘w 4 ~AVW @ WO L e s g e o . - e o
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Industrial BLO - TEST Liboraloves, ne.
1810 PRONTAGE ROAD
NORTHBRQOK, ILLINQIS 800682

roxicoLoar ‘ March 24, 1975 amga coot a2
CNVIAQNMENTAL SCIENCES TELEPNONE 3783030

CHEMISTRY
PLART SCIENCES
MEOICAL BCIENCES

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

St. Louis, Missouri 63166

Dear Dr. Levinskas:

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

‘The micro- clides of the livor ucuou frozn a.ll t.heu aninuh 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 number.

Sincerely,
/v_;'(«é/ ST Z € >

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

DEG:hb
Enclosure

DEPOSITION
EXHIBIT
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February 2, 1975

Tr{g Report

Cn January 31, 1975; Drs. Richter, Lavinsias and myself met with

"Drs. Squire and Kimbrough at the National Cancer Inltltu;te in Bethasda,
Maryland. The purpose of this meeting was to review the slides and data
from a 23 month oral feeding study with Aroclor 1240 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 o£. Aroclor 1260 in the diet for 21
months, while 200 female rats of the na.nu strain served as controls and
were fod Purina Rat Chow. The Shermaa Rat i{s a random-bred animal
" - dorived frorn the Osborn Mendel Strain. The iniinals wete 21-26 days of
age when the study began, and were sacrificed aftsr 23 monaths oa the study.
Therefore, there was a 2 month recovery period at the ead of the study in
which the test material was rcmnvo.d from the diet. The details of the ex-
perimental dufgn. procedures and results that were forwarded to Dr. Lev-
inskas are att:icimd. In summary, Dr. Kimbrough found a rather high inci-
dence of hyperplastic (aodular hyperplasia) and neoplastic (hepatomas, car-
cinomas) lesioas in the liver of the tast animals. The slides were subsequently
reviewed by Dr. Robert Squire, Head of the Tumor Pathology Briach of The
National Cancer Instituts, who concurred with her findings, although, the
terminology he used in classification of the lesions varied slightly from Dr.
K.imbrnugh's. In this regard, it was his impressioa that all hyperplastic

nodules should be regarded as "pre-cancerous lesions' and the tarm 'hepatomas”

scu 023633
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Trip Report
be delated and re-classified as carcinom;s or neoplastic nodules. This
chui.ﬁcatiog system was based on a Liver Tumor Workshop that was held
on Dec. 11-13, 1974 in Silver Springs, Maryland which was attended by a
small group of pathologists {rom the regulatory agencies, research labora-
tories and industry.

In view of Dr. Kimbrough's findings, additional sections of liver from
a2 2-Year Oral Feeding Study With Aroclor 1260,. in rats, conducted at Indus-
trial Bio-Test were processed and evaluated., In this study, there was a
3, 8 ;.nd 14 month interim sacrifice which enabled one to detarmins the ap-

proﬁnute time of onset of the liver changes. No interim sacrifices wers.

conducted in Dr. Kimbroqgh'g study. The additional gslides prepared at’

Bi.o-'re st were exzmi:;ed by Dr. Richter and a t;sbnhdon of the liver fin‘di;xgs
are attached. These slides wers reviewed by Drs. Kimbrough aad Squire at
our mesting. Although there was some disagreement on the terminology used
in classification of the lesions, it was apparent that the incideancs aand severity
of liver lesions (}:ype;-plaaia. nodular hyperplasia and .naophatic changes -
carcinomas) was greater in Dr. Kimbrough's study when compared with the
results :;f the Bio-Test Study, even though the same leval of tast material was
administered tn.the diet, Thu."a are two pon‘lible explanations for this diffarence:
1.) The strain of rat. When quastioned, Dr. Kimbrough bad no informa-
tHion on the spontansous incidence of hyperplastic or neoplastic liver |
lesions in the Sherman strain, However, the incidence of spontaneous
" liver cell hyperplasia would appear to be extremely low since this finding
was reported in only 4 contzrols. The incidence of liver hy'pu:pluia among
control rats of the Bio-Test study was also ve-ry low. The incidence of

spontansous hyperplastic liver nodules reachad 20% in the Fischer Rat
QNoC.LA
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Trip Report . 3

and {n somse of the 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 naoplastic liver lesions are much higher in femalses.

The results of the liver tumor workshop are to be publighed in the near
future and wﬂl include the participants. The views of this group, regarding
classification of hyperplastic and neoplastic liver lesions i{s based on the‘ patho-
gonesis of such lesions in rats that have been induced by known carcinogens
. such as the nitrosoamines and 2 - acetylaminoflorine (2-AAF). The adsption
of this tormi:;olc;w and chui.ﬁc:lt:lon l?lt.m by the scientific comm\:nity'wiu
have widespread implications regarding assessment of safety of chemicals and

drugs currently on test and those previously studied.
Attached are Dr. Richter's commaents in regard to Dr., Kimbrough's

findings.

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

SCM 023635

090¢.15
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February 3, 1975

Dr. Donovan Gordon
Industrial Bio-Test Laboratories

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

1.) The critsria that [ used for diagnosis of the lesions are similar
to what they ua‘ed.

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

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

4.) Dr.'Squ.{re and Dr. Kimbrough are using a new and revised

terminology for the categories and list them as follows:

My Terminology Dr. Scuire's
(Classical Use) (Revisad Terminology)
Focal Hypertrophy ) Cellular Alteration
Nodular Hyperphsia} Nodular Neoplasia or
Hepatoma Neoplastic Nodule

Carcinoma : Carcinoma

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

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

e~~~ - -
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(Y]

conclude {rom an exarnination of their material that Dr, Kimbrough's

study demonstrated carcinogenicity,

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

SCM 023637
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May 25, 1970

Otis E. Fancher, Ph.D.

Director

Industrial Bio-Test laborstories, Inc.
1810 Prontage Road

Northbroock, Illinols 60062

Dear Otis:

This letter will authorize you to proceed with a
study with the leghorn chickens with the Arcclor
1242, lot number AL-55. This should duplicate the
study you did previously with Aroclor 1242, lot
number AK-255, except in this instance you have
suggested using dietary lsvels of 2, 84, and 8 ppa.

This sample of Aroclor repressents our current regu-

lar production which involves some clean-up insti- ‘
tuted since the previous sample was mads available

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

"no effect” level with this sample as compared to

the previous work. .

As socon a8s sultadble reference standards are available,
the research laboratory ia St. Louls will more ocare-
fully characterize the two samples in terms of possi-
ble minute amcocunts of contaminants.

Best personal regards.

Sincersely,

Ilzer P. Wheeler
Kanager, Environsental Health

EPW: Ju

S DEPOSITION
i EXHIBIT

jLeviwseas- /b
Zs-m-a‘? w A
SCM 023565

. o 010613

WATER_PCB-SD0000012619



B ———TXm

WATER_PCB-SD0000012620



| ("C'B-o:m& Biolest

.7m£u4wd BIO-TEST Mm Ine.

1810 FIONTAG! ROAD
NORTHBROOK, ILLINOIS 60062

,:x
TORICOLOGY
CNVIRONNMENTAL SBCIENCES
cuEMIsTRY -
PLANT SCIRNCES
MEDICAL SCIENCES

ARCA COOE i
TELEPHONE 278-3030

September 30, 1971

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

800 N. Lindbergh Boulevarzd
St. Louis, Missocuri 63166

Dear George:

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

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

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

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

Sincerely yours,

Al

Paul L. Wright
Section Head, Toxicology

< DEPOSITION
{  EXHIBIT

Heviwskas-l’)
o037 WK

PLW:lam
Enclosures

ongr "l

SCM 023584
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April 28, 1972

Dr. Otis Fancher
N. Abrego Drive
Green Valley, Arizona 8%61%

Dear Otis:

I an ashamed that I have peeniso Blow: in Teviewisg the
aanuscripts and sending you our ccaments, I guess
Kep's sending me the chronisc rat and dominant lethal
and ghicken study on the 18th of April finslly

atiz ms to move,

'Pirlt of 211, I agree we sghould hold up the publi-

cation of the chicken work until the current otudv
is completed,

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

I wish we could work in several paragraphs revimring

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

closed xerox eopy of reprint). A logical place for

3;;“1“ °£ those dnviu would be n; the top of the ~
page of your revicw paper ore your paragraph

at the top which begins with "nn-ug succeeding

years little inf Vas reported soncesning .
the toxicdlogy or%u lauushnu m. :
1563, ets.” :

Most of the review nrticln on the ICB'S have ‘failed to
indicate awareness of the Treon work, I delieve this
{s because the Risebdbroughs, PFealalls, ets., sts., —
the environmentalists -- have not encountsred ths
American Industrial Hygilens Association Quarterly in _
the review of the utcnturo oor is 1% uhlq tbat
they ever heard of the LIEA . _

R > o

' In any uu,xthinkthomrkuvorthyorr-viuom'

thousn 1t wvas inhalation data particularly since Drinker's
earlier work in '37 is fr’quonu: nenticoed tnd this .
again con«rmd inhahuu. .7 ,,., o s e

PR

In th' Lut pnrngraph or uu- iun rvvln p‘p‘r :rou Qn(t:‘,.’fO

'. St .- - "" . "'. M _’:;:4. - il l,o
o - f - :-‘ ™ ..‘::- TN R LIS A _‘A ..v.- . -r.\ ’"‘ SCM 023589 ~
P . _.\ N ee ey PRSI ) 7... ~ P -
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Dr. Otis Fancher o
April 28, 1972
Page - 2 - i

refer to the "permissable ambient concentrations of
PCB's" as suggested by Drinker in 1939. Actuszlly the
ACOIH established the Threshold Limit Values based on
Treon's work rather than the earlier Drinker work,

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

George Lavinsksas 1s reviewing each of the papers
t0 see if you, Kep and I have missed typo's and he
may well suggest some grammatical changes WEYch we
will enter on ocur copy and send xsrox‘s to you and
Ksp. :

in

I hope to get copies of all of the studies hands
of Bi1ll Papageorge, Scott Tucker and the lawyers next
" week, I do not anticipats a lot of changes from tham
and hope that the attorneys agree that we can go

ahead with publication,

Best personal regards,
" 8incerely,

Elner P. Wheelsr
Mzr., Environmental Eealth

Nedical Dspartment
EPY/dikcs
ec: N. L. Keplinger

L. - : T T onofTy
T T e TN e T vt SCM 023590
R . . o . &

SR R TN enge T~ ¢ .
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Industricl B1O -TEST .Z’_Amzam ne.

1810 FRONTAGE RCAD
NQATHBROOK, ILLINOIS 600682

rozicoL0aY
ENVIAO KM ENTAL SIIENCES
CHEMISTRY '

MeoieaL seignces April 18, 1975 TR 21T

A®CA C20¢C 312
TELEA™ONE 273:3C3¢C

Dr, George Roush, Jr,

" Monsanto Company
800 North Lindbergh Boulevazd
St. Louis, Misscuri 63166

Dear George:

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

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

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

.- : Very truly yours,

J. C. Calandma

President
JCC:AR
cc - Dr. George Levinskas
Mr. Elmer Wheeler
Mr. William Papageorge ~ SCM 022745
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Monsanto

Monsants Compaany
800 N. Lindbergh Bovievara
- St. Louis. Mistoun 8168
Phone: 'J14: %84-1000

July 18, 197%

Dr. J.C, Calandra

Industrial BIO-TEST lLaboratories
1310 Frontage Rd.

Northbrook, Ill. 60062

re: AROCLOR 2-~year Rat Feeding Studies

Dear Joe:

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

In 2 instances, the previous conclusion of "slizhtly tumorizeni:z”
was chanzed to "does not appear to be carcinozenic”. The latter
phrase is preferable. May We request that the AROCLOR 1252
report be amended to say “does nct appear to be carcinozenic’.

The number of hepatomas reported for AROCLORS 1260 and 1242

have been interchanged. This appears to have arisen from con-
fusion rezarding the nuaberinz of the animals. The orizinal
reports show tumors in animals with numbers in the 100-300 range
for AROCLOR 1260 and in the S00 to 800 range for AROCLOR 1242,
This leads me to conclude that the numbering scheme shown in the
second set of resports is correct. With AROCLOR 1254 confusion
is compounded. The original report showed tumors in animals
with numbers in the units to teens, but 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 numbers
between the first supplemental report and the orizinal reports,
I had inquired as to the changes in the nuambers. As I recall,
I was told that the sections had been renumbered when the new
slides were made and that a key relating to the sets of numbers

WATER_PCB-SD0000012631



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

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

unresolved.

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

Kindest personal regards,
Sincerely,

-1 /I

- -
‘ —— - =t
/e~

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

/Okp

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

eNeCCe

N D444 a
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Supplemental Report  Supplemental Report

Product Al (mailed) #2  (JCS delivered)
AROCIOR 1260
conclusion slightly does not appear
‘ tumorigenic carcinogenic -
hepatomas. : . 3 _ 7
range of tast animal nos: '
P. 9 - ~ 600 to 800 100 to 300
p. 10 1000 series 800 to goo
p. 11 70 to 100 10tto 40
p. 12 500 to 600 80 to 200
p. 13 ' 600 to 700 200 to 300
P. 1 700 series 200 to 300
AROCLOR 1254 ) _
conclusion slightly slightly .
tumorigenic tunorigenic
hepatomas 6 _ 6
AROCIOR 1242
conclusion . slightly does not apgear
_ tumorizenic carcinozenic
hepatomas 7 - 3

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

scM 022804

QnoCI™

WATER_PCB-SD0000012633



WATER_PCB-SD0000012634



AR e n /

Industricl BL1O - TEST Loboraloves, Ine.
1810 BRONTAGE RQAD
NORTHBROOK, ILLINOQIS 600642

TQ41COL0QY ARCA COOC 2
NV RQ MM
[ 4 Q CENTAL SCIENCES TRELEPHONK 272303

cHem sTAY August 4, 1975

BLANT SCIEKNCES
MEDICAL SCIENCES

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

800 North Lindbergh Boulevard

St. Louis, Missouri 63166 A

Dear George:

Re: Aroclor - 2 Year Rat Studies .

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

l. We will a.meﬁd 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 svaluation of additional liver sections are the same
as those in our original report. The animals were not renumbered.

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

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

Sincerely yours,

J. C. Calandra
President

- SCH 023620
JCC:AR _ 010658
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ﬂ«&uamz B1O - TEST boraloves, .au
1810 FRONTAGE ROAD
NORTHMBROOK, ILLINOIS 40082

August 5, 1978

George J. Levinskas, Ph.D.
Monsanto Company

800 N. Lindbergh Blvd.

St. Louis, Misscuri 83166

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

Liver Sectiona from Rats of a Two - Year Chm:Oanondty ) ‘
Study of Arcclor 1254

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

Very truly yours,

9.'&. '&M

N J. C. Calandra
President
Jcc/ed
Z DEPOSITION
j EXHIBIT
| 3
S Levwspas- 4
£ S31-37 ue
. ' L SRTRY L Y --wwwm " . ey » Lt -Chiiinn ) anng
\ , l. wa ) — .' > - i - . - .-'..!a =, . . -
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,  August 15, 1975

Dr, J.C. Calandrs

Industrial BIQO-TEST lLaboratories
1810 Frontage Road

Northbrock, N1, 60062

Ta: AROCIOR 2-year Rat Peeding Studiss
Dear Joe: |

With respect to your letter of August 8§, 1575, we appear to
b8 reading from different scripts. .

The attachad coples of s froa the reviszed AROCLOR 1254
report (IBT No. 6#1-06672?7 datsd March 24, 1975 ahows -that
vi all animal numbers have 3-digits. The excsptions
include a'#-41git number on page 10, & series of 2-digit
numbers ranging from T1-70 on page 11, and slides markad
Ixt or Ex appearing on pages 12 and 15.

Coples of pages 83-88 froa the original report, IBT No. B7298
datad November 12, 1971 also are attached, These contain ths
tables listing tumors, and thay arse ths only ocnes in which
indi{vidual aniznal nunbers appear, As summarized below, thare
is a repetition of low digit numdbers in sach group.

ARDGLAOR 1225
> . control ppa ppa pPpa

¥ale rat nos. 1,2 1,2 1,2 4,5,7
Pezale rat nos, k6-48,%0, 3-13 3-11 1§§ig,

The only pages which contain similayr numbers ares page 11 of
tha revised report and page 83 of the original report. EHow-

DEPOSITION
EXHIBIT
JILEVINSKAS & o1
: 25»}1-‘37 e scn 0228
0300Lel
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Dr. J.C., Calandrs
August 14, 1975
Page - 2 -

ever, even in those instances where ths sama numbers
appear, there ars inconsistancies as shown bdbelow:

’ o

_ ) ; Em and sex
animat no, - page page 83
- &6 1 ppa Female all shown as
23 1 ppm Femle control
1 ppa Female females
S0 1 ppa Pemale
5 : 10 ppa Male
gz 10 ppm Female
100 ppa Male
66 100 ppa Femle

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

The page for the AROCIOR 1254 containing the phrase "does’
not appsar to be carcinogsnic” has been received,

We nots the intsrchangs of ths numbers 1242 and 1260 on

those 2 AROCLOR reports, and will destroy the mislabelad
coples,

Sincerely,

George J. Levinskas, PhD
Mgr., Environmental Assessment
» and Toxicology
/>kp
att,

son 0222%°

~ . 0n0CG2
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Industrial B1O - TEST Loboraloies, Ine. —f»—bﬁ;/

1810 PRONTAGE ROAD
NORTHBROOK, ILLINOQIS 60062

rToricotoay

::\::'o.::'lnYAs scignces October 17, 1975

PLAMT SCIENCES .
MEDICAL SCIENCES

GCeorge J. Levinskas, Ph,D.

Mgr., Eavironmental Assessment & Toxicology
Moansanto Company

800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. Levinskas:

=K
===

ARCA COOCL 212
TELEPWONE 372-3030

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

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

earlier in the year.

Sincerely,

Dofm\nn E. Gordon, D. V.M., Ph.D.
Section Head, Pathology

DEG/ji

enclosures
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INTER-OFFICE CORRESPONDENCE
Sndestuial BI1Q-TEST Lokoobrior. Sun

RO

oave December 24, 1979

SRECT: PCB Papers

Ceorge Lovinskas has ¢ome questions regarding the pathology section of
the PCB papers. He wants to visit Northbrook alter Jan, ! at a time
convenient to you, Please make the necessary arrsagemants,

Gen

G. L. Xennedy

GLK/lam
EICY cad -\oo0
L3 ead vy
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dom 430

DEPOSITION
EXHIBIT

-

K IR

. . -
- b Y TN o i
¥ ’-\."%’{5;*:': R e

020CGY

WATER_PCB-SD0000012646



WATER_PCB-SD0000012647



tem 4308

v

: DEPOSITION
EXHIBIT

WATER_PCB-SD0000012648



WATER_PCB-SD0000012649



) ) $Q‘%—%_

A

Toxicity and Environmental Effects of Commercial PCBs

Introduction

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

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

It may be noted that AROCLOR 1260 no longer is produced
in this country since it does not meet the physical specifications

for its restricted uses.

Conciusions Based on Monsanto Studies

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

2) Threshold Limit Values of 1 mg/m3 and 0.5 mg/m3 have
been established for materials containing average chlorine
values of L42% and 54%, respectively, of the available sites.

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

SCH 019639

S-a7-87 wic

0oNnees
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rat and dog ‘fe(;c)ling studies is about 10 ppu: in the diet.
No hepatocellglar carcinomas were present,

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

5) No teratogenic or hutagenié 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
& no-effect level of 2-4 ppm in the diet.

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

8) PCBs containing 3 or less chlorine substituents per '
molec:le are reasonably blodegradable,

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

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

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

SCH 019640
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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 of the study. These consisted of hepatocellular
alterations such as focal hypertrophy, cytoplasmic 1ipid
changes and in some animals from the 100 ppm groups, hepa-
tomas or cholangiohepatomas. No evidence of hepatocellular
carcinogenicity of the AROCLORS was found.,

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

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

There was no evidence of teratogenic or mutagenic changes

with any of the PCBs at maximally tolerated dose levels in

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

activated sludge systems and tissues of rats fed 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 animals. PCBs containing 3 or
less chlorine.substituents per molecule are reasqﬁably biode-

gradable,

Comments

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

sCH 019642
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independently by Dr. D, Gordon of Industrial BIO-TEST Iabora-
tories, Professor W. Richter of the University of Chicago, and
by Professor P. Pour of the Eppley Institute for Research in
Cancer. In addition, Dr., Pour evaluated the Kimbrough slides
and doés' not agree with the reported findings.

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

0

PCBs in food,

SCM 019643
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Buman 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 50 kg individual over 50 days. . :
500 mg + 50 kg - 50 days = 200 ug/kg/day (effect level)
, .. Using 10-fold safety factor leads to estimate that 20 ug/kg/
- -+ day may be-safe over a 50-day interval.
Since PCBs have long half-life; calculating same intake gver
a 22-nonth span arrives at an estimated safe intake for a pro-
tracted period of 1 pyg/kg/day. '

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

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

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

Assuming 5 kg primate, 500 ug <+ 5 kg = 100 yg/kg/day

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

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

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

The toiai amount of PCBs producing effects 4n primates (182
mg) was lower than that producing effects in man (500 mg).-

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

_ ~ Dog and Rodent Data
(F.R. July 6, 1973. p. 18097, Sectica (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
oo 2.5 ng/kg/day based on dog data and 3 ng/kg/day based on rat
-~ . .. d&t&. C LI . et "oy '
‘.. If rat data "no-effect" level drops to 1 ppm, then corres-
@dmg estimate of human "no-effect" level drops to 0.3 pg/
day. :
Question: In a "collision" between rat data using a 100-fold
safety factor and human data using a 10-fold safety factor,
which data base would you like to be riding on?
Comment: Since human data is awvaileble, it could be argued
e traditional 100-fold safety factor is not necessary.
Application of a 30-fold safety factor to rat data, supported
by dog and human data, makes present estimate of safe human

intake appear reasonable.

SCM 019644
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PCB Primate and Human Residue Data

Primates Human
Conc. in diet, ppm 25 2.5 -
Intake, pg/kg/day 800 100 -
Estimated safe dose, ,
ue/kg/day 4 - Y
Liver conc.,ug/g 56.3(0.01)* -
Fat conc., ug/g 50,0(27.7)* 0 (314 samples)**
<) (125 samples

1-2 (165 samples
>2 (33 samples)

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

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

SCM 019645
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“EOICAL SCIEHCED

George J. Levinskas, Ph. D,
Monsanto Company -
800 N, Lindbergh BRlvd,
St. Louis, Missouri 631066

wef

Dear Dr. Juvinskas: = = "

fam «-m-ln-mg tlw rcwscd tumar ul:lcs !or'theAroelor papor
that we discussed during your Visit va Jaumary 15. 1976. You will _ :
notice there are two tables with the same -hn. One lable is a listing ol
tumors by organ systrent, as you suggosted, to’ repllm the vriginal table.
{ think 1 also pr. f\‘l’ the (-.rnu r allhougll it will evq sinore space vhen
printed, :

p/" P l' 2 s ™

.. b . - * Denovan B, Co;d-m. D.V.M,, Ph. D.
. e LT Section lHvad P_at)wlogy

Lot

- DEGC/ji : '
cc: M.L. Kc.pllm;tl

ne v

DEPOSITION
EXHIBIT
ILEVIVSKAS 30

§ S:A2.371 w

L -
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~ Monsanto '

) . ;
et 4024 2 0m Gt Dapt. of Medicine & Environmental Health~ ¢ .}. Levinskas, A2sa l L‘b .
an November 17, 1978 « G, Rouvsh, Jr. - A2SA
 AROCLOR 1260 J.C. Weber - B2SK
wancr G.F. Barton - A3NC

W.J. McCarville - A3NC
aergngnce C.Fo Callis - stA
10 FILE J.T. Garrett - A2SA

, ] ' - < DEPOSITION
v | EXHIBIT

Levsihs - 3}

On Wednesday, November 15, 1978, I had a call from Joan § S-I7 wl
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 AROCIOR 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.

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

The two leaking transformers have been removed to an enclosed area
in the truck terminal. Ms. Ransom wanted to know about monitoring
air levels in the enclosed area for PCBs. She also inguired about
clinical or other tests which could be done on exposed workers to

gauge their exposure and the nature of protective equipment which

clean-up crew members should wear.

Without reiterating all aspects of this somewhat lengthy discussion, -
I made several statements to Ms. Ranson. She was told that there were @
no tests we know of to measure the after effects of exposure, and P
none should be necessary since there was no reason to expect that

persons exposed under the conditions she had described would become -
ill from PCBs. With respect to air monitoring, the analysts should 9

be careful to identify PCBs as such since AROCLOR 1260 was mixed with
another chlorinated hydrocarbon. The latter was more volatile and,

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

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

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

IN-10M (REV. 2/78)
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FILE - AROCLOR 1260
November 17, 1978
Page - 2 -

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

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

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

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

Let's see what happens.

George J. Levinskas

- /bks
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Monsanto

rAOM INAMC ..LOCAYIQN- G’. Jo LeVinSk&S - AQSC

Qarve

sumyCcr :

agreaenct

TO

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

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

G. Roush, Jr.
A2SA

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

This 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.

)L

George J. Levinskas
/bkp
att.

L ]
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Recently, we were informed that liver carcinomas were
 observed in female Sherman strain rats fed AROCLOR 1260 for

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

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

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

(1) Several animal studies have been conducted with various
brands ¢f PCBs. In some studics, the test material has been
identified by trade name (AROCLOR, KANECLOR). In others, there
was just a general reference to PCB. Consequently, the quality
of test material with respect to the amounts and nature of
contaminating 1mpurities or by-products cannot be determined
inuﬁgﬁkcase. In addition, several -strains of test animals were
used, the duration of the experimental periods varied, and there
was a wide range in the ¢epth of detai} with which the obsérva-
tions were reported. Consequently, it i1s difficult to make
comparisons between these studies, . s

(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

- . SCM 019717
0n0G77
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reported liver carcinomas. Others have observed only

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

in both'experiments. In the studics reported to us, 1iv$r
carcinomas occurred in approximately 8% of female rats of

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

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

(3) A review of the liver alterations seen in all 3 AROCLORS
in Monsanto's studies shows that thellesions were benign in
character in the traditional pathologic sense. An evaluation
of 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 ?1uids. As
such they are used in closed systems which yill at least mini-

mize additional environmental contamination. Considering the

SCM 0197138
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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

... m—

— ]
concluded that the continued use of AROCLORS‘ as dielectric

flulds will not present a.n'unreasona.ble human health hazard.

sCM 019719
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bece W. B. Paoag;orgo - B2Sx

January 1A, 1973
A N

. . ) N y .
Dr. Donoven R, Gordon
Industrial BIO-TXST Lsboratories, Ing.
1810 Prontage Road

Northdrock, Illinois 60062

Re: Polychlorinated Biphanyl (IC3)
Desr Dong } . .

N ’

td hCS

Enclosed are coples of three reprints desling with liver |
__ tusorigenisis of ICB's., These are from:

(1) genn, (1972).53: 80s.
(2) Gann, (1973).68: 10%-108,° }
(3) J. Mat'l Cane. Inst., (1573).51:11637-1646.

The studles were performed with Jepaness mstarisls (Kine-

chlors), but_the <« : sre of direct interest to our

nesting You and Dr. Richtar should de

faniliar with—ibe contents of those papers as you review
the ARCCLOR slides.

Our meeting is scheduled for Janusry 31, 1575 in Rooa 201,
Bailding 37, st XCI in Bethesda., Ve vill be meeting with
Dre. Klmbrough end 8quires. No specific time has bdeen set,
dut we csn plan on starting in the sorning. I will cone
£irm s specific time snd will check with you or Kep oa a
place to stay the night bdefore.

Sincerely,

George J. lavinskas, Ph. D.
Msnsger, Invironmental Assess-
sent snd Toxicology

aly : °
cec Dr. M. L. Keplinger

sCcM 022820
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Monsanto
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ben. ( R. Bishop - BIND

oarg

sumaecet

LISRE 14 131

TO

IN - 1Q MUV, Y "

Nov. 17, 1975 "“Me. W. R. Corey - B2A 774
: ~Mr., F. J. Fitzgerald - B2SA 229,
Dr. J. P. Mieure - T2F v73 7
Mr. D. Wood - B2SD7¢ 2 ®

277> =7
Mr. T. H. Bottini - B2CA Dr. C. Paton - B2SC -~
PP O DeEGITmU—=—B3NA Mr. R. G. Potter - B2SB *'“?

~Dr. W, C. Hammann - B3sA+"' ~Br—G—Reush——223%"
Mr. E. H. Harbison - DIK 27 _Mr. J. C. Weber - BIND ° *~

-Pe.—G—J.—levinskas—425€ Mr. W. W. Withers - B2SA 275/
7Mr. . W..B. Papagaocrge——BasK S g ~Wright - A2SC

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

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

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

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

* D. R. Bishop

[y oo Rl of Gy e oy robe
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Monsanto

1NOW imaME A L O et D- R- BiShOp - BlND

17, 1975

oart . Nov. "Mr. W. R. Corey - B2SA
. Mr. F. J. Fitzgerald - B2SA
et Dr. J. P. Mieure - T2F
et mtmen Mr. D. Wood - B2SD
TO : Mr. T. H. Bottini - B2CA Dr. C. Paton - B2SC
- Dr. P. 0. DeGarmo - B3NA Mr. R. G. Potter - B2SB
Dr. W. C. Hammann - B3SA Dr. G. Roush - A2SA
Mr. E. H., Harbison - D1K Mr. J. C. Weber - BLND
Dr. G. J. Levinskas - A2SC "Mr. W. W. Withers -~ B2SA
Mr. W. B. Papageorge =- B2SK Dr. P. L. Wright - A2sC

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

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

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

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

o BBy,

D. R. Bishop

'/mks
attachment
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MONSANTO INDUSTRIAL CHEMICALS CO.

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

PUBLIC RELATIONS DEPARTMENT
800 N. Lindbergh Bouievard
SL Louls, Missouri §3168

CHICAGO, Nov. 19 -- Monsanto Company today announced
that a newly completed scientific report, co@missioned by the
St. Louis-based company, does not confirm the presence of malignant
liver tumors in experimenfal 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 chlorinated
hydrocarbon industrial chemicals it manufactures.

In her s:ﬁdy, 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 qf malignant tumors). She
further ideﬁtified 26 of these lesions as hepatocellular carcinomas

(malignant liver tumors). sCcM 058338
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During his re-evgluation, Dr. Pour saw the same alteratiog
but identified them as being hyperplastic or non-tumorous lesions,

further pointing out that it was his strong impression that many

'of the detectable alterations were a degenerative and reparative

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

In his discussion, Dr. Pour reported that he observed
20 cases of abnormal lesions which presented such strﬁctural
criteria as to be considered possible precursors to tumor;,;élthough
a most'siénificant criteria for malignancy -- namely invasiveness --
was missing, and the sign of ongoing toxic, degenerative and
regénerative processes in the rest of the tissue was evident.

""At present, the statement that these lesions may have metastasized
(infiltrated adjacent tissue) 1f the treatment had been continued
is as much as unreliable as the possibility that they might have
beén regressed if the animal would have been kept longer or for
life," he stated.

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

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

339
-more- scu 058
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~opinion, difficult and sometimes impossible to distinguish between

regeneration, hyperplasia and neoplasia, particularly when the
tissue 1is continuously exposed to a toxlc 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
degeéeracive and regenerative processes in the livers of most
experimentﬁl rats, even two months after Aroclor was'removeé from
the diet. |

."Ong should also bear in mind that some animal stéains
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 lesionms.

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

as neoplasia (tumorous).
=000~

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

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

SCM 058340
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Industrial BVO - TEST Lbowlonies, Inc.

1810 FRONTAGE ROAD -
NORTHBROOK,ILLINQIS 40062

TAxICOLAGY .
AACA C20C 312

CHEMISTRY

4 .
HMEDICAL SCIRNCES ll-:::::’t e
MICRCQIOLOAY 2-443?
INQUSTRIAL SAFCTY & MEALTM J‘uly 3 1' 198]

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

Dear Dr. Levinskas:

Ag per your request of July 30, 1981, Dr. D. E. Gorden
is attempting to locate the raw data for the pathology reports on
histologic examination of additional liver 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. ZXerox copies of
these data will be mailed to your attention.

