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ABSTRACT

The Government "dcci:ion:" on pnlvch/arinalzd
bi phcn s (PCBs) ¢ ituted an T
exercise compared 10 much of the ex :mcua' 0] 71:
pan few years. PCBs had been developed in the late
)s to serve in instances where high physical and
chemical stability were advaniageous. In part, precise-
ly because of these peculiar properties, they became
recognized as particular environmental hazards. The
processes of analysis and study by the Government
JSor decision were fuller and more deliberate than is
often the case. A number of scientific reviews were
Joined in the process. Benefits as well as hazards were
explicitly considered. Regulatory type action was not
taken until suitable informatior was marsholled and
recent scientific evidence was given the bencfit of
interpretation. Finally, the process of deliberation
was an unusually open one with the results of analy-
sis fully displayed.

*Weitten for the study on Decision Making for R

INTRODUCTION - NATURE
OF THE DECISION

The process of Federal Government deliberation and
decision on polychlorinated biphenyls (PCBs) was
relatively circumscribed and straightforward. The
Government actuaily possessed little in the way of
legal, regulatory authority. lence, the “decisions”
feaned heavily on persuasion and on para regulatory
moves. Nevertheless, the Government's decisions in
this case did lead to the intended and recommended
actions (reduction and restriction in certain uses of
PCBs) and a tightening of the procedurcs governing
the manufacture, importation and continued use of
these chemicals.

Most important, perhaps, was the fact that the de-
cisions and actions assumed by the Government (and
by parts of the private sector) were taken deliberately
and on the basis of unusualty good analysis and infor-

mation. The PCB decisions, in_brief, were unusmll!
well informed decisions when c.ompared to uthers of

tm§ 1ype, and the_ai analyses used 1o arrive at the de-
cisions were_probably fuller and ol a higher quatity

Chemicals in the Environment, Environmental Studics Board,
Nations! Research Council, National Academy of Sciences,
and undertaken st the request of the U.S. Eavironmental
Protection Agency, Cuntract No. 63-01-2262, (s RARST

wag complete December 1974,

' In Februsry 1976, the Nstional Academy of Sciences or.
ganized s working conference to explore the process of

king to rogulste Il in the en-
vironment. To assist this confetence, & serics of case studies
of past regulstory decisions wae solicited from persons who
had ressonsdly detsiled knowledge of them. What follows is
the case study of polychiorinated blpmny\s as one of the
series used in the NAS study. The maju of the Govern.
slance derived
canvened by
the Office of the President’s Science Adviser, (This

eiso to appear as g part of 8 book by the author on reguintion,
man Ty fo by sl hy Leaington Haoks, Juc.)
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than is the case with most regulalory actions.

The several agencics ol the Federal Government
concerned with the PCB question cuntribuled to the
deliberations and to the analyses. At the same time,
an outside group of scientific experts was engaged by
the Office of Science and Technology to considet
PCBs from a broad perspective as a case study of 2
hazardous substance existing in the environment in
trace quantities. The Government’s major dcliberative
body for its decisions was an interagency, PCB Task
Force — run jointly by the OST and the CEQ. The
casc study of the outside adviscrs to the OST was time-
ly and useful to the Government's own analyses.

- International Society

Sfor Technology Assessment, Washingion, 13.C.
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THE ENVIRONMENT — OFTEN DISTANT
FROM APPARENT SOURCES

PCBs werc among the materials found, but when
analysed they were often confused with other sub-
stances. PCBs wewe first distinguished (rom the
“unknown interfering compounds™ found in nature
in 1966 by Jensen® and the next year by Widmark.?
On the basis of this latter report, the Food and Drug
Administration was moved to develop analytic
methods o distinguish between PCBs and chiorinated
organic pesticides encountered in monitoring for
regulation.

In February 1969, Dr. Robert Risebrough gath-
ered attention by warning, in an article in the San
Francisco Chronicle, of the dangers of PCBs in the
eco-system. Over the next 6--7 months, the FDA in-
creased its surveillance of foodstuffs for evidence of
PCB residues. Notable positive findings were in fish.
Monitoring of foodstuffs, raw agricultural products,
fish, and fecds for PCBs was augmented throughout
1970. PCBs were found in fish and in marine animalsin
high concenirations close to plants which manufac-
tured the chemical.

ACCIDENTAL SPILLS OR LEAKAGES OF

LARGE QUANTITIES OF POLYCHLORINATED
BIPHENYLS WITI} CONSEQULNT CONTAMINA-
TION OF FOODSTUFFS AND ANIMAL FEEDS.

In 1968, PCBs, used as a heat-exchange fluid in a
pasteusizer, leaked into rice oil being manufactured
for heme cooking use in a plant in Japan. More than
1,000 persons weie affected by the contaminated rice
oil, many of whom exhibited persistent skin lesions as
well as systemic discase (Yusho disease). In July
1971, leakage of heat exchange fluid caused con-
tamination of pasteurized fish meal which was used as
a feed ration for chickens and catfish.

the sessions of this conference highlighted the “en-
viconmental problem™. This conference, perhaps for
the first time, brought together the extent of under-
standing on the manufacture, use, and biological
effects of, the extent of cnvironmental contamination
by, and the analytic methods for, PCBs.*

In August 1971, an Environmental Quality Work-
shop was convened in Durham, New Hampshire, by
the National Academy of Sciences, to consider
Marine Environmental Quality and Ocean Pollu.
tants.” PCB contamination was highlighted.

In addition, provoked by both the accidentat
spills and by the widespread finding of trace quanti-
ties of PCBs in the environment, there emerged in the
lay press a series of stories and articles dealing with
PCB contamination. Most of them occurred in late
1971 and reflected especially the contaminaiion of
foodstuifs.***

The FDA, aware that PCRs were to be found as a
contaminant in the environment, and alert to the
occasionally reported cases of accidental spillages,
elected to engage in watchful surveillance of food. It
did this in part in cooperation with the Depaitment
of Agriculture. As a resull of the findings of PCBs
specifically in fish and milk, the FDA estublished,
between December 1969 and February 1970,
“Action Levels” for PCBs in milk. poultry and fish.
Action levels are temporary phresholds for regulatory
decision pending the establishment of a more per-
manent regulatory policy and procedure. In August
1970, the FDA established a similar action level for
eggs. During 1970 and 1971, the FDA used these
guideline values in various seizures of foods found
conlaminated with PCBs.

The number of reported contaminations of foods,
recreational fish, packaging materials and animal
feeds increased toward the latter half of 1971,
Accompanying the announcements in the public press
(and, undoubtedly, reflective of them), there also
occurred toward the end of 197! a scries of inquiries
from C: and other elected officials over

In addition to these two major areas of .
PCBs began to be reported with increasing frequency
in poultry and in cggs, and in packaging material for
food.

PCBs appeared with increasing frequency in 1970
and 1971 in the professional scientific literature deal-
ing with wildlife and the cnvironment®* 1In Sep-
tember 1970, the National Swedish Environment Pro-
tection Board held a cunference on PCBs.® One of

* Jensen, S.: A new chemical hazatd, New Scientist, 32
612 (1966).

* Widmark, G.: Possible interference by chlorinated
biphenylx, J. Assoc. Offic. Anal, Chem,, 500 1069 {(1967).

4 peakai, DI, and ).C. Lincer: Polychlorinated biphenyls.
Another longlife widecpread t in the i ¢,
Biosclence, 20: 95A- 964 (1970).