If I can be of further help, please contact me.
Sincerely,
= z
Marilyn A, Biederer
Validation Assistance Specialist

MAB:AR

cc - Mr. A. Uelner
Monsanto Company
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Monsanto

rem Seur i mANon mants De, >f Medicine & Environmental Health .J. Levinskas, G2WF (4-83809
e July 9, 1981 . « J.R.G. Ortiz, E2ND
o A.F. Uelner, G2WC .
wa  AROCLOR Products 1242,,1254 and 1260: 5 Sw
Two Year Rat Feeding St(@h;es' .

ars¢ay~ct

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.
GJL/mcl

fl
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* [Ylonsanto

Name ol Nomunee . Lucaion
Paul L. Wright Creve Cceur
Company Un.t or Staff Oeot. Qivision 8usineis Grouo Oepartment
Corporate Staff Medical Medical
Poutian Tilie Salary Grade Annuyal Salary Oate of Last Increste
Toxicology Manage 19 $28,980.00 2/75
Pertarmance Graowth Oate Last Emoloye Review
Excellent Excellent 2/75
Type of Award (Seiact the award category from the 0pPASIte 11de of thit INEEs WNKN MAIL J0ATODC LSy 341671068 the awird and enter the calegory ang
code dDelow.)
Staff
Award Category . Category Code Numpe
Solution to product toxicity problem which permitted Monsanto 28

Gescribe the achiavament and its ngnificanca to Monunto beiowt O continue 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) adt 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
Would 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
Y Monsanto alone or in cooperation with others. This proposal was
cceptable to the business group, and Dr. Wright so informed Dow.

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

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

No apparent need for immediate prohibition of maleic anhydride or polymers
containing maleic anhydride in food contact applications. Thus, we _
pelieve that Dr. Wright played a singular, outstanding role in preventing
FDA from publicly proclaiming that maleic anhydride was a suspect.

Award amount
Award Amount . J0oraved far
Recommended By: Date Recommaendgeds Approved 8yt Date paymaent:

$2,500.00

=Y Ay,

/%17 fmﬂy (ilprst ‘“41/},&%4
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EXHIBIT
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carcinogen. Because of the many uses of maleic anhydride in Zoc3
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

Q10:0%

WATER_PCB-SD0000012681



- — XM

WATER_PCB-SD0000012682



LHIE EME T AR L

Namae ol Nomines Location
Paul L. Wright Creve Cceur
Company Unit or Staff Dept. Oivision Business Group Cepartment
Med. & Env, Hlth, :
Pomtion Title . So}ml Grade Annuat Salary Oats of Last Increase
Toxicology Manager 19 $31,800 2/1/76
Pearformancs Growth Date Last Employe Review

Type of Award _(Select the awara category ffOm he 00PONILS $ide Of LNiS sheet WNICH MOt JDPrOPTistery describes the award and enter tNe category and
code dbelow.)

Award Category Category Cade Nun

| Technical = Accomplishment of significant results 1086

Oeseride the achlavemaent and its significancs to Maonsanto belaw:

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

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

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

Overall, by virtue of the qualities of leadership which Dr. Wright has dis-
played, he has made an important contribution to Monsanto's image at EPA.
That favorable image will become increasingly important to Monsanto as the
areas of interaction with EPA multiply.

Award amount

Award Amount approved for

-6.:. Recommenaed: Aoptov;d {14

Recommaended By: Oete payment:
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AUTHORIZATION TO RELEASE INFORMATION
(PRIVATE PERSON OR ORGANIZATION)
TO PROBATION OFFICER

TO WHOM IT MAY CONCERN:

I Paul L. Wright the undersigned, hereby authorize the

United States Probation Office for the___Eastern District of __Missouri
or its authorized representative(s) or emplovee(s), bearing this release or copy thereof, to obtain anvy

information in vour files pertaining to my:

d Employment

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

[ Medical Records
[J 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 emplover, or
retail business establishment including its officers, employees, or related personnel both individually and
collectively, from any and all liability for damages of whatever kind which may at any time result to me, my
heirs, family, or associates because of compliance with this authorization and request for information or
any other 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.

/;/ ¢ Paul Lee Wright ;3//—%';’%

(Authorizing Signature~Ffi ‘ame) inted or: Typed {Date)
wrmvess — ey
(Probation Officer) (Date)
= DEPOSITION
i EXHIBIT SCM 058741
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S9127 wrc 100G
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UMITED STAaTES 47 UCT ZOuLAT
PROB 140 FPEOERAL PROSATION JYITEM

13:84)
. tarvg
REQUEST FOR EMPLOYMENT DATA

3/7/8%%

Dear Sirc

The person identified below s uxder ravest:zation |
by this office. The iaformation tequesied 13 needed
to complete this investigation. Your cooperation will
be grestly appreciated.

AQORESS OF PROBATION OFFICE
111 U.S. Court & Custom House

1114 Market Street
St. Louis, MO 63101-2071

Plesse return this form _aithag three deys n the

r a
Personnel Department

Monsanto Company

800 North Lindbergh Blvd.

St. Louis, MO 63141

L d

NAME OF PERSO RVESTIGATED (Laet «Firns - Middle)

WRIGHT,. Paul Lee-.

AQORESS OF PERSON BEING INVESTIGATEQ

2001 North Geyer Rd.
St. Louis, MO 63131

QATE OF SIATH

1/24/35

BPLACE OF BIATH

South Bend, Indiana

E]

ALSO XNOWN AS

X

RACE

M White

-
e

SOCIAL

CURITY MUMBER

308-34-3416
States employed L[rom Nov., » to Feb. » 4, as manager of
special projects in Dept. of Medical & Environmental Health earning
555,000 per year. Please INFORMATION OESIRED verify,

WAS TMIS PERSON EVER IN YOUR IF YRS GIVE QOATR STAARTED OATR LEFPT sa

EMPLOYT x“, e //Z% 7 z,—' &/@?/ﬁé/

/&wﬁ?/

Y OR wAGL

fj 202

T

REASON FOR TIIMINATINO EIPLOYM‘I“' ; : ;

WAS THIZ PERION'S SALARY ATTACKHED?

o

O ves

WOULD YOU CONSIOER REEMPLIYING

THIS FERION?
o

g

3 ves

REMARKXS (Conceming this pecean’'s asitandance, abliity, induaay, celiadtiity, and dilferent (towe employed by your ergantsatian.)

AUTHORIZATION TO RELEASE CONFIDENTIAL INFORMATION form attached.

/ P s

Mo, Pounonmel.

v w
IF ADCITIONAL lel! l!ﬂﬂlllo. USE REVERSE 5108

e T

ret. IAI—'S 13.70.79M-88131 PAP { 1

SCM 058742
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TOXICITY OF AROCLOR PRODUCTS 1242;;1254 AND
1260 TO THE LIVER OF ALBING--RATS

George J. Levinskas, Ph.D.

This report is a tabulation of the results
of microscopic evaluation of liver sections
from rats fed AROCLOR 1242, AROCLOR 1254 or
AROCLOR 1260 for two years.
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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 spénsored a series of animal studies at Industrial BIO-TEST
Laboratories in Northbrook, Illinois, on Aroclor 1242, 1254, and 1260 for the
assessment of the health and environmental hazards of these materials. This
series consisted of 2-year chronic feeding studies to rats and dogs, a
3-generation rat reproduction study, a rat teratology study, a dominant lethal
mutagenic study in mice and a toxicity/reproduction study in chickens on each
of the 3 Aroclor products. Even though no such action was contemplated, such
a broad battery of tests would have been adequate to support Food Additive
Petitions for éach of these materials. These studies were initiated by reports
that PCBs had 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

) . ea0”20
: SCM 058932
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sponsored by the National Institute of Environmental Health Sciences at
Rougemont, N.C. on December 20-21, 1971, but the account of these studies
was omitted from the published proceedings (Keplinger, et al., 1972; Nelson,
1972a).

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

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

In November 1975, reports containing evaluations of liver sections from the
2-year rat feeding studies (Gordon and Richter, 1975a,b,c) and the results of
an independent evaluation of the same liver sections (Pour, 1975) were
presented to and discussed with several federal regulatory 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
Environménta.l 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). KEnowledge of these efforts may
have prompted the statement in a receant article that "...Monsanto, whose
reaction to the possibility that polychlorinated biphenyls (PCBs) might be an
ecological disaster was a classic of how such issues should be handled, says

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

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

established a reputation of honesty even among the environmentalists."

(Clutterbuck 1981).

At a later meeting in Bethesda, MD.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 chang'es_ - carcinomas) were greater in the
rats from the study subsequently published by Kimbrough, et al. (1975).
No carcincmas were seen in the Monsanto-sponsored studies. It was noted Fﬁat
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).

(635 16 St
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METHODS

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

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

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

scM 058935
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amrd-~the.~designation.. of .some. animals . as .. JExXtra“~suggests that additional

animals were. placed on test.

Groups of 5 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 lver...... This consists of a hepatocellular alteration
beginning as focal hypertrophy which progresses to nodular hyperplasia, and
in a few animé.ls to hepatoma or cholangiohepatoma" and "In the absence of
metastasis, invasiveness, ‘severe basophilia, mitoses, or other evidence of
anaplasia; these are benign tumors rather than malignant carcinomas. There
was no evidence of metastasis or invasiveness of these tumors in this study".
The reports also stated that "_The other treatment-related lesions reported are
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 - be
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With respect to Aroclor 1254, it was noted that "One liver tumor (a hepatoma)
previously reported in a T-II animal (No. 445) was re-classified as nodular

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

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

was not established for liver effects.

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

1975b). 11

-6~ . - SCM 058937
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SUMMARY and CONCLUSIONS

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

hepatocellular carcinomas were observed.

=T sCM 058938
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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 Quality.
Environmental Protection Agency. :

Food and Drug Administration.

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

National Institute for Environmental Health Sciences.

National Institute for Occupational Safety and Health.

Dr. David Ford of Bath University.

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

Since the events described earlier, the validity of many toxicity studies
conducted by Industrial BIO-TEST Laboratories has been challenged.
Therefore, the available raw data supplied by Industrial BIO-TEST was
reviewed to determine whether this study could be validated. The review
showed that the data bases (including the lack of a protocol) were
insufficient for a complete wvalidation 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. )

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

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

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

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

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

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

SCM 058940

oy

WATER_PCB-SD0000012698



10.

11.

12.
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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 6 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 0O 0 1 2 4 0 1 7 8 9
Focal necrosis o 1 0o 0 1 1 0 0 0 o0 o 0 1 1 1 0
Focal lymphoid infiltration 0o 0 o 0 0 3 o 0 0 0 1 0 1 0 o 0
' -
Focal hypertrophy hepatocytes 0 o0 o 0 0o 0 o (1] 0 0 o 1 o 2 3 8
Nodular hyperplasia 60 o0 o 0 0 o 0 0 0 0 o 0 1 1 1 8
Ductular hyperplasia 0 06 o 1 0 0 o 0 1 0 1 0 s 3 3 3
. Hepatoma 0o 0 0 0 0o 0 0 o 0o 0 0 o o o o 23®
Cholangiohepatoma 0o 0 o 0 0 0 o 0 0 0 O 0 0 o o 1€

* Control group has animal dead at 19 months and 2 marked "Extra”.
1 ppa group has animals dead at 19, 22, 22, 23, 23 months.
10 pps 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 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". Diagnoses

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

0CO

-, Diagnosis does not appear in records of examinations for original lBTlreport.

CTo.
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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
"Findings
Vacuolar change 2 3 3 1 1 o0 O 0 1 1 4 1 1 7 9 13
Focal necrosis 0 1 1 0 1 2 0 2 0 0 O 1 1 3 1 1
Focal lymphoid infiltration 0 0 O 1 0o 0 o 2 o 0 2 1 1 2 o0 1
Focal hypertrophy hepatocytes 0 0 O 1 o 0 o 4 0 o0 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 0 o0 o 0 0 0 o0 0 1 1 1 0 5 6 3 4
. Hepatoma o 0 0 o o 0 o o 0 0 0 o 0 0 o 4°
Cholangiohepatoma 0o 0 0 o 0 0 o0 o o 0 0 o 0 0 o 2¢

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

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

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

£S

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

Sacrifice Interval 3 Honths 6 HMonths 12 Honths Terminal®

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

Findings
Vacuolsr change 2 0 2 3 1 1 2 6 1 2 5 3 1 5 9
Focsl necrosis o o 4 o 1 0o 19 o o 0 o o 1 4 6
Focal lymphoid infiltration 0 o0 © 0 0o 2 2 (1] 0 0 O 0 1 0 1 0
Focal hypertrophy hepatocytes 0o 0 o 2 0 o0 o 3 0 0 O 4 0 3 13 9
Nodular hyperplasia ' o 0 0 O 0 0 0 o o 0 0 1 1 0 71 6
Ductular hyperplasia o 0 1 o o 0o 0 o 1 1 0 2 5 6 1 12
Hepatoma 0o 0 0 o 0o 0 0 O o 0 0 o o o 1° 08
Cholangiohepatoma 00 0o o0 00 0 o 00 0 o 0 0o o &b

* Control group has snimal dead at 19 months and 2 marked "Extra".
1 ppm group hss animals dead at 20, 22, 22 months.
10 pps group has animals dead at 19, 22, 22 months and 1 marked "Extra".
100 ppm group has animals dead at 22, 22 months.

Includes 1 marked "Extra”.

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

q.Dlte of death of this animal not recorded.

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

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

reports.
€ Includes one animal with both diagnoses. Hepatoma is 1 of 2 crossed qut (superscript f).

b Includes 3 animals without record of examination for original IBT report. Diagnosis for other animal does not appear in
records of exsminations for original IBT report. 2 of these diagnoses crossed out on worksheets for Gordon and Richter
reports.
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| odeatrial BIO-TEST Zoboraloriet, Ine

S ' REPORT TO .
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH ARCCLOR 1254
- IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATICN
OF ADDITIONAL LIVZR SECTIONS

. MARCH 24, 1975

IBT NO. 641 - 06672 -

i Introductica

At the request of Dr, Levinskas of the Mozsaato Corpany, .additio.-.a.l
sections of liver from a two - year chronic oral toxicity study of Aroclor 1254
in rats (IBT No. 622-07298) were processed into H & = stained sections ard
evaluated by light r.m'.c:oscopy. The followiag ceport presents the rasults of

this study.

DEPOSITION
EXHIBIT

LevinseAs- 41
S-37-91 wk

e T . SCM 058166

0n0. 2
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Indistrial BLO «TEST Loboralories, Jne. 2

o. Sﬁmmarz

In most instances, the‘spectrum of treatment-related histopathological
findings in the liver from this re-evaluation did not differ significantly
from that préviously reported in' our original report dated November 12, 1971,
There were six hepatomas detected among six of the anim.alsrat the highest
treatment level (100 ppm) of the 24-Month Sacrifice. No hepatocellular
carcinomas were observed. One liver tumor (a hepatoma) previously reported . __
in a T-1I animal (No. 245) was re-clas.si_‘.‘.ed as nodular hypernlasia. The .
other treatment-related lesions repo.rted are'.rega.rded as deg;enerati.v.e or . -
hyperplastic in nature and they are morphologi-c manifestaﬁon.;. of m-a.daptj.;:gm':.'l =
reﬁponse of the liver ascribed to biotransformation of the _iest material. ’l'he;:
‘latter lesions wei¢ confined primarily to lest aniwmals of the lz-and 24 mor:'.:.". ‘-
sa;riﬁces and they were dose-related in incidence and severity. e
s« In conclusion, Aroclor 1254 does not appear to be cu.'cino.genic in rats
. fed_for two years at levels up to and including 100 ppm.
BLoiioi L . Respectfully submitted,

=ilorTas INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by: %/d—m‘v-n/

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

Report Approved by: : /5 44‘4,!4/

M. L. Keph ger.
Manager, Tmcology

aew
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Indistrial Bl O =T ES T Laboralories, Jna

IBT No. 622-07298
Monsanto

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

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

my findings for Aroclor 1254 on the following pages:

There is evidence of a chemical effect on the liver which is most pronounced

at time of the 12-Month and 24-Month sacrifice. This censists of a hepatocellular

-alteration beginning as focal hypertrophy which progresses to nodular hyperplasia,

and in a few animals to 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. - o o b -

" Those Ie.f.ions classiﬁeél as hepato;nas or cholangiohepatomas were larger

nodules.which ‘showed evidence of confluence or some variation in cell size,

shape, staining or a ductular or adenomatous }paztérn of growth. 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.

SCM 058168
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Indistial B1Q «TEST Loboralorias, Jne

‘ _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.

: Wand . Rickly

e L . _ WardR. Richter, D.V. M., M.5.
Dipl., Am. College Vet. Path,

Q27
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Primary Liver Lesions - Aroclor 1254

-° Lesion

Vacuolar Change
Focal Hypertrophy
&odular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangio-Hepatoma

el Hepatocellular Necrosis

3 Month Sacrifice - Rats

TI

3/10
0/10
0/10
0/10
0/10
0/10

1/10

T

3/10

oo

0/10
o/l0
(.NIO
0/lo

1/10

Group

TIa

1/10
110
0/10
0/10
o/10
0/10

o/10

ot

WATER_PCB-SD0000012709

Control .

2/10
____0/10
0/10
0/10
0/10
0/10

6/10

05%\10

0N0: .23



Primary Liver Lesions - Aroclor 1254

Lasion

Vacuolar Change
I“ocal Hypertrophy

| NodularHyperplasia
Hepatoma

Ductular Hyperplasia -
Chohngi.o-Hepa.toma

Hepatocellular Necrosis

6 Month Sacrifice - Rats

TI
0/10
0/10
0/10

" 0/10

0/10 .

0/10

2/10

T

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

0/10

0/10

Grouo
TII
1/10
4/10
6/10
0/10
0/10
o/10

1/10

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

1/10

SCM 0581
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Primary Liver Lesions - Aroclor 1254

Tasion

Yacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Ii;epatoma.

Ductular Hyperplasia |
Cholangio-Hepatoma

Hepatocellular Necrosis

12 Month Sacrifice - Rats

1/10
0/10
0/16
0/10
1/10
0/10

0/10

T

4/10
4/10
0/10

0/10

© 1/10

0/10

0/10

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

0/10

0/10

1/10

WATER;PCB-SDOOOOO1 2711

Groun,
Control
1/10
0/10
0/10
0/10
1/10
0/10 -

0/10

Qa0 .
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Primary Liver Lesions - Aroclor 1254

Leasion

Yacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Chohngio-Hepat:ﬁa

Hepatocellular Necrosis

Terminal Sacrifice - Rats

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

3/31

Growp
TII TII
10/26 13/27
5/26 13/27
3/26 13727
0/26 . 4/27
3/22 | 4/27
0/26 2/27
ll?.é 2/27
S

WATER_PCB-SD0000012712

Control
1/23
0/23
1/23
0/23_
o123
0/23

1/23

cH 058173
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Cytoplasmic vacuolation]
of hepatocytes

+
<+

Focal necrosis of
hepatocytes

Focal lymphoid
infiltrations

Focal hypertrophy of
hepatocytes

Nodular hyperplasia
of hepatocytes

Focal bile duct
hypurplasla
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-
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;' . . Tabulation of Individual Liver Lesions in Rats

acrifice Dose {Anima Liver Lesions

L:i erval Level No.
and
Sex

hepatocytes
infiltrations
hepatocytes
hyperplasia
metastatic

-
L]

of hepatocytes

of hepatocytes
Cholanglo-hepatoma

uamous Cell
Carcinoma, metastatic

Focal bile duct

Nodular hyperplasia
q

Focal necrosis of
Focal lymphoid
Focal hypertrophy of
Mammary tumor,

_ Hepatoma

Cytoplasmic racuolation

1S

-

8| fonth | B-I R2IM
lppm | 922"
) 923" +
924"
925"
936F
937"
938"
939" . ' -
940"

l | B-m [950M
- 10ppm [951"
952"
953"
954"
966F
967"
- ’ 968"'
969"
970"

B-IT [981M + |+ -
100ppm| 982" +
983"
934“
985"
996F +
. |99 : +
998"
999" + + g .
1000" + '

scM 058175
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Tabulation of Individual Liver Leasions in Rats

acrifice
i¢ srval
/
|

Dose
Level

Anima

Liver Lesions

No.
and
Sex

Cytoplasmic vacuolation

of hepatocytps

hepatocytes

Focal necrosis of

infiltrations

Focal lymphoid

Focal hypertrophy of
hepataocytes

Nodular hyperplasia

of hepatocytes

.

Focal Lils duct

hypurplasia

IHopatoma

metastatic

Cholanglo-hepatoma
Squamous Call
Carcinoma, metastatic
Mawinmary tumar,

2l Monta

B-I
lppm

326M 4
33Qn
3350
338"
351
323"
325n
343
344"
342F
362"
368"
374"
375y
376"
475"
366"
36
372"
377
378"
3790
330"
gin
384"
387
388"
389«
391"
394“
thu

+4

+++

++

++

++

++
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++

+
+
-+
-+
+-

++

++

Cytoplasmic vacuolation
of hepatocytes

+

Focal necrosis of
hepatocytes

Focal lymphoid
Infiltrations

+4

Focal hypertrophy of
hepatocytues

‘g 'd

Nodular hyperplasia
of hepatocytas

Focal bile duct
hyperplasia

SUOIS3T 13a1]

lepatoma

$3ITY Ul SUOISSTT IIAIT 1PNDIAIDUT IO UDTIIPINOP T

Cholanglo-hepatoma

.Ou0

Séuamoua Cell
arclnoma, metastatic

e .
BL18SO WIS

-~r

Mammary tumor,
metastatic
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ARUCLOR - 1254

__ Tabulation of Individual Liver Lesions in Rats
d
acrifice | Dose Anima Liver Lesions
n :rval [ Level | No. [¢
| Q )
. and .m 5 < =
9 a
s 138ls 8| 2lzp )8, | s S| 2.
ISa> =522 |20 |uw " 2152
s 9|2 ol3.s 0 > | &% T a -0 £
22132125 158158 |3 2 SE |32
ve|® al]d = e ro. . M. 0 < 5 .m Q S o
- O ﬂ Q) = = g - = P o ° a -8
galg eS| *atz3 (=& |2 - ng &3
afle~lI2c |1 28| .0 122> {5 .} & 80 | =c¢
- LB - - = -— - -d S m =
=°l% a = 32 o a s ES | E
° 3 1] o 30 2] 2. ] 99 c
= o ] S ° o ] £ 25 |3
—— aall Pl LI 1 R N L = v wo |2
L— Month | B-IIX | 484M| ++ .
. 100ppm | 491" + P P
| 497" -+ P
J 499" + P
' so7 P
| 509"
. ‘510" | +
! 512"
| 483" | ++ + -
489" | + +
S22F | ++ ++
S24" | ++ + P
S27" | +++ + P 1 . P
541" + - P
547" | ++ P
Extl"] ++ ++++ P
Ext2' - P + P
Ext3'l ++ +4+ :
. Ext4!! . P P
Ext3" + P
W™ s36n |+ #++ | P
537"
539" | ++ ++ + |
441"
Exl" P
Ex2" | ++ P
Ex3" + P + -
. Grading System
m + = minimal i{n severity '
++ = mild in severity
¢ +++ = moderate in severity
_ ++++ = marked ia severity
P = Present, no grade . SCH 058179
- = Absent

(L 18 ey
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:ﬂmﬂuwu'd B1O -TEST Lebortonies, Ine.

1810 FRONTAGE ROAD
- NORTHBROOK, ILLINQIS 60062

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

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 06672

DEPOSITION
EXHIBIT
Ly e as 1

- wle
< (

PENGAD- Soyvans, M. J-
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" Indiestrial BIO-TEST Liboralored, Jne

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

HISTOPATHOLOGICAL EVALUATION
.OF ADDITIONAL LIVER SECTIONS

2017 T MARCH 24,.1975

~IBTNO. 641- 06672
.1, Introdustion ST
At the request of Dr. Levinskas of the Monsanto Company, additioral
'sectio.n; of liver from a two - year chronic oral toxicity study.of Aroclor 1250
in rats (IBT No. 622-07298) .were processed into H & E stained sections and
evaluated by light microscopy. The following report presents tl:x.e results of

this study.

SCM 0584

0n0:23
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Mudstrial BIO-TEST Lboralories, Inc. )

O. Summar
In most instances, the spectrum of treatment-related histopathological
ﬁndi;ags in ‘the liver from this re-evaluation did not differ significantl:;v
_ﬁ'om that previously reported in our original report dated'Nov;-mber 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 Iesions‘ reported are -
regarded as degenerative or hyperplastic in nature and they are morphologic
manifestations of an adaptive response of the liv'er associated with biotransformation
of the test material. In general, t'}"xe lz.tte:' ﬁ.:ndings were confined primarily
to test animals of the 6-, ]:Z- and 24-Month Sacrifices, and they were dose- -
related in incidence and severity. o

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: % /%'\4“’*‘/

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

Report Approved by: /; /

M. L. Keph er,
Manager, ’I‘oxicology

scM 058182

010730
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i Indistrial BIO -TEST Liboralories Ina ' 3

IBT No. 622-07298
v 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 1260 on the following pages:

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

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

reticulum, were seen in the cytoplasm of these cells.

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

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

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

tumors in this study.

. ' : sCM 058183

090: .31
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Iudustrial B1OQ «TEST Liborclores, Jna -

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

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

and 24-Month Sacrifice periods. '

anod R .Richior
Ward R. Richter, D. V.M., M. 3

Diplomate, American Callege of
Veterinary Pathologists

SCM 058184

0207523
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Primary Liver Lesions - Aroclor 1260

3 Month Sacrifice - Rats

I TII ‘tor Contzol

Vacuolar Change 0/11 4/10 - 3/10 2/10
Focal Hypertrophy 0/11 0/10 2/10 '0/10
Nodular Hyperplasia 0/11 0/10 o/10 0/10
Hepatoma . 0/11 0/10 0/10 0/10
Ductular Hyperplasia 0/11 1/1'0 0/10 ‘ o/10
Cholangio-Hepatoma 0/11 8/10 © 0/10 0/10
Hepatocellular Necrosis 0/11 o/10 0/10 0/10

s(‘“ 053\.35

0950:.3:3
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Primary Liver Lesions - Aroclor 1260

_ 6 Month Sacrifice - Rats -- -

Lesion Group

- TI - TII © TII Control
Vacuolas Change ' 176 Y 5/9 1/10
Focal Hypertrophy 0/6 0/5 3/9 0/10-
Nodular Hyperplasia 0/6 o/s 0/9 ~0/10
Hepatoma o . 0/6 0/s 0/9 0/10
Ductular Hyperplasia 0/6 _ 0/5 " 0/9 . /10
Cholangio-Hepatoma 0/6 0/5 0/9 9/10
Hepatocellular Necrosis 0/6 1/5 _ 0/9 . i/t0

SCM 058186

090 .%%
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B . Primary Liver Lesions - Aroclor 1260

( Yacuol.ar Change
Focal Hypertzophy

l . Nodular Hyperpla.sia

Hepatoma

Ductular Hyperplasia

. Cholangio-Hepatoma

Hepatocellulas Necrosis

——— -

12 Month Sacrifice - Rats

TI

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

. T

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

o/10

" Group
ToI Coatrol
3/9 1710
4/9 0/10
1/9 0/10
0/9 0/10
2/9 1(10
0/9 0/10
0/9 - el
SCM os8a187
010735
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Primary Liver Lesions - Aroclor 1260

Lesion

Vacuolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepato@

Ductular Hyperplasia
-Cholangio-Hepatoma

Hepatocellular Necrosis

TI
5/25
3/25

0/25

0/25

6/25
0/25

4/25

Terminal Sacrifice - Rats

™
6/23
10/23
9/23

0/23

. s/23

0/23

2/23

" Group
TII Coatrol
10/27 1/23
1v27 0/23
7/21 1/23
5/27 0/23

. 14/27 5/23
2/27 0/23

a2t - 1723

sCH 05818°
0N07.35
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Sacrifice
[ntcrval

P - o ]

Dosc
Level

Tabulation of Indisidual Liver Lesiuns in Rats 7

Anima

— — —— ——

Liver Lesions

—— e ——

No,
and
Sex

Vacuolar Change

Focal Nucrosis

Focal lymphoid

inflltrations

Focal hypertrophy of

hepatocytes

Nodular hypartrophy

of hepatocytes

Foacal pllo puct

Hyperplasia
Cholangio-hepatoma

Hopatoma

-

Az

Al

1162vl

117
118"
119
120
147F
156%
157
158"
1590
- _160"

195M
196"
198"
200"
Extral
235F
237"
238"
239"
24,0"

276M
277"
278"
279"
280"
31SF
3
318"
319v
320"

++
++

++

1+

SCM 058189
1 ' '

09207
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;o s et

Sacrifice
Interval

AROCLOR 1260

10

Tabulation of Individua!l Liver lLesions in Rats

Dose MAnima
Level | No,
and
Sex

Liver Lesiocas

Vacuolar Change

Focal Necrosis

Focal lymphoid

infiltrations

Focal hypertrophy of
lispatocytes

Nodular hyportrophy
of hepatocytes

Focal pile puct

Hyporplasia
Cholangio-hepatoma

Hepatoma

6 Month

Al 83z2M
834"
83sn
846F
848"
849"

‘AL 864M
865"
873n
878F
879"

A 891M
893"
894"
895"
906F
907Y
908"
909"
GBI

+ +

i

++ ¢

SCM 055190

Gn0:..3
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* Sacrifice

Interval

Dosc
Level

Animal

Tabulation of Individual Liver lLesions in llats

e

Liver Lesions

No.
and
Sex

Vacuolar Change

Focal Necrosisa

Focal lymphoid

infiltrations

Focal hypartrophy of
hepatocytes

of hepatocytes
liyperplasia

Nodular hypertrophy
Focal Bile Duct

Hepatoma

Cholauglo-hepatoma

—

12 Monﬂ;

Al

11M
12"
13"
141
15"
16F
17"
18“
197

21M
22n
23n
24"
25"
26F
- 2TM
28"
291
30"

31M
32"
33n
34n
36F
3n
3gn
39
40"

+ +

+ +

++

++

*1

+ + +

SCHM

058191

ana- 20

WATER_PCB-SD0000012731
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Tabulation of Individual Liver Lcsions in Rats

AROCLOR 1260

13

Interval

-+ Sacrifice

Dose
Level

No.
and
Sex

Anima

Liver Lesions

Vacuolar Change

Focal Nacrosis

Focal lymphoid

infiltrations

Focal hyportrophy of
' hepatocytes

pertrophy
Hyperplasia

of hepatocytes
Focal pile puct
Hcpatoma
L:holangio-hepaloma

~—

-1 ‘ _f’in.a.l

{continued)

A

212F
213n
220"
221"
224"
2334
234"
219"
230"
203"
2040
206%
207

241M
253n
261"
264"
270"
271
272"
275"
243"
244"
31an
231F
274"
2751
294"
297"
302¢
306"
308"
311"
314"
240"

++

-’-

+++
++

+++

++

++

++

++

++

++ 5+

“|Nodular hy

i
-+
|

.++ . P

++

W'

SCM 058193

I |

010:.51
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AROCLOR 1260

Tabulation of Individual Liver Lesions in Rats 14
Sacrifice Dose Wnima Liver Lesions
intcrval Level No.
and S .? g
' Sex | o n} >a |G " )
I g S1a2 23 [ 3
’ s |2 28 I R U a e
Zls (235|283 |44 g
| O jo [Ex]| 52 |20 Q. <
i w16 |EZ|2ai>s |22 |9 8
. 2 ) >: > g - ‘A S e [~ e
- o lZ €l 32 |we a2 o 3
l s |9 9 3 35 | ¢ & o
‘ > 18 12 o K & = 3]
Final Al [245F +H + -
(continued) 281" . P +
' 287" P +
291" ++ P
309% + P
dommmencen b U b L
|
‘ Grading System
. + = minimal in severity
{ ++ = mild in severity
' . +4++ = modarate in severity
++++ = marked in severity
P = Present, no grade
L
. SCH 058194
0Nn0ro2l
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THE EPPLEY INSTITUTE

for
RESEARCH IN CANCER

October 31, 1975

Paul L. Wright, Ph.D,
Monsanto Company

800 North Lindbergh Boulevard
St. Louis, Missouri 63166

Dear Dr. Wright:

Enclosed 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 uneoplastic. 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 sorry thar I was not able to cont:zt you by telephone. I was very
much tied up with several visitors last week,

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

Sincerely,

—
PO~
.. P. Pour, M.D.
Professor
raj
SCM 058195
L y of N 4 Medical Center, 42nd snd Dewey A:;M. Omana, Netrasks €8103

10750
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Industiial 81O -TEST Laborcionies, Ine.
1810 FRONTAGE ROAD
NORTHBROOK, ILLINOIS 40062

REPORT TO

MONSANTO COMPANY

TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
~ AROCLOR 1242
IN ALBINO RATS
L }

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975

IBT NO. 641 - 26672

DEPOSITION
EXHIBIT
3 LPmsess 43
2 95217 wKE

000753
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Indistrisl BIO «TEST Lsborwloriad, Ine.