! Pichiratio, 5.0 PChHs: Leoks of toxic substance raises issues
of effeets, segulation. Science, ¢ 73: 899-902 (1971).

¢ PCH Conlerence, Notionst Swedish Lnviconment Pro-

PCB contamination of food and the environment. On

tection Bourd, Research Sccretarist, Wenner-Gren Center,
Stockholm, Sweden, 29 Scptember 1970,

* Marine environmental quality, A specisl study held ynder
the auspices of the National Scientific Committee on Oceano
graphy of the National Acsdemy of Scicnces Ocean Affairs
Board, Durham, New Humpshice, 9—13 August 1971,

$ Monsanto limits food plants' use of chemical 'CY. The
Washington Post, 30 Seplember 1971,

* Some dried foods found tainted by perilous chemical, The
Washington Post, 28 September 1971,
® Tainted turkeys, The Washington Post, 24 September
1971,

' Turkeys, salmon tainted by PCBs, The Lvening Star, 23
September 1971,

' A contaminant is found in cardboard. The New York
Times, 28 September 1971,

' If you think DDT's & problem, meet PCR, The New York
Times, 30 Scplember 1971,

" FDA studying chance of contamination in contamers for
food, The Wall Strevt Journnd, 28 Septemoer 1071,
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16 August 1971, Senator McGovern addressed a let.
ter to the Commissioner of the FDA, reflecting this
concern. In September, Governor Miliken of Michigan
sent a telegram 1o Elliott Richardson, Secretary of
HEW, in which he announced a restriction of com-
mercial saimon fishing because of the finding of PCBs
in fish.

By August 1971, the FDA (and to some extent,
the USDA) found itself rapidly propelled into a posi-
tion where it would be “required™ by public pressure
and advocacy to take a stronger and more forthright
position against PCBs. The scientific issues were still
not clear and there were glaring gaps in information,
What really were the biological effects of the complex
known as PCBs? How did the vaiious PCBs vary in
human loxicity and which members of the PCB fami-
ly were found as contaminants? Was observed tox-
icity due to PCBs proper or to contaminants pro-
duced during their manufacture? How widespread
was the contamination, and how good was the moni-
toring system in picking up accidental spills? Fusther-
more, it was clear that the twin issues of widespread
environmental contamination, by trace guantities of
PCBs, and the selective, higher level contamination of
foods and feed, had to be joined at some point in
Government decision-making.

On 5 August, 1971, the FDA, on its own initiative,
called a meeting of spokesmen from each of several
Government agencies and Federal research labora-
torics to review the state of scientific understanding
of PCBs. The text for the meeting was the reported
series of accidenta) spills and leakages.'s Shortly fol-
lowing that meeting, the Department of Agriculture
and the Commissioner of the FDA asked the Office
of the President’s Science Adviser to provide assis-
tance and act as a focus for the Government’s actions
and decisions concerning PCBs. This request was
made because: (1) the issue cut across several Federat
agencies and also involved outside scientists, (2) the
issue was rapidly becoming uncomfortable for the
FDA to handle alone, and (3) the Office of Science
and Technology already had under way a scientific
review of polychlorinated biphenyls and had quictly
begun to gather information several months back.

In April 1970, spokesmen for the Monsanto Com-
pany agreed to meet with the staff of the President’s
Science Adviser in the OST to discuss a number of
issues concerning PCBs, including a series of animal
toxicology studies which Monsanto had undertaken.
During this meeting, Monsanto was asked for infor-
mation conceming the amounts of PCB it manu-
factured and distributed. The company, being the
sule producer in the U.S., was reluctant to make pub-
lic this information, although it reported that it might
'* Transcript of proceedings of the interagency meeting on
polychiorinated biphenyle (PCBs), Food snd Divg Adminis.

tration, Department of tleulth, Fducation, snd Welfare,
Washington, D.C., § August 1971

be able to provide the data on a confidential, non-
public, basis to the Government.

In October 1970, a review was begun, in the Office
of Science and Technology, of the gencral subject of
hazardous substances existing in the environmeni in
trace quanlities. This review, known ultimately as the
Panel on Hazardous Trace Substances, had as its
major goal the identification of the needs for infor-
mation by the Government in making judgments
about trace hazardous substances.

The Panel was composed principally of non-
government experts in the fields of ecology, chemis.
try, Dbiology, environmental and occupational
medicine and geology. Thrce case studies were begun
from which it was hoped to draw gencralizable ex-
perience. The particular subjects for the case studies
wete chosen because they were thought to be of im-
portance, because regulatory or other governmental
action had not yet been taken but could be expected
at some time in the reasonably near future, and be-
cause it was thought that there existed sufficient
information from which to draw conclusions. The
choices were cadmium, arsenic and PCBs.

Thus, as the Government began to develop its own
position on PCBs in 1971, the OST-initiated study
was already under way. What followed, in part, was
for the Government to borrow the experience devel-
oped by the OST Panel and even for the I1wo exercises
to be joined to some cxtent. Notwithstanding, a
separate and identifiable PCB report was published by
the members of the Panel on Hazardous Trace Sub-
stances.'®

On | September 1971, the FDA heid a meeting
with the USDA, the EPA, the Council on En-
vironmental Quality, and the Office of Science and
Technology, to explore options for further action
concerning PCBs. The FDA and the USDA requested
that the Office of Science and Technology take a lead
role in handling this matter. OST acceeded to this req-
uest and agreed to collaborate with the CEQ in the task.
This became known as the interdepartmental Task
Force on PCBs. The Task Force was annovunced un §
September in a joint FDA-USDA press conference.'”

On 15 September 1971, the OST Panei on Haz-
ardous Trace Substances and the governmental Task
Force met jointly with representatives of the Mon-
santo Company. The principal agenda item of this
mecting was a request for information concerning the
amounts of PCBs produced, patterns of distribution
and usage, and estimates of losses into the environ-
ment.'®  Again, the manufacturers expressed their

'* Polychlorinated biphenyls ~ eavironmental impaci, A
review by the panet on hazardous trace substances, March
1972, Environmental Research, 5: 249-361 (1972).

17 Press telease on interdepsrimental PCB tusk force. Food
and Drug A i D of Healbth, 1.

& Wetfure, 3 Seplember 1971,

13 Letter from Ldward J. Burger, Jr., M., of the OST 10
Mr. Joha Mason, The Monsanto Company, 1§ October, i971.
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willingness to-supply information of this sort to the
Government, but with the understanding that the
data would not be released publicly except in a full
and detailed fashion. In addition, the Monsanto Com-
pany expressed some concern over the seemingly
disconnccicd character of the Government’s activities
up to that time and the difficultics involved in finding
responsible spokesmen for each of the agencics in-
volved. Monsanto made a strong plea (in the form of
a condition for their supplying information) that they
be permitted to deal with a single sp for the

and commercial dependencies built up over the years.
This explicit review of the benefits of PCBs, which is
often not done for reguiatory decisions, was of vital
importance for decision-making on PCRs. The Nation-
al Burcau of Standards engaged in a review and analy-
sis of the benefits and cven the “essentiality” of cuch
of the several uses of PCBs. In this, the NBS received
advice from the National Industrial Poltution Control
Council, especially concerning the clectrical uses of
PCBs. In each of the cascs examined, the question of

1

Government.