- REPORT TO y
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY

STUDY WITH AROCLOR 1242
| TIN ALBINO RATS- - - -

H.ISTOPA"‘HOLOGICAL “VALUATION
OF ADDITIONAL LIVER SECTIONS

T=TiToTUMARCH 24. 975

e Cemmem e e m. ciem e - . PR

IBT NO 641 - 06672

L Introductiva -5
At the request of Dr. Levinskas of the Monsanto Ccmpa-ny, additioral
sections of liver from a two - year chronch oral toxicity .st:udy of Aroclor 1242
in rats (IBT No. 622-07298) w?re processed into H & E stained sections and
evaluated by light rm'.c.rosccpy. The following report presents the results of

this study.'

SCM 058150
0NQ 5o
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Indistrial B1O «TEST Loboralorias, Inc. 2

O. Summary
'In most Instances, the spectrum of treatment-related histopathological
findings in the liver from this re-evaluation did not differ ;igniﬁcanﬂy from
_that previously reported in our original report dated November 12, 1971. There
were three hepatomas detected among three of the animals at the highest treat-
ment level (100 ppm) of the 24-Month Sacﬁﬁce. No hepatocellular carcinomas
'wce 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 -with biotransformation of the
" test material. In general, the latter ﬁ.ndings were confined primarily to test
animals of the final sacrifice and they were dose-related in incidence and s-e-jrerit-y.
In conclusion, Arcclor 1242 does not appear to be carcinogenic in rats fed
for two years at levels up to and including 100 ppm.
’ Respectfully submitted, |
INDUSTRIAL BIO-TEST LABORATORIES,
_ Report Prepared and Reviewed by: . » 4%(@../

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

Report Approved by: : 2 X a%&—’

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

WATER_PCB-SD0000012739



Industrial B1O «TEST Loboralories, Ine.

IBT No. 622-07298
Monsanto

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

There {s evidence of a chemical eﬁ’gct on the liver wl;ich is most pronounce‘d
at time of the terminal (24-Month) sacrifice. This consists of a hepatocellular
“alteration beginning as focal hypertrophy 'v‘vhich progresses to nodular hyperplasia,
and in a few animals to hepatoma or cholangichepatoma. The hypertrophic cells )
contain large volumes of light staining cytoplasm which {s probably rich in
glycogen and endoplasmic retculum. In some sections, ring-shaped structures,
probably representing whorls of prol'iferaﬁve 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 hypertrophic_ceu_.'..

Those lesions classified as hepat:;ms ar cholangichepatomas 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 thzn malignant tumors (:zx;dnomas) .
There was no evidence of.metashsis or invasiveness of these tumors in this

study.

aner s
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Snduitrial BIO-TEST Lodoraloriat, e , 4

with _ex.ception of the vacv%ar changes in the c¢ytoplasm of hepatocytes; the

. more severe hepatocellular alterations were confined to animals of the

24-Month Sacrifice. . *

oo P. Richler

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

scM 058153

1 Q105
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Primary Liver Lesions - Aroclor 1242

3 Month Sacrifice - Rats

Lasion

‘Vacuolar Change
Focal Hypertrophy

Nodular Hyperplasia

~ Hepatoma

Ductular Hyperplasia
Cholangio- Hepatoma

Hepatocellular Necrosis

T1
0/8
0/8
0/8
0/8
0/8
0/8

1/8

Group
TO '1‘.111 Control
2/10 1/9 2/10
0/10 0/9 0/10
0/10 0/9 /10
0/10 0/9 0/10
010", _ 19 0/10
0/10 0/9 0/10
0/10 0/9 0/10
SCM 058154
0007 &0

WATER_PCB-SD0000012742



Primary Liver Lesions - Aroclor 1242

'6 Month Sacrifice - Rats

Yacuolar Cha;age
Focal Hypertrophy
Nodular Hyperplasia
He.patomz

Dt_xctular Hyperplasia
Cholangio-lHep-a.tor:;.a

Hepatocellular Necrosis

T1
0/10
0/10
0/10
0/10
o/10

e/10

1/10

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

0/8

0/8.

Group
T | Control
0/% : 1/10
0/9 0/10
0./9 0/10
0/9 0/10
0/9 0/10
0/9 0/10
0/? - 1/10

SCM 058155

09050
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Primary Liver Lesions - Aroclor 1242

12 Month Sacrifice - Rats

TI
-Va.cgolar Change 2/10
Focal Hypertrophy 0/10
Nodular Hyperplasia 0/10
Hepatoma - e/10
D.uc.mlar Hyperplasia 0/10
Cholangio-Hepatoma o/l0

Hepatocellular Necrosis 0/10

-

o

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

1/10

0/10

0/10

Group

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

0/10

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

o/lo

scM 058156

- 010761
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| ' Primary Liver Lesions - Aroclor 1242
‘ Terminal Sacritice - Rats
y
‘. Lesion _ Group
’ TI - Tn . TIW Control
j " Vacuolas Change o 8/3%  9/20 1/23
L Focal Hypertzophy : 2/31 3/30 8/20 0/23
Nodular Hyperplasia 0/31 2/30 8/20 1723~
Hepatoma . 0/31 0/30 2/20 0/23
'Ductular Hyperplasia 3/31 3/30 3720 5/23
- Cholangio-Hepatoma ;)131 .0/30 . “1720 . 0/23
Hepatocellular Necrosis 1/31 1/30 0/20 S 1723

. , - scu 058157

0N c2
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Tabulation of Individual Liver Lesions in Rats

ARQCLOR -

1242

L anmn

m»onE.nL Dose

# Interval

.

Level

Liver Lesions

Animall
No.
and
Sex

toplasmic vacuola-
ti¥:n %Fﬁcpat_g;ﬂ
Focal necrosis of

hepatocytes

Focal lymphoid

Infiltrations

Focal hypertrophy of

hepatocytes
Nodular hypurplasia

of hepatocytes

Focal blls duet

hypurplasia

Hopatoma

Cholangio-hepatoma

teticulum Cell Sarcoma

metasgtatic
metastatic

Mammary tuinor

facat

-SD0000012746

Tuelanpectagia,

C-I
lppm

c-Ir

c-1x

Con-
trol

10ppm

100ppm

596M
598
539"
636F
637"
638"
639"
640"

676M
677" +
678" +
679"
é8so"
716F
.NH-N:
718"
719"
720"

756M
757"
758"
QM@:
- 760"
s 7T96F
7970
798
800

36M|+
370
381
390 |4
&o "
76F

-Nﬂ 1"
Nm "

.N@ 1"
OO "

SCH

0907

058158
_

o~

ol
()

_
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AROCLOR - 1242

Tabulation of Individual Liver Lesions in Ratg ' !

Sacrifice
iterval

Dose Animal]
Level' No.
" and
Sex

Live

r Lesion

Cytoplasmic vacuola-

tion of hepato
Focal necrosis of’

hepatocytes

Foacal lymphoid

infiltrations

Focal hypertrophy of

hepatocytes

Nodular hyperplasia

of hepatocytes

Focal bllg duct

He pa.tom.

hyperplasia

metastatic

taticulum Cull Sarcoma
.melastatic

Cholanglo-hepatoma
Telungectasia, focal

Mammary tumor

6 Month

C-I |1lollM
lppm | l012"
. 1013"
1014
1015
'1026F
l1027"
| 1028"
‘1029"
‘1030"

C-I ' 1041M

10ppm 1042"
1043"
1045"
1056F
11057
1058"
11059"

|

C-II :1071M
100ppm 1072"
1073"
1075"
1086F
log7"
088"
1089
1090"

Control 801M
' 802"

803"

804"
805"
_816F
. 817"
*818n

819"
- 820"

+

+

+

SCM 058159 l

(418 [0 K0T
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+ + + + + Fytlgn of hepatacyleg J
Facal necrosis of 4
hepatacytes vy
: - Y
Focal lymphoid a
infiltrations e
2>
Focal hypuertrophy of < 70:’
hepatocytes =] e
AN
> -~ C
4 e ~
Nadular hypoerplasia ol
of hepatacytas o | 3 -
=3 Iy
b | N
-3
Focal bile duct 9
hyporplasia u
5
. Iy
Hopajoma o
o Cholanglo-hepatoma
s
x
o teticulum Cell Sarcom;
v metastatic 1
@
- Mammary tumor,
o .melaslatic
—
Tuelangectasia, focal |
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Tabulatioa of tndividual Liver Lesions in Rats 12

Sacrifice Dose JAnima Liver Lesions
lInter:.ral Level | No.

and
Sex

-

of hepatacytes
hepatocytas
infiltrations
hepatocytes
of hepatocytes
hyperplasia
Cholangio-hepatoma
metaatatic
Mammary tumor,
metastatic

Focal bite duct
Reticulum Cell Sarcoma

Cytoplaamic vacuolation
Focal necroais of
Focal lymphoid
Facal hypertrophy of
Nodular hyperplasia

. llopatoma

74 Month (C-I S64M
lppm | 566" _
591 ' -
567" + :
.56911 P
572 +
576M
580"
588" .
5890 B P
595" 1. & ' o
601F | - +
604"
CLERL
582" | +
583"
6QT + +
608" | +
609t
613 | +
621
627 | +
628" | +
631n
L. .} 634n
+ | 635n +
. 606"
' 610" | +
620"
626"
633n

.

. . - | scm 05816l
| |

AR A

. Q10755

WATER_PCB-SDOOOOO12749



.

|
|

1eAza3n]
so11I0®

II-D] TIUoON ¥7,

Pt
. S &
w
. 'g )
. : r—
N OOV NNINNOO OO0 OO GO O OO OO OO O O~ ’ ,g
ow'mmunooooooommmmqmﬁ#ht#-&.ko-o-mun l e 23
NLueNNs@dueduonopunocubusgdnan | - x 8o d
T s3=3=23=333 333 =2z3 2 =233 =z3=z3zz2:2 | C B
ion H
++ 3 3 + -+ Cytoplasmic vacuolation -
+ + of hepatocytes T
+ Focal necrosis of &
(od
hepatocytos o
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Focal lymphoid o
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1 o >
+ Focal hypertrophy of < 50:’
| hepatocytes e A
i B g
g Nodular hyporplasia rle=
. of hepatocytus <] <
. S| a
H L] " E
. . Focal bile duct o E ~
f . “
i b ; hyperplasia E Y
A
Hepatoma a8
: . o
! . 3
“
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o
—_— -
Reticulum Cell Sarcoma
S metastatic
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m ’
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ARCCLOR - 1242
Tabulation of Individual Liver Lesions in Rats

14

Cacrifice
{ (aterval

Level

Dose JAnima

Liver Lesions

No.
and
Sex

of hapatocytes

Focal necroasis of

hepatocytes

Infiltrations

Focal lymphoid

Focal hypertrophy of
hepatocytos

of hepatocytes

hyparplasia

Focal bilae duct

LY
metastatic

Cholanglo-hepatoma
metastatic

Hepatoma
Mammary tumor,

“n

¢ Month

c-m
100ppm

Control

740M
722"
724"
744"
746"
748"
768F
771"
775"
Extll
733"
765"
766"
767"
776"
773"
786"
789"

Ext"

8M
11"
121
21"
23n
33n
34"
351
Ext
46F
47w
49n
51"
g2
56"
sSQu
ban

793" i+

: |Cytoplasmic vacuolation

++

+++

++

++

++
e+

+ +

W

| |[Nodular hyperplayia

’d

U

4

‘|Reticulumy Cell Sarcoma

:
]
[
]
1

SCM 058163

I l |

Qg aR
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Hepatoma

.

Cholanglo-hapatoma

Reticulum Cell Sarcoma

nialastatic

Mammary tumor,
° meltastatic

—w
.- C - | —_—— - 8 :
%! 3
o - o
g 5 5
[ - .
) Al - o
o o 0
(34 < u
N ‘a0
od —
-
3
e 245
E‘ R A f 3073
1 =22 :3n 0
: Cytoplasmic vacuolation
+ of hepatocytes
Focal nccrosia of
+ hepatocytas
Focal lymphoid
Infiltrations
;| Focal hypertrophy of
hepatocyles
'
Nodular hyperplasia e
g of hepatocytus <
o
e ]
. Focal bils duct |y
+ hyporplusia '5".
pe |
“a

Telanvectaain  foassd
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Industricl B1O -TEST Lebswatones, ne.
1810 FRONTAGE RQAD
NORTHBROOK, ILLINOQIS 60062

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH , .
AROCLOR 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION ’ .
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1575

IBT NO. 641 - 06672

e~r170

WATER_PCB-SD0000012753



WATER_PCB-SD0000012754



a
IR . “ o i e 4% - i G, e

f R
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" . 1610 PRONTADE AOAD : :
NOETHENOOK, NLINGIS 60002

REPORT TO
MONSANTO COMPANY
TWO « YEAR CHRONIC ORAL TOXICITY
STUDY WITRH
! AROCLOR 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION .
OF ADDITIONAL LIVER SECTIONS

MARCHE 24, 1973

IBT NQ. 641 - 06672

DEPOSITION
EXHIBIT

LEV s ns H4
S-2.37 W
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Sndustnial 810 -TEST Lskowlouss S 222
W FAONTACE BDAD
NORTHASOOK. ILLINGIS $0062
Mareh 24, 1973

George J. Laviaskas, PA.D.
Moasanto Compasy

300 N. Lindbergh Bivd.

St. Louis, Missouri 63166
Dear Dr. Levinskas:

Re: IBT No. 641-06672 - Histopathelogical Evaluatien of Additienal
Liver Secticas From Rats of & Twe - Year Chreaic Oral Tesicity

Study of Aroclor 1234

We aro submitting bervwith our laberatory report dated March 24,

19735: prepared ia connectiea with the above study.
Yery truly yours,

J. C. Caladra
Previdest
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REPORT TO
MONEANTO COMPANY
TWO - YTEAR CHROMIC QRAL TOXXCITY
STUDY WITK AROCLOR 11%4
N ALBINO RATS ’

NISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVIR SECTIONS

MARCH 24, 1973 .
IBT NO. 641 - 06672

L Istroduction
At the request of Dr. Leviaskas of the Menssate Compaszy, sdditicasl

sections of liver from a two - year chroaic eral taxicity study of Areclor \Za
in rats (IBT Ne. 622-0729) were procsssed iate H & £ stained sectieas aad

evaluated by light microscopy. The following repert presesats the results of

this study.
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Sndestinl B10-TR8T sndeenbotn, S

N S 4 224

I gemagy -
%M-mmlwuu
liver frem this re-evalustien &4 sst differ significemly frem thet previeusly
roperts | in our oviginal report dated November 12, 1971. Howwver, thare
wn&ww,mwmﬁdﬁmuh&hn
T e g e Lt iy e iy
seporsed.’ The other trsstment-relatad lesions repersed are regarded a5 ToT U4
h”m-hmtﬂs&hmm&ymmndhmum
of aa adaptive response of the Liver 320054 Tou Metraastermation of the
wet material, The laster lesiess were ceafined primerily te wet saimals of
S ~§“““m.“”-n“-nmhmu
severity.
Ia congiusion, Aresier 1254 appears to be slightly umerigamic a2
levels of 100 ppen whea fod coatinously in the dlet for twe yvars.
Reepacifally suhmitted,

INDUSTRIAL 510-TEST LARBORATORIES, INC.

Repert Prepared sad Reviewsd by M
. Do E. Qesdea, D.V. M., D.
Pathalegy

Report Approved byr
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Sndesiuel 810 -TEST Soloashains, S 225

IBT Mo, 6224729
Menseste

1 have emmined sdditieonsl secticns of liver frem rate of Stuiy Number
62207298 and hove re-ovalmind thom {or evideace of sarcinsgenssis. ! have
tabulated my Sadiags for Arecler 1234 oa the fellowiag poges.

There {s evidanse of & chamics! ¢flect ea the liver which is mest pro-
—cunu—du'ﬂ-u-nmuoumm. This comaists of &
bepatocelinlar -mwumummm.m.u-u

, sedulsr hyperplasia, sad ia & low animais to bepatems or chelangishepstoma.

' The bypertrephic cells comtais large ameunts of light staining cytoplasm which
is prob ‘ly rieh ia glycogea and endoplasmic reticulum. [a seme cases ring
shaped structures, probebly regresenting wharls of preliferative sndoplasmic
reticulum, were sees in the cyteplasm of theee eells.

The byperplastic asdules secupled larger areas sad oftve counpreesed
surroundiag colls of the nermal liver pareschyma. They alse ceatained the
sams hypertrephic cells. .

‘ Theoe lesisns which [ claseifled as hepatomss or cholangie-hepatemas
were larger nedulas which showed evidense of conflneace or some variaticn ia
cell sise, shape, stuising or & ductular or adencmatous pattera of grewth. Ia
e shesncs of metastasis, mvasivaseea, severe basephilia, miteces, or other
ovidenee of aneplasia; I chooe to call these benign tummors rether thes maligmaa:

(carcinemeas). Thers weas ae ovidence of metastasis or invesiveasss of these

. tmors {a this svady. -
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Sadustriel 810-T88T Suioanbans S , T 226

PO Ex
With encoption of the vecwelar chaages in the cyteplasm of hepatesytss, e
mese severe hepatossliular alterations were coafland ' animals of the 24-

Moath Sserifice.

and £. RidS,

Ward I, Nicbter, D.V.M.,M.S.
Dipl., Am. Cellege Yet. Path,

'}-:’mov' '—_ﬂmﬂn P T SRR <
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Primary Liver l.llll.-‘l‘!l.l‘ii.b'-

Vacwslar Chasge

Tocal Hypertrophy
Nedular Ryperplasia
Bepatoma

Ductular Hyperplasia
Chelasgio -Hepatoma
Hepatocsellular Necrosis

3o
/10
/10
/10
6’10
0/10
1710

3 Moath Secrifies - Rats

3/10
o/le
0/10
0/10
/10
o/10

1/10

R

St
T .. Cantrel

¥
ine ofs 2510

1ne - /10

e/\e e/10

e/l0 /10

/10 6/10

e/10 e/10

010 0/10
0nGLT7?
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Primary Liver Losicas - Arecler 12854

Lesioa
Vacuwolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hapatoma
Ductular Hyperplasia

Cholaagio-Hepatoma

Hepatocellular Necrosis

§ Menth Sacrifice - Rate

o/18
e/10
e/10
e/l0
o/l
e/l

/10

/10
e/10
9/10
g/10
8/10
0/10

e/10

>:s: - ;

-
v

Qrewp
™™ ),

o Y

40 %o

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

1710 %e

Coatrel

1710
e/10
e/10
/e
/10
e/10
1/10
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2 Primary Liver Lesions - Arocler 1254
14 Meuth Sazrifice - Rats
Leston “rome
_ n T ™ ? Ceatrol
Vacusiar Chenge 1710 4/10 1710 the 1710
¥ ocal Hypertrophy 0/10 e/10 2/10 %0 0/10
Nodular Hyperplasia 0716 0/10 o/10 8/10
. Hepatoma 0/10 0/10 6/10 0/10
Ductalar Hyperplasia 1710 1/10 0/10 1/10
Cholangio-Hepatoma 0/10 0/10 0/10 0/10
Hepatoceliular Necrosis 0/10 0/10 1/10 %o 8/1C

TN ST by -
-
. .
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Primary Liver Lesisns - Arecler 1234
Termim! Sacrifies - Rats .
3
Lasiea 3 [ 2 3 1lgeoy 2
nr fru e (mm
* p '.\ ]
Vacuclar Change : 8/31 yuYs{10/26 "/u./."tl/l‘l’ 2,
y. y ¥ ' .-
Focal Hypertrophy 3/31 Y Yuls/ze W uqusnzr In P
Nodular Hyperpiasia et ¥s Bvae ‘adidunr Yaalguas .
Hepatoma ors1 TuJorze  Tijenzr P24 .
Ductular Hyperplasia /31 Yu'u {326 Vit ]en2r Ya -
Cholangio-Hepasoma /31 hulo0/26 L{2/27 Y- ..
Mepatocellular Necrosis 331 vutaq1/26 m%q 2121 naglujrres “ilq
w 13 '
ER Y - -
hEY g
. 0a )
e F
» +s =
by “~ ¢
T3

. w
P T s B ey - ..J—.I:J‘a At ve gy 2P Sttiee
.,‘;n-p 4 'w e fako. P, oy Pt ‘-;-\. b"’t

b6 Samlan Lo cbonsn u..—o‘-w—.‘ L PO

016380 @
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Sacrifice
Ilaterval

of
Fecal macresis of

vioplasmic vacusistion

hopatecytes

Focal lymphold

3 Mounth

B-1
ippem

10ppm

-
100ppm

oo .-‘---I-vt [P | Shaan® TNa o “onL“ :JW:

ISeM
™
e
s
mn
INr
-
bl 0
I
400"

436M
437
438"
[ 2) o
m"
4761
47"
478"
47"
480"

SleM
s
sie”
Sie
s20”
L1104
T
$88"
t 1 o
560~

':c

bt

>

ARCCLOR - 1284
Tabulation of hndividus! Liver Losions ia Rats

lafiltretions
hopstesyies
Nodular hyperplasia
of hapateaytes
Syperplasis
metsetatic

Feosal hypertrophy of

Mammary tymbr,

Tesal bile dust
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AROCLOR - 1254 . 232 10

|
E
;
|
]

Sacrifice Deee l\uh.
interval | Level | Ne. ]

]

metasintie
itepatitis /Clrrhaeia

Mammary w,r.‘..< .

c ' .

Cytoplasmic vacuslation
of hapasecytes
Tecal nncresio of
hopatocytes
Feocal lymphoid
fafiitrations
Fecal hypertrophy of
hopatecytes
Nedulay hfplphoh
of hopatecytes
Feoeal bile duet
hyperplasia
potoma
{4
v
e
4
QM

W Mosth | Bel [921M +
lppm | 922"

24"
nee ored 928"

TRV 16T
”3 ™
e
939
940"

B-O [9%0M
10ppen {981
0”2
"3
"o

Y,

- L 2

oy
y.o"

B-OI {981M § LE S E IR (]
100ppm| 982 [N 1]
"3
"4
L
Ny LN
"I LD
8"
Ml e t e
1000 + e

- e Ve WP RIS WP TS
. ‘*.”-—\W. . .

L - 000222
a ;f"f :(_gé o, - _&_3‘-’, ""Q,:‘..‘ -

54

]

:

camiatant etemmem—
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AROCLOR - 128¢
Tabulstien of ladividusl Liver Lestens (n Rats

oL

n

Sacrifice
Interval

n.

Level

N

Feeal nscresis of

tafliteations

Focal hypertrophy of

Fecal lymphald

hepsiseyles
Nodular hyparplasia

of hapatosytes

Liver Lesioas

Feocal bile duct

Mrrerplasia

ol

-1

Mammary temeeg’ {

metastatic

lepatitis /Clrrhosis

14 Mosth

Ner .
r!{.
. v

B-1
lppm

+ [Cytoplasmic vacwolation

13

o

¢ r e

¥

———————

010233
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Sacrifice Dose
laterval Lavel | Ne.

of bopatocytes
Focal nsereeis of
Hepatitis /Cirrhosis

Cytloplasmic vasuolation]

hopaiscytas
Pocal lymphoid

24 Momth | Bl |326M
ippm |330¢
/n 338"
1o T
381t Pyt
s
PP L)
343 e

Bk
i

362" p

374
378 LP)
e ahd
Y g 4757C)eee :
366" *
Ea Y AN
/2 e
T2 * (®

3 H' P& F’ L ») ¢
iTe” Ey" i P) |
I Pe vy

300" |
e
! 384 Y
e
388
mﬂ
eyt

| m-«.-TZx‘) w *
= D o ON9 o+ o]

-y

e 3
*
3.

‘,qa.,‘" e~ rclm t\jn ".““ \<' u"l L’v-..’.‘ ... - i

¢ ke liedn boo o b{e -
o Shaass --uh-, .,

006351
- J
R

(=%
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AROCLOR - 1284 1
Tabulstien of Iadividwal Liver Lesions in Rats 235
Sacrifice Doujﬁnun Liver Locisas A
L?ml Lavel | Ne. g ) . (] )
= ;:: 1. 2 H ‘- 3 1 .t ! % . i
that A ETR IR S A e
» ] o! qi- X ‘ . 23 S
HIH L HE TR i (3f1:3 1%
HLE S 13 ' § 5} i [ B RFERE
393 15 s 135 13 1 tle 1%
S 13 |3 j3% |3 s |3 Bl ik
> lm (R 12 - 2 b i 2
24 Mooth | B.T usuPH "
ioppen | 617" o o+ Py + i
Bf3 ! :
[
¢ (17 5
L') W@ :
»e - P w !
VO Mo bl procet 452" r", L+ ) ‘ B P\P‘ !
456" b - :
_ 459" o~ 1% Bad \ .
/s s P - o
470" o 1 l ;
i I e w o
et TN . ! '
qpoee - P Ty | ;
4+~ . ‘\_n\ i
\X;_‘ i
' NS ‘
\h ' -

000485 ®
e
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AROCLOR - 184 14
Tabulation of Iadividwal Liver Lasieas in Rats 236
Sacrifice | Dose nimg Liver Lesisas
Tml Lawvel | No, [] |
and |3 ‘ . A ! a
Sex al @ 3 . g : | s
Hedlo s s s o | lis
Hlidlis ;5 TSR R SR
s 3 |2 ' s 2
HELHL Y TR
PR | Bl
> | = e C o 1% =
i
24 Month | B-IO | 434}y () (b : -i.
I S R A
el 304 : :
e - -
et Am i
P Iy '
w! B b
< * “p‘(ﬂ i '
* A )P
4 + : \P F."(-I ‘k-
M CIR 1 I
- : :
Py P &P {
o P H :
e gy P i ! e i '
Lo Prig '
{4 WP i
«}H’\.Jl '
& »

Grading System

cejiie

= miaimal in severity
s mild ia severity

* moderate i severity
*» marhed ia severity
s Presest, a0 grade

e Absems .
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Su chial BIO-TUST Loiosbons, Sun

237

11, Summary
X In most :n-uaajk, treatmant-related histopatholn, .| findiags in the
liver {rom this re-evalnatioo did rot differ -lgnﬂlcl:' {rom that previcusly
reported in our c iginsl report dated November 12, 1971, However, the-e
were six benign liver turaors detected among six of the anumrals at *he highest
.tronrmon: level (100 ppm) of the 24-Month Sacrifice which were oot previcusly
- K t ere s ae se . .g P
reported. The other tnmu-roilud lesions reported are ro-"urdcd as
degererative or hyperplastic in nature acd they are morphologic manfestations
of an adaptive response of the liver assscisted wih biotransformation of the
test raterial, The latter lesions were confined primarily to test asumals of
the 34 and 24 month eacrifices and they were dose-related in (ccidence and
severity.
In conclusion, Aroclor 1254 appears to be slightly tumorigenic at
levels of 100 ppm when fed continously In the diet {or two years.

Respectiully submitted,

INDUSTRIAL BlO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by:

D. E. Gordoa, D. V.M., Ph.D.
Secticn Head, Pathelogy

Report Approved by:
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- Industucl 810 -TRST Loboconiss, Tue.

o 1810 PRONTAGE *0AD .
. NORTHEAIOK, 'LLINGIS 60003~ .

ALPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY"
STUDY WITH
AROCLOR 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
QF ADDITICNAL LIVER SICTICNS

MARCH 24, 1978

IBT NO. 64 - 06672
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Industucl 810 - TE8T Libowtouss, Juo. -
bl 1010 FEONTAGE ROAD T . .
~NOaY Wwiteots .-t ‘_:.-,-.’-:’E",

N

George J. Levinskas, Ph.D.
Monsanio Cempeny

500 N. 'iadbergh Bivd.

St. Lews, Misssurt 3166

Dear Dr. Levinshas:

Re: IBT Neo. 64106472 - Histopathological Evaluation of Additional
Liver Sections From Rats of & Two - Year Chromic Oral Toxicity

Study of Aroelor 1254.
We are submitting Ferewith cur revised laborasery report dated
March 24, 1975; prepered in cannectian with the above study.

Very truly yours.

WATER_PCB-SD0000012773



g

Sndstrinl 810 =T8SV Lokoeatorin, Sou

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1254
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
QF ADDITIQHAL LIVER SCCTIONS

MARCH 24, 1973

IBT NO, 641 - 06672

L troductiea
At tae request of Dr, Leviaskas of the Monsaato Companry, additicnal
sections of Uver {rom a twe -~ year chroaic oral toxicity study of Aroclor 1254
ia nuv {(IBT No. 622-0729%) were precessed into H & © staimed sections and .

evaluated by light microscopy. The {ollowing repor: pre.ents the results of

this study.
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Sadashiol BI1O-TEST Asiscabois, S 191 :

0. Summery .
humumdmm?p
in the liver from this re-evalustion did pet difier significandy frem that proviously
reparted in our original repert dated November 12, 1971. Hewwver, thare ware
six benign liver tumors ‘stected amoag ¢ix of the animals of the highest trestment
level (100 ppm) of the 24-Manth Secrifice which were ast previsusly reperted.
One liver tumer /s hapstema) previeusly reperted ia s T-II saimal (Ne. “_5)
was re-classified as sodular hyperplasia The sther tres related lesk
reportad are regardad as degensrative er hyperplastic ia naturs and they are
worphologic manifeststions of an adaptive response of the liver ascribed %

biotransformation ef the teet material. The later lesions were confined primarily
to test animals of the 12 aad 24 month smcrifices and they were dose-relsted ‘a
incidence and severity.
In conclusion, Arecler 1254 appears ® be slightly tumorigenic st levels
of 100 ppm when fed cmatinously in the diet fer twe years.
Respectfully submitred.
INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewed by:

D. L. G-d- D.V.M., PA.D.

Report Approved by:
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IBT Ne. 622-072%8 _ .

{ have examined additicasl sectieons of liver frem rats of Stedy Number
622-07298 aad have re-eveluated them {or evidence of carcinggenssts. [ have
tabulated my findings for Arocler 1254 aa the follewing pages. .

Thare ts evidance of a chemlcal effsct oa the liver which is moet pro-
mounced st rime of the 12 -Month snd 24-Month sacrifice. This comsts:s of &
hepatoceliular alteration beginaing as focal hypertrophy which progresses :o
nodular hyperplasia, and in a few aniznals to bepstoma or cholangiohepatoma.
The hypertrophic cells contain large amouats of light smimag cytoplasm which
is probably rich in glycogen and endoplasmic reticulum, [n some cases ring
sbaped structures, probably representing wherls of proliferative endoplasmuc
reticuluzn, were seen in the cytoplasm of these celle.

The hyperplastic nodulss occupled larger areas ssd often compressed
surrounding cells of the norma! !'* 2= zareachyma. They also conmined ke
u.:n hypertrophic ceils.

Those lesions which { classifiad as hepatomas or cholangio-hepaizmas
were larger nodules which showed evidence of confluence or some varianoa ia
cell size, shape, staining or a ductular or adenomatous patteras of growta, o
the abseace of metastasls, invasiveness, severs basophilia, miteses, or other
evidence of anaplasis; ! choss to call these beniga tumers rather than malig=a=z:

(carcinomas). There was =0 evidsace of metastasis or lavesiveness of hese

tumors (n this study. . -
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Sadudriel B10-TEST Sobsasboss S

more severs hepatecellnlar altsrations were coafined 18 animals of the 24-

Momth Secrifice.