The office of Science and Technology, on the
advice of the Counscllor 10 the President, did reach
agreement with Monsanto on the terms of receiving
the information.'® These were shortly rendercd moot
by a request from the Environmental Defense Fund
for the same information. This information ultimate-
ly served as important background for the Govern-
ment's decisions and was leancd on heavily by both
the OST Pane} and the Task Force.

The OST Panel combincd the production figures
and the data on distribution and use with knowledge
of the physical properties of PCBs to develop a com-
posite picture of the rates and routes of cnviron-
mental transport and disposition. The data were
refiected in a series of cocflicients for 2 mode! of
transport of PCBs. While this was necessasily a crude
description, it served as a very useful instrument for
placing PCBs in perspective. It replaced what other-
wise would have been a lotally qualitative — even
intuitive — exercise. It pointed up important gaps in
knowledge. Finally, some verification was afforded
by the results of physical measurement and monitor-
ing. This attempt at environmental modelling was a

a possible and satisfactory replacement for PCDs was
raised. This review became the basis for the ultimate
decision to preserve electrical uses of PCBs (for which
there were true dependencies and no satisfactory sub-
stitutes) and to restrict other uses.®

The Government Task Force report included a sys-
tematic summary of monitoring experience for PCBs
in food. It had been this matter of PCBs in food as
much as any other which had brought PCBs to public
notice. Hence, it was thought highly desirable (o sys-
lcm;mozlly lay out the apparent cxtent of food

jon and to ider what the patterns of
contamination would suggest for public policy and
Gavernment action.

The Task Force Report explicitly 1ev1ewed al) of
the pertinent Federal regulatory laws for their appli-
cability to PCBs. This was, therefore, an exploration
of the power of the Government to control and limit
the manufacture, distribution, use and disposal of
PCBs. This review pointed out something thar was
alrcady known — that existing regulatory authorities
were capable of responding to specific incidents of
contamination of foodstuffs once they were rec-
ognind However, it acknowledged that the Govern-
ment s legal armamentarium was generally

d te to prevent more PCBs from entering the

major contribution by the Panel to d -making.

11} i I"

The OST Pancl report was also appropriately criti-
cal in its review of biological effects and analytic
methods for PCBs. It considered what was known of
the mechanisms of observed blologlcal effecls and
relationships between vari in | structure
and biolugical activity, and it attempted to compare
the cffects of controlled laboratory experiments with
observations made on animal populations in nature,

The Interdepartmental Task Force reflected much
of this information in its report. 1t explored addi-
tional territory as well ~ reflective of the fact that it
was 8 Government report which focused on a number
of specific, pragmatic, governmental or public
problems. Thus, as well as scrving as a seview of the
scientific aspects of PCBs, the Task Force explicitly
reviewed a number of broad aspects of the PCB ques-
tion. Most important, perhaps, was the exploration of
the benefits or utility of PCBs and of the industrial

19 Memorsndum from John Desn, Counseflor 1o the Presi-

In addition to the above, the Interdepartmental
Task Force review considercd the chemical and physi-
cal properties of PCBs, the occurrence, transfer and
cycling of PCBs in the environment, and the known
biological effects — especially on man.

During the time that the Government review
of PCBs was being pursued, the level of public
concern over these chemicals continued to rise con-
siderably. For this reason, the Commissioner of the
FDA felt compelled (o hcld a press conference lo
“.. .11y to help establish a perspective on PCBs. . "
roughly a month after the Task Force had begun its
work.?! This was an appropriatcly reasoned state-
ment which attempted to allay fears and discourage
demands for a sudden, outright ban on PCBs (even if

1e Poly i d bipl y!s and the 1. Interde.
partmental task furce on PCBs, Washington, 1.C., May 1972,
National Technical Information Service, US. Depariment of

dend, 1o Ldward J. Burger, Omre of Science snd T N
the i Act. 4 October

1974,

C erce, irginia, No. COM - 72-10419.
21 Statement by Chail Edwards, M.1., FCB press brief-
ing, Food and Drug Aam-mnn(inn. 29 September 1971,
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the Government had been capable of invoking one).
The statement deflerred to the ongoing process of re-
view and deliberation as the basis for considered de-
cision and action.

There was, finslly, a third review of PCBs under-
taken within the Federal walls. Onre of the national
institutes of health, the National Institute of Environ-
mental Health Scicnces, had sometime belore elected
to conduct a series of “scientific™ revicws of materials
which were of impending regulatory concern and for
which no systematic accounting of scientific informa-
tion had been done. The philosophy in this case was
to bring together, in a conference, spokesmen for the
principal research projects -- published or under way
— in order to take the measure of the available scien-
tific understanding. At the same time, members of
the press — especially scientific writers — were invited
to aitend these sessions, in order to enjoy the pro-
ducts of this review process. The aim was to educate
both the scientists and the public.

In December 1971, the National Institute of En-

tal Health Sci held the first of this
series of conferences in Noith Carolina, and it was on
PCBs.2?(Since then, the NIH has held similar reviews on
Icad, automotive emissions, and other substances of
currenl public and govermental concern.) Many of
the same spokesmen who were engaged in the other
reviews made prescntations at the “open™ conference.
One of the major accomplishments of this meeting
was to impart an understanding to the press and sci-
ence writers of the character of the scientific evidence
and the scicntists’ own interpretation of cxperimental
findings. The net (and immediate) effect of that ex-
ercise was to takc the newsworthiness out of the PCB
issue and to remove it from the category of the sensa-
tional. Very little was actually reported in the press
of that meeting. Morc importani, relatively little
more was reported on PCBs in any form in the lay
press.

The principal “control™ actions for PCBs were the
result of persuasion by the Federal Govermment
rather than by direct regulatory exercise. The Govern-
ment possessed no real regulatory authority to con-
trol thc manufacture, distribution or use of PCBs.
However, the persuasive influence of the several
Government inquisies — especially the PCB Interde-
parimental Task Force — was not doubted. Thus, the
major action was taken “voluntarily™ by the Mon-
santo Company, the sole U.S. manufacturer.

Beginning in 1970, the Monsanto Company had
begun 1o reduce the sales of PCBs — especially (or
non-clectrical uses. Domestic sales for PCBs for non-

» National Institute of linvironmental Health Sciences meet-
ing on polychiorinated  biphenyls (I’Clm. Rougemount,

clectricai uses had risen from 12,000 tons in 1968 to
16.000 tons in 1970. By 1971, this figure was re-
duced to approximately 4,000 tons.*” In addition,
the Monsanto Company quietly assumed for itsclf the
role of distributor as well as manufacturer in order to
exercisc some control over end-use of PCBs. In this
way, the manufacturer was able 10 “discontinue sales
of PCBs for use in paints, plasticizers, sealunts, ad-
hesives and other ‘open-system’ uses™.

Thus, during 1971 and 1972, the Monsanto Com-
pany also restricted (or attempted to restrict) sales of
PCBs to installations in which food or animal fced
was processed.

The principal recommendation of the PCB Task
Force was the discontinuance of all uses of PCBs ex-
cept in clectrical capacitors and transformers. These
latter were judged to be essential uses and represented
“closed systems”.2 To the extent that it could exer-
cise this type of restriction on distribution, the
Monsanto Company again undertook “voluntarily™ 1o
control end-usc through its contiol of the manu-
facture and sale of PCBs.

OBJECTIVES

The Interdepartmental Task Force report on PCBs
was isswed publicly in May 1972 and was accom-
panied by a statement of governmental “thinking”* and
governmental “action”. Perhaps the major con-
clusion reached in the report, which became an objec-
tive in Government decisions, wus that of fimited
restriction on PCBs. PCBs were seen as having certain
essential uses in electrical transformers and capacitors
and it was judged in the country’s best interest not to
be totally denied the use of PCBs. This was a direct
reflection of the analysis performed by the National
Bureau of Standards of the utility and essentiality of
PCBs, which pointed to the possibility of an increase
in fires and explosi from d or losed
transformers if PCBs could no longer be used  repre-
senting the possibility of trading one hazard for an-
other hazard. In addition, it derived from the
attempts to map out the patterns of environmental
dispersal of PCBs which had been lost fiom human
use. Electrical applications were seen as ““closed” ap-
plications and were not thought to contribute to en-
vironmental distribution.

Other uses of PCBs werc reviewed as either not
essential. potentially or actually contributory to the
environmental “load”, or were found to have suitable
substitutes. This, then, pointed to an elimination of

2 Monsanto Industriat Cntmxnh Company, press reiesse:
Mons-mo relenses PCB p figures to Dep of
.30 Novumher 1971

North Caroling, 20 2t 1971 dings pub.
lished 0 Yovironmental Health l'euputlvu‘ Experimental
Issue No. 1, April 1972, National Institute of Enviconmental
Henlth Sciences, Research Triangle Fark, North Cara

s Press release accompanying the redease of the 'CU intvide
purtmental task force rcport on PCBs, Washington, D.C., 12
May 1972,
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essentially all other uses — heat exchange fluids, hy-
draulic fluids, and the miscelluncous category of
“plasticizer’ uses. The objective of limited restriction
became the basis for governmental persuasion of the
Monsanto Company to restrict its distribution and
sales of PCBs ~ in fact, the principal govetrnmental
action,

Highlighting of the fact that true regulatory con-
trol by the Government was limited, became the text
for a piea for passage of a then-pending bill in Con-
gress to close this gap. A second objective, then, be-
came the enactment of the Toxic Substances Control
Act which would permit the Government to exercise
usefu) control of industrial chemicals at their source.

The rcgulatory tools which the Government did
possess in this case permitted enforcement action
afier CDs were found in foods for human consump-
tion and in animal fecds. Here, the FDA and the
USDA re-stated their thresholds for action (which
had been evolving over the previous four years), and
announced the strengthening of their monitoring and
analytic efforts, The other avenue of g

The processes of review in this case explicitly
sought information for a broadly-based decision.
Thus, there was a dedicated attempt, (or example, to
determine the benefits or utility of PCBs and of the
costs that could be expected if their uses were re-
stricted or denied. This information was later found
to have been highly influential and important in
formulating the Government's position.

One other element of information which proved to
be important was the analysis of environmentat disti-
bution and dispersal. The analysis itsellf was some-
thing of an cxperiment. [t was reasoncd early on by
the participants in the OST review that it should be
possible, starting with some elementary information
on total amounts of PCBs produced, and patterns of
distribution in commerce and dispusal, and armed
with a certain elementary understanding of physical
and chemical properties, to build a model predicting
PCB distribution in the cnviromment. Tlus, in (act,
was done, and the cocfficients used in the model were
partizlly tested or ‘“validated™ agrinst the physical

contro) was that over industrial cmucnls and ambient
water quality. llete, the Environmental Protection
Agency stepped up its effort (o assess the foreign
chemical content of waters downstream from plants
manufacturing PCBs and the Justice Department was
close behind with enforcement teeth,

INFORMATION

The PCB ‘‘decisions™ were perhaps among the best
informed of governmental actions of this type in re-
cent years, There was, it tusned out, a certain body of
scientific and technical knowledge about PCBs and a
modest documentation of past experience. In addi-
tion, this information was better assembled and
analyzed than was usually the case. Perhaps time was
an important factor since time was permitted for deli-
berate and reasonably careful study and reflection
before decisions were announced. Thirdly, there was
more opportunity for public alring and scientific
interp before deci King than is usually
the case. A Swedish scientific meeting on PCBs had
been held in 1970.% The Office of Science and Tech-
nology had begun jts review and analysis of PCBs by
December 1970, and the resulls of its analysis were
made available as they emerged. The Government's
own scientists reviewed and interpreted the base of
technical knowledge over roughly six months begin-
ning in September 1971. In L ber 1971, a third
forum of scicntists was convened by the NIH to re-
view much of the same material. Thus, the process of
interpretation and maturation of data by scientific
peers — while characteristic of the traditional scienti-
fic process but unusual in regulatory decision-making
- was played out in this case.

of PCBs in the environment which had
been reported in the literature. This excrcise and the
information from it became the basis, for cxample, of
the judgment that PCBs used in electrical capacitors
disposed of in the earth by buryingin landfills would
not be expected o migrate very far through the soil
and would not represent a significant source of en-
vironmental poliution.

IMPLEMENTATION

The principal “decisions” deriving from this exercise
were to restrict PCBs 1o “closed-system™ electrical
uses. There soon emerged a few addilivnal issues
which reflected either loose ends or areas which de-
serve some additional study.

The principal reason for denying the use of PCBs
as heat-cxchange fluids was 10 avoid accidental spills
and leakages of PCBs into foodstuffs (where heat was
used to “pasteurize’ the food matcrial). However,
there werc often PCR heat exchanger applications.
One of these, for exampic, involved the use of heat
on off-shore oil rigs to maintain low viscusity of the
oil. PCBs had been chosen here because of the charac-
teristics of high thermal stability and low probability
of fire and explosion, and many of the heat exchange
devices had been designed specifically avound the use
of PCBs. Denial of the use of PCBs in this case raised
the spectre of an increase in the aumbes of fires in
off-shore oil rigs or the continued use of PCBs from
imported sources.

This general question of worldwide (as opposed to
U.S.) production and use of PCBs, becane 3 matter
of immediate concern. There was an carly visit of a
spokesman from the Swedish Government to the
Office of Science and Technology. The Tacifl Com-
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mission and the Customs Burcau were pressed to
search for signs of imported PCBs.” Perhaps most
useful was the fact that the OECD was persuaded to
take up the question of the industrial production and
commercial use of PCBs in the industrialized parts of
the world, PCBs, in fact, became the major example
of intergovernmental “‘consultation” in a mechanism
which the OECD had established for this purpose.
The U.S. position and the information behind it be-
came major ¢lements in the OECD position paper®®
and in the deliberations at the OECD in November
1972,

Trace amounts of PCBs in packaging materials be-
came a matter of particular concern. In part, this was
due o uncertainty over their origin. There was some
evidence that trace quantities of PCBs were magnified
in the process of recycling paper. To the extent that
this was true, the Government and national policies
aimed at recycling were seen to be in possible jeopar-
dy. One of the principal motives for exploring this
particular issue, apart from the economics of paper
and cardbosrd production, was the contamination of
food wrapped with PCB-containing.paper. There fol-
lowed, thercfore, a series of investigations by the
Food and Drug Administration into the process and
rate of migration of PCBs from packaging materials
into foodstuffs which the packages contained. In
December 1972, the FDA produced an Environ-
mental Import Statement (perhaps the only one of its
kind from that agency) on its proposed rule-making
for PCBs.?? Among other things, this document sum-
marized the FDA investigations and positions regard-
ing PCBs and packaging.