Cand €. RidBy

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

S AT "oy

< 0no-s3
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Ductular Hyperplasis 8/10 0/10 9r10 0/10

Cholangio Hepatoma 0/10 0/10 g9/10 /10

Hepatocellular Necrosis 1/10 1741 ] ers10 9/10

000294
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s
Primary Liver Lasicas - Arocler 1254
6 Mosth Sacrifice - Rats
sion Growp
T ™ ™ Control

Vacuolar Chaage Q/l0 a/l0 1’10 1/10

Tocal Hypertrophy a/l0 o/10 4/10 0’10

Nodular Hyperplasia /10 0/10 oo 0/10

Hepatoma 0/l o/10 0710 0.10

Ductlar Hyperplasia o/10 e/10 0/10 0/

Cholangio-Hepatoma o/l0 9710 0/10 013
. Hepatocellular Necrosis /10 e/10 1710 1/10
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196
: 4 Primary Liver Lestoas - Aroclor 1284
12 Mosnth Sacrifiée - Rats
Lasion Qrowp

a T Tm Contrel
Vacvuolar Change 1/10 4/10 1/10 t/10
Focal Hypertrophy o/10 4/10 210 e/10
Nodular !'!y?.rplllh 0/10 Q/10 0/10 o/10
Hepatoma 0/10 0/10 0/10 /10
Ducrular Hyperplasia /10 1/10 a/10 110
Cholaagio-Hepstoms o/t0 0/10 a/19 0/10
Hapatocellular Necrosis 0/10 0/10 . 1710 0/10
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Primary Liver Lagiomes - Aroclor 1234

Terminal Secrifice - Rats

Laston Sram.
k4 T1iL T
Vacuolar Change 8/31 10726 13/27
Fucal Hypertrophy 3/ 8/26 13/27
Yodular Hyperplasia 0/3) 3126 13727
Hepatnma a/3t Qar2é 4727
Swctular Hyperpiasia 6:31 3726 4/27
Cholangro-Hepatoms 9/ . 026 2727
" Hepatoceilular Necrosis 3731 126 227
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A B gy

Gearge 1. Lovindkas, PA.D.
Monsente

Compuny
900 N. Lindbergh Bivd.
N, Louie, Misowuri 63166

Dear Dr. Levinekas: |

Rm IBT Me. $41-06672 - Histapathalogical Evalustion of Additional
Liver Sectisns Frem Rats of 3 Twe - Yesr Chwomic Oval Texicity

Suydy of Avecler 1294,
We are submitting herswith eur revised laborstory repart deted
) March 34, 1973, preper vl in conmection with the sbeve study.

‘ . Very truly yours,
‘ : & T el
‘ J. C. Calandrs
: President

Jcc/td

[0 1314 % Oa.

— P
.-

WATER_PCB-SD0000012789



Sudentiniol 81O -TEST Lsloraioannt, S

RIPORT TO
MONBANTO COMPANY
TWO - YEAR CHRONIKC ORAL TOXICITT
STUDY WITH ARCCLOR 1254
IV ALBING RATS

HSTOPATHOLOGICAL EVALCATICN
OF ADDITIONAL LIVIR SLCTIONS

MARCH 24, 1973
BT NQ. 641 - 06672

L tion

At the request of Dr. Levinshas of the Monssate Compasy, additiosal
sections of liver {rom a twe - year chronic eral texicity study of Aroclsr 1254
in vats (IBT Ne. 622-07298) were processed into H & L suained sections and
evaluated by light microscopy. Ths following report presests the results af
diis study.

00020%
T »

.
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trestment level (100 ppm) of the 24-Momth Sacrifice. Ne hepstesalluler

carciasmes were sboerved. Ome liver tumar (2 hopatems) previsusly reported

tn & T-1l snimal (Mo. $43) wus re—classified as moduler hyperplasia. The

othey westmsnt-relsted lesiens reported we regarded e degeasraiive o

hyperplastic in netwre sad they are morphelogic manifestations of aa adapdve

respense of the lver ascribed ® bioransformatien of the wmst material. The

Jatker lasions wers scofined primerily 1o teet suimals of the 12 mod 24 month
- sacrifises sad they wers dese-Telsted in incidence end severity.

P*n T ? gseee o7 [ S
__d!‘.p— continow’ly in the diet for Swo years. .

Respectfully submitted,
SDUSTRIAL BIO-TEST LABORATORIES. INC.

Report Prepared and Reviewed by ol 3
D. E. Gerdoa, D.V.M.,PA.D,
Section Head, Pastholegy

Repert Appreved by

s WTurRP
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Primary Liver lesions - Aroclor 1234
6§ Maath Sacrifice - Rats
Lesion Grewp
T1 ™o 919 Control

Vacuolar Change o/t0 o/lo0 t/10 1/10

Focal Hypertrophy 0/10 0/10 4/10 o/10

Nodular Hyperplasia 0/10 0’10 0r10 -a/l0

Hepatoma e/10 0/10 o/l0 0/10

Ductular Hyperplasia 0/10 0/10 o/10 0/10

Cholangio-Hepatoma 0/10 0’10 e/10 0’10

Hepatocellular Necrosis 2/10 o/10 YD) 1710
|
|

.y . SRR -y hailade :
) >
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Tabulation of iIndividual Liver Lasiens in Rats
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Tabulation of Individwa! Liver Lesions ln Rats

An'me
No.
and
Sex

415M

418"
419"
423
426
1427
491
402
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4l0
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471
478
443
448
448

10ppm | 417+

Level

Dose

24 Moath | B-IT

Sacrifice
Interval
\
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Tadulation of individea! Liver Lasions in Rats
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Focal necrosis of
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Primary Liver Lesians - Arceclor 1234

Termismsl Sacrifice - Rats

kel ™ o> Cantrol

Lesion 1 t ] 3 1 2 3 1 2 3 i 2z
Vacuolar Change 3/31 s/28 8/3 4/26 41251026 1321 M8 13021 1723 0/24
Focal Hypertrophy 1/31 2/28 M/ 1/26 1/2% $/26¢ o7 s 0/23 o/24
Nodular Hyparplasia e/28 0/3 /2% 328 3/26 321 %25 13/27 1/23 o/24
Hepatoma ozs o/t Vi, 0125 0/26 21 2128 4/27 0/23 0/24
Ductular Hyperplasia 3/31 6/28 6/31 3126 /25 3126 8/27 2128 4/21 5/23 6/24
Cholangio-Hepatoma - 9/28 0/31 0/25 0/26 0/27 1/2% 2127 0/23 0/24
lkpm-lhl;r Necrosie 2/31 2728 Wt 1/26 2728 V)26 V2T 128 227 1/23 O/

= First avaluation of original slides
Re-evaluation of original elides

t
2.
3 - Evalustion of additions] tissue sectione

There were 5 animals in which this lesion was a0t sees at time of the secoad evaluation but was present
un the (irst, =
¢ Similar to above tavolving 4 antmals, . - -
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Sudistal 810 -TeST Lrbovilovins. e,

010 *BONTAGE ROAD
JAMUKRDOIS 60082

George J. Lavinshms, Ph.D.

Monsanto Company
80V N, lindberzh Biwd,
St Louis, Missouri 63164

Dear Dr. Lavinskas:

205

Re: IBT No. 641-06672 - Histopathological Evalustion of Addidonal

Liver Sections From Rats of 8 Two

Year Chroniz Orsl Toxicity

Study of Aroclor W4d. 1250

We sre submitting he rewith m;‘hber-tory report dated March 24,

1975. svepared in coanectioa with the above study.
Very truly yosrs,

J. C. Calapdra
Presideat

o
e

-;W F il
Ad’.

Y I o - e ¢ >

- cemy, aee~

WATER_PCB-SD0000012811



v
e e e e e . . . -~ v

Sndusiiiol B10-TIST Lnleeabeias. Sua
206

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

HISTOPATHOLOGICAL EVALUATION
QF ADDITIONAL LIVER SECTIONS

MARCH 24, 1973

IBT NO. 64! - 06672

L jatrodection
At the request of Dr. Leviaskas of the Monsaato Company, additional

1360
ssctioas of Liver {rom & two - year chronic oral texicity study of Aroclor 3
in rats (IBT No. 622-07298) were proce:sed imto H & L stained sections and

evaluatid by light microecopy. The following report presents the results of

this study.
TN e R e Y T e Y e - = <
J - > .
. . s o5 i 4 : -
o 1 Y, 3 v Lot _‘ i_g{,’: X

WATER_PCB-SD0000012812



Ay e i vt —— atagali, - v w mes s 4

———— + e — o — — B

Sadusitel 310-TB ST LSabsnsbaint, S

: 20
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CWﬂ trestment -related wx findings in
‘s Hver frem this re-evaluation did ast differ sigaificastly from that previouwsly
repcrted in our original repert damed Nevember 12, 1971, Hewever, there were
seves beaiga liver tumers detacted among seves of the snimals at the highest
trestznent lovel (100 ppm) of the 2¢-Mosth Secrifice which were et previcusly
reported. The other treatmest-related lasions reported m regarded a» dagenera-
tive or hyparplastic ia satyre and they are merphologic menifestations of an
adaptive response of the liver associsted with biotransformatien of the test
material. Ia gemeral, the latter findings were coufined primarily to test anirrals
of has‘n }.4&"- tad 24-Month Sacrifices. and they wers dose-related in incidence
and severity. )

In comclusion, Aroclor I'-;‘;i—;mu- te be slightly rumerigenic at levels
of 100 ppm whes fed continuously in the diet for twe years.

Respectiully submitted.

INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report Prepared and Reviewsd by: /614-“-’«

D. K. Gerdea, D. V.M. ,Ph.D.
Sectioa Haad, Pathelayy

Reaport Approved by:
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Sadushtal BIO-TEST Subomboins, Su
IBT Ne. 622-07298 : 208
QR |

I bave ezamined additioml sactiens of liver frem rets of IBT No.
622-07298 ead hyve re-evaluated tho- tor evidenee of carcinegenesis. 1!
have tabulated my findings for Arscier - 1245 en the Soliowing pages:

Thare is evidence of & chomical affect on the Liver whick was most
evident at time of &o\l'}-“ aad terminal (24-Momth) sacrifices. This
consists ef a hepatocsliular siteration begiamiag aa fecal hypartrophy which
progresees to sodular hyparplasia. and in & fow asimals. to hepetsmas or
cholangiohepatemas. The hypsrtrophic cells crutain large ;m-n of light-
staining cytoplssm which is probably rich in glycogea and esdoplasmic reti-
culam.  In some cases. ring-shaped structures, probably represeating wherls

o~ of prolifarative endeplagmic reticulum, were seen in the cytoplasm of these
calls.

The hyperplastic nodules occupled larger areas and oftes compressed
surrounding cells of the aormal liver pareachyms. They alse costained the
sama hypertrophic ceila.

Those lesions which [ classified as hapatomas or cholaagiobepatormas
were larger nodules which sbowed evidence of confluance or seme variation o
cell sise, shape, staining or a ductular or sdenornatous pattern of growth. n
the absence of metastasis, imvasiveness. severe basoptilia. mitoses or other
evidence of anaplasis, 1 chose to call these benign tumors rather than malignant

carcinomas. There was 80 evidexce of metastasis or isvasivensss of these

turnors io this study.
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.' ——i-shouid-bo-pointod-vear-thot-otha s sethologists uight sall thoea-tumors—_
vinsmas s-the bosle-of riteriss ...—‘: ‘. '.l o II‘I e
With exceptica of the vasssiar changes ia the cyteplasm of hepatocytes, the

mere severs hepatacellulsr alterstisns wers sanfined 1o animals of the W and

2¢=-Misnth Secrifice perieds.

lano/ R . Rchilr

Ward R, Richtar. D.V. M., M S
Diplomate. Amarican College of
Vetorinary Pathologists
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N R et
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Jasiea

Vacwolar Change
Focal Bypertrophy
Nodular Hyperplasia
Hepatoma

Dectalar Hyperplasia
Cholangio-Hepatoma

Hepatocellular Necrosis

Lr? _ S nut 1’7’-_

Tl
o/
o/11
0/11
/11
o/l
0/11

o/l

3 Menth Sacrifice « Rats

Ti

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

a/10

1260
Primary Liver Losions - Arecler 1343

Qrewe

T .,
3710 7=
2ne Y.
o/t0
o/10
0/10
0/10

0/10

210

Coetrol

2710
9/19
0710
0/10
0/10
0/10

0/10
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Primary Liver Lasieas - Avocler 138
8 Meonth Sacrifice - Rats
sion Orewnp
T T ™ :., Control

Vacuslar Chaage 176 28 $79 :/q 1710

Focal Bypartropby 0/6 0/s 3/9 /e C /10
Nedular Hyperplasia 0/6 o/ . e 0/10
Hepatoma 0/% o/s or9 010
Ductular Hyperplasia 0’6 o/ 0/9 . 0710
Cholangio-Hepatora 0/6 0/8 0/9 e/10

\/ Hepatocellular Necrosis 0/6 1/8 0/9 1/10
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Primary Liver Lesions - Arecior u{l‘)
14 Meuth Sacrifice - uu
Jesice Qrewp
T T Tm J4:  Comrol
Vacwslar Chaage 2/ 5/10 319 e 1710
! Focal Hypertrophy 0/9 0/10 49 . 0/10
Nodular Hyperplasia 0/9 0/10 Y9 Yo 0/10
Bepatoms 0/9 0/10 0/y 0’10
Ductular Hyperplasia 179 0/10 2,9 %o 1710
Cbholangio-Hepatoma 0/9 0/10 0/9 0/10
j Hepatocellular Necrosis 0/9 0/10 0/y 0/10
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Primery Liver Lesisns - Avecler 1242
Termim] Secrifice - Rate
Jesioa Growp
. Tl a8, Ta 4, T™@ -~ Control
ke -
Vacuolar Chaage 8725 hg ¥ 6r23 MY, 10027 vnh 123 cly
Focal Mypertrophy 3728 % - 10023 YT 1921 YaSy 0r23 ifra
Nodular Hyperplasia 0r28 w9723 Sasty 1721 Yeq Yan 113 zfav
Hepatoms 028 Tu 0123 %y 8727 Vaa iy 0123 ¢fiY
Ductular Hyperplasia /28 helio 5123 Ve w421 4l sy e/
Cholangic-Hapatoma 0728 "woo/23 Y 2127 %~y 02 .a/);
N Hepatocellular Necrosis 4128 Kgly 2123 %yt 61 W Yoy a2
' t iy -
‘ ,
— 7
- .
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oy .
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AROCLOR 124206V
Tabulation of Individns | Liver Lasions ia Rats

4

9,

Sacrifice
laterval

Lawel

nima

Liver Lesiens

Sex

Vacusiar Change

Focal Neereosis

inftitrations

Focal Wypertrephy of

Foeal lymphold

hop-tocytes

Nedular hypertrophy

of hepatocytes

Focal pile Duct

Hyperplasis

Hepatema

Cholangie-hepatema

3 Mosth

e T e

>, L

jAm

116M
ur
s
119
120
1477
156"
187
"
159"
160"

1954
19"
190"

Fﬁﬂ

236TF
237"
238"
239"
240"

276
e
e
279"
80"
nsr
nr
e
I
320"

113

.-+

(-

po'
-t 4

-
aqnon- MY GO SO, poes ol ;“’f’ ‘*w L

0N
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Infiitrations - {
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g Feesal hypertrophy of < :
**+3 hepatecytes l Ea i
Nodular hypertrephy A: EE i
of hepatecytes § 3 o '
——— - I - :z::
Focal Bite pust 'Y 3‘
Hyperplasia s | 5
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{{epatoma s
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AROCLOR 12822
Tabulation of Individusl Liver Lesions in Rate

216 M

Sacrifice
interval

Dose
Leavel

_Liver Lesions

Vacuolar Change

Focal Necrosis

Focal lymphoid

infiltrations
hepatocytes

Fecal hyperirephy of

of hapatocytes

Nodular hypertrephy

Focal plle Duct
Hyperplasia

Hepatoma

Cholangio-hepatoma

~$& moe

ler Dt .
225

\

Y/,

5/s

11M
12
13"
14"
18"

i
18"
F‘-

£33 ¢
N”-
a3
8"
8"
26r
NQ-
”.-.
29"
8-

I
32"
3"
34"
3r
3
“.3
3
0"

+ +

S

ho +
i *

ey ¢+

W.f

tP

) ¢

1.‘0
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ARoCcLOR 1288° 12
Tabulation of Individust Liver Lestens ia Rate 217

Sacrifice
Laserval

[ 4

Dese Lm

Lavel | Ne,

Liver Lasieons

and
Sex

Vacwelar Change

Focal Necrosis

C

N

hepatocytes
Nodular hypertrophy

Hyperplasia

infiitrations

of hepatecytes
Cholangie-hepatems

Focsl lymphoid
Focal pile Duet

Hepateoma

Focatl hypertrophy of

Fipal

'/’l‘

. et P, -
“ ses o0 -

cnm

AQ 16T™

Al M - »
YL TERN Wrew

:‘:. T e
~101
“Thotn
1127
134"
108" ﬂ-n
Jort

i~y

el 109" )+

122y
128”7
17r
1297
130"
1387 o 40 3"Y
141"
14
151"
1957 4y ¢
Niledn
1314 +
1327
138"
139"

168" + ﬁ

1047 L“
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-
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e
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Tabulatioa of Iadividual Liver Leciens i Rats
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218

13

Sacrifice
iaterval

Dose
Level

Liver Losicas

Focal Necrosie

Focal lymphoid

hepatocytes
Nodular hypertrephy

iafiltrations

Focsl hypertrephy of

of hepatocytes

Focal pile Duet
Hyporplasia

Hepatoma

Cholangio -hapatema

Final
(contizmved)

43117
b I T L
200~

312"
b 231y Y
214

ard
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Industucl 810 - TEST Lrboralowes. Jnc. : 172
" 10C FRONTAQE ROAD
NORTHMEROQOY ., 1LLINOIS #0082

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TCX:C!TY
SIUDY WITH
ARCCLOR 1260
IN ALBINO RATS

HISTOPATHOLOCICAL EVALUATICN
OF ADDITIONAL LIVER SECTICNS

MARCH 24, 1373

IBT NO. tdl - 06672

ok

ano-A1

-
= B

9
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Snduilual 810 - TEST Loboralowms, Snc. 173
110 PRONTAGE ROAD
NMORTHIROOK, (LLINOIS 60002

Geerge J. Levinskas, P.D.
Monsanto Company

800 N. Lindbergh Blvd.

St. Louis, Missouri 63166

Dear Dr. Levinskas:
Re: IBT No. 641-06472 -~ Hiswopathological Evaluation of Additonal

Liver Sections From Rats of a Two - Year Chrenic Oral Toxicity
Study of Aroclor 1260,

We are submithng barewith our revised laboratwry report damed

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

Very truly yours,

J. C. Calandra
Premident

WATER_PCB-SD0000012827
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Sndustrial 810 T EST Loloashain, Sus

174

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1240
IN ALBINO RATS

HISTOPATHOLOCICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1975 .

IBT NO. 641 - 06672

At the requas: v. Dr. Levinskas of the Monsanto Comparnr, additionsl
sections of liver {rom & two - year chronic oral toxlecity studv of Areclar 1260
in rats /I2T No. 622-07298) were processed inta> H & E stained secnozs aad .

evaluated by light microscopy. The following report presexts the resulis of

this study.

WATER_PCB-SDOOOOO1 2828
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Sudessiriol BICTRS T Laboesboniss, S

175

0. Summery :
In most instances, tas mdw-nundWWh

the liver from this re-evaluatioa did mot differ significantly from that previcusly
reported ia eur original report dated November 12, 1971. However, there wers
seven benign liver tumors detected amonag sevea of the animals at the nighest
treatment level (100 ppm) of the 24-Month Sacrifice which were not previcusly
reported. The other treatmant-related lasions reported are regarded as degenera-
.tive or hyperplastic in oature and they are mmorphologic manifestatioas of an
adaptive respoase of the liver associatad with biotransformation of the test

matsrial., In geberal, the latter findings were coafined primarily to teet animale
of the 6-, 12- and 24-Month Se~rifices. and they were dose-related in incidence

and severity.
In conclusion. Aroclor 1260 appears to be slightly tumorigenic at levels
of 100 ppm when fed cortinuously Lo the diet for two years.
Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES. INC.

Report Prepared and Reviewed by: %4—»‘-—“/
D. E. Gordon, D. V.M., Pr.D.
Section Head, Patholegy

Repor: Approved by:
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Sndcitel B1O-TEST Sukosabut, Sin
T No. $22-07298 176
4 Monsasto o
1 have examined additionsl sections of Liver frem rate of [BT No.
622-07298 and have re-evalusted them for evidescs of carcisegesests. !
bave tabulsted my findings for Aroclor - 1260 nhﬂbﬂ-m:

There is evidence of & chemical effect on the liver which was most
evident at tima of the 12- Month and terminal (24-)Month) sacrifices. This
consists of a hepatocellular alteration beginming as focal hypertrophy whick
progresses to modular hyperplasia. and in s few animals. to hevatomas or
choh:;.‘iohopwm. The hypertrophic cells contais hnc'unnw.u of Light-
staining cytoplasm which is probably rich ia glycogen and endoplasmic ret:-
culumr. It some cases. ring-shaped structures. prebably sepresenting wnorls
of proliferstive endoplasmic reticulum. were seen in the cytoplasm of “tese
cells.

The hyperpiastic sodulss occupied largsr aress and oftes compressed
surrouading cells of the aermal liver parenchyma. Ttey alse contained :he
sams hypertrophic cella.

Those lesions which | classified us hopatomas or cholangiohepatoas
were {arger nodules which showed evidence of confluence Or soma varianion iz
cell size. shape. staining er a ductular or adenomatous pattern of growth. n
the absence of mstastasis. lnvasiveaness. severe basophilia. mitoses or otner
evidence of anaplasia. [ chose o call these benign tumors rather than maiiznant

carcinomas. There was po evidence of metastasis o. isvasiveness of these

tumors in this study.

WATER_PCB-SD0000012830
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and 24-Month Sacrifice periods .. '

Werod/ R .k

Ward k. Wichter. D. V.3, M S
Diplomate. American College of
Veterinary Pathologists
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Primary Liver Losicas - Aroclor 1280

Vacuclar Chaage
Yocal Hyps rtrophy
Nodular Hyperplasia
Hepatozna

Puctular Hyperplasia
Cholangic-Hepatoma

Hepatoce:lular Necrosis

3 Moath Sacrifice . Rats

om
0/it
o/t
0711
o/
orn

e/11

TIiI

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

0/10

St
TaI
3/%0
2/10
g/10
o/10
0/10
/10

0’10

178

Coatrol
2710
o/10
L ER1]
0/10
0/1¢
/10

0/10
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Primary Liver Lesiocas - Ai-‘eler 1260
¢ Moath Sacrifics - Rats
Lesion Grem
T1 Tl ™ Comtrol
Vacuolar Change 176 2/% 5/9 1710
Focal Hypertrophy 0/6 0/3 3/9 ar1o
Nodular Hyperplasia 0/6 a/s 0/9 e
Hepatoma 0/6 0’3 0/9 0/10
Ducrular Hyperplasia 0/6 a/% 0/9 a/)0
Cholangio-Hepatoma 0/6 a/s 0/9 a/10
Hepatocellalar Necrosis 0/6 1/5 a/9 1/30

[l

0N024F

. e g

on
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Primary Liver Lesions - Aroclor 1260

Lesion

Vacwolar Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia

Cholangio- Hepatoma

Hepatocellular Necrosis

12 Moath Sscrifize - Rats

Tl
t 344
0/9
0/9
0/9
1/9
0/9

0/9

T

$/10
0/10
o/10
6/10
0710
o/lo

019

‘Qeenp
T

3/9
4/9
1/9
29
29
0’9

0/9

150

Contrel
1110
2110
0/10
0’1o

171¢
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Primary Liver Lesions - w .
Termisal Sacrifice - Rats " .
Lasion
T1 TR Control
Vscwoiar Change 5728 $/23 1123
Focal Hypertropky 3728 w23 1v27 023
Nodular Hyperplasia 0/28 9/23 727 1/23
Hepatoma 0/2% 0/23 §/27 0/23
Ductuisr Hyperplasia 6/28 §/23 1427 §/23
Cholangio-Hepatima 0/28 0723 2127 0723
Hepatocsllular Necroesis 4728 2723 627 1/23

k2
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AROCLOR 1260
Tabuniation of Individus| Liver Lasions in Rats

Sacrifice
Iinterval

Dose
Lave!l

Animal

Sex

Vacuelar Change

Yocat Necresis

infiltrations -

Focal hypertrepliy of

Foeal lympheid

hopatocytes
Nedwlar hypertrephy

!

of hapatocytes

—iiver Lagions

k)

»

Focal pile Duct

‘lyh.l"l.n?“':

—
oma -

Cholanglo-hepal

"

v -
<

3 Month

Al

Alll

1)
'
t
1
1
]
'
t
i

13624
nur
118
119
120"
le7F
136"
187"
58"
159"
160"

195
196"
l”u'
200"

LR g ¢

rtra

1361';
237
z,'n ]
239",
z‘on;

27634
z”'l' -
z""[’. e
Zv’""
280" | ++
ST
urm |
e’
i
20"

30

e e . W ———— s o —

——— e

fan e ——] e —— cE——————— t—

r
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AROCLOR 1360
Tabuintion of Individue! Liver lesions ia Rats

Sacrifico
intervel

Level

Uo.-'—)!i

No,

Sex

Liver Lesions

Vacwolar Change

Focal Nucroels

inflitrations

Focal hypertrephy of

Focal lymphold

hopatocytes

Nodular bypertrophy

of hepatocytes

typurplasia

Focal pile Duct

I
-,
K

A
>

.

Cholangie -fvpat

12 Month

1
2%
13"
14n
18"
1er
i
1"
197

21
NN-
23"
24"
Nu-
26F
27T
28"

29n !

+ ¢+

+

XK

31M |~

32"

!

3" -
34" s

3r
37"
"
39

40"

+ ¢
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AROCCLOR 1260
Tabulation of Individust Liver Lesions ia Rats
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12

Sacrifice
Interval

Level

J‘- "
12

Liver

hepatecyton

Nodular hypertrephy

infiitrations

Focal hypetivophy of

Hyparplaolh . -

of hepatecytas

Vaeuelar Change

FocalNecresls
Focal pile Duet

Focal lymphatd

Cholangio-hepatems

0

Fisal

Al

|
|
188" 1 m
|
1
[}

t"

+

* *

———— - =~ - -

o ——n e . = ——— ——— 4 = b=
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.J.atlx::xaul 1260
'nmu- of tndividw | Liver Lasiors h‘,lut

Sacrifice
‘ laterval

Lavsl

p...l,\.

Vaswnisr Change

Focal iymapheid
lafiltrations '
Facal hypertroghy of

Feocal Necrostse

hepatecyiss - i

Nodulap hyperivephy

Tinel
(contimsed)

uzxr
21y
220"
221"
u‘"
233"
134"
219"
230"
203"
204"
206"
07"

233"
261"
z“"
270"
e
1 372"
1275
2437
1 244"
1s12n
lasir
| 274"
| z"ll
1 294"
{297
i 302n
] ’°6n

308"
B IR
i 3tan
‘240"

*

*

i+

e

L2

*

+11t

eede

*

L 224

.o - @ ¢ emsm——

Chelanglo-Nipatotni

of hapatocyien
Myporplasia

Fecal gile Duét

v
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0N02.55

WATER_PCB-SD0000012840



[ty

>
{vazogay
312wy

mv
18aey

Vecwolar Change

IS FocatNecrosis

d33sesee Wy ustepom =
43120400 Wy P @
4Ls2ea0e W rvarTeTm &
iy
|
|
:ua
wild
u('g
F iz
xog
pow
oy
'ﬂﬂ'w ssoQq

Focsl lympheid

h ol and. o
: B IR . . i
AT S

o
>
g
5
H
Infittrations f‘.
i
Focal hyperivophy of 3
b ¢ hepalocytés a' 8
T T [Madular bypertrophy | ;§
vy of hapatocytes i g‘g
- ]
T T T T T T Focal mite puct AR
g Hyperplasia | § g‘
— i '
H lispatoma 5 "
: w0 o o i
e s |8 ! i
o Cliolangro-hepatoma - ' : 4 ‘
S |
|
. I~
o | ‘
2
<
)
AN
N ‘
r'

1

WATER_PCB-SD0000012841



—— e e

. -
. B g

Industual 810 - T8SY Lasoralomes, S .
1810 PRONTAOE ROAL
NOBTHEROOK  ILLINDIS 60042

077

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 - ObeT2

Ciami o ad .-

At e = Gemmmm— -

L
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Srdustriel 810 - T88T Lrboralsvies. S
1890 FAONTAGE ROAD 078
NOATHBACOKR. ILLINCHS 60042

July 1, 1978

Gearge J. Levinsias, Ph.D.
Monsante

Compexry
$00 N. Lindbergh Blnd.
St. Louis, Misscuri 63166
Dear Dr. Leviaskas

Re: IBT No. $41-06472 - Histopeihalogical Evalustion of Additionsl
Liver Sections From Rats of & Two - Year Chyonic Oral Texicity

Study of Aveclor 1268,
We are submitting herewith our revised labarasory report deted
March 2¢. 1975, prepered in connection with the above study.

Very truly yours,

3.- C. B ol

J. C. Calandrs
President

Icc/id
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Jnduitrcel 810 -TRS T Lokosshouiss, S

079

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

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL ILIVEIR SECTIONS

MARCH 24, 1978

IBT NO. 641 - 06672

L lntroduction

At the requast of Dr. Levinakas of the Mossanto Compaay, additionsl
sections of liver from a two - year chronic oral toxicity study of Aroclor 1260
in rats (IBT No. 622-07298) were processed into H k E stained sections a=d
eva.uated by light microscopy. The following Tepor: presents :he resul:s of

this stude,

0N0Zs9 @
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Sudvctorel 810 -V8ST Suboosbnins, Sou 2

08¢ -
8. Sqmesry g
--...._....mawm
findings i e liver from this re-eviluastion did net dlier sigaiflonntly
frem that previeusly reperied in ewr eriginal repert deted Mevember 12, 1971.
There wers seven hopatomus detecied smong seven of the animals st the
highest trestment level (100 ppm) of the 24-Meath Sacrifice. Mo hepasocsilular
carcinnmas were cbearved. The ether treatment-related lesions repurted are
regarded as degenerstive or hyparplastic in ~ature and they are merphologic
manifestations of sa sdeptive response of the lver sssocisted with biotransformation
of the wet meterial. In general, the latwr findings were confined primarily
to test animals of the &, 12- and 24-Month Sacrifices, and they werw dose-

relatad in imcidemcs and esverity.

In conclusion. Areclor 1260 does not app W be carcinogenic in rats
fod for two years at levels wp o and including 100 ppa.
Respectfully submitted,
INDUSTRIAL BIO-TIST LABORATORIES, INC.

Report Prepared aad Reviewsd dy:

D. L. Gordox, D.Y.M.,Ph D.
Sectioa Head, Pathelogy

Report Approved by:

WATER_PCB-SD0000012845
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Vacwalar Change

Tocal Nypertrophy
Nodular Hyperplasia
Hepators

Ductalar Hyperplasia
Cholangio-Hepstoma
Hapatocellular Necreosis

/11
o/11
o/11
/11
e/l
0/11

0/11

4/10
e/te
0/10
/10
illo
o/t0

[ VAL

3’10
/e
o/ta
e/i0
e/10
e/10

o/10

2/10
0/10
0/10
0/10
e/l0
o/1e

0/10
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) I
DS - T VA S S Vv PO,

.. )
SR L1
@ oo : R
¢ Meaih Sacrifice - Rats )
laston Srese
Tt T ™ Comtrol
Vacuolar Chaage 176 2/8 5/9 1/10
Toesl Hypertrophy 0/6 o/ 3/9 0/10
Nodular Hyparplasia 0/6 /% /e /10
Hepatoma 0/é 0/ /9 0/10
Ductular Hyperplasia 0/6 0/8 0/® 9/10
Chelangio -Hepatoma 0/6 /s e/9 0’10
Hepatecsellular Necrosis 0/6 1/ 0/9 1710
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Primary Liver Lesions - Areclor 1240
2 Month Sacrifice - Rats
Lesioa Growe
T T T Ceorzzol

Vacuolar Change 2/ s/10 39 1:10
Focal Hypertrophy 9/9 0/10 4/9 912
Nodular Hyperplasi_ 0/9 30 1.0 S 10
Hepetoma : 0/9 ¢/10 0'e 910
Ductular Hyperpiasia /9 o/ 219 110
Cholangic-Hepatoma Q/9 0,19 0’9 d-1¢
Hepatocallular Necrosis o/y o/10 /9 30
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L
Primary Liver Lasieas - Arecler 1240
, annt-lheﬂ.ﬁa-lu-.“.
. stoe . Qrewp
Py T Tm Cosatrol
Vacwlar Chaage $ /28 623 10727 1123
Focai Hypertrophy 3/28 l;lli 1¥27 023
Nodular Hyperplasia or2s 5123 7727 123
Hepatoma 0/2% 0/23 st 0/2)3
Ductular Hyperplasia 6/28 $/23 14727 .23
Chalanglo-Hepatorea 028 0/23 22t 2,
Hepatocelhilar Necrosis 4/2% 2/23 6'27 RS
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AROCLOR 1368

el ove b ean s m M- e &

Tabulation of Indisidusl Liver Lostens in Rats

087

Sacrifice
Interval

atma

Lavel

Liver Lasjons

No.