CONCLUSIONS, OBSERVATIONS, AND
RECOMMENDATIONS

The Gov *“decisions” on PCBs ituted an
unusual regulatory exercise compared 10 much of the
experience of the past few years. In the first place,
the Government's position was gencrally well pre-
pared. Related to that was the fact that time was
taken for deliberate study and deliberate action, even
in the face of public outcries for immediate action.
Thirdly, the “decisions™ were taken without much
tangible legal authoiity for goverminental control.

1 Letter from Alvin A, Council on Environmentsl Quali-
ty, 1o Mr. Vernon Acree, Commissioner, Bureau of Customs,
2

ion for Economic Couperstion snd Dovelop:
Environmental  Dircctorste, Sector  Growp on
ded O i

They represented, instead, persunsion and voluntary
action. It is worthwhile, perhaps, 10 examine some of
the factors which contributed v any successes that
can be claimed.

1 The PCB decisions represented, perhaps, a some-
what more manageable challenge than many.
Only a single U.S. manufucturer was involved.
Further, the majority of commercial and indus-
trial uses and the major users were known.

2 There was some information which proved useful
in decision-making. Quantitative figures showing
production were provided — albeit only after a
delay -- which were essential in determining the
scale of the problem and its change with time.
Similarly, the corresponding figures for com-
mercial distribution were essential in ascertaining
the patterns of human usc and dispersion. To
complement these data, there were at least sume
results of physical measurement and monitoring
of PCBs in the environment or indices of dis-
persal.

In terms of hazards, there was a legacy of at
least some documentation of previous hwman ex-
posure and some laboratory data. llowever,
many queslions remaincd. Perhaps, most impor-
tant, was the luxury of critical review (in fact,
several critical reviews) of this information. Fur-
ther, these reviews engaged some very good scien-
tific talent — both inside and outside the
Government and in a way which permiticd the
decision-makers to be very well informed of their
advice.

In terms of benefits, a specific analysis was
commiissioned of the utility and cssentiality of
PCBs. (It is interesting to note that while this was
done well, the National Bureau of Standards en-
tered into tliy exercise very reluctanily, seving in
it the perils of the baitery additive episode of
some years before.)

Finally, there was performed the unusual
but highly useful atiempt at modeling the pat-
temns of rates and routes of distribution of PCRs
in the environment. This was done for the most
part as an experiment (o determine whether such
an exercisc could be performed. 1t did, in fact,
provide some useful and immediate insight.

3 There was a single spokesman for the Govern-
ment. The ageacies involved carly deicimined
that the PCB question cut across several depart-
ments. This, by itself, wis probubly not per-
suasive and the joint request from the FDA and
the USDA to the OST to “1ake un" the PCB

of Chemicals in the E N
Polychiorinaivd biphenyls — proposals for 4 action, q
13 Octaber 1972,
" Food snd Drug Admi ation, Final

impact statement. Rule making on polychiorinsted biphe-
nyls, Department of Health, Lducation, snd Welfare, 18
Decenmber 1972,

arose also rom a desire on their part to
push on to someone elsc o tough or “hot™ de-
cision. it should be noted, also.that the OST had
alrcady begun a review of PCBs.

The fuct (hat theie was a single spokesman
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proved important in arriving at an orderly de-
cision. The Monsanio Company insisted on deal-
ing only with a single spokesman aficr months of
unconnected and frustrating interchanges with a
variety of Government agents. The fact that
there was a single spokesman also undoubtedly
made it easier {0 amass and analyze in an orderly
fashion the variety of information from several
sources. The fact that it was an Executive Office
spokesiman was probably important in soliciting
certain other studies in parallel (such as the
National Burcau of Standards’ study of benefits)
and the review of the Government-wide legal
option for regulatory action,
Although alrcady mentioned, the scientific infor-
mation (especially that related to biological ef-
fects) underwent the benefit of scveral 1eviews,
This had two salutary effects. It assured scientific
interpretation by peers and it developed a con-
stituency among scientists for the decisions
ultimately taken.
The decisions were deliberatcly broadiy-based.
While lhis may nppcar elemenmy, this facet is
& of regulatory de.
cisions mncemed with human health. Both bene-
l‘ls and hazards were explicitly explored.
e were idered. Each
of several avenues of possible action was ex-

amined in turn. Again, a single spokesman for the
Government and one placed above the operating
agencies was probably a necessary featuic in tius
broad examination.

The decislon process was a relatively open one.
The fact that there was an Interdepartmental
Task Force was public knowledge from the out-
set. The Task Force published its full report.
Similarly, the reports of the OST Panel on Haz-
ardons Trace Substances and the repuit of the
NIUH meeting on PCBs were published. Further,
science writers and other members of the picss
were specifically invited to participate in the NIH
mecting. (Note that the guestion of freedom of
information was a matter of some concern during
the deliberations of the interagency Task Force
in the Office of Science and Technology.'*)

Time was permitted for defibesate decision-
making. At onc point, in fact, the Commissioner
of the Food and Drug Administration held a
press conference in which he specifically an-
nounced that he would not proceed with an out-
right ban on PCBs and deferrcd to the study
process that was then underway.® This, of
course, contradicts the classical argument which
insists that Governinents s muake reguiatory
decisions immediately without the luxury of time
for good decisions.

MONS  08129;
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v
,',,' A Comparative Study of Two Polychlorinated Bipheny!

Mixtures (Aroclors 1242 and 1016) Containing 429, Chlorine
on Induction of Hepatic Porphyria and Drug Metabolizing
= nzymes' o
- \
JOvOr AL Goenstin, Patricia Hi MMAN, VIKELYN W, Burs ® r

AsD Hinba Biuonas

g sonnnentad ot tnom Agem v, Netomal §an o onmented Rewarel Ceptor,
Reseurch Lol Pk, Nowih € avolun 27241

Keceavd June 14,1974 o coptad Newember 27, 1974 .

A Camparatine Stndy o Fao Polyuhbosinaied . Bipheny) Mistores 1
(Ataclors 1242 aad 1086 Contamimg 427, Chlonne on Induction ol '
Hepatic Porphy e and DrugMetabolizimg Enzymes. Gotositin, Jo A
Lhonstan, 0 Boese, VW asn ikcaas, U U878 Tovea!  ppl '
Phormacol 32361 373 Aroclor 1 242 and Aroclor 1016 are poly Chiornaied
hiphenyl (PC B anntuces witly simidar chlonoe contenr (42 vy J10° 00, but '
Araclor 1242 conttains 97, diphemy | honwdogs with five ue svore chiloiines
while Arochor 1016 contains only 1), The etfects of Aroclor 1242 and |

Araclor 1016 o0 induction of hepatie porphyria and doug-mctabolizing
euzyies were compared i femate oo fed 100 ppas or SO0 ppm of vach
At 1wk, Arodor 1242 markedly increased liver weght and all drug-
metabolizmy pathway s tested cludimg oy tochiome R38O, fiver wenght,
Atddenetbybise, miteareductase,  aniline hydroaylase, and  glucnromy |
(rnslerase, whide /\ln\lnr 116 had peoduced only wery minimal eflects, 1

AL 6 e, however, SO0 oy of ether Arocdor markedly stereined drug-
bl whide at the lone® done, Aractin 1016 was b bos vifeine

1)

T Ar Toddor 1242, Both doses of Arodor 1742 lTrmlmul e phy i, but \
ily The T those of Avochor 1016 way porphyrogenic. The porphs .
accurredalier a lag ol oo aod was el acier e by it amd epatic ¢
storage o aeeperphis rms Arochor sie creenteadions were sk %
wirts ted egunl doses of 1he tne mnres Fherelore, the oxrkad dillerences ' .
e tiotoenal etlects o Acachor 016 it Acowdig 1242 connoy o B
aaplamvd buiflerences malsornpuon, melabelsm, o evaghion N
I'] ,
Polyclleronned hpheovis (PCI) aee sndustoal chemicals which have been widely ;
wsed sl e wadespread comamanants of dhe coviromnent (Rischsough ef il 196X) \
i the Uited Nates 1PCHS ane solid under the todemark Avacon ey aee wistaies I .
containige vanens percentpes oF ongancally bosd chlorine by sweght, 11Cils have ; I
e Fonmd o iz tsae amt were responsable for an ontbreak of chloiaene in . v
A el epont ot wenk o was preseoted at e sl meeong b ihe Faderation of }

Anrenicis Sew s Tor Eapeonncimnal Rologs - ArLanhic Cav, New Jersey, \pot 19740 [Zed P M),
2t )

Freawmt addiess: Coosumier Frodits Savey Commisson, 1300 W Pacdnice NWL Atanta, Ga,
Jowr
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T reseraed,
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Japan (Yobba 1972 Kurataune o of | 1972) Chrome exposure (o PCBs resubts in
porphyias sesembling hevachlorobenzene pononmg, chnactenzed by delayed omet
and massive moreases mooenuny amd e wroporphyrms (Gobdstem o ol | 19740)
PCBN e abso known to psduce the sty of the hepate mned-tungton oxudase
avstem which mictabalizes Torengn Chicnrieal aind eodopenos steronds (4 ideest o of |
1972y bhese suthors aeported that eltecs on the nicrosomal moed Tanction osidase
systent cosselated diecty with the pey

tehlanme, BEhas been teported that biphonyls
with hagher numbers of Cilonne per moiccule

re retned i tssues lor laager penads
ol tne. while biplicnyls with fewer pumbens of chiormes appear o be preferentially
metabolized and exceeted (Wergel and Seavth, 19749, Curley e al, 1971). Preferential
retentton ol hiehly chlonmaed trphenyls could explain the greater biological efective-
ness of ighly chlormaed PCB owsares compared with s tures with lower pereent
chlormation,

AL present, ale of American-made PCBs is limited largely to uses as diclectric Duids
in cipactors and tansformers Cusrently, the major PCB mivtwie bemg marketed m
the Uinted States s Arovhor 1016, 4 misture containing 4137 chlonne wth overy
low percentige (17,) ol bipheasis wath e than foug ghlornes per molecule Only
one stidy on ihe brotogieal ¢tiects of Araclor 1016 has been published, This sty
campared the ellects of Aroctor 1016 with Avoctor 1254 Gobiphienyl mnaure contaning
547, chlonoe) on certain pathways of deug metabalism (oytochrame P50 eyt
morpline Atdemctbylne. wmline hydroayhase, zoxazolinmee, and  heaobar el
metabolismn) after adminstration to rats of 25 me-ky day tor 6 davs (Bickers or ol !
1972) Aractar 1254 produced wp (o 4 3-fold increase in some drug-metabolizing |
cozymes, wiale the manimum incscase praduced by Aroclur 1016 was 07 L Etlvets of
chrome admistration of w'l:vr 10§06 were pot dcﬁgrlincnl, latterst of al. (1972)
reported upto threeloldiaereases in mtrarequetion of pomtrabenfoic acid and hydrovyls
ation of pentobarbial by Aroclor 1242, a4 mixture containing appronmately 42
chlorine. Because of the reports that, in pencral, biphenyis with greaicr numbers of
chlonnes iy evareied, itappearcd possible that the Jesser e of Aroclor 1016 could
be due to greater metabolism aad ‘o exeretion becatise o ity very low content of highly
chlormated iphenyls I addition, 1 owas not known whegher Avoclor 1016 o Aroclor
F242 ware fess popbyiopeme than ather Avadtor e g TheeeFore, the present study
wis nidertahen e compane the etlecis of Aroclor 106 widh another chlormated

bepheny! nustare, Arocior 12420 waih smdar chlorine content 2% ) but contiaimng
9", biphenyih wit Ine or moe chlones s 17 for Aroclor 10161 Bects af two
relabivedy ek doses o Arochm 1016 ol Sroctor 1242 swere compaitd at hoth Fak
and 6 omaon e Laeee vaneny ol deg-metabahizing pathiwass as o well as porphyn
accumbition ond excction Inddainon, total PCH content ol hver amt fat wee

compared e admmistianon ol cemparable doses of the 1o compounds

MUTHODS

Thery oo ald tenade Sherman tats were divided into five gronps of six each sid
e praned Pui labroritory chiw aod Zdatens contanmg 1R o0 300 ppan Avaclor [H6
ot New K H-06:750) (Morvato Cheonel Co SELoms, Mo ), o plain chow. Rats
woeie saciticed by decipiation ahier 1wk An addition:

3O sl were veted na
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stilar Lashion and sacnibeed at 6 mos Urine was cotleeted in metabuolic cages for the
2dhi penod preceding sacnbice

Alter sacrifice, hver homogenates, 9000 ¢ supermtes sind sicrosomes were prepared
as previously descrbed (Gotdsiery of af 197300 0-Anmitoleshinic acnl (AT A) synthie-
tse was assiyed ue whaole Tner lomogenates (Marvee of al . 1906.). o- Antimophenol
plucironyl tanderse was ssayed 1o mscrosomes cyunsient to 30 g wet wiof bver
(resspended i TSR CH i the presence of 037 dighonm and 2.7 mol'mi ot
UDPGA (Golstemand Tawmog, 19681 Aminopyrine A-demethybisecintline hydiosyl-
ase,and nroreduen e Were assayed o YO ¢ sapermates (Goldsicin ef ol L 1973h)
Anilioe Bydronylase was assayed m the ik Vedemethylise was measued by deter-
mination of Toranddeivde prodoved 1O o and Axveliod, 19539) and antine hydrosy -
awe by detetmmation o poanrnoberzoie el rom penitrobeaszon od (Hous and
Brodie, 19537) with the fallowmg modifweation.

Porphy tin wn liver ictions iom porphyiic cats intertered with aniadysis of products
of drug mclabolisang enzymes by producing g blanks. o addivon, porphyims
intestered specttically with analyses of peaminophenol which s coupled with plicnaol 1o
alkaline solution o form an mdophenol dye and meisured spectiophotometeeadly
(Kato il Geitlenee, 19651 The reaction product was uustable o the prosence of pog-
phyric tissue, disappeaning vaiably during the reaction period  Therclore, we toutinety
removed porphyiin lrom all prowin-iree supermatant fractions of diug-metabolizing
reactions by the addimion of SO my mi ke Lo the mcubation mitores afier the reactions
were smopped wath acid. The tale, which adsorbed the porphyrins in acid conditons,

wits precipied by ventrifugation at 2000 ¢ Tor FS mm. and the porphy rin-free super-

itey were analyzed (or pammophenol, formaldehyde, p-ammobenzoe acd, of
a-ammophenal glucuronide as desenibed above, Recane
wnaliecied by tale,