Vacwslar Change

Focal Necrosis

Foucsl lymphoid
indilirations

hepatocytes

Nodular MypertiSphy

Focal hypertraphy ol

of hepatocytes

Focal glle Duct
Hyperplasis

tepatoma

Cholangie -spatems

~b
O b s, . ey

3 Month

11604
umr

! :o..*

120*
177

'1sen

158"
159
~s=

196"

11t

1t

-

et ——————— e = s 2 = o e ]

tonsem e -t e = = —— -
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AROCLOR 1269

Tabuintion of Individue! Liver Lesions Ia Rtaws
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Focal lymphoid
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AROCLOR 1248 092

(2
0

Tahulation of :l.(.l.l_ Livey Lasions 1a Rats
Sacrifice _.Uo-o Anima| Liver Lasions
interval _rz— No. N | :
‘ _ “u _ s m _ m :
! x| o » .
| ? SElEEfes .1 i
: 313 33episs |id | 5§
o PEERIEEL
sl s H 3
| IR R R A
u SEFITERE RN LN A B
; RN N L
Tinal ‘A Rasr ~ .. O X
(continued) | s1 ! : P _ . _ 1
i ™ | P |+
: Ro1 | | ! PR
) Bo9” | : .
_ ' !
_
!
{
|

Cira Svsterr.

S « miaimal in severity

,s = mild in severity

+++ = modersts ia severtity

so++ = marksd ia severity
P = Present, 30 grade
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¥
093
Primary Liver Lesions - Aroclor 1240 )
Terminal Sacrifice - Rats
Growp
a1 m T Control
Lesion 12 3 12 3 12 3 12
Vacuolar Change 1/25 2/28 s/25 3/23 2/20 6/23 8/27 7/24 10427 1/23 0/24
Focal Hypertrophy 0/2% G/2S 3/2% 1/23 4/2010/23 9/27 6/2411/27 0/2) 0/24
Nodular Hyperplasia 0/28 0/25 0/23 4/20 9/23 2/27 3/24 /26 1/23 0/24
Heputoma 0/2s 0/2% 0/20 0/23 0/27 4/24 /21 0/23 6124
Dictular Hyperplasia 1725 1/28 /28 2/20 $/23 1/27 3/2414/21 $/23 0/24
Cholangio- Hepatoma - o/zs of2s 0/20 0/23 0/27 0/24 2/21 0/23 0/24
Hepatocellular Necrosis 125 4/25 0/23 0/20 2/23 /2711724 6121 1723

1 = First evaluation of original slides
2 - Re-evaluation of original slides
) - Evaluation of additional tissue secticas
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Sadustriol B10-TEST Sokaabrins, fun

094
Primary Liver Lesicns - AROCLOR - 1280
Terminal Secrifice - Ram
Be-evalustion of Original S.des
A-1 A-2 A3 Control
Vacuolar Change /28 /20 724 0/2¢
Focal riypertrophy o2 V20 U 0/24
Nodular Hyperplasia 0728 V20 7} 0/24
Bie Duct Kyperplasia 1/28 220 v e
Cholangio-hepatoms /23 0/20 0/24 0/24
Hepatoms 0/28 0/20 v 0/24

£ 000778 @
RO .

| J
-
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Indstral 810 - TEST Lrboralones, Snc.
‘ 1019 PRONTAGE ROAL
NORTHENCOR. ILLUNGIS $0063 o 239

REPORT TO
MONSANTO COMPANY
f . TWO - YEAR CHRCOCIIC ORAL TOXICITY
STUDY WITH
AROCCLOR 1260 1342
IN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

I3T NO. 641 - 26672

7 DEPOSITION
| EXHIBIT

;!u:—'vlusgns-%
£ S-2131 WK

000778
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Inbustiial 810 - TEST Lsboslovas, e

1818 PRONTAGE R0OAD
NORTHIRQOK, ILLINOIS 63003

Mareh 24, 1978

George J. levinskss, Ph.D.
Monsaate Company

800 N. Lindbergh Blvd

St. Louls, 2issouri 63166

Dear Dr. levinskas:

Re: IBT No. 641-06672 - Histepathological Evaluation of Additiona!
Liver Sections From Rats of a Twe « Year Chromic Cral Toxicity
Staudy of Aroclor—+ded. 1292

We are submitting herewith our lsboratory report dated March 24,
1973: prepared in connection with the above study.

Very trulv yours,

J. C. Calardrs
President

e R 4 .,J’.y.m.q | W Y TR P L Y T A g

. -

090779 mw»

1.
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241
3

REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH AROCLOR 1264 ~
DN ALBINO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1978

IBT NO. 641 - 06672

L. Introduction
At the request of Dr. Levinskas of the Monsanto Company, additional
sections of liver {rom a twe - year chroaic oral toxicity study of Aroclor 1298 2y
- in rats (IBT No. 622-07298) were processed into H & E stained sections and
evaluated by light microscopy. The {ollowing repor: presents the results of

this study.

- aE—— ~-W YRS L T e e T Y~ 4 8 A
- e MK o - o

c ]
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Sndestric 810 -TEST Salonsboins, S
242

o & Fy
-~ the specTeem of

—. CTa most G.m_c_-:,'-)@ treatment -relsted histopathelegical fiadings in
the liver from this re-evalmation did not differ sigaificantly from that previcusly
reported ia our origimal report dated November 12, 1971. However, there were
three beniga liver tumors detactad amopg three of the anirzals at the highes:
treatment level (100 ppm) of the 24-Moaath Sacrifice which were aot previsusly
reported. The other treatment-related lesions reportsd are regarded as de-
genarative or hyperplastic in naturs and they are morpbhologic manifestarioas of
an adaptive response of the liver associated witk bHiotrans{ormation of the test
material. In general, the lattar fladings were confined primarily to test an:rmals
of the final sacrifice and they were dose-related in incidence and seventy.

In comclusloa, Aroelor %’umm to be slightly tumorigenic at levels
of 100 ppm when fed continously im the diet for two years.
Respectfully scbmitted,

INDGSTRIAL BIO-TEST LABCRATCRIES, INC.

Report Prepared and Reviewed by:

D.E. Gordoa, D.V.M.,Ph D.
Section Head, Pathalogy

Report Approved by:
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Sudashiod 810 V88T Luboasivsins, S

IBT No. 622-07298
Moasanto

1 Mave examined sdditionsl secrioans of liver frem rats of Study Number

622 -07298 aad have re-eviluated them for evid of carcinogenesis. { have

tabulated my fiadings for Arocler m:—n the following pages.

There is evidence of a chemical effect oa the liver which is rost
proncunced at tirne of the tarminal (24-Mouath) sacrifics. This consists o a
bepatoceilular slteratios begisning ss {ocal hypertrophy which progresses %o
nodular hyperplasis, and in a lew animals to hepatoma or cholang:onepazocza.

The hypertrophic cells coatain large volumes of light stalning cytoplasm whic:

is probably rich in giycogen and endoplasmic reticulum. In some sec=ocs, -:zv-
shaped structures, probahly representing whorls of proliferative endopias=.:
retviculum, were seen (n the cytoplasm of theee celle.

The hyperplastic sodules occupisd larger areas and often compressed
surrounding cells of the normal liver parenchyma. These nodules 8lso conaized
the sams hypertrophic cells,

Those lesions which I classified as bepatomas or cholangichepatomas were
larger nodules which showed evidence of confluence or samse variatioa :a cell s.ze,
shape, staining or & ductular or adenomatous partera of growth. In :Be absesce ::
metastasis, avasiveness, severe basophilia, rmitoses, or cther evidence of aza-

plasia, [ chose to call these beniga tumors rather thaa maligoam -umors -carc.a-

omas). There weu ne evideacs of metastasis eor iavasivemess of the se tumors

in this study.

Lo i, aue

A

P i dalal ke s

e LT
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Andustriol 810 - T8 T Ladenboniai, 244

I should be putsted UG That AT JEUSIS{TIr might-sell-shesa tumers
<A reiSOIEY vu-the-baeds-af gther critaria buty—this-disgassiscauld be debated. .
A With exception of the vacuolar changes ia the cyteplasm of hepatocytes, the

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

Month Sacrifice.

Wed B. Rkt .

Ward R. Richter, D. V.M., M. S.
Dipl., Am. College Vet. Path.
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Primary Liver Lesioss - Areclor 126

3 Month Secrifice - Ra‘'s

Lesion Group
TI ™

“vecuslar Change 0/8 2/10
Foecal Hypertrophy /8 Q/10
Nouular Hyperplasia /8 a/10
Hepatoma 0/8 a/10
Ductular Eyperplasia 08 a/10
~holangio- Hepator:a 0’8 0/l10
Hepatocellular Necrosis 1.3 0’10

N A s S = o

245
T Coatral
179 2.3
/9 c'12
0.3 AR
99 SRS
1.3 P
Q/9 T n
3.3 1
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Primary Liver Lasions - Aroclor 1230'

‘ 8 Month Sacrifice - Rats
Lasion Group
T n Tt
Vacuolar Change 0/10 0/¢ 0/9
Tocal Hypertrophy o/10 0/8 0/9
Nodular Hyperplasia o/10 o/8 9/9
Hepatoma o/10 /8 /9
Cuctular Hyperplasia Q/19 0/3 /9
Cholangio-Hepatorra a/10 o/s /9
Hepatocellular Necrosis 113 0/8 Q.9

246

Control
1710
0/10

0/10

A vy e R

o 10285
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i 14 Moath Sacrifice - Rats
Lasion

T TQ

Vacuolar Change 2/10 4/10
Focal Hypertrephy 0/10 9/10
Nodular Hyperplasia 0/10 /10
Hepatoma - o/tl0 0/10
Duccalar Hyperplasia 0/10 110
Cholangic -Hepatoms 0/1\Q q/10
Hepatocellular Necrosis 0/19 0/10

OV T O vie Vaea
.

T e e o

C e esedmdme e s

Primary Liver Lesions - Aroclor 1260

© @roup
TIO

&y
0r9

19
o/9

/9

.6/9

0/°

9/10

247

Coatrol
1/10
s/10
0/10
010
1710
9/19

2'10
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Primary Liver Lesions - Aroclor 1268 248
3
Termisal Sacrifice - Rats £
3, 2y 312
»
Leston '7"' ‘ Group 3 '3
T L. TQ 2, T Ow, \Controt
35 - » - .
Vacuolar Change "7111 "% Y Jasso ”0 Yal 9720 'Yhe A3 -
Foeal Hypert: ophy 231 Y% 330 el 8720 Yhotuors .
Nodular Hyperplasia 0/31 %'«yu 2./30 x.ol.q 829 "'7‘10":1 1/23 .
Hepatoma 0/318/3/ %] 0/30 'é' el Yo, faus .
Ductular Hyperplasia 313193791 (3130 thetg) 3120 Yoo x| sias -
Cholangic-Hepatoma 0/31 $§7 %, j0r30 %438 “af 1/20 %hes\r2
Hepatocellular Necrosis 131 Yy % [1/30 Ko%q] 0i20 ”" T2 .
®odpoe|: 2|2

Dv’
9

m—— M“h

’
'

‘. R

1-'.— .

g Mhey

Cunr
try

Leal 3} L dacT T S T
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Tabulatien of Iadividual Liver Lasions in Rats
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252

12

Sacritice
Interral

Aaima

Liver Lesicns

Level | No.

Sex

“ytoplasmic vacuolstion

of hopatccytes

Focal necrosis of

hopatocyles
Focal lymphold
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hepatocytes

Facal hypertrophy of

hyperplasia

of hapatocytes
Focal bile duct

Nodular hyperplasia
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- Induiiual 810 - TEST Labortoues. Tnc. 185
- 1810 PRONTAQR BOAD -
NORTHSEQOK, (LLINQIS 860082

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

HSTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTICNS

MARCH 24, 1978

IBT NO. 641 - 06672

vt - .
;w.-.:');;-:r"‘:ns-};:a
N ek

= 00029
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Indudiuial 810 - TEST Lrdosalonins. Tuc. 6
1810 FRONTAGE ROAD
NOETHEROOK, 1(LLUINOIS 60088

e

George J. Levinskas, Ph.D.
Monsanto Company

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

Dear Dr. Levinskas:

Ra: [BT No. 641-06472 - Histopathological Evaluation of Additonal
Liver Sections From Rats of 8 Two -~ Year Chronic Oral Toxicity

Study of Aroclor 1242.
We are submitting herewith our revised laboratory report dated

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

Very truly yours,

WATER_PCB-SD0000012882
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187

REPORT
MCNSANTO COM. *
TWO - YEAR CHRONIC ORAL TOXICITY
STUOY WITH AROCLOR 1242
N ALBINO RATS

HISTOPATHOLCGCICAL EVALTATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 197¢

BT NC. odl - 06672

At the request of Dr, Levinskas of the Moasazto Cormpary, additiceal
sections of liver irom a two - year chroaic oral toziciry atudy of Aroclor 12&2
a vats (IBT No. 622-07298) were processed into H & E stained secsicas and

evauated 5v light microscopy. The {nllowing repor: presenta the regulis of

tkys study.

WATER_PCB-SD0000012883



Sndusiriol BL1O-T 83T Lslosabosins, Sus

158

L Summary

In moset instances, the spectrum of treatment-related histwpathelogical findings t=
the liver from this re-evaiuation did not differ significan:ly from tha: previcuslv
reported in our original report dated November 12, 197l. However, there were
three becign liver tumors detactsd among three of the animals at the highest R
treatment level (100 ppm) of the 24-Month Sacrifice which were not previously -
reported. The other treatment-related lesione repor:ed are regacdea as de-
jsnerative or byperplastic ia aarare and they are morpbologic manifestatiozs of
an adaptive response of the liver associared mit: biotransformation of he tes:
material. [a general, the latter findings were ~onfined primzarily :3 test aziza.s
of the final sacrifice and they were dose--elated in incidence and seven:y,

In coselusioa, Aroclor 1242 appears to be ¢ligktly tumorigenic at ievals
of 100 ppm when fed continously in the diet for two years.
‘ Respectfully submitted,

INDUSTRIAL BIC-TEST LABCRATORIES, INC.

Report Prepared acd Reviewed dy. .
: D. E. Gordon, J.V.M.,Ph. D.
Sectios Head, Patkology

M. L. Kep T,
Manager, Toxcolog¥

Report Approved by:

e WP e s - - L
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Sndestral B1Q-TEST Lokeshust, Sus.

IBT No. 622-07298
Monsanto . , 5 9

{ have examined additiocal sections of liver (rom rats of Stedy Number
62207296 and bave re-svaluated them for evidence of carcinegesesis. : have
tabulazed iy fiadiags for Areclor 1242 on the following pages.

" Thers is evidence of a chemical effect on the liver whick is most
pronouaced at time of the termiaal (24-Month) sacrifice. This consists °‘.‘
hepatocellular alteration beginning as focal bypertrophy which progresses o
nodular byperplasia, and in a few saimals to hepatoma or cholangiobenato=a.

The hypertroph:c cells contaiz large volumes of light staining cytoplasm which

.3 probably rich ia glycogen and endoplasmic reticulurm, [n sors secocs, sing-
- skaped structures, probably representing wherls of proliferative endoplascuc

reticulum, were seen i the enephsm of these cells.

The hyper:iastic zodules occupied larger areas and often compressed
surrounding cells of the sorr:al liver parenchyrna. These nodules also contaized
the same hypertrophic cella.

Those 'es:0ns which! classifled a3 hepatornas or :holang:chepaisTas were
‘arger sodules whick showed evidence of coriluence 5r sorne wvariaton :a call snize,
szape, staining or a ductular or adenomatous pattera of jrowth. & tte adsence of
Tatssiasis, Lnvasiveness, severe Yasophilis, mitoses, or other evideace of ama-
pilas:a, ! chose %0 :al! these bSerign tumaors rather thaa rmalignaat tumers carci=-

smas, There was =0 evidence of meastasis or :nvasivenass of these rumiors

S

L
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Sodastriad 81Q-TEST Ladsanbooins, Sn

s 160

With exception of the vacular changes in the cytoplas . of hepatecywes, the
more severe bapatocsllular sltarstions were ceafined W animals of the

24~-Menth Saczifice.

Werd . Rickiy

Ward R. Richter, D. V.M., M. S,
Dipl., Am. College Ve:. Path
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Primary Liver Lasiocas - Aroclor 1342

3 Mouth Sacrifice - Rats.

Lasioa

Vacuwolaz Change
Focal Hypertrophy
Nodular Hyperplasia
Hepatoma

Ductular Hyperplasia
Cholangto- Hepatoma

Hepatocellular Necrosis

= TN WP e T

v

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

1/8

A

L e W, -

T

2/10
0/10
0/10
9/10
0/10
0/10

019

Growp
T

1/9

[ 74

/9

0/9

/9

2.9

- — e ——

161

Controt
2/10
9/10

0’10 R

c’lo
9’10

019

s = ms p———

00301 ®
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Primary Liver Lesioas - Aroclor 1282

6 Month Sacrifice - Rats . 182
Lasion Group
T ™ T Coatrol
Vacuolar Change 0/10 0/8 0/9 {710
Focal Hypertrophy 0/10 0/8 0/9 019
Nodular Hyperplasia 0/10 0/ 0/9 ’ 0710
Hepatoma /19 0/8 0/9 - 010
Ouctular Hyperplasia 9/19 0’8 319 9.1
Cholaagio-Hepatoina Q/li0 /8 33 J10
Hepatocellular Necrosis 1712 /8 0/9 119
a
- e e o e o~ o~ emamim —— -~

00036 4

WATER_PCB-SD0000012888



- - - o vemm e S et e e ——

Primary Liver Lesions - Aroclor 1282

12 Mlonth Sacrifice - Rats

Lesion Crow

T T Tm
Vacuolar Change 2/10 4/10 0/9
Focal Hypertrophy o/to 0/10 1/9
Nodular Hyperplasia 0/10 0/10 0/9
Hepatoma /10 0’10 2719
Ducralar Hyperplasia /10 1710 0/
Cholangio-Hepatoma 0/10 0/10 9/9
Hepatocellular Necrosts (/12 ! 0/10 /12

.
: FreT 4 4w e = e - e s e

163

Control
1}10
a/10
/10
9.19
1/19

0’10

0Nerng
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Primary Liver Lesions - Aroclor 42

Terminal Sacrifice - Rats

Lesion

Vacuolar Change
Foeal Hypertrophy
Nodular Hyperplasia
l'-lcpl:ern-l

Ducrular Hyperplasia
Cholangio-Hepatoma

repatocellular Nec- osis

TI
T34
2/31
/31
0/31
3/31
YA

1731

3/30
3/30Q
2/39
0/30
3/30

0/33

164

Coatrol
v,

Ve
-d

PR )
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Sacrifice Dose
laterval . Level

Tabulttion of Individual Liver Lesions ia R
Liver Lesions

aima
Ma,
and
: Sex

oy
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S ——
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Focal blle duct

bepatocytes

of hepatocytes
Palampec b vata,
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Manunary tumor,
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- 4____-———._-——¢—+

Focsl lymphoid
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Tabulatioa of ladividual Liver Lesions in Rats

ARQCLMR -

e

AP Pl s U et e it e ot . Bl et eI ol ol

Sacrifice | Dose Antrmal

laterval

-
»

Live

Jlesions

Level No,
|
i ) Sex

lasinic vacuola-
n of lepatocy

1]

Cyt

‘"-1

Focal necrosis of

hepstacytes

Focal lymphoid

infiltrations

Focal hypertrophy of

hepstocytes

Nodular hyperplssia

of hepatocytss

Focsal bile duct
byparplasia

llepsjorne

Chulangio-hepatoma

:
lﬂ

. focal

iculum Cail Sarcom
aAamMAry fwmer,

metaatagic
metaatatic

Tulangectauia

¢ Month

_C-1 1011
i 1012
i loi3»
1014 |
1018 ;
1026F"
1027
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. 029"
. 1030
'c.r roennd
“l0ppm 1042 |
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~°u‘:

C-CI 107IM
100ppm 1072
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.°-- N
80y~ !
04 |
.ow:
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s
s1a”
19"
20"
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Tabulation of Individual Liver Lesions ia Rats
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Tabulation of Individual Liver Lesions in Rats

Liver Lasicas
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REPORT TO
MONSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH
ARCCLOR 1L2@
IN ALBDNO RATS

HISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LI'ER SECTIONS

MARCH 24, 1979

IBT NO, 641 - 06672

/.:/./ A
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Snbutusl 810 - T8ST Labowbeiss, o 099
¢ OATaROON, AiIoOrS 40042

iy 1, 1978

Gesrge J. Levinakss, Ph.D.
Mensantw Company

860 N. Lindbergh Bivd.

St¢. Louis, Misssuri 63166

Dear Dr. Lovinskas:

Re: BT No. ¢41-06672 - Histopathalogical Evaluation of Additienal
Liver Sections From Rats of s Two - Year Chrenic Oral Toxicity
Stud; of Arocior 1242.

We are submitting herwwith our revised laboratory report dased
March 24, 1975, prepared in connection with the above study.
Very truly yours,

J. C. Calandrs
Presidant

JCC/1d
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REPCRT I0
MOMSANTO COMPANY
TWO - YEAR CHRONIC ORAL TOXICITY
STUDY WITH ARCCLCOR L2
DN ALBINO RATS

KISTOPATHOLOGICAL EVALUATION
OF ADDITIONAL LIVER SECTIONS

MARCH 24, 1979
IBT NO. (41 - 066T2

L iarreductien

At the requast of D7, Leviaskas of the Mounsaste Company, sdditional
secticas of liver frum & twe - year chronic oral taxicity study ¢ Arocior 1242
in rats {IBT Ne. 622-07298) were processed imie R & L scained sections a:

evelmated by light microscopy. The ‘ollowing repart preseats the resul.s 7¢

‘this stady.
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101
0. Sommery SE N

In mest inetamess, umdmw
Wh&kwﬁ-&m.l-t&mh
upwmuwuh--w“wmn.-m There
were thres hepatomas detected smang thres of the animals ot the highest trest-
mant Jevel (100 ppm) of the Z¢-Memth Secrifice. Ne hepamscelinlsr carcinames
were sbesrvad. The other Weatnent-relatad lscisas reparted are regarded as
degenerative or hyperplastis in neture and they are morpholegic manifestations
duﬁnwdﬁhwvsﬁwu‘o
test material. In gemeral, the lscier findings were confined primerily w0 test
enimls of the final sacrifics and they were dese-related i incidence and severity.

In conclusica, Aveclor 1242 doss DSt sppear o be arcinugemic in rats fed
for two years st levels wp  and including 100 ppm.

' Respecttully submitied.
DIDUSTRIAL BIO-TEST LABORATORIES,

wwumw N
D.E. Gardax, D.V.M., Ph.D.
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IBT Mo, 62207298 . 102
Monseste i

I have cxamined sdditional sestions of liver Srem rute of IBT M. E22-47298
s5d have rv—vealuaied Ghem far ovidmos of carcimogiasels. | have whulesid
my Badings for Arecler 136 en fhe fallowing pagoe: s

Theve is evidinee of s chomionl ofisct » e Xver which is mest prensuncsd

C N g e

at ime of the terminal (Qé-Menth) sacrifice. This cemsists of a hepamesiluler
mmumwﬁmnmw
and in s few enimsls » bepatems or chelmgichepsioma. The hypertrophic cells
contain large velumes of light siining cytoplass which is probably rich in
glycogen and eadeplasmic reticulum. In sems sectiens, ring-sheped structures,
probably representing whorls of prolifsrative endoplammic reticulum, were sess
in the cywplasm of these cells.

The hyperplastic nodules eccupied lerger aress sad sfien compressed
surrounding cells of the nermal liver perenchyms. These nedules slse contimed
the same hypertrephic cells.

Thoes lesions classified 2s hepatomas or chelangichepstomas ware larger
podules which shewed evidemos of coafluence er some varistion ta cell sise.
.m,m;.m-mpmdpw&. In the absemce
of metastasis, imvesivensss, severe bescphilia, mitwess, er other evidence of
anaplasia, these are bemign tumery rether tham malignmmt tumars (carcinemss).
There was no evidemce of metnstasis or iavasivensss of thess Wmers ia this

study.
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Witk gmoeptien of the veruler chenges 1n the cytploen of hepatscyien .
mm%“m“b“dh
24-Menth Secrifice.
laod B. Rickis
Ward R. Richter, D. V.M, , 3. S,
Dipl., Am. Cellege Yet. Path.
<
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Yacuelas Chaage o 2/10 V) /10
Fecal Hypertrephy 0/e 0/10 9/9 010
Nedular Hyperplasia 0/8 /10 oy 0/10
Hepatoma o/s 0/10 0/9 0/10
Ductular Hyperplasia o8 0/10 /9 ane
Chelaagie- Hepstema ors 010 0r9 /10
Hepatocellular Necrosis  1/8 0/10 0/9 010

C -
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Nodular Hyperplasls

Hepatoma
Ductular Hyperplasia

Cholangio-Mepatoma
Hepatocellnlar Necrosis
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0/e
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0/19
orslo
0/10

1/10

6800313

WATER_PCB-SD0000012905



Yasuslar Chasge

Tecal Hypertrephy
Nedular Nyperplasia
Hepatoma

Ducwlar Myperplasia
Chelangie -Hepstoma
Hepatocellular Necresis

2/10
o/te
e/10
/%0
e/10
0/10

o/10

4/%0
e/10
9/10
0/10
1/10
/10

e/10

e
oy
9/

Q/t0

WATER_PCB-SD0000012906

1710
/10
0/10
0.19
1/10
9/0

2119




e e — PO e b e o
]
107
Primary Liver Lasisss - Aroclor 28 )
et Termisal Sacrifice - Rats
Lasion Growp .
Tt E m Coutroil

Vacuslar Change 7 8/30 /20 1723
Tocal Hypertrophy Y} ) 3/30 020 023
‘ Nodular Hyperplasia 0/31 2/30 0/20 1°23
Hepatoma 0/31 0/30 2123 - 3]
Ducralar Hyperplaaia ¥/ 3/30 3/20 5/23
Cholangio-Hepatoma o/t 0/30 1720 w/23
Hepatocsllular Necrosis 1731 1/30 0/20 123
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Primary Liver Lesloas - Arocler 1242

Termiaal Sacrifice - Rats

Group

T ™ T Cantrol

Lesion 1 2 3 ] 2 3 1 z 3 ] 2
Vacuolar Change 0/31 0/27 7/31 4/30 1/19 8/30 13/20°s/2t 9/20 2723 o/24
Focal llypertrophy 0/31 0/27 2/31) 1/30 2/19 3/30 8/20 2/21 /20 0/23 0/24
Noduhr’Hypcrphlh 0/31 0/27 0/31 1/30 0/19 2/ 2/20 s/21 8/20 1/2% o/24
Hepatoma . 0/31 0/27 0/31 o/30 1/19 o/30 0°20 0/21 2/28 0/23 0/24
Ductular H'y.p-rph-h 0/31 4/27 331 1/30 0/19 3/% 20 2/2% 3/20 5/23 6l24
Cholangio-Hepatoma . 0/31 0/27 0/31 0/30 0/19 0/30 6/20 0/20 1/20 0/23 0/24
Hepatocellular Necrosis. /31 0/27 1/ 1/30 0/19 1,30 0/20 0/2) 0/20 1723 0/24

1 : First evalustion of origimal slides

2 : Re-cvaluation of original slides

3 : Evaluadon of additicnsl tissue sections

Four animals positive om first evaluation, §ot on secamd.
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116
9 Primary Liver Lesions - AROCLOR 1242
Terminal Saerifice - Rats
Re~svaluation of Original Stdes - .
—_c-1 _c1 —C3 _ Commol

Vacuolar Change 0/21 1719 s/21 0/24
Pocal Hypertrophy 0/27 2 2 024
Nodular Hyperplasia 027 0/19 5/21 er24
Ductular Hyperplasta 427 1/19 v 624
Chalangic-hepatoma 0/27 0/19 0/21 0/24
Hepatotaa 0/27 /19 0/21 0/24
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_INTRODUCTION
This i{s a review and evaluation of studies which deal with the potential
carcinogenicity and mutagenicity of polychlorinated biphenyls (PCBs). It
is subdivided into 4 sections: Chronic Rodent Studies, Metabolism Studies,
Co<Carcinog=anesis 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
macerials that were studied instead of the all encompassing term PCBs.
This was deemed necessary because there are too l;xany one-sided generali-
zations in the literature. Evezjy adverse finding is, by implication at
least, e;(trapolated to the entire class of materials designated as PCBs.
Conversely, ‘every report which has failed to find an adverse effect is
careful to stipulate that it relates only to the substance studied. Even
more difficult to contend with are misleading references to adverse findings
which are not substantiated by the actual publications referred to. An
example of this occurred in a discussion of in vitro metabolism studies with

liver microsomal enzymes which stated that the formation of PCB-

macromolecular adducts had been demonstrated. Among the references
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cited was a paper entitled ~".The in vitro binding of 2,2',5,5-tetrachlcro-
biphenyl metabolites to rat liver microsomal proteins". The latter pager
clearly states "There is no clear evidence in the data obtained from the
work reported here to substantiate covalent binding; howewver, it is also
not "possible to exclude the nondialyzable radioactivity as being covalently

bound". (Hargraves and Allen, 1979).

To emphasize the point that dose is important in evaluating safety, test
exposure conditions have been described so that the reader can compare
them to ambient exposure levels encountered in the literature and else-
where. Hoopingarner, et al. (1972) in their studies with Aroclor 1254 on
cultured human lymphocytes are among the few authors who acknowledged
that “The toxic dose of the chemical was several times greater than is
usually found biologically”. They used concentrations of 100 ppm of

Aroclor 1254 in their studies discussed under Mutagenicity.

Chronic Rodent Studies

Difficulties in comparing and assessing different studies are compounded
not only by problems of histopathologic diagnosis but also by variations in
experimental design and animal strain differences. Animal feeding studies
cited in the literature as evidence for the carcinogenicity of PCBs and
related gtudie.s of similar duration have been tabulated for mice in Table 1
and for rats in Table 2. Studies have been grouped by the approximate
weight percent of chlorine in the materials tested to facilitate comparisons
between products from different manufacturers with the same chlorine

content.
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Mouse studies in Table 1| were conducted with high dietary levels of PCBs.
K:mbrough and Linder (1974) reported a 52% mortality for mice fed 300 ppm
of Aroclor 1254 for 6 months and then held an additional 5 months.
During that interval, controi mice had a 32% mortality. This appears to be
quite high for control mice about 1l year of age. In a report discussed
under Co-carcinogenesis, Koller (1977) studied mice injected with Aroclor
products and Moloney leukemia virus. Some data from his study, although
not shown in Table 1, are quite similar to tr;ose 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. .Aft_er that time, some mice
were sacrificed for examination and others were returned to a control diet
for another 3 months and then sacrificed. Dietary levels of each Aroclor
were 375, 37.5, or 3.75 ppm. The only feeding regimen that was toxic
was 375 ppm of Aroclor 125¢. Only 8 mice of that group survived for 6
months, giving a mortality of 68%. Other authors cited in Table 1 (lto,
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
tanechlor 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 Aro-clor 1254, mild
liver injury which persisted through the 3-month recovéry period at
37.5 pi)m, ar.xd no hepatic lesions at 3.75 ppm. Moderate liver injury was
produced by 375 ppm of Aroclor 1242, but this regressed and no hepatic
lesions were seen 3 months after mice were returned to a control diet.
Other dietary levels of Aroclor 1242 and all levels of 1221 did not produce
liver changes. Highly significant mean liver weight increases after 6§
months of feeding occurred in all Aroclor 1254 groups and in the group

fed 375 ppm of Aroclor 1242. Three months after mice were placed on a
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control diet, mean liver weights of each group had decreased. The
decreases were highly significant for the 37.5 ppm Aroclor 1254 and the
375 ppm Aroclor 1242 groups. These observations are generally consistent
with those of other investigators which show regression of lesions when
PCB dosing is. encied, 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. (lS’iBa,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 these
same data on mice were reported in these 2 papers as they reference the
production of hepatomas in male dd 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
hyperplasia and 7/17 had hepatocellular carcinoma while the female
incidence of 4/17 was described as nodulaf hyperplasia. The hepatomas
described by Kimbrough and Linder (1974) were later referred to as "neo-
plastic nodules (hematomas ([sic], hyperplastic nodules)"'by Kimbrough,
et al. (1978). The use of the term hepatoma has created confusion. With
respect to terminology of tumors in the mouse liver, "Hepatoma is a
collective term vused to describe the progressive stages of tumour
development from the lesion called "hyperplastic nodule” or "simple
hyperplastic growth" to the »morpholog’icaﬂy and biologically malignant
neoplasms" (Turusov and Takayama, 1979). Nevertheless, whatever
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terminology is used to describe them, tumors were attributed only to PCBs
containing 52-51 percent chlorine. Lower doses of the 52-54 percent
chlorine matsarials, as well as lower chlorinated materials, were not
described as tumorigenic.

Table 2 summarizes results of rat studies with PCBs. As in the mouse
studies, only some studies with materials having a chlorine content of
52-54 percent, or higher, were reported to produce carcinomas in the
Livers of rats, and even for those materials this was not a consistent,

reproducible observation.

Odashima (1976) reported the results from a series of different tests used
to evaluate potential carcinogenicity of several compounds, including PCBs.
Two tests are of suificient interest to mention here. One is the ’
transplacental method in which rats were treated for 3 days during
pregnancy. These were days 15, 17, and 19 or 14, 16, and 18, depending
on the strain used. The total dose was approximately the maximum one
that did not cause abortion or early death of the weanlings. In the other,
the newborn method, pﬁps 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 tést wa.s ‘limited to one year after birth. For both Kanechlor 300 and
Kanechlor 500, the transplacental test was scored negative and the
newborn one as equivocal. Both of these tests gave positive results wicth

some known carcinogens such as 4-aminobiphenyl, benzol[a]lpyrene,

butyl-nitrosourea and N-methyl-N-nitrosourea.
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Objective appraisal of chronic rodent feeding studies is difficult. Some of
the rodent studies in Table 1 and Table 2 are of the type used to detect
potent carcinogens. They use relatively few animals, high doses of the
test material, and h;ave a relatively short duration. Studies of that nature
have been méluded in Tables 1 and 2 to illustrate the various diagnoses of
the rodent hepatic lesions observed after dosing with PCBs and to aid in
the stepwise analysis of the results of all the reported carcinogenicity

studies.

In any short-term test with a few animals, the chance occurrence of some
tumors is a possibility which must be considered. ‘The probability that an
event is a chance occurrence is decreased if it is repeatable. Many of. the
studies in. Table 1 did not produce tumors. Those which were reported to
produce hepatocellular carcinoma apparently were also reported in other -
publications as producing nodular hyperplasia, or tumors, or hepatomas.
Sim;e termi:nology of tumors and the use of those terms have subjective,
i.e., judgemental, elements it may not be valid to make direct comparisons

between different studies on the basis of terminology alone.

The rodent studies which were of less than lifetime duration raise a
question as to whether or not cancers would have occurred had the
feeding pen’éds been extended. That question is speculative, and it
cannot be answered from the present data. Nevertheless, negative studies
even If they are of relatively short duraton are part of the overall
evidence which has to be considered. As a first step in the analysis of
the data, the evidence shows that at a minimum, PCBs are not potent
carcinogens to rodents because they do not produce cancers when tested

in studies designed to detect potent carcinogens.
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With respect to further analysis of the mouse studies, greater significance
can be attached to the data of Kimbrough and Linder (i974) because their
study had a larger number of animals, a longer duraticn, and a relatively
high disrary 1e_vel of PC3. I[n 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 ars 2 studies on PCBs
with an average chlorine content of 40% (Levinskas, 1581 and Weltman and
Norback, 1979) and 3 on PCBs with an average chlorine content of 52-54%
(Levinskas, 1981; NCI, 1973; Wasserman, et al., 1978). Results of those

studies are consistent with respect to the absence of hepatocellular

carcinomas. This consistency reasonably suggests a conclusion that PCBs

with those chlorine contents are not carcinogenic.

Of the 3 studies with PCBs having an average chlorine content of 60%, one
reported hepatocellular carcinomas (Kimbrough, et al. 1975) and 2 did not
(Levinskas, 1981 and Weltman and Norback, 1978). Since Kimbrough,
et al. (1975) and Levinskas (1981) both used Lot No. AK-3 of Aroclor
1260, the different conclusions they reached are not related to differences
in the.test.material. In addition to the use of a different strain of
rat, Kimbrough, et al. (1975) used a different histologic diagnostic
criteria. Kimbrough, et al. (1975 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 induced by carcinogens and, at the least, they indicate
an increased probabiity for the development of hepatocellular carcinoma"
(Squire and Levitt, 1975). However, Pitot, et al. (1978) in a discussion
of stages in the progression of hepatocarcinogenesis in rat liver have
notdd that "The demonstration of carcinoma cells that appeared to arise
within the nodules was also 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-i-dimethylaminoazobenzene.

There is concern that a presently benign lesion might at some future date
or under other circumstances be transformed into a malignant lesion.
Kimbrough (1979) apparently had that concern when she stated "Although
it has been shown many times that the neoplastic nodules are part of the
carcinogénic .response they are not always included in the statistical
evaluation of bioassays, which may lead to erroneously interpreted results,
particularly when they are classified as hyperplastic nodules or "nodular
hyperplasia® and when the number of animals studied was small
(Carcinogenesis Testing Program, 1977)".3 A similar concernm appears to
have bheen behind the statement in a recent review (Anon., 1981) that

"hexachlorobiphenyl administered to groups of 50 male and 50 female
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Sprague Dawley rats at dietary levels of 0 and 100 ppm for 105 weeks was
carcinogenic in female rats, producing an increased incidence of liver
hepatocellular carcinomas among the dosed animals (Norback and Weltman,
1980. Personal communication)”. Contact with Dr. Norback (Ribelin, 1981)
revealed that her data were available only as an abstract (Weltman and
Norback, 1979), and that the abstract and her oral presentation of the
data referred to the lesions as neoplastic nodules, i.e., not distinctly
tumorous. These 2 examples illustrate the difficulty in establishing that
cancer is not present, and they strongly suggest that the different
findings reported by 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 abstract has been published, details on .the studies by
Weltman and Norback (1979) are limited . Their studies are of particular
interest because .thev observed the sequential development of liver changes
over a 2-year period. They noted that hexachlorobiphenyl was more toxic
than tetrachlorobiphenyl, and that the more toxic, more highly chlorinated
hexachlorobiphenyl produced neoplastic nodules only. Again, the weight
of the evidence leads to a reasonable conclusion that the carcinogenicity of
biphenyls with an average chlorine content of 60% has not been

established.
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Overall, one can surmise that the inability to resolve the crucial issue of
whether or not a lesion is neoplastic in character was one of the factors
which led to the following statement from a recent Surgeon General's
report: "Science. and society have not yet arrived at a final consensus on
the definition of a carcinogen either in the human population or in

experimental animals" (DHHS, 1980).

Metabolism Studies

Several reviews (Goldstein, 1980; IARC, 1978; Matthews and Kato, 1979;
Roberts, et al., 1978; and Safe, 1980) discuss the metabolism of specific
isomers as well as mixtures of PCBs. While there are some exceptions, the
following general conclusions can be drawn. Both the degree of
chlorination and the positions of the chlorine substituents determine the
ease with which PCBs are metabolized. 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 te subcellular macromolecules. Chlorination at the
4,4' position bl;‘)cks the metabolism and excretion of PCBs as illustrated

below.
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Studies in rats (Hansell, et al., 1977) and in mice (Morales and Matthews,
1978, 1979) are of interest because they report the metabolism of isomers
which were fed to rats for 2 years by Weltman and Norback (1979).
Hansell, g_:il._' (1977) gave groups of male rats single intraperitoneal
injections of 0.2 nmoles/kg of 2,2',5,5'-tetra- or 2,2.4,4',5,5'-
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 35 days after dosing.
TCB produced a transient, but significant increase in O-demethylase
activity only at day 3 while HCB produced significant increases in
O-demethyvlase and aniline hydroxylase activities within 24-48 ho_urs.
Induced enzyme activities by HCB peaked at 4-6 »times control activity
during days 7-14 and were about 3 times control activity at the end of 35
days. Even though equimolar amounts of each isomer were given, liver -
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
amounté of z: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 hydroxylation whereas 2,5,2',5'-
tetrachlorobiphenyl undergoes biotransformation via the arene oxide

intermediate, thereby accounting for the different slope for the
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elimination curve of the latter compound.” Thus, the metabolism (Hansell,
et al. 1977) and fe=ding (Weltman and Norback, 1979) study results lead to
somewhat different conclusions. The more poteat enzyme inducing, less
readily excreted HCB whicﬁ appears to resist hydroxylation produces
neoplastic nodules in rat livers. By coatrast, the more readilv 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, 5, and 8 days later. The concentration of each PCB was
determined in liver, muscle, and kidney. All tissues had consistently
higher concentrations of the less readily metabolized 2,4,5-isomer. The
more readily metabolized 2,3,6-isomer showed a consistently greater
binding to purified macromolecules. The binding was at least one order of
magnitude greater than that seen with the 2,4,5-isomer. Results of animal
feeding"studi.es, with the 2,3,6-isoméer 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
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contrast to results on animal studies in which questions of carcinogenicity
arise regarding higher chlorinated materials only. On balance, metabolism
studies on the formation of arene oxide intermediates would lead one to
expect lower chlorinated materials to show a more pronounced carcinogenic
response in animals. Conclusions drawn from metabolism studies are not

supported by animal feeding studies.

Co~Carcinogenesis Studies
The position and degres of chlorination of PCBs also are important in
inducing microsomal mixed function monooxygen;seé (Goldstein, 1980 and
Yoshimura, et al., 1979). Such induction of microsomal monooxygenases
could alter the metabolism of exogenous and endogenous substances in the
body, as reported in a variety of studies which have been conducted to
determine whether PCBs might be cocarcinogens. These are summarized in

Table 3 and discussed in greater detail below.

Uchiyama and Chiba (1974) inserted 20-methylcholanthrene impregnated

threads into the uteri of virgin mice and fed them diets containing up to

100 ppm of Kanechlor 400 or DDT. Animals were killed at various times .

and the cervical epitheium was examined for cancerous changes.
Kanechlor 400 dosed mice showed no significant changes as compared to the
concrols; but those receiving 100 ppm of DDT "showed a remarkable

tendency towards the induction of cancer.”

Diets containing benzene hexachloride (BHC) isomers and Kanechlor 500
separately and in various combinations were fed to male mice by Ito, et al.

(1973a,b). Concentrations of the BHC isomers ranged from 250 ppm to
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50 ppm. The amount of Kanechlor 500 was 250 ppm or 100 ppm. Test
groups consisted of 20 to 30 animals. When fed alone, only a-BHC at
250 ppm produced a high incidence of nodular hyperplasia and a moderats
incidence of hepatocellular carcinoma. A diet containinz 250 ppm each of
a-BHC and Kanechlor 500 increased the number of hepatocellular
carcinomas. In comparison, combinations of 100 or 50 ppm of a-BHC and
250 ppm of Kanechlor 500 yielded a moderate incidence of nodular
hyperplasi2 and produced only a few hepatocellular carcinomas. There
were a few nodular hyperplasias in mice fed 100 ppm each of a-BHC and
Kanechlor 500. A mixture of SO ppm a-BHC and_lOO 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 énd
hepatocellular carcinomas at a lower incidence than that seen with
comparable diets of «-BHC. No liver nodules were seen with S0 ppm of
B-BHC and 250 plpm of Kanechlor 500 or with 100 ppm of each. y-BHC and
Kanechlor 500 did not produce liver nodules either singly or in
combination. Nagasaki, et al. (1974, 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 «-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.
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The effzcts of PC3s on tumor induction by diethylnitrosamine (DEN) have
bean studied extensively. Male rats were given 25 ppm of DEN in their
drinking water and 300 pom of Kanechlor 500 in their diet concurrently for
20 weeks, returned to a control die't for 4 weeks, and then Kkilled
(Makiura, ﬂ 1274). Neither liver tumors nor nodular hyperplasia were
seen. even though rats receiving the same DEN treatment alone had a 92%
incidence of liver cancer. The livers of rats treated with Kanechlor 500
only also had no tumors. When administered after DEN, Kanechlor 500
markedly enhanced liver tumor production as reported in a series of
papers by Nishizumi (1976, 1979a, 1979b). He described studies in which
male rats were given S0 ppm DEN in drinking water for 2 to 10 weeks,
after which they were intubated twice weekly with a corn oil solution of
Kanechlor 500 for 6 to 12 weeks. Kanechlor 500 doses were either 0.2 ml
of a 5% or 0.1 ml of a 10% solution. Since experiments were terminated at
20 or 52 weeks after dosing, some animals received untreated diets prior to
sacrifice. Only one paper (Nishizumi, 1976) contained results for animals
dosed only with Kanechlor 500 alone. That treatment produced
enlargement of the livers of rats but no neoplastic lesions. After pre-
treatment with DEN, however, hepatocarcinogenesis was enhanced as
evidenced by the earlier appearance and a significant increase in the
number of tumors. A similar dosing pattern was used by Preston, et al.
(1981). Male rats were given drinking water containing 66 pg DEN/ml
(66 ppm) for 5 weeks after which they were fed for 18 weeks on a control
diet or one containing 100 ppm of either of 2 Aroclor 1254 diets. One was
Aroclor 1254 as received. The other was an Aroclor 125¢ 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 reported recovery of PCDF at a level comparable to 30
pg of tetrachlorodibenzofuran (TCDF) per 10 g of Aroclor 1254. TCDF
was used as a positive control and a standard for quantification for the
purification process. Other animals received one of the 2 Aroclor 1254
diets only during the latter 18-week interval. 'No evidence of hepatic
tumor formation was seen in control animals or those receiving 100 ppm of
either Aroclor 1254 diet. However, using the diagnostic criteria of Squire
and Lewitt (1975), they reported that both Aroclor 1254 diets resulted in
significantly greater incidences of hepatocellular carcinomas in rats
pretreated with DEN as compared to those dosed with DEN alone. Thus,
they concluded that the hepatic tumor-promoting ability appears to reside
in Aroclor 1254 itéelf. As the autho;s of this paper pointed out, it cannot
be concluded that PCDFs are not p”romoters of hepatocarcinogenesis since
appropriate studies have not been done on PCDFs alone. Similarly, their °
findings do not invalidate the hypothesis that some of the other effects

reported for some PCBs may have been due to PCDF impurities.

The dependence of the inhibition or promotion effect of PCBs on
DEN-induced tumors on the dosing sequence was illustrated in a .different
manner by Nishizumi (1980). Pregnant female rats were given oral doses
of 200 mg/kg or S50 mg/kg Kanechlor 500 on days 5, 10, and 15 of
gestatio;i ana were allowed to deliver their pups. At 28 days of age, pups
were given S0 ppm of DEN in their drinking water for S weeks. Groups of
these pups were sacrificed at 16, 20, and 24 weeks after the start of DEN
dosing and their livers were examined. The number of liver tumors in the
offspring from Kanechlor S00 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 Llivers of the pups. Those livers contained
Kanechlor 300 residues and electron microscopy showed an increase in the

smooth endoplasmic reticulum of hepatic cells.

Rambow trout were fed 6 ppb of aflatoxin B, (AFB,), or 100 ppm of
Aroclor 1254, or a combination of both for a year (Hendricks, et al.,
1977). At intervals during the year, some fish weré killed. The
remainder were killed at the end of that time. All livers were examined
grossly and microscopically. There were no tumors in those fed a control
diet or Aroclor 1254 alone, and growth was not affected by 100 ppm of
Aroclor 1254. The number of tumor-bearing fish in the group fed AFB.,
plus Aroclor 1254 was significantly reduced (to less than one-half) when
compared to those fed AFB;, alone. There also were fewer tumors per

liver and the tumors were smaller in those fed the mixture.

In the studies cited earlier, Makiura, et al. (1974) also fed combinations
of 500 ppm Kanechlor S00 with 300 ppm of 3'-methyl-4-dimethylaminoazo-
benzene (3'-Me-DAB) or 150 ppm of N-2-fluorenylacetamide (2-FAAd).
Results similar to those when PCBs were fed concurrently with DEN were
obtained. Kanechlor 500 reduced the incidence of liver tumors to zero
from 65% for those treated with 3'-Me-DAB and from 54% for those treated
with 2-'FAA.. However, the effect of PCBs on the tumorigenicity of
3'-Me-DAB appears to depend on the dosing sequence as shown for DEN.
Kimura, et al. (1976) used different sequences to feed groups of rats diets
containing 400 ppm of Kanechlor 400 for six months and 600 ppm of
3'-Me-DAB for 2 months. Some received Kanechlor 400 alone and some
only 3'-Me-DAB. Others received one diet, then the other, after a

2-month interval on control diet. A final group received Kanechlor 400 for
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4 months and both materials for another 2 months. No hepatocarcinomas
were produced by Kanechlor 400 alone or when it was given before or
during the overlap with 3'-Me-DAB. No hepatocarcinomas occurred in
control animals. The incidence of liver cancer rose from 13% in those
receiving 3';&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 DEN or 2-FAA and DEN were administered
with and without Kanechlor S00 at the concentrations stated earlier. The
liver cancer incidence fell from 92% to 8% when Kanechlor S00 was given to
rats dosed with 3'-Me-DAB and DEN. [t 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 m 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 S00 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. Feeding of 2-FAA was without
effect, but that diet plus PH produced a few hyperplastic nodules in the
liver. Treatm_ent with both diets caused an even greater incidence of
hyperplastic nodules and bo‘th diets combined with PH produced a marked

rise in the number of liver nodules.

DiGiovanni, et al. (1977) ‘and Berry, et al. (1978, 1979) studied
Aroclor 1254 in a two-stage mouse skKin carcinogenesis assay to see if it
was a tumor initiator or promoter. The shaved skin of female mice was
dosed with Aroclor 1254 at a level of 100 pg or 625 pg per mouse. _This
was applied alone as an initiator or from S minutes to 72 hours before
initiation with 7,12-dimethylbenz(«a]anthracene (DMBA). One week later,
mice received twice weekly applications of S pg 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 initiator" (DiGiovanni,
1977). Latei-, it was described as possessing "little or no tumor-initiating
properties" (Berry, et al., 1979). While Aroclor 1254 had a negligible
effect on tumor induction when given 5 minutes before an initiating dose of
DMBA, it markedly inhibited tumor induction when given 18 to 72 hours
before DMBA. In other studies, an initiating dose of 200 nmole of DMBA
was applied to the shaved backs of mice. After one week, 100 pg of

Aroclor 1254 was applied twice weekly for 30 weeks. Aroclor 1254 failed to
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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 125¢ (Kerkvliet and Kimeldorf, 1977a,b). Diets
containing up to 800 ppm of Aroclor 1254 were fed to rats of both sexes
for 30 days, after which they were given intramuscular injections of Walker
tumor cells. Nine days later, during which time they continued to receive
Aroclor 1254 in their diets, animals were killed and the tumors were
dissected out and weighed. Mean tumor weights of all Aroclor 1254 fed
groups were significantly reduced as compared to th.ex'.r sex-matched
controls, and the reductions were dose-related to the dietary level of ~
Aroclor 1254. Body weight gain was depressed in males receiving 400 ppm
or more of Aroclor 1254. Females showed reduced body weight at
100 ppm, the lowest level fed to that sex. Intraperitoneal injections of 50
to 200 mg/kg every other day for 14 days after injection of a small
inoculum of Walker 256 cells (l10%) inhibited both the development and
growth of the Walker tumor. The number'of tumor takes and the size of
the tumors were reduced and the tumor latency period was increased.
Body wéight.gam was reduced only at the 200 mg/kg dosage. Alternate
day intraperitoneal injections of 100 mg/kg and 200 mg/kg of Aroclor 1254
after a large inoculum of Walker 256 cells (107) were continued for 60
days. Control animals receiving tumor cells only had 100% mortality by
day 20 with a mean survival time of 13.5 days. Mean survival times were
significantly increased to 17.7 days and 18.9 days for animals dosed with

100 mg/kg and 200 mg/kg of Aroclor 1254, A few animals survived to 60
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days, and four receiving the higher dosage of Aroclor 1251 showed total
regression of their Dbilateral tumors. Tumor growth rates in
Aroclor-treated animals were significantly reduced. Again, body weight
gain was dep.re.ssed, only at the 200 mg/kg dosage. An experiment was
undertaken 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 5 consecutive days before tumor inoculation, on
S days after inoculation, and daily from S5 days before until 10 days after
inoculation. This study was ended 14 days after the initiating tumor
inoculum was given. While all dosing schedules reduced tumor growth,
there were variations in the responses. The greatest inhibition of tumor
growth resulted from dosing animals for 15 days. Almost equally effeéﬁve
were pretreatment and treatment starting with i.noculatio'n of the Walker
cells. The delayed treatment starting after 5 days was least effective as
the tumor had become established. While early treatment reduced tumor
growth, it was less effective in preventing metastases and death of the

animals.

Kerkvliet and Koller (1980) offered groups of male mice diets containing
10, 100, or S00 ppm of Aroclor 1254 for 15 weeks prior to injecting them
with MSB, an established tissue  culture cell line derived from Moloney
sarcoma virus. They measured tumor growth and cell-mediated toxicity
over the next 19 days. A dietary level of 500 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, Aroclor 1242, or Aroclor 1254 for 6 months. About 2 weeks
after being placed on test diets, some mice in each group were inoculated
i.ntraperitoneally_ with Moloney leukemia virus. None of the dietary levels
of any Aroclor arfected, i.e., did not promote or induce, the oncogenesis

of Moloney leukemia virus.

Since PCBs are enzyme inducers, their biological effects resemble those of
other enzyme inducers. Peraino, et al. (1978) noted that phenobarbital
had a specific tumorigenic enhancing effect that was restricted to the
liver. With the exception of the mouse skin painting studies and those in
which tumor cells or a virus were injected, all of the studies in Table 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 observation of Berfy, et al. (1978, 1979) that PCBs did
not promote skin tumors in mice pretreated with DMBA. Peraino, et al.
(1978) refer to a study* in which skin tumorigenesis was not enhanced in

mice fed phenobarbital after skin painting with DMBA.

Lichti, et al. (1978) described the induction of ornithine decarboxylase
(ODC) in mouse epidermal cell cultures by TPA. Aroclor 1254, 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 liver of rats.
After commenting that PCBs '"warrant further investigation into their
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possible action as tumor promoters,” they added that "These compounds
are being tested on carcinogen-initiated mouse skin (T.J. Slaga, personal
communication)". The series of publicacions 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 ' have been offered as hypotheses to aid in
understanding the observations which had been made. This also appears
to be the case for the NCI study on Aroclor 1254 which was reviewed by
the Data Ewvaluation/Risk Assessment Subgroup of the élean’nghouse on
Environmental Carcinogens. That group, charged with the responsibility
of providing a peer review of NCI bioassay reports on chemicals studied
for carcinogenicity, made and accepted a motion to add the following to the
report summary: "Based on the liver proliferative lesions in the treated
rats and published reports, it is suggested that Aroclor 1254 may be a

tumor promoter" (NCI, 1978).

With respect to tumor promotion, Weisburger and Williams (1980) state that
"cerr.a.i.r; 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

minimat. 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 are not carcinogenic, their reported effects in
rodent livers following prolonged exposure in conjunction with an initiator

may be promotion or inhibition.

When administered to animals together with a biological agent, PCBs show a
promoting or inhibitory effect similar to that seen with chemical agents.
Pretreatment with PCBs inhibited the growth of Walker 256 carcinosarcomas
in rats and increased their survival time (Kerkvliet and Kimmeldorf,
1977a,b), enhanced the growth of MSB tumor in mice (Kerkvliet and
Koller, 1978) and neither promoted nor induced the oncogénesis of Moloney

leukemia virus in mice (Koller, 1977).

Mutagenicity Studies

Mutagenicity testing of PCBs has ranged from bacterial systems to intact
animal studies. - A series of studies with eleven bacterial test strains
(Heddle and Bruce, 1977, Hsia, et al. 1978; McMahon, et al. 1979,
Odashima, 1976; Probst, et al., 1981; Sugimura, et al., 1976; and
Wyndham, et al., 1976) are summarized in Table 4. Hsia, et al. (1978)
used bo-th 'pl'.xenobarbica.l and Aroclor 1254 to induce liver enzymes in rats
for preparation of S-9 activation systems. They also tested 4-hydroxy-
2,2',5,5'-tetrachlorobiphenyl and 2,2',5,5 -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 f{rom a

series of screening tests. In addition to the results shown in Table 9,
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bacrterial s:rams wP2, TA100, TAcS8, H-17, M-45, W3110, and TA1978 are
shown in groups in their Table 3 with a text notation that not all chemicals
were tested with each strain. For Kanechlor 300 and 500, such of the
preceding strains as were tested showed a negative response. The group
consisting of H-17 & M-45, WP, try~ (her' & hecr”™) shows a plus sign for
Kanechlor 300. Presumably, one or more of those bacterial strains gave a
positive response. Kanechlor S00 was listed as giving a negative responsa

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 tesAt medium gave over 2000 revertant colonies per plate. The higher
chlorinated biphenyls show very little activity as mutagens”. While
Figure 3 in their article shows their marked increase in revertants for
4-chlorobiphenyl, the same figure also shows results forv Aroclor 1221,
which averages 1.15 chlorine units per molecule. The mutagenicity of
Arocior 1221 is not discussed in the text, but Figure 3 shows that at a
concentration of 100 pug per plate, it produced about one-tenth of the
revertant colonies that 4-chlorobiphenyl did. Thus, a 15% increase in
chlorine content produced a 10-fold decrease in the reported mutagenic
activity. In light of that sharp reduction of mutagenic activity with a
slight chlorine increase, it is difficult to understand the statement in their
text that Aroclor 1254 "was only weakly mutagenic.® Results from

Aroclor 1254 (average of 4.96 chlorine per molecule) are not shown in their
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Table 3, but 2,2',§,5-tetrachlorobiphenyl (average of 4 chlorine per
molecule) was presented. At 100 yg per plate, 2,2',5,5 -tetrachloro-
biphenyl was virtually devoid of mutagenic activity. Overall, primarily
because McMahon, et al. (1979) reported that 4-chlorobiphenyl was not
mutagenic, it can only be concluded that the findings of Wyndham, et al.
(1976) are aberrant. A similar conclusion that the findings reported by
Wyndham, et al. (1976) are unfounded because attempts to repeat them
have been unsuccessful was reached by the State of California (Anon.

1981).

In a variant of this test, Stott and Sinnhuber (1978) used Aroclor 1221,
1242, 1254, and 1260 to induce the mixed funétion oxidase system of the
liver in trout. The submitochondrial fraction of those liv‘ers was used to
activate the metabolism of AFB,; which was assayed for mutagenicity using

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

compared to the concurrent control using untreated trout liver. A general
pattern of decrea_si.ng‘ response with increasing degree of chlorination was
observed, except for Aroclor 1260. Induction of mutagen detoxifying
enzyme systems was suggested as a possible explanation for the apparent
conflict between the reported induction of trout mixed function oxidases
and the decrease in mutagenic activity. These results are consistent with
those of Heﬁdricks, et al. (1977) discussed earlier who reported that

Aroclor 1254 reduced h'epatic rumors in trout fed AFB,.

On the basis of slower sedimentation rates in alkaline sucrose gradients,
Stadnicki, et al. (1979) reported that 2,2',5,5'-tetrachlorobiphenyl (TCB),
a mixture of the 3-hydroxy and 4-hydroxy derivatives of TCB and the
3,4-epoxide of TCB induced single strand breaks in DNA of L-929 cells.
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At 100 pg/ml, each of the three materials caused all of the DNA to come
out in fractions at the top of the gradient. The epoxide caused some
breakage down to 1l pg/ml. The mixture of hydroxy derivatives caused
significant brlea‘kage at 20 pg/ml and only slight breakage at 1 and
10 pg/ml. TCB8, the least potent, caused lesser breakage at 20 pg/ml and

was without effect at 1 and 10 pg/ml.

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

Drosophila melanogaster fed Clophen 30 and Clophen 50. These PCB

mixtures were without effect on the loss of sex chromosomes used to
measure chromosome breaking action and nondisjunction of the sex
chromosomes. Tazima (1980) has described a specific locus test using the

silkworm (Bombvx mori). Neither Kanechlor 300 nor Kanechlor 500 showed

mutagenic activity in that system.

Hoopingarner, et al. (1972) induced mitosis in cultured human lymphocytes
with phytohemagglutinin and treated them with 100 ppm of Aroclor 1254.
There was no effect on the mitotic index, satellite association, chromatid

gaps or chromatid breaks in comparison to control human lymphocytes.

Odashima (1976) also ‘studied the incidence of chromosomal aberrations.
Their Ln vitro test used Yoshida ascites sarcoma cells cultured for 6 to 72
hours in the presence of PCBs at concentrations producing a minimal or
S0% growth inhibition. Kanechlor 300 gave a positive response and
Kanechlor 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 500 was positive and Kanechlor 300 was negative. They noted
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that chromosomal aberrations frequently occurred in controls and that
chemicals were called positive wnen they induced more than twice the

aberrations in controls.

In a Syrian hamster cell transformation system (Pienta, 1980), Aroclor 1251
was one of several chemicals tested double-blind. It gave a negative
result. Mouse embryo fibroblasts also have been exposed to different
PCBs. Nesnow, et al. (1981) studied the cocarcinogenic action of agents
which increase microsomal mixed-function oxidase activity in the
C3H10T%CLS8 transformation assay. After a 4$8-hour pretreatment with
Ar_oclor 1254, cells were then treated with benzo(a)pyrene [B(a)P} and the
agent for an additional 24 hours. Aroclor 1254 did not increase
B(a)P-mediated transformation and no Type II or Ty;;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 -

[II foci. A clone from a focus transformed by Aroclor 1254 induced sar-
coma formation when inoculated in irradiated mice. Foci from Aroclor 1260
and 2.4-,5,2';4',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, howevser, 2,4,5,2',4',5'-hexachlorobiphenyl
produced neoplastic liver nodules, not hepatocarcinomas (Weltman and

Norback, 1979).
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Wong, et al. (1979) claimed that 4-chlorobiphenyl induced an increase in
unscheduled DNA synthesis in Chinese hamster ovary cell cultures in the
presence of hydroxyurea, a chemical agent which suppresses normal
replicative D.\'.?\ sy‘nthesis. Few details were presented regarding the
validation and reliability of their test system. By contrast, Aroclor 1254
gave a negative response in an unscheduled DNA synthesis in primary
cultures of adult rat hepatocytes (Probst, et al., 1981). The latter
authors presented results of an extended series of compounds tested in

their system.

Danz and Urban (1980) have proposed using the mitogenic response of the
rat adrenal cortex after dosing the animals with a test substance ”as a
short-term test for evaluating the ‘promoti.ng action of chemical compounds.
Clophen A60, Delor 103%, Delor 106%, and Phenoclor DP6 all géve 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 origin were scored. The 6 control
embryos had a mean aberration rate of 0.8% (0-2.0). The aberrat‘ion rate
in 17 embryos from Aroclor 1254 treated birds was 1.8% (0-9.4). In the
latter group, there was one chromosome rearrangement, 13 embryos with
aberration rates exceeding the m‘ean 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 S days of incubation, eggs were

- 99 -
SCM 019681

090365

WATER_PCB-SD0000012952



injected with coicemide, incubated an additional 45-60 minutes. and
embryos were harvested for examination. There was a high degree of
early embryonic death, and a few live embryos showed drastically recarded‘
development wicl_uout malformation. The first five pairs of chromoscmes,
constituting over 33% of the chromatin material per cell, were examined for

detection of clastogenesis. There were no chromosomal aberrations.

Heddle and Bruce (1977) injected mice with Aroclor 1254 for five consecu-
tive days and then examined bone marrow preparations for chromosomal
breakage and sperm cell preparations for 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 1254 was judged to be neither carcinogenic or

mutagenic.