Microsomal extochrome P-450 and protoheme were determined by the methods of
Omura and Sato (19644, b) using an Aminco DW-2 pectrophiotometer. Miciosonal
protein (Lowry o of (19300 nssue porpinains (Doss, 1967)0 womary porphyaans
(Goldstan er ol 19740, and uetnary AL A and porphobthnogen (#8G) (Marver
ef al 19060 were measwied as previousty described. Tissue tesdes o PCHs weie
anislyzed by pas chiomatoenaphy (GO wsine a Ahwre Teh MT-220 wnd quantitited
by compirng the sum o the peak frosghis with the sum of tatal peak herelins i the
correspomdhine Aroclor standand (Cutley eral (1971

ol all compeunds were

Rusuhts woere amalvzed by danady s o varnee tollowed by Dancan’s maliple range
st Sl and Tovae, 19000y

RIStLS

4\lll_u|\. 200 ppon of Avoclor 1242 marhedly incrcased extochrome 1450 (4-fold),
Ademethylase 1Y Sdokiy antuwe vdrosylase (0 Sold), mtroreductise (3-Told),
ooyt tanstevse (-lold), aand tmcrosemal protobeme (2o-tobd ), ol produced
eomavases 1 AEA synthetase (W07 ) and ey weageht (870 (hige 1)
ottt S ppm Avoclor 1016 prodiced ony i 0% marease inmeost ensvanes] 1 fleeis
o SOD ppy Avovkor TOT6 swere spmticantdy boses than those ol SO0 ppoy Aroclor 1242
on al parameiens exeept moreductane. The sadler dose ol 100 ppay Atoctor 1242

mader
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Caned sbicant ancrcases i cytochoome P (2 old), aimbine
(23001, ylocuranyl tansteease (2 Goldl ALA symihictane (227 )

hydivnylase b

mivhesomal Yl

protolicme (07 and Tner werlit (97 while Ton P Avodhon TOT0 lad no elledis
The peak of the CO-Dilcrence spectiom ol cytochrome ST was shidicd Hom 450
Lo -9 nm by Avodior 1242 Deatinest but sot by Avachn 116

Al ’» e SHD ppme Avoclor 1242 had Besser citects on oy lochiome Po450 and N-
Jemethylse than ar 1wk, but ambing hydiosylise, niroreduciase, and liver weight
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omybrinstciase ¢ okl v ol s ALA synihetase (30 ta - 0okd vs 1 fold) were syiiin
much predter o than ot b w kg sddeaon, the cllects ol SBO ppa ol Avoglons 1016 W
and 1212 were soughly g ql- AL O vrog SO0 ppm Areclor 1016 caused i had LU
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reductase (2-fulih), ambime hydroxyvhase (2-Tokd), and bver weight (297}l 21
Blosever, the etiects o MK ppin Aroclar 1016 were sigmbicanddy Tower than the elleets
off 500 ppc Aroclor 1242 an amiline hydrosyhase, aitroreductiase, amd glucuronyt
tamstenise: AL the dow dose of TR ppan, Avoclor HIT6 Rad velaiively slight cllects, in
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bt e mvcnesonial prewern, and AL A syt Vit f6 Crronps ol sy
tennle s fud FO0 o S v o Apasclos 1016 and 1242 swere sacrivad i Soiues represent
LA Spvdicantly geeater thae vontrolvat g« .03, b 800 ppin Aroctor 1212 sgradicanily
Rt e L0 ppes Ao 0160 g0 BAS, ¢ SO0 g Asedln 1242 sigiideantly eater than
SO0 ppan Aroslor 1o, o 008,

A \)/’~’\ A

vonteast ta twe anched etects ul'(\!u\‘lm' F22, Phese differences sose statstically
sigailicant for amshne hydeosylase, nitroretuctase, glucarony b Diasderase, ol ALA
syuthetise,

Worght par was sigmhicantly deereased only by the bigh dose of Aroclor 1242 at
o I8 e 0 0 7 e 6o, the dese of Arocior consimed was g/ piday
for s Ged 100 ppvin Avoclor 1242 o 1086 and XY g Kgakay Tor rnes fed SO0 ppon
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Aractor 1242 or HH6. The ul;_nm'_hum\ ol most rats o both doses of Acoclons J
1Q0E waed 1242 were swollen ot | sk and mathedly swollen at 6 mo.
Ponphivrns
AL wk, nether Aroclor 1016 or Arodor 1242 find any eliects on liver or urinary
porphy s or FBG (e Yamd $) (Vable 1A small increase i urnnry ALA wis
seen i ants Jed $00 ppme Ajoctor 12420 but the sigwmiticsnce ol tis incivase is question-
able. AL mu, howeser, both doses pFAToclur 1242 and S00 ppm 116 produced large
increases in hepatic porphyri 00-toidy (Table 1 and ori ary uroporphyring
(200-Fohd) (ig. ) and mulerate inCITANSS in coproporphyrin dld). uriniry ALA
and PG (appros. 3- and 10-fold) (Fig. 3). The porphyen toasd i the livesy of
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Fuo, Y Fiecis o Meovlors 1016 and 124 onurarary ALA and PBG Rars were treited as deseritwd 100 ppm Arne
in Figs, 1aod 2k urme sas colleciat i imdis bl awtiiiie cages for 24 b precedog saeribice 300 ppiy A
Vadies toprasent mcans © 5 Fhe oumibers adnine the bacs copeesent the proapastin of antmiabs whose UK ppay Ao
IMbvadead valies were vutsate the 997, Contulvnce bonts of the controb sl p < 000 3 - Significantly 300 ppm Ao
it T cmtrols, p < D08, e e
* Pucphne o
treatend v b
PCB-vcted tars was dentdicd as N2 and 7-carboxy pacpliyiins @ul\u A thie s dad * <
HRE ppor Neowdon [0 showesd any evidence ot inereased liver or unmanry porpliynins
Analyas of woane AL PRG and purphiyoms ac 12 days, 2 o 4 macand 6 mo of adihibine.
sttt posphavvsmiia ovenned afier 2 6omo. There was o Ao idiciian ol a (st a0t
detfvrent me counse it deselopaent of porphyriicin Avoclor 1242 o Araclue LG LH G ted s o
trcated cals amd Lt
ti partcnl o p
Tivvee PCHR Content vl L PO
Companing the GO prodile ol tssue PC RS Gaay Avoetor 1242 ad Aol 1016 fed dose oF S
gl with dhe GO pratite of the appropiute Aroddor standind. we Toumd dis, ppvare gl
ance o 4 ninher of peaks, Cianges i the tios of e peaka, and posable e content v
|
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ICRSURTITTINYEYS
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anduved larpe
sapoephiviin
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s dewribwd

Sy ity
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PUTTOIRUNEN NN

the tats Rl
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Mol 10160
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e 4 Fafecy oF Arockons 1016 aned 1242 on arinary copropoeplny rm and uroporphyon cecretion.
Treatinent iy doseribed in § g, U Valoes represent v SLEL The numibers abuse 1he Baes opresent
the proportion of anenaby whow indivatual yaloes were oueside the 997, contidence ity of the
contiols at p < V.01 Signricantly ditierent from controls, p < 0.01.

TABLE 1

E#t1C1 0t AROCLORS 1016 ARD 1242 ON LIviR -PokpsyRING IN Tin Rat®

1 Week 6 Months
Freatment 7-Co01 ¥-CaOoH 7.COO 8-COOHt
Cantsol Trave? Trace® Trace® Frace®
100 ppm Avoctor 1242 Trace® Trwe® t6d 3 27 75U+ ot
SO0 ppm Arudlor 1242 Trace” ¥ (2:7_« 59 G609 1+ 146
100 pom Arocdog 111G Teace® srae” ~frace®
S00 ppan Aroctor H016 Trave* 89423 143+ 68

ityer chromuatography. Fenale eats were
s desehed i B b Resalts are given as the awan + Sk
R

* Porpliyrios were ncthy lated
i

of addstional Luc-cluting peaks (Figs, § and 6). The GC residue paolibes of Wl iheee
Sissues o Arochos 1242 fed s contaimed 11 major peaks, whide those from Arodor
LG Fed s comtained Give magoe peaks The totad PO content was simlar m hver
and Lt o aniniads fed comparable doses of Aroclos 1242 o Ayockor 1016 (Fig. T)
o e icwhar, Tats fed B ppam of cihier Aroctor for 6 mo tud comparable fiver, blood,
andd Gt PCB concenmtpiin lesprte markedly different brological cifects AL the high
done o S0 ppo, e PCContent of livers rome rans fed Avoclor 1242 1o T wkh was
signifieantly gher timan bver BOB residues in iy ded Araclor 1086; however, tat
content was compuieble,

MONS 081298

e t— — T+~ AT



TN ey

PR

Y S e

o e cTheme oy,

———r . 2

e T e A e et P

ot ot et

v .

P“‘

468 GOLDSIEIN £T AL,

AROCLOR 1242
STANDARD

STORAGE OF AROCLOR
1242 IN FATY

1 1 i
o] 3 6 9

Vive S Gas cuosadags aphne probile of Atoclor 1247
M) oy Av o 1212
Iwar poaka glabded N o
oI Nt 1212 savedand,

sambard and residoe from fan of e fat
o 0o 1'eaha were numbeeed comegulively accsding to gelcation G,
YW Found in extracis of tisses from Aroclor 1242-fed ity by pot
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AROCLOR 1016
STANDARD

1 I\ 1 i

STORAGE OF AROCLOR
1016 IN FAT

) 1 1 i
0 3 6 9

Pii, 6 Goas comatinpeaphie protite of Arocdos 1086 scamband and rosmhue Trom fat ol ats [

100 s Ao 1080 B 6 oo, Peaks were nombvied comsevtiinely sieonding Juoctenhon e
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Fioo 2 Tonsie PO comtent of feptishe rints fed Arocloe 1L ue (242 Rits were treated oy i b, )
Vabiw's Fepresent mieans © S S0 g Arvoctor 104 signdficantly difcient o S8 ppas Arovior
J22. 060 ppan Vot 10D sigmiticantly dillerent Irom SO0 ppss Arovlor 1242,

PISCUSSION

We show that Aructor $242 mvarkedly increases liver weight, cytochrome P-450,
N-demethylase, anitine hydroaylase, nitrareductise, and glocuronyl iransterase activity
when [ed o female ras for 1wk, while Aroclor 1016 his oaly very slight ellects on
baer deug-metahobzing cuzymes and oo efiest on Siver weight. Bickers e/ of. (1972)
simtaedy found only 0% increases in cytachrome D450 and cthylmorphme N
demethylise and no inceeases i tives weight atier six daily doses.of Aroctor 1016
(25 mg hpiday) Howeser, he compared Aroclae 1016 with Asoclor 1254, i minure
with higher chlovine contemt, and conclded that Yhe esser efieets of Aroclor [HG
probably rehied 1o the lower chlorine content. Simitarly, Litterst ¢f of, (1972) showed
that the puteney ol PCB mistures ay inducers of drog-metabolizing enzymes inceeased
With inercasing percentage of chilorination. We show that Arovlor 1016 v much less
effective iy Avschor 1242, despite similie ehlorine comient. There(ore, the ability
of PCBs 1o induee drugemenabolizing enzymwes does ot depead simply on pereentage
ol ehlosination. Arocor 1242 iy be aomaore polent inducer thas Arocon LG because
i cantiin a higheg gononigagion of posg- s igdgehlorobiphenyls, winch may be
e snonk actisd mdivers o the monre, '

o comtrast ot mmand etfects at Uwh, S50 ppmy Aroclor 1010
ghivuronyl nansia

Dy tcreised
v andowe by drosykine and nitroreductase actevaty as well as fiva
serght sl canned porpliyess st 6 o Phese resulis were completdy imespected
view vl abe canhier study oF Bichers o al. (19720 which veponted wmssist eiieas of
Arvochv TG an doag awetabobism ssd Siver serght, apparently becanse they stadied
widy a6 day dosiee peend Ve present sty denasgeates i the clvcts of drome
evpospie cannet e pradictad by shost-term dosage. By pacicelae, the porphyria
prodduend by Arocior 1016 couhd por Jive been predicted on the basis of sih-term
stihies, The effects of Avactae 1242 adso ditforad with lengih ok adimmnisiration. Some
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PCRS UN PORPHYRIA AND DRUG METABOLISM 471

sfects were fess noticeable at 6 mo than at t wk: other pathwitys were incredsed com-
pavashly or cven more markedly after losg-term adminntrition. We have previously
noted that eflects of piperoayl butovide on glucuronyl transierase were much more
prosvunces atter 2 mo, while mant other drug-metsholizing enzyies were naamalty
ctcased alter 1wk (Gaoldsicin ¢r ol 1973h) .

Aroclor 1242 shified the maxinum of 1he CO-ilerence spectrum lrom 450 10 449
nnr. but Aroctor 1016 had no diseernable eflect, posably becasse Aroctor 1016 inusciased
eytochronie P-4 S0 content only minimadly. A similar shift ol ihe CO-dillference specteum
apd v inereise in the 455 430 ratio of the peahs of the ctbyl isocyande ditTerence
spectrum b been noted after Aroclor 1254 administrition (Alvines ¢f al., 1973).
These changes are similar (o those produced by polyeyclic hydrocarbons; however,
PCBs, unlibe polycyelic hydrocarbons, stmubiate o variety of pathwitys.

Both Aroclors FO16 amds 1242 produced swelling of 1he uterine hoens. DT and

PCBs with less than 33", chlorination have been reponed 1o have estrogenic elicets
on the rat wierus (Binman and Ceil, 19700 Aroclor 1016 appears at beast as effectne
s Aroclor 1242 in the present study, At present, no studies of the
fon_lave been feportad,
Previously, we showed that 100 ppm Aroclor 1254 increased urinary exeretion and
hepativ accumubation ol uroporphyrins amd tiduced ALA synthetase, the rate-limning
step in heme synthesis, after a fag of several moaths (Goldstew e of., 1974a). Buty
100 ppm and 500 ppm Aroclor 1242 produced similar ellects after o mo, while only
the high dose of Araclor 1016 was ellective. Apparently, the lag w development of
I'CB-induced porphyria did not depend on greater gissue accumulation of PCRs with
time, since rats fed 100 ppm Aroclor 1242 Yor 6 mo were porphyric, while rals fed
500 ppm Arocior 1242 were not porphyric at | wk despite higher tissue PCB levels. A
sinilar unexplained lig has been observed in hexachlorobenzene-induced porphyria
{Ochner ind Schinid, 1961), in contrast to porphyrogenic drugs such as allylisopropyt-
acetamide which increase excretion of porphyrins and their precursors within hours
(D¢ Mauwis and Prior, 1962).

The toeswer eilects of Arocor 1016 than 1242 could not be expliined by greater
metibolisn and exeretion, since Lissue goneentrations were comparable. Other workers
-in our laboratory {ound plasma, kidney, bruin, fiver, un(ﬂ__oomcnl of PCBs were
gencrally higher i radhfed 100 ppm Aroclor