Dikshith, et al. (1975) gave male rats oral dosages of 50 mg/kg of
Aroclor 1254 on each of 7 consecutive days. Animals were killed at
intervals over the next 3 days. Those scheduled for cytogenetic analysis
were injected with colchicine 2 hours before killing, after which time the
seminiferous tubules were prepared for such study. At autopsy of the
other animals. testis, epididymis, and liver weight were recorded and
sections ‘were' prepared for microscopic study and histochemical determi-
nations. Livers were markedly enlarged and showed a significant increase
in weight compared to controls. There were no differences in body weight
or weight and appearance of testis, epididymis, or vas deferens between
control and treated rats. Aroclor 1254 treated rats showed a few meta-
phase figures with abnormal chromosomes whch appeared to be sporadic

and not specific to any one type. Histological examination showed testis
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and epididymis from Aroclor 1254 treated rats were comparable to controls
although interstitial cells were increased in Aroclor 1254 dosed rats.
These cells showed an increase in acid phosphatase activity. The authors
concluded that they "found no evidence to suggest that Aroclor 1254
causes significant chromosome damage or histopathological changes in the

rat testis."

Similar studies were conducted by Green, et al. (1973, 1975a) wiho 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 1
hours before sacrifice which occurred about 24 hours after the single dose
or the series of doses. There were some body weight losses and some °
deaths occurred. Bone marrow from rats dosed with both PCB mixtures
and spermatogonial preparations from Aroclor 1242 treated rats were
prepared for cytogenetic study. Repeated dosages of 150 mg/kg and
300 mg/kg of Aroclor 1254 produced decreases in the number of mitoses in
bone marrow cells. Repeated dosages of 75 mg/kg of Aroclor 1254 and all
dosages of Aroclor 1242 were without effect. Neither PCB mixture at any
dosage produced a significant number of chromosomal abnormalities in bone
marrow. cells.' At the lower dosages, Aroclor 1242 did not affect mitoses of
spermatogonial cells, but 5000 mg/kg or 4 dosages of 500 mg/kg
significantly reduced the rate of cell division. No dosage of Aroclor 1242
produced cytogenetic abnormalities in spermatogonial cells. The authors
concluded from their studies that Aroclor 1242 and Aroclor 1254 did not
possess mutagenic potential. Garthoff, et al. (1977) fed male rats diets

containing 5, 50, or 500 ppm of Aroclor 1253 for 5 weeks, after which they

-3 SCM 019683

0N0367

WATER_PCB-SD0000012954



examined bone marrow and testis samples. There was no significant
difference between 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, 1976),
albino mice were given single intraperitoneal dosages of S00 or 1000 mg/kg
of Aroclor 1242, Aroclor 1254, or Aroclor 1260 and mated on successive
weeks to virgin females. There was no evidence of mutagenic effects.
Although details on their studies are limited, their results are in general
agreement with those from another dominant lethal study in rats conducted
by Green, et al. (1975b) with Aroclor 1242 and Aroclor 1254. The forr;1er
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. A}oclor 1254 was given orally
in five daily dosages of 75, 150, or 300 mg/kg. After dosing, they were
mated with untreated females for 10-11 we'eks. Another group of rats was
given 150 mg/kg of Aroclor 1254 for five successive days and starved
overnight before admittance to females. Other male rats were offered diets
containing 25 or 100 ppm of Aroclor 1254 for 70 days, then mated with
untreated females for one week. TEM (triethylenemelamine) was used as a
positive control. There was a body weight loss and some deaths occurred
in a few groups. Neither the oral dosing nor the dietary feeding of
Aroclor 1242 or Aroclor 1254 had any effect on the number of implantations
or the number of dead implantations per pregnant female while TEM
produced significant postimplantation losses in weeks 2, 3, and 4. These
authors noted that the reduction in the number of dividing spermatogonial
cells reported earlier for Aroclor 1242 (Green, et al., 1973, 1975a) did not
impair the reproductive performance of male animals.
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Review of the various mutagenicity tests and their results promgts three
comments. Chlorinated hydrocarbons do not generally give positive results
in Salmonella strains. Therefore, the mutagenic responses with TAl538
(Wyndham, et al. 1976) are either aberrant or else the response is,
indeed, Limit;ea tb essentially monochlorobiphenyl. The degree of
correlation between in vitro mutagenicity tests and carcinogenicity depends
upon the initial classification of the test materials. Pienta (1980) classifies
Aroclor 1254 as a non-carcinogen. Rinkus and Legator (1980) regard
Aroclor 1254 and Kanechlor S00 as having known or suspected carcinogenic
activity. Odashima (1976) and Sugimura, et al. (1976, 1977) consider
Kanechlor 500 to be c_arcinogenic and Kanechlor 300 to be
non-carcinogenic. Apart from the difficulties they present for correlation,
these different opinions about the carcinogenicity of PCBs; are a reflection
of what data these individuals considered and how they evaluated those .
data. Finally, in light of the large number of tests conducted to evaluate
various mutagenic parameters, it is not surprising that an occasional
suspicious or positive finding resulted, simply on a statistical basis.
Those occurred in in vitro systems. In vivo tests gave negative results
and provide a basis for concluding that ambient levels of PCBs 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 epidemiological data provide
suggestive evidence of a relationship between exposure to polychlorinated
biphenyls and the development of malignant melanoma. ...for practical
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purposes, polychlorinated biphenyls should be regarded if they were
carcinogenic to humans" (IARC, 1978). The other states "No conclusive
evidence has thus far been reported which demonstrates that occupational
exposure to PCBs has caused an increased incidence of cancer"
(Kimbrough, 1980). The latter author then proceeds to discuss the study
by Bahn, et al. (1976). Among the references for these 2 reviews are
NIOSH (1978) which has the following comment on the Bahn study, "PCB
exposure histories were based on recollections of two company employees.
Exposures to other chemicals could not be ascertained.----To correct these
deficiencies in the preliminary study, a more intensive investigation is
being conducted (B.N. Kightlinger, written communication, November
1976). A substantial change has occurred in the cohort since releas:e of
the preliminary report by Bahn apd her coworkers, and it seems Iikelf
that the findings on this new cohort will differ significantly from those of -

the preliminary study. The final report is not yet available.”

Recently, Gaffey (1981) reviewed and evaluated existing reports concern-
ing health effects and exposure to PCBs. . The reports he discussed dealt
with diverse potential health effects. With respect to liver effects, he
concluded that "Alterations of liver function and fat metabolism associated
with PCB exposure ha.ve been observed in several studies, but are

characterized by investigators as mild and ‘of no clinical significance."

He also concluded that "Mortality studies concerned primarily with cancer
present problems of interpretation due to the small sample size of some of
the studies, and to the confounding effect of other exposures. However,
they do exhibit a pattern, which is that none of the studies agree on the

cancer sites at which an excess mortality was found, and the excesses that

-3 SCM 019686

ona70

WATER_PCB-SD0000012957



were found are-in general not statistically significant. One must conclude
that the findings of the d:orta.'.ity studies reflect a sporadic pattern of
excess mortality act different sites which is not consistent with a
carcinogenic effect of PCBs. In addition, where an examination of
duration and latency of exposure was possible, no association with these

variables was found (32]7.

"Taken as a whole, the epidemiologic studies find that high occupational
exposures to PCBs may cause dermatitis of various kinds, but that 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 view of the difficulty
of deciding whether a "suspect" carcinogen is in fact a weak carcinogen
or in fact harmless, we point out one aspect of this scientific judgement
which, though well known, is often lost sight lof; namely, that in prin-
ciple, it is more likely that a non-carcinogen will appear to be a weak
carcinogen than the reverse. This asymmetry should be fully appreciated
by legiglator.s and regulators. [t 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 varidus

systems has failed to establish that PCBs are carcinogenic. However,
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presently available rodent data raise some suspicions and lead to disputes
about the carcinogenicity of PCBs. Attempts to compare and evaluate
results of rodent studies reported in the literature are complicated by
different wuses  of similar terminology and variations in the criteria
employed for Vciiag‘nosi.ng' hepatic tumors in rodents. Co-carcinogenesis
studies have reported both promotion ;nd inhibition of tumors in rodent
livers following prolonged administration of PCBs in conjunction with
an 1initiator. Thus, it is r;ot likely that animal studies and other
laboratory procedures will lead to a universal consensus on the carci-

nogenicity or non-carcinogenicity of PCBs.

While epidemiology studies of humans exposed to PCBs present problem§ of
interpretation due to their sniall 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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Farber, E. (1973). Hyperplastic liver nodules. In:Methods in Cancer
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See reference: Squire, R.A. and Levitt, M.H. (1973).
See reference: NCI (1978).
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TABLE 1

PCBs: TabulaLion of Liver Nodules Reported in Mice!

PCR llepato-
Approx. ‘Dosing in diet No. Nodular cellular
we. % Ci2 Product Strain Duration (ppm)  Animals llyperplasia llepatoma  Carcinoma Refereance _
52-54 Aroclor 1254 BALB/cJ -6 mos? 0 34 - 0 - Kimbrough
300 24 - 1 - + Linder (1974)
11 mos 0 24 - 0 - ‘
300 22 - 94 - .
Kanechlor 500 dd 32 weeks 0 6 0 - 0 Nagasaki, et al.
100 12, 0 - 0 (1972) -
250 12 0 - 0 Ito, et al. (1973a,b)
500 12 7 (-)3 58 -
Kanechlor 500 dd 32 weeks 0 20 - Co- 0 Nagasaki, et _al.
100 18 - - 0 (1974, 1975)
250 20 - - 0
500 17 9 - 78
Kanechlor 500 dd’ 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 wecks 0 0 T - - 0 Nagasaki, et al,
100 17 - - 0 (1974, 1925y~
250 19 - - 0
wn 500 20 - : - 0
2 .
Kanechlor 400 dd7? 32 weeks 0 12 - - 0 Nogasaki, ot al.
o 100 20 - - 0 (1974, 1975) 7
° 250 20 - - 0
o 500 17 - - 0
[+ 4] —_ — - ————m——— tam e e o= —— -

WATER_PCB-SD0000012969



- £8e0LO

TABLE 1-continued

PCBs: Tabulation of Liver Nodules Reported in Micgl

PCR ltepato-
Approx. ‘NDosing in diet No. Nodular cellular
wt. % €12 Product Strain Duration  (ppm) Aunimals Hyperplasia Hepatoma _ Carcinoma _ Relereure _
40-42 Kanechlor 300 dd 32 weeks 0 6 0 - 0 Nugasaki, ct al.
100 12 0 - ) (1912) T
250 12 0 - 0 lto, et al. (1973a,b)
500 12 0 - 0 _ ‘.
Kanechlor 300 dd 32 weeks 0 20 - - 0 Nagasaki, et al.
100 19 - - 0 (1974, 1975y
250 19 - - 0
500 20 - - 0
Kanechlor 300 dd’? 32 weeks 0 12 - - 0 Nagasaki, et al.
100 19 - - 0 (1974, 1975) 777
250 20 - - 0
SN0 20 - - 0
! Males, except as noted. & Apparently same data repocted as nodular hypecplasia
2 From Brinkman and deKok (1980). and hepacellular carcinoma or Lumor. See references amd
3 Jleld an additional 5 months before sacrifice. text.
4 No. of animals. One had 2 hepalomas for a tumor total of 10. .7 Females.

§ Apparently same data reported as hepatoma and hepatocellular
carcinoma. See references and text.
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pCH Hlepato- tho-

Approx. Dosing in diet No. Adenouatous Nodular Neojlastic cellular langio-
wi. 1 C1' Product Strain Sex Dugation (ppw)  Ammals _ Nodules  Myperplasia _ Nodoles  Adenows Hepatves  Caverpoms  Nepatims  Helecene
60 Araclur 1260 Sherman F 21 mos.? (1] 171 - - 0 - - [} - Kombrough,
100 184 - - 144 - - 26 - et al. (19
Aroclor 1200 Charles M, 24 mos. 0 27 ‘- 1 - - ] - 0 Livanukas o
River ¥ “lJ j;u - (7) - - [} - 1] (1981)
p - - - ) - u
100 25 - [ - - 7 -
2,2 ,4,4%,5,5- - ~ 24 mos. 100 - - - + - - - - Weltwh &
Hexacblocobiphenyl? Nurback (1474)
$2-54 Acoclor 1254 Charles !!. 24 mos. 0 23 - 1 - - 0 - '] levinskas
River ¥ “; 1252 - g - - g - o (1981)
- - - - o
100 26 - 14 - - 4 - 2
Aroclor 1254 ;‘::cllar H 105 weeks 2(; f: - ) - g - l‘; - NCI (14974)
50 24 - - - 0 - | -
100 24 - - - ] - 2 -
Aroclor 1254 ;‘izrln:r F 105 wecks 22 jz: - - - 3 - - - NCL (1974)
50 22 - - - ) - - -
100 24 - - - 2 - - -
g Aroclor 1254 Local F 28 mos.® 0 4 - - - N} - - - Wasse huon,
200 L - - - N -
z ) - - ceoall (1)
Kavechlur Wistar M 28-52 wks 0 'H - [V} - - - . - - fhe, vl
o 500 (I3} 24 - " - - - - - (I'I;L)
— .
o 1) i - N . - - - -
= 1o 1) by - - - - -
o e ean - e,
o
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TABLE 2-continued
PClts: Tabulation ol Liver Nodules Reportyd in Ruts
PCU Hepata- Cho-
Approx. Dosing  in diet Na. Adcwomat ons Nodular Neoplastic celbolar langru-
wi. TC1Y _Product_  Strain _Sex Burablion __(ppe)  Awiwals | Nedules o Mypesplasis | Nedeles | Adepona Uepstoms Cavgvnome Bepatoms  Keleoeno
48 Kanechlor Donryw H  22-62 wks 38.5- 5 0 . = - - - - Kimuia ¢ Haby
Lub bLlb 10 0 .- - - - - - (171
¥ . 5 0 - - - - - -
1] [ - - - - - - .
Kanechlor Wistur N 28-52 wki 0 1.} - ] - - - - - Ttu, »1 ol
100 13 - 2 - - - - - )
St ] - [{] - - - - -
1040 W - 3 - - - - -
40-42 Aroclor Charles M, 24 wmos. ] 2 - 1 - - " - u Iavinnkan
12462 Miver ¥ | kY] - ) - - 0 - 1] (ivnsl)
10 29 - I - - [} - 1)
100 19 - 8 - - - 1
Kanechlor Wistar M 28-52 wky 0 18 - 0 - - - - - Ite, »t al.
100 22 - 1 - - - - - iv14)’
su0 19 - [} - - - - -
1000 15 - [1] - - - - -
2,2',5,5'~tetra~ -~ -~ 24 wos. 100 - - - - - - - - Weltwan &
chlorobiphenyl? Nuthatk ((979)

From Brinkman and deKok (1980).

Ueld an additional 2 wonths beloure sacrilive.
Abstract. Betarle liwited.

'reaciie reportend.

Libanol asluiiou on sl cuking water.

v e wN -
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TAULE 3

SUMHARY_ OF CO-CARCINOGENESIS STUIIES WITH PGl

Other

Product Hode Time Treatment ! Hude
Kenechlor 400 Dict With 20-Helly Hlp;;:;-“_.

ampi) aut
Kanechlor 500 et With w-BIC Biat
Kenechlor SO0 Met With f-piic Brue
Kanachlor 400 Diet With a-Bic DieL
Kanechlor 500 Diet With DEN Water
Kanechlor 500 Gavage Afrer DEN Water
Aroclor 1254 Diet After DEN Waler
Kunechlor 5002 Gavage Beloce DENZ Water
Aroclor 1254 Diet With AFH, Diet
Kangchlor 500 Neel with 2-FAA Dret
Kanechlur 500 Orer With 3 ~He-DAD et
Kancchlor SO0 Dict letore 3'-He-hai i
Kanechlor 500 e Alter 1! -He-HAN et

Species

Observations

dil wouse
i mause
dd wouke
dil wouse
Sprague-

Dawlaey ral

Wistar
ral

Spragues
Dawley ral
Wistar

rat

Rainhow
lLrout

Sptagucs
Dawley rat

Spragnes
Hawley rat

Spsugue=
Dawley (at

Sper e
buwiey 10

Hepatoce )l lular varcinoms with 20-Helh.

None wiith cowbinatton,

Combination 1nceeased bepatocel hular
carcinoma over w-hiiC slone.

Combinat lun praduced hepatocel lular
carcinowa. Esvh slone qegative.

Combination fucreused hepatucel tular
carcinoms ovor a~ilC sfone:,

Hepatocel lulur carcinomu with DEN.
None with combipatiocn.

Cowbinstion increaned hepatovcllular
carclnomes uver NEN ulous,

Comblnution incresvell heputoc:llular
carcinume uver BEN alone.

Comhination decreaserl hepatorellular
carcinums 10 oflapring.

Hepatocel lulur carcinoms with AFHy.
Nowe with combinaton.

Hepatacellular carcinoms with 2-FAA.
Nohe with combination,

Nepatocel lular carciveme with 3'-He-LAll.

‘Nune with vcowbination.

flepatocel inlar carcinuma with 3 =He=hAN.

Nocorr st conditleat 1on.

Comboinal v Jncieased logadoced lalay
Vo v uvet 3l BAR Wl

Kel.

Uchiysma, aad Chiba, 1974
Tra, c1 al. 19204, .
Naganaka, et al. 1926, 194
Tva, ev al. 19234,
Nagasaki, et al. 1924, 1975
Nagasaki, et al. 14974, 19/5
Hokiura, et 4. 1974
Nishizuni, 1976, 19794, b
Preston, et al, 19H1
Nishizumi, 1980

Hendricks, et al, 1977
Hakiura, ¢ ol 124
Hakivva, et o1, 1974

Komtra, U wl. 1970

Kimntna, ol ol 4%/

Kousew, ¢ wl  44sun
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2Ry,

Other
Product Hode Time Treatwent !
Kanechlor 500 Diev With 3* -He-DAY
+ DEN
Kanechloc 500 Dict With 2-FAA + DEN
Kanechlor 500 Gavage Alter DEN
& Wilh (1117}
Kanechloc 500 Gavage After hEN
& WiLh -1Y1]
Kanechlor 500 Guvage Alrer DEN
& With sre, T
Unspecified biet Aler 2-FAA
Kenachilor & With Partial
hiepat ectomy
Aroclor 1254 Skin After 7,12-DHBA
Avoclor 1254 Skin Before TEA
Aroclor 1254 Skin Before 1,12-DHUA
+ TrA
Aruclor 1254 Bicr Belure Walker 2456
Lamor cells
Atuclur 1254 Dict Belore HSB cellu?
Ao lur 1254 Diet Herawe Huluuey
Levkewy
Vitnus

TABLE B~contiuued

SUNHARY OF _CO-CARCINOGENESYS STUBIES WITH Pells

Hude

Species

Dict
Diet
Waler
Gavage

Walur
Walec

Water

Water, Lavuge

Diet

Skin

Skin

Skin

latra-
muacular

Tatra~
nustulur

tntga-
pervitanal

Spraguc-
Bawlcy rat

Sprague-
Dawley rat

Wistar

Fal

Wistar

ral

Wistar
rat

Fischer
rat

CIM mouse

CNl mouse

LDl wouse

Sp apue-
Dawley eut

N2/t

balbi/

oz

Observat ions

Coubdinal ion decreased hepatocellolary
carcinows over 3°-He-DAB ¢ NEN.

Couwbination decreasced hepatovelinlar
carcinoms over 2-FAA t DEN.

Combination increascil lupatoceltular
carcloome uver DEN « DIF.

Combluution increavul hepatocel lular
carcinome over DEN ¢ SPH.

Combinstion inrrensed hepatocellular
carciouma uver DEN, SPB, + DIT.

Harked Increase In hyperplastic

tiver audnlos.

Not & prowotur of wkin tuwmors.

Little or no skin tumor hwatiation.

No dilference or decrcase 1n skin Lowaer
tduction over 1,12-DHIA & TPA,

depending on pretrestment inlaeoval.

Tumar greowth ionhilited,
Survival Lime ncreasad.

Enlianced growih ol HSIE Loy .

Did wat wtdent aitogeiezae o toelooey
teubhcund vions.,

Re:l .

Hakiura, -.-l'.' |I I‘)I_ln“
Hakiuwra, ct ol. 1974 .
Nishizmwur, 19794,b
Noshizmmi, 19793,0
Nrshiizums, 199a, 0

Ito, eL_gl. 1978

Berey, eL oal, 1978, 1929

Hercy, e oal. 1979
DiGiovanni, ¢t al. 192

Berry, ¢t ul. 1974
Giovanar, ¢t al. 197
Keckv et aad

Koame Ldovs, 19770, 4

Kerkvicet and Katteo, 1974

Kol leo, 191274
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TABLE _3-continued

SUMHAKY_OF CO-CAHCINOGENESIS STUIES WITI PG

Other
Product Hode Time Trestment ! Hode
Aroclor 1242 Mt Helore Hicdoney Intea-
leakemia pea tloncal
Virus
Aroclar 1221 Miet Belore Holouey lutva-
leukcwia

virus

pesitoncal

Species Observalions Red
alh/c Rid not allect oncogenesis ol Hoeluiey Kalter, 1977
wouse feakimwia virus.

Ball/e Did nol atfect oncogeunsis ol Holoney Kollee, 1977
wounL leulvmia virus,

'Chemicaly used:

20-NeCh = 20-methylcholanthrens

a-BIIC » a-benzens hexachloride

8-BlIC = f-benzene hexachlaride

LEN = diethylniLrosamine

AFB, = allatoxin B,

2-FAA = N-2-fluorcaylacetuamide
3°-He-DAN = 3'-methyl-4-dimecthylaminoazobenzene
LOT = dichloradiphenyltrichlocoethane
SPB = sodium phenobarbital

7,12-DbA = 7, 2-dtwethylbenzlafantkracrue

THA = 12-0-tetradecanoylphoibu) -13-acetate

2)ceguant dams dosesl with Kanechlor 400,
Oftspring dosed with DEN.

IEstablished tissue culture cell line derived

from Molunwy sarcomu virus-induced luwors in
hé mice.
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TABLE 4

Tester S. typhiowesom
Strain €3076 D3052 G4é TA98 TAN00 TAI000 TAL535 TALS16 TAISY? TAISIH
Product - et T e e e
AROCLOR 1268 . . . . . . . . . Neg.
AROCLUN 1254 Ney. Neg. Neg. Neg. . Neg. Neg. . Neg. Neg.
AROCLUR 1254 e o L4 Neg. Neg. L4 Neg. . Neg. (]
AROCIOR 1254 ° o . . . . . . o Pos
Kanechlor 500% e o . . . . Neg. Neg. Neg. Neg.
Kenechlor 500 LI U Neg. Neg. . . . 3 .
2,2',5,5~tetra~

chilorodiphenyl . o 3 . . L3 . . - Neg.
2,2'5,5'-tetra~ \

chlorobiphenyl e o . Neg' Neg . Neg . Neg' .
Kanechlor 3003 e o . . . . Neg. Neg. Neg. Neg.
Kanechlor 300 o o . Neg. Neg. . . ] . .
AROCLOR 1221 o o L4 . . . . . . . Pos’
4-chlorobipheny! e o L] . . . . . L] Pus'
&-chlorobipheanyl Neg. Neg. Neg. Neg. Neg. . Neg. . ~ Neg.

T ALY Lests done wilh aud vithoul microsomal activalion except as noted. -
2. Ulher strains lested, sce Lext and relervoce.

. = Not testud,

Neg. = Negalave.

Nc‘u = tnly testedd withoul activaton.

Neg' = Unly tested wilh avtival s,

Fau' = Positive oply with avbival i,
)

Paa' = lnverntalp, tiae feat.

ity Tests

Neg.

_E.ocoly

wp2 Wi'2 uvrA® Rel .

L4 . Wyndham, ¢t al. /o
Neg. Neg. Peobst, et at. 1981
. . Heddte and Hruce 1914
L3 . Wyndhawm, ¢t _asl. 190
. . Odashima, 1926

Ncg.n . Sugiwuca, et al, 19/¢
. L4 Wyndham, et al. 19/u
. ° Ussa, ¢t al, 1uld

O . Oilasliwe, 1926

Neg.u L4 Sugimura, et al. t9lu
L4 L] Wyadhaw, et al. 1976
. . Wymdham, et al. 1970
Neeg Neg. HeMalon, et sl 1979
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INTRODUCTION

|
]
! Polychlorinated biphenyls (PCBs) are chemical compounds with the empirical |
formuta Cj3H,0.Cla, With n = 1-10. They are a mixtre of chlorinated i
biphenyl congeners. Theoretically, 209 such congeners are possible, but at )
least 20 congeners have never been identified in commercial products. In |
addition, PCBs may contain polychlorinated dibenzofurans and chlorinated - !
: quaterphenyls as impurities. PCBs were discovered before the tum of the i
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-
ity of these compounds.

In recent years many industrial nations have taken steps to control the flow
of PCBs into the environment. PCBs and PCB-containing formulations are
restricted (an exception is sometimes made for mono- and dichloro-PCB) for

~ most uses, except for categories such as closed-system electrical equipment
: and hydraulic fluids in mining equipment.

i Commercial production of PCBs began in the United States in the late !
‘ 1920s. [n 1971, Monsanto Chemical Company voluntarily stopped open- |
}

e e ——

T ——

ended uses of PCBs, and subsequently only the lower chlorinated biphenyis

“"The US Government has the right to retain a nonexclusive, royaity-free license in and to any ;
copyright covering this paper. i
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were produced (Aroclor 1242 and 1016). In 1977 the company ceased produc-
tion entirely (2). Many PCBs manufactured in the past (3) are still in use in
old transformers. but even this use is decreasing. The estimated cumaulative
production and consumptinn of PCBs in 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 environmeni and
in organisms. They have been identified in indoor air (4) at concentrations of
0.1 pg/m? (5). in fish (6, 7) and other food products, and in sediments from
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 occur naturally.
Thus, their presence in the environment is linked with human activities, and
concentrations arc higher in urban and heavily industrialized arcas than in
rural and remote areas. However, trace amounts arc 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 thai contain PCBs, however, are still
in use. Results of laboratory experiments showed that pyrolysis of PCBs at
temperatures of 200-600°C could result in the formation of significant
amounts of the more toxic polychlorinated dibenzofurans (PCDFs) (11).

In February 1981, an electrical firc occurred in a New York State office
building in Binghamion, N.Y. The fire, which originaied in a switch gear in
the basement, caused the bushings 10 crack on a nearby transformer. About
180 gallons of PCB dieleciric fluid Pyralon (65% Aroclor 1254, 35% chlorin-
ated benzenes and lrace additives) were lost. A fine layer of vily soot covered
many of the intermal surfaces of the 18 floors of the building. Analysis of a
soot sample showed that it cc d various i s of chlorinated di-
benzofurans, 2.3,7.8-teirachlorodibenzodioxin, other chlorinated  di-
benzodioxins, and chlorinated biphenylenes. Some of these chemicals are
much more toxic than the PCBs. Because of these findings the Binghamton
state office building was closed, and workers wearing respirators and pro-
tective clothing began an extensive cleanup of the building. The cicanup
operations lasted four years, and the cost has been enormous (12). Since then
several other transformer (ires have occurred. These fires have not resulted in
as much contamination as the one in Binghamton, partly because the
transformers in the other fires were usually located in a separate.vault (13).

The problems with polybrominated biphenyls (PBBs), which are also a
mixture of chemicals. have heen quite different. In 1970 a chemical company
in Michigan manufactured polybrominated biphcnyls as lame retardants. The
same company also produced magnesium oxide. a chemical commonly mixed

HUMAN HEALTH EFFECTS OF PCBs & PBBs 89

into feed for livestock. The flame retardant was called Firemaster and the
magnesium oxide, Nutrimaster. In 1973 some bags of Firemaster were
accidentally sold as Nutrimaster and mixed into animal feed. This resulted in
widespread contamination in the state of Michigan (14). Since 1974 PBBs
have noi been produced in the United States, At the time of the exposure little
was known about the toxic effects of PBBs. Ten years after the Michigan
residents were exposed, no clinical illness has been causally linked to PBB
exposure in this group, although chloracne was apparently noted in some
workers who manufactured PBB.

HUMAN EXPOSURE

Because PCBs are ubiquitous and very persistent in the environment, humans
have been and will continue 10 be exposcd 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 arc primarily
exposed to PCBs by consuming fish from contaminated waters (9). In the
past, some farm families were exposed to PCBs from dairy products; these
PCBs originated from coating material used in the inside of silos (15). In
addition, workers who repair transformers and workers who handle toxic
wasles may also be exposed (16).

The PCB products that were manufactured by Monsanto in the United
Siates had the trade name “Aroclor.” The particular kind of Aroclor is
ideniified by a four-digil number. The first two digits refer to 1he 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,
ahout 60% chlorine.

The composition of this mixturc of chemicals, with different properties,
changes once it gets into the environment and into organisms. Some com-
ponents of the mixture are more casily degraded in the environment than
others. As a result the PCBs identified in the environment resemble Aroclor
1254 but are not identical to it. Similarly, the PCB mixiures found in humans
usually resemble Aroclor 1254 if exposure occurred primarily through the
environment. A different composition of the PCBs may be found in serum or
adipose tissue samples from occupationally exposed workers. For instance, if
the workers arc primarily exposed to Aroclor 1016 or Aroclor 1242, which
contain much less of the more highly chlorinated homologs. then their
gas-chromatographic pattems resemble a combination of Aroclor 1016 or
1242 and Aroclor 1254. For this rcason Smith et al (17), in evaluating
occupational exposure, divided PCBs into high and low chlorinated
biphenyls. The gas-chromatographic pattemn of the PCB mixture preseni in
humans can be used 10 determine whether the exposure occurred primarily
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through occupation or through the environment, or, in the case of occupation-
al situations, whether most of the exposure was recent or occurred many years
ago.

Although 93% of the US population cats fish, the average annual per capita
consumption is small: 15 Ibs. per year (6. 7). If PCBs are to be quantitated in
fish, the edible portion rather than the whole fish must be examined. Because
of their lipophilicity, PCBs are preferentially stored in the hepatopancreas of
the fish, giving eroneously 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 whe lived in Michigan during the
1973-1974 period have low-level PBB body burdens (18). The greatest
degree of contamination occurred mainly in areas with contaminated farms;
this segment of the population still has appreciable body burdens (19).

Since PBBs and PCBs are lipophilic, they are preferentially stored in
adipose tissue. They arc 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 between adipose tissue,
blood, and vital organs are influenced by exposure level, sex, age, length of
exposure, and also by whether exposure is curment. At very low con-
centrations an analytical imprecision influences the ratios much more than at
higher concentrations (19). Sincc human milk is relatively easy to obtain, it
has been used to monitor human exposure. Jensen (20) recently summarized
results of such monitoring studies. Average levels of PCBs below 2 ppm
(mg/kg) in milk fat have normally been found, alihough women living in
heavily industrialized urban arcas may have higher levels, The fat concentra-
tion in human milk averages 2.6-4.5% (21). At 2% fat, | liter (1) of milk
would contain 0.04 mg or 40 ug if the PCBs were present in milk fat a1 a
concentration of | ppm. If an infant weighed 5 kg and imbibed 750 mi of milk
per day, it would take in about 6 pg/kg, a dosc that excceds the 1.5 pg/kg
dose calculated as acceptable by Cordle ct al (6). At 1% milk fat this dose
would be reduced to 3 pg/kg. As the infant gains weight, the dose on a
kilogram body weight basis will be reduced to some cxtent, however; milk is
the sole food source for only about six months. After the first week, the daily
milk intake is cstimated to be 150 mikg 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 persons, particularly in industrialized countries, have had some expo-
sure to polychlorinated biphenyls even if they do not eat fish. The con-
centrations at which such exposure presents a risk are not clear. Recently,
Cordle et al (6, 7) calculated the dose of PCBs to people consuming fish from
Lake Michigan. They concluded that persons cating Lake Michigan fish
ingested an average of 46.5 mg of PCBs per year; this amount ranged from
14.17 to 114.31 mg/year/person. The calculated mean daily dose received by
the exposed group was 1.7 pg/kg/day and ranged from 0.09 to 3.94 pug/kg/
day. Thus, the average sports fisherman consuming contaminated fish would
receive a total PCB dosc equal to 200 mg in about 4.3 ycars. No adverse
health effects or groups of symptoms clearly related 1o PCB exposure could be
identified in this exposed group. The presence of PCBs in the exposed persons
has not caused any observable adverse health cffects 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 containcd PCB residues and that the residues ranged from trace
amounts to S ppm (mg/kg) based on fat level. The public health significance
of PCB residues in human breast milk and their effects on breast-fed infants
are unclear. Since there are no human data on which to base public health
policy, risk predictions for PCBs have been bascd on results from animal
studies, particularly the positive bioassay studics. Reviewing these daia,
Cordle et al (6, 7) concluded that a 2-ppm (mg/kg) tolerance for PCB in fish
be established, sincc a 1-ppm (mg/kg) tolerance docs not greatly reduce the
estimated risk,

As previously mentioned, some of the isomers of the PCBs and PBBs are
much more easily degraded or metabolized. Because they can be metabolized,
they arc more casily excreted. Others may be reiained in the body for long
periods: in general, the PBBs appear to be more persistent in human tissues
than the PCBs (19, 22).

POLYCHLORINATED BIPHENYLS

Background

When PCBs were first used industrially some workers developed chloracne.
Results of early animal studies seemed 10 suggesi that PCBs might have some
toxic effects on the liver. Beyond that observation no information was avail-
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able. Because PCBs were so inert chemically, they were not considered to
cause a great deal of toxicity. In 1968 a poisoning outbreak occurred in Japan
(23) that affected over 1,000 persons. These individuals had purchased rice
oil, in large drums, from a single source and had used this rice oil for cooking.
Chloracne was one of the leading signs in those who became ill. It was soon
discovered that PCBs had been used as a heat-exchange fluid in the factory
where the rice oil originated. PCBs had leaked out of the columns in which
they were comtained into the rice oil when the rice oil was heated. Since the
discase was caused by ingesting contaminated rice oil, it was called Yusho
(rice-o0il discase). When the outbreak first occurred, its association with
exposure to PCBs was not clear. At that time the capabilities for measuring
these types of chemicals in tissues and body fluids were limited, particularly
in Japan. Therefore, carly in the investigation total chlorine, rather than
PCBs, was measured. Retrospeclively delermining the precise dose these
patients received is difficult. Whether the consumed oil was uniformly con-
taminated is also not clear, llowever, a relationship between the amount of
rice oil ingested and some symptoms could be esiablished (24). Because of
this poisoning ouibreak and other environmenial problems. animal studies
were started in Japan, in the United Staies, and in other countries to elucidate
the toxic effects of PCBs. These data are summarized in several detailed
reviews (16, 25, 26).

Animal Studies

This article addresses primarily the human health effects of PCBs and PRBs.
Therefore we highlight only recent results from animal studies that might give
a better undersianding of implemented public healih policies and potential

human health effects. One of the difficulties in using animal data to predict -

human health effecis for PCBs and related compounds is that animal species
vary greatly in their responses. Further, many of the animal siudies use
relatively high doses. Therefore, determining how such animal siudics relate
to the human sijtuation ls difficult. Some animal specics, such as the subhu-
man primates, the guinea pig, and the mink, are much more sensitive to the
1oxic effects of PCBs than the ral or the mouse; also the types of toxic effects
and morphological changes in the organs of different species vary.

Most animal siudies conducted during the 1970s used mixtures of PCBs. In
genenal, PCBs were found to affect reproduction and the immune response,
and to cause liver iumors in rodenis (t6). When different mixtures of PCBs
were studicd, however, the results were inconsistent. For instance, the mix-
ture Arocior 1254 affects reproduction in rats at much lower doses than does

- Aroclor 1260 (27).

More recently some of the isomers of the PCB mixture were found to be

much more toxic than others (28-32). The more toxic isomers constitute only

e
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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, Schaceffer et al (33)
found that a German PCB mixture—Clophen A-30, with an average composi-
tion of 1% monochlorobiphenyl, 20.7% dichlorobiphenyl, 57.4% trichlo-
robiphenyl, 17.3% tetrachlorobiphenyl, 1.8% pentachlorobiphenyl, 1.0%
hexachlorobiphenyl, 0.6% heptachlorobiphenyl, and 0.1% octachior-
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% monochlorobipheny!, 1.1% di-
chlorobiphenyl, 2.2% trichlorobiphenyl, 3.1% tetrachlorobiphenyl, 19.8%
pentachlorobiphenyl, 43.2%  hexachlorobiphenyl, 25.3%  heptachior-
obiphenyl, 4.7% octachlorobiphenyl, and 0.3% nonachlorobiphenyl. Sim-
ilarly, Norback & Weltman (34) and Kimbrough et al (35) were able to
produce hepatocellular carcinomas in rats with Aroclor 1260, the more highly
chlorinated Monsanto product.

When Aroclor 1254 was fed to rats, fewer liver tumors developed in
exposed rats (36); however, the incidence of gastric intestinal metaplasia and
adenocarcinoma of the stomach increased (37, 38). Whether PCB fractions
without hexachlorobiphenyls, heptachlorobiphenyls, and ociachlorobiphenyls
produce hepatocellular carcinomas in rodents should be explored.

Particularly in the United States, mixtures such as Aroclor 1242, 1254, and
1016 were used more than Aroclor 1260. Because of these differences in
potency, the PCBs in heavily contaminated areas of our environment should
be characterized according to their isomeric \composmon For instance,
whether the PCBs in Lake Michigan are of the| samc composition as those
found in New Bedford Harbor, Massachuseuts, 'is not clear.

Aside from tumor formation, PCBs cause al variety of other biological
effects, such as the induction of enzymes (39): In some species they may
cause atrophy of the thymus, intrahepatic bile duct hyperplasia, hyperplasia of
the epithelial lining of the urinary bladder, atrophy of the scbaceous glands,
and hyperkeratosis of the ducts (40). Some isomers are felotoxic, and some
produce metaplasia of the scbaccous glands, nmlbcds. ameloblasts, thymus
corpuscles, and gastric mucosa (28, 41). Subhpman primates, mink, and
guinea pigs are particularly sensitive to the toxic cffecis of PCBs; other
specics, such as the rat, the mouse, and the dog. can tolerate much higher
doscs. From empirical observations, humans also appear to be less sensitive
to the toxic effccts of PCBs. The ability to store these chemicals in adiposc
tissue may be protective. Gencrally, the subhuman primaies and mink have
less adipose tissue than humans. Animals with gtealcr abilily to store vitamin
A on a quantitative basis, such as the hamster and the rat, arc somewhat less
susceplible 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. Apparently, 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 Disease Control (CDC),
mean PCB serum levels are about 5-7 ng/ml (pbb), although some paticnts
may have higher serum levels without any documented unusual exposure.
These data were also summarized by Kreiss (46). Levels in adipose tissue and
in human milk fat are 100-200 times as high, since PCBs are highly lipid
soluble (20). Mes et al (47) reported that PCB levels in adipose tissue of
accident victims ranged from 0.9-9.4 mg/kg. '

Sahl et al (48) surveyed PCB blood levels in 738 pre-employed and 1,058
currently employed workers of a utility company. The median blood level
before employment was 4 mg/l and the range, 1-37 mg/1. These levels were
quite similar to those in the currently employed group.

Patients who died of cancer in Denmark had somewhat higher levels of
PCBs in their adipose tissue (49). Since terminal cancer patients have usually
lost a great deal of weight, bioconcentration may have occurred. Similarly, in
patients with highly impaired liver function, tissue concentrations of 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 fal tissue from
palients with breast cancer were similar to those of controls (51).

Furthermore, Lawton et al (52) demonstrated that random erors and
Interlaboratory variations in procedure and methods of daia reporting can
influence scrum and adipose PCB levels. Unless an interlaboratory quality-
control system is set up, measured levels between laboratories are not neces-
sarily comparable. For instance, Lawton et al (52) found that the results of
repeated analyses on scrum samples of known composition showed the 95%
prediction interval for an individual measurement to be about * 42%. This
interval depends on the method of extraction, the procedure used, and the
means of guantitation.

Summary of Human Epidemiology Studies

Recently, investigators studied the predominantly black popuiation of Triana,
a small rural town in the southem United States (53). This population was
excessively exposed to DDT residues by consuming contaminated fish. The
residents also had PCB body burdens. Fish consumption correlated positively
with PCB blood levels; no other source of PCB exposure could be established.
These researchers noted that PCB serum levels increased with age and that
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levels were lower in females of cach age group. Similar findings were made
for DDT residues. The serum cholesterol level was positively associated with
the log PCB level, independent of age, sex, fish consumption, body-mass
index, and alcohol consumption. Rates of borderline and definite hyperten-
sion for study 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/dl
at age 20 to over 200 mg/dl at age 50. PCBs in blood are influcnced by serum
lipid content, and populations with inherently lower total serum cholesterol
levels appear to have a different PCB scrum to adipose tissue ratio. The
age-associated increase in blood PCB levels could be related to the long
half-life of some PCB isomers that arc preferentially retained in mammals
(29); as long as exposure conlinues, a true sleady state between intake and
excretion is never reached. Other variables affecting body burdens may be
differences in metabolism with age. In the Triana studies, the blood levels of
total DDT residues also increased with age, and others have made similar
observations (56, 57). Lawton et al (58) studied workers who had been
exposed lo ciectrical-grade Aroclor 1016, 1242, and/or 1254; the study
covered the period from before the workers were exposed o two years after
PCB exposure ceased. Serum levels for the lower chlorinated PCBs in 1977
ranged from 57-2270 ppb and in 1979, from 12-392 ppb; for the higher
chlorinaied PCBs serum levels ranged from 6-142 ppb in 1977 and from
4-108 ppb in 1979. These findings again illustraie the preferential excretion
of lower chlorinated PCB. Lawton et al (58) also found thai cholesterol levels
cormrelated with log secrum PCBs. Similar associations with log serum 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 disappeared except for those between log
GGTP and log PCBs. Similarly, Chase et al (59) found no significant
corrclation between cither serum triglycerides or aminotransferases and the
PCB levels in adipose tissue. How age and length of exposure affect these
parameters is not adequately explained in the article. Finally, Akagi &
Okumura (60) were not able to confirm a positive association between PCB
blood levels and elevated blood pressure in Yusho patients.

Thus, as Brown (61) has suggested. the positive association between PCB
serum levels and elevated triglycerides and serum cholesterol can be ex-
plained by the increased solubility of PCB in serum with higher lipid content.

In several cross-sectional studies of exposed workers, only minor
abnormalities not necessarily related to PCB exposure have been detecied

ey
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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 associalion between
results of one liver function test—the test for y-glutamyltranspeptidase—and
PCB blood levels has been found. Kimbrough (67) has summarized carlier
studies on the health effects of PCBs observed in workers.

In 1930 and 1940. chloracne, a disfiguring skin disease, was reported
among workers exposed to PCBs. One of the clinical fcatures of chloracne is
the chloracne cyst, which is skin colored and measures from 1-10 mm in
diameter, wilh a central opening. The other dominant 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 biopsics from
chloracne cases shows markedly dilated hair follicles filled with keratin. The
sebaccous glands involute partially or completely. The epithelial cells lining
the hair follicles and the adjacent surface epithelium proliferaie, and acantho-
sis is present. In old lesions, the epithelial lining of the greatly dilated hair
follicles becomes atrophic.

Jones & Alden (68) examined 17 of 23 workers engaged in the production
of PCBs. The workers had chloracne involving the lace, genitalia, trunk, and
extremities. Before the outbreak of chloracae in the plant, the clectrical
property of the PCBs had fallen below specifications, and the color had
deepened. In the report, symptoms of illness were extensively described for
the first worker who was diagnosed as having chloracne. This worker com-
plained of lassitude, loss of appetite, and loss of libido. Over the years, other
cases of chloracne following exposure to PCBs have been reported. Most of
these involved exposure to vapors (hat developed when PCBs were heated
(69).

At limes, the skin rashes that developed in workers were accompanied by
pruritus. Some workers also complained of burning of the cyes, nose, and
throat; dry throat; nauses; 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. Ouw et al (71) found air
levels in a capacitor plant that ranged from 0.32-1.44 mg/m® Aroclor 1242
(PCB). Here workers complained of buming eyes, face, and skin in general,
and persistent body odor. One worker suffered from chloracne, five com-
plained of eczematous rashes, and a few had abnormal liver function tests.
These workers had a mean PCB blood level of about 400 ppb (u1g/kg). In most
studies of workers with chloracne, evidence of liver injury was also found; in
one study, workers who did not have chioracne were found to have abnormal
liver funclion (69).

PCBs also affect the liver by inducing mixed-function oxidases. Alvares el
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al (72) determined that tn five workers occupationally exposed to Aroclor
1016—a PCB mixturc primarsily composed of dichlorobiphenyls, trichlor-
obiphenyls, tetrachlorobiphenyls, and pentachlorobiphcnyls—plasma anti-
pyrine half-life was significantly jower than that in matched controls, suggest-
ing the induction of mixed-function oxidases in the liver. Thesc workers had
been exposed to Aroclor 1036 for at least two years and had no obvious
symptoms of PCB poisoning.

Other health effects are 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 employce ages of 41.1 years for
males and 47.3 years for females. Work-related eye or upper respiratory
irritation was reported by 48% of the workers, and 10% had experienced
tightness in the chest. Spirometric studies were conducted on 309 workers; 66
of them were dropped from the study because they had been exposed to 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, examincd pregnancy outcome and birth weigh,
and found that the gestation period was reduced by onc week. The infants
weighed slightly less than the controls: this finding could be explaincd 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 to that of the control group is not clear. Thus, until
other studies confirm these findings. they should be viewed with caution.

In several papers Jacobson and his associatcs rcported behavioral changes
and a reduced gestation period in associatinn 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 delayed effect on central nervous
system functioning. Since genetic makeup, the mother’s lifestyle, and acute
illncss also affect these parameters, these findings are difficult to interpret.
Furthermore, many other chemicals are also excreted in human milk (20).
Rogan & Gladen (77), for instance, found that mothers with high levels of
DDE [1,1'-(2,2-dichloroethenylidene)-bis-4-chlorobenzene} in their milk
tended to wean their infants earlier, as shey did not thrive. Apparenily, PCB
levels in milk were higher in older women, women who drank alcohol
regularly, and primiparas (78).

Whether high levels of DDE affect lactation is not clear. In animals, DDT
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homologs, but not specifically DDE, have been shown to have estrogenic
effects (79). Before these findings can be clarified, additional studies must be
done.

No conclusive evidence thus far reporied shows that occupational exposure
to PCBs causes an increased incidence of cancer. Bahn et al (80) reported
results of a preliminary study of a group of 51 research and development
employees and 41 refinery plant employces 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 were found. This
incidence was significantly higher than expecied. Exposure to other chemicals
also occurred, however, and the cohort was small.

Brown & Jones (81) conducted a retrospective mortality study of 2,567
workers in (wo capacitor plants. The relatively few deaths (163) severely
limited 1he staiistical power of the study, and the average follow-up was only
IS years, whereas latency periods of 20-30 years are not uncommon for
cancer. Over 50% of 1he sample had exposure 10 PCBs for two years or less.
Deaths from liver cancer, cirvhosis of the liver, and rectal cancer were slighily
higher than expected. but not significamly for both sites comhined. The
observed increase for cancer of the rectum was statistically significant among
females al onc 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 211. However, two additional cancers of the liver and biliary trac|
were observed, bringing the total of these tumors to five as reporied on the
death cenificates. However, a review of the medical records raises questions
about at least onc of these 1umors.

Bertazzi et al (83) reviewed the montality of 290 males and 1.020 females
who had worked for six months or more in capacitor produclion. Males had a
statistically significant increased number of deaihs from all ncoplasms. When
deaths were analyzed by organ sysiem, deaths from ncoplasms of ihe di-
gestive system, the peritoneum, and the lymphatic and hematopoiciic tissues
were higher. Among females, all causes of deaths were significantly elevated.
The actual numbers in this study, however, were small.

Yusho and Yucheng

Two outbreaks of poisoning have been reported that followed the ingestion of
rice oil contaminated with polychlorinated dibenzofurans, biphenyls, and
quaierphenyls (PCQs). The firsi outbreak occurred in Japan in the summer of
1968 and the second outbreak. in Taiwan in 1979. lronically, the outbreak in
Taiwan repeaied what had occurred 10 years carlier in Japan. Many siudics of
these iwo oulbreaks have been published in Japanese or Chinese. In 1984
some of the information in these reports was published in Engiish in the
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American Journal of Industrial Medicine 5:1-153; the information is also
summarized in volumes 59 and 60 of Environmental Health Perspectives.

In Japan and Taiwan the diseasc was first recognized because chloracne
developed in the affected patients (84). In Japan, members of all of the
affected households had purchased rice oil from a specific company, and the
toxic rice oil produced or shipped on February 5 and 6 of 1968 contained large
amounts of Kanechlor 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
estimaied from the organic chlorine conient to be 2,000-3,000 ppm. Kancch-
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 llg, to remove odorous maicrial
from it. Kanechlor (K) must have leaked from the heating pipe into the
processed oil, but the actual mechanism of the contamination has apparenily
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 concentralion was much lower than had originally been estimated.
Thercfore, other chlorine-containing compounds were assumed to be in the
oil, and additional samples were analyzed. The oil was found to contain an
average of 5-ppm polychlorinaied dibenzofurans (85). According to Buser et
al (86). the Yusho oil containcd more than 40 polychlorinaied dibenzofuran
isomers, including the highly toxic 2,3,7,8-tetrachlorodibenzofuran (TCDF)
and 2.3.4,7.8-pentachlorodibenzofuran (PCDF). In addition, the oil con-
tained PCQs at a concentration of 866 ppm (87, 88).

According to cstimates made by Kuratsune (89), the total amount of PCB,
PCDF, and PCQs consumed by the pailicnts was, on the average, 633 mg of
PCB, 3.4 mg of PCDF, and 596 mg of PCQ. This calculaies 10 roughly 157
pe/kg body weighud. PCB, 0.9 pg/kg body weighvd. PCDF, and 148 ug/kg
body weighvd. PCQ. At this dose the lengih of the latent period between
exposure and onsct of clinical illness was roughly 71 days, with a range from
20 to 190 days. Some of the oil the patients consumed may have contained
higher or lower levels because in such siluations contamination is usually nol
uniform. Furthermore, the palients consumed different amounis of con-
taminated rice oil. The severity of symptoms was positively associated with
the amount of contaminated rice oil consumed (24).

Early in the outbreak the patients had chloracne, dark -brown pigmentation
of the nails, itching, pigmentation of the skin, swelling of the limbs, pig-
mented mucous membranes, cye discharge, hyperemic conjunctivae, jaun-
dice. swelling of the upper cyclids, a feeling of weakness, numbness of the
limbs, and fever. Over 1,000 people were affected. Thirty-six babics 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 spolly calcifications were noliced in the parictal and
occipital areas of the skull. In a few of the infanis, the teeth had erupted at
birth. Subscquenily. the adult paticnis with clinical discase complained of
having to expectorale a great deal and, on ausculiation. wheezing was noted;
however, on examination, there was no evidence of bronchial asthma or
pulmonary emphysema. In many of these patients, the respiratory symploms
have persisled, and the paticnts have chronically infected airways. In the early
1970s, some changes were noted in the patients’ serum immunoglobulin
levels, but the levels retumed 1o normal. Over time the severity and the extent
of the skin lesions improved considerably in the exposed population. Fifteen
years afier the accident, only a very few patients had extensive chloracne
on.

About five years after the outbreak of Yusho, tissue and body fluids of
Yusho paticnts were analyzed for various congeners of PCB and PCDF. At
this time, the PCB levels in adipose lissue were 1.9 * 1.4 ppm (mg/kg). In
the liver they were 0.08 + 0.06 ppm and in blood, 6.7 * 5.3 ppb (ug/kg):
thus, they were not very different from levels in the general population in
Japan. On the other hand, the isomeric distribution for the PCBs in the Yusho
paticnts varied from that in the control population in the same arca (92).
About 40 PCDF congeners were identified in the rice oil that the Yusho
patients 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 easily
metabolized and excreted. More of the 2,3,4.7.8-PCDF than the other iso-
mers was relained in the patients’ tissucs. In the five patients studied. the
concentration of this isomer ranged from 6.9 ppb (ug/kg) in a specimen
oblained in 1969 to 0.1 ppb (ug/kg) in a specimen collected in 1977.
Measurable concentrations of TCDFs were only detecied in the carlier years.
Although not the most loxic isomer, the 2,3,4,7,8-PCDF caused mixed-
function oxidase induction at a dosc of 1 ug/kg in rats, and atrophy of the
thymus, suggesting toxicily 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 acnelike 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 nearby
plastic shoe factory had the same symploms. Later that year, this outbreak
was also reported to a local healih burcau. Victims in bath oulbreaks had
consumed the same brand of cooking rice oil, which had been manufaciured
by the same company and which had been purchased in the same store. For
this reason the rice oil was the prime suspect in the outbreak. In additional
reports of outbreaks in other companics and in the general population, all
viclims had consumed the same type of C-rice oil.

Finally, because the discase resembled the Yusho discase in Japan, samples
of C-rice oil and patients’ blood were analyzed in Japan and were found to
conlain either a Kanechlor-400 or a Kanechlor-500 mixture at concentrations
as high as 65 and 108 ppm (mg/kg). respectively. Over 2,000 patients were
finally idenlified as having been poisoncd by contaminated rice oil. Oil
samples collected from other outbreaks contained PCBs al concentrations of
31-300 ppm (mg/kg). Retrospective studies determined that the period of
PCB inlake ranged from 3 to 9 months. The average total intake for cach
person varied from 0.77 to 1.8 mg of PCB. Within the first year of the
outbreak, the blood levels of PCB in 13 paiients ranged from 3 ppb to 1,156
ppb. Most of the patients had blood levels between 11 and 150 ppb (ug/kg).
The symptoms observed in these palienls were quite similar to those alrcady
described for the patients in the 1968 Yusho outbreak in Japan.

The rice oil was not only contaminated with PCBs but also with PCDFs and
polychlorinated quaterphenyls. 1t conlained the same major components of
PCDFs observed in the rice oil in Japan—namely, 2,3.4.6,7-PCDF and
2.1,4.7.8-PCDF. Relatively high concentrations of 2,3,4,5.3',4'-hexachlo-
robiphenyl were found in the blood and adipose tissue of the Yucheng
patients. This particular PCB isomer is biologically quite active, and the
concentration of 2,3,4,3'4'-pentachlorobiphenyl was aiso clevated in these
patients. Furthermore, as in the Yusho patients, the concentration of 2,3,7,8-
TCDF was comparatively low (92). Chen et al (94) analyzed additional
samples of the oil, blood, and adipose tissue of the Yucheng paticnts. These
investigators identified several TCDF and PCDF isomers. Apparcnily.
2.3.7.8-TCDF was only a minor component in the oil; thec major component
was 2,3,4,8-TCDF. One of the major furans in the toxic oil was 2,3,4,7.8-
PCDF.

The concentrations of the PCDFs in different oil samples ranged from 0.21
to 1.68 ppm. Polychlorinated quaterphenyls were present in concentrations
ranging from 25 to 53 ppm (mg/kg). Overall, the concentrations of PCDFs
and PCQs were lower in these oil samples than in the oil samples that had
caused the Yusho outbreak. Whether these oil samples were represcniative is
not really known. The 3.4,3'4’-tetrachlorobipheny! was also identified in the
oil that caused Yucheng discase in Taiwan. This isomer is considered (o be
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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 cpidemiological studies, some disease-specific in-
vesligalions 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 dicd of cancer (90), the number has been small; because
the latency period may be long, the population should be followed for a longer
period to determine whether the cancer incidence will increase.

Although PCBs and related compounds are known (o 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
genenal is very limited. In one such study, Hara (96) examined women
working in a capacitor plant who also nursed their infants and who themsclves
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 (up/kg) to about 400 ppb (ug/kg). Forty children of these
mothers were followed for a five-year period. Some children were found 1o
have “decayed” nails, gingival pigmentation, mottled enamel, and dental
caries. No relationships between these changes or symptoms to PCB bleod
levels, however, were observed. The general 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, even scveral 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 years. The authors injected a
solution of streptokinase and streptodomase subcutaneously into the fiexor
side of the forcarm. The response was read at 24 hours (hr) and again at 48 hr
after injection. Eighty percent of the controls had an induration of S mm or
more in diameter 24 or 48 hr after they were injected; only 43% of the
exposcd group responded similarly. All of the poisoned patients had dermal

- lesions, and the percentage of patients with a positive response decreased with

increasing severity of the skin lesions (chloracne). Furthermore, the degree of
the dermal lesions appeared to be associated with the whole blood PCB
concentrations. Patients with minor skin lesions that were classified as grade
| appeared to have a normal skin response. The same authors found that
PCBs causcd a decreased concentration of IgA and IgM, but not of 1gG, in
serum.

Furthermore, the percentages of total T cells, active T cells, and T mu cells
decreased. whereas the percentage of B cells and T ganma cells were nol
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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 response and also caused some other adverse
effects. o

In the Japancse and the Taiwanese Yusho and Yucheng poisoning out-
breaks, sensory neuropathy was reported in a number of patients for whom
nerve conduction velocities were measured (101, 102). The biood levels of
the various chemicals (PCBs, PCDFs, PCQs) were negatively correlated with
the lowered nerve conduction velocity, suggesting that these types of chemi-
cals affect nerve conduction velocity. (It is not quite clear why most in-
vestigators measure nerve conduction velocity to detect sensory ncusopathy.
Other tests that would measure the detection of vibration, touch, and tempera-
ture would be more useful from a clinical perspective.)

Seppalainen ct al (103) examined 16 men working in a cardboard plant .who
were exposed (o fumes that resulted from the explosion of 15 capacitors
containing Clophen A-30. The first PCB air concentrations, measured 5.5 hr
after the explosion, were 8,000 to 16.000 pg/m® air. PCDFs were also
formed. The soot samples contained tetrachlorodibenzofuran up to 90 ug/g,
of which 6.5 ug/g was 2,3,7.8-tetrachlorodibenzofuran. In addition, mono-
chloropyrenes and dichloropyrenes were found. Most of the men had a
transienl sensory ncuropathy in their lower extremities.

Chang et al (104) reported increased urinary 8-aminolevulinic aciq uropor-
phyrin excretion in 69 Yucheng patients over that of 20 controls. No informa-
tion on the patients’ clinical conditions or on how these findings related to
degree of exposure was given. No such observations have been reported from
Japan.

POLYBROMINATED BIPHENYLS

Since the toxicity of PBBs both in laboratory animals and livestock was
recently reviewed (105), we do noi review it here in detail. In laboratory
animals, PBBs generally cause effects similar to those thai the PCBs cause.
They produce morphological changes in the liver, affect reproduction, and
promote biochemical changes, such as hepatic porphyria and induction qf
mixed-function oxidases. Teratogenic effects have also been noted. In addi-
tion, atrophy of the thymus has been reported, and hepatocellular can:inom.u
have been produced in both rats and mice. The overall findings reported in
animal studies are similar to those that have been reported for PCBs.
Although ‘the PCB contamination of the environment is a more general
problem, the PBB contamination primarily affects cerain arcas wilhil! 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, maost cull dairy cattle are used for hamburgers and processed meat
producis that would also receive wide distribution. Thus, the marketing
system diluted the degree of exposure for the individual; however, it increased
the number of those exposed. In 1978, the distribution of PBBs was com-
prehensively studicd in a probability sample of 1,738 persons. PBB levels in
serum were delermined, and 844 adipose tissue samples were also analyzed
for PBBs. PBBs were detecied in 97.3% of the adipose tissue samples, in
68% of the adult scrum samples, and in 72.7% of the serum samples from
children. The mean PBB concentration in adipose tissue was 400 ppb (pg/kg);
in serum it was 1.3 ppb (ug/kg) for adults and 1.8 ppb (pu/gkg) for children.
The highest adipose tissue concentration was 37 ppm (mg/kg) (18). In addi-
tional studies, when cohorts of PBB-exposed residents of Michigan were
compared with residents of the state of Wisconsin, a higher prevalence of a
variety of symptoms and complaints was noted in the Michigan residents
(106). Simifarly, in comparative neurobehavioral studies, the Michigan pop-
ulation was found to be affected more than that in Wisconsin (107).

Since the (indings were not correlated with body burdens of PBB in any of
these studies, determining whether other factors may be responsible for these
differences is difficult. In 1976, the Michigan Departiment of Public icalth
cstablished a cohort of farmers who had been exposed to varying con-
centrations of PBBs in their products and their environment. A total of 3,877
persons were enrolled. They included farm residents, direct recipients of farm
products, chemical workers and their familics, and a few persons who had
been originally studied in a smaller previous swudy.

The scrum PBB levels in this entire group ranged fram no detectable levels
to 1,900 ppb (pg/). with a mean of 21.2 ppb (ug/l) and a median of 3 ppb
(up/l). Because of the wide range of exposure and because results could be
analyzed by regression analyses with exposure as a variable, a comparison
group for acute health effects was not included. This cohort was found to have
various symptoms and conditions; however, these symptoms did not correlate
with PBB body burdens. Symptom prevalence rates were slightly higher in
persons with no detectahle PBBs in serum than in those with mcasurable
quantities. In all groups, including chemical workers and quaramined 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 depreasion of lymphocyte funclion in persons exposed to PBBs
could be demonsirated. All these findings suggest that there may be no causal
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relationship between the abnormal lymphocyte functions observed in some
persons or the prevalence of other symptoms and exposure to PBBs. This
cohort of Michigan residents is still being followed by the Michigan Depart-
ment of Health in collaboration with the Centers for Disease Control. Several
studies of subgroups of-this population and surveys for chronic heaith effects
have been conducted since the cohort was first assembled (109, 19). When
serum and adipose tissue concentrations were compared, a significant correla-
tion was found. The serum :adipose lissue concentration ratios ranged from |
to 140 to 1 to 260 for pregnant women and male chemical workers, respec-
tively. Males from farms had a significantly different ratio of | to 325 to 329.
Potential transplacental passage of PBBs was demonsirated, since they could
also be found in the fetus and newborn. Cord blood contained one-tenth of the
concentration found in the matemal serum, which indicated partial placental
passage. Human milk contained PBBs at 107-119 times the quantity found in
maternal serum. PBBs were also detected in bile and feces, which indicates
that these materials can be transferred into the intestinal tract. All of these
concentrations were measured long after the population bad 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 & Malthews in rats
(110). The estimated hall-life for PBB is 6.5 years.

More recently, two groups of Michigan residentis—those with high PBB
serum levels and those with PBB serum levels around | ppb—were matched
for age, sex, and smoking. For both groups, various clinical laboratory tests
were conducted, blood pressure was measured, and height and weight were
determined. In this study, 83 participants had PBB scrum levels of 50 ppb
(pg/) or more. In the middle group, 83 had PBB levels of 549 ppb and 96
had PBB levels of 0—44 ppb (pg/l) in serum. Urinary porphyrins were also
measured in all of the participants. 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 func-
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 differcnt groups (M. Barone, personal
communication). (Note: Even though significantly more women in the high
PBB group used birth-contro! pills than women in the low PBB group, too
few were using them to affect urine porphyrin levels.) In none of a variety of
other studies conducted on this population as well as other groups in Michigan
did any findings indicate that exposure to PBB had 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 needs to be followed for 30 1o 40 years before the question of chronic
health effecis can be intelligently addressed. Two problems with assessing
chronic health effects are that the cohort, in spite of its size, is still relatively
small and that the amount of exposure il has received varied widely. Although
some members of the group exposed lo PBBs have relatively high body
burdens, these burdens are still appreciably lower than those of rats in which
liver cancer developed.

In the study by Kimbrough el al (111), liver cancer developed in the rats
that reccived a dose of 1,000 mg/kg body weight. This dose for humans
would roughly translate into a dose of 70 grams per person. These amounls
are much greater than the estimated mean Iotal exposure per person. The
highest exposure was about |1.7 grams, and the mean was 170 mg per
person. In rats given 200 mg/kg. a dose that for humans would be beiween 12
and 14 grams, only neoplasiic nodules developed in their livers: there was no
evidence of hepatocellular carcinomas. Of course, whether humans would be
more or less susceplible to the toxic effects of PBBs and whether their
response would be similar to that of rats is not known.

In conclusion, various toxic effects of PBBs and PCBs have been described
in laboratory animals. In humans. acute poisoning outbreaks have only
occurred following exposure to a combination of PCBs and PCDFs. When
humans were exposed only fo PCBs or PBBs. the only vhserved acute effects
have generally been minor. So far, no significant chronic health effects have
been causally associated with exposure to PCBs or PBBs.

Use of trade names is for idenlification only and dves not constitule
endorsement by the Public Health Service or the US Department of llealth
and Human Services.
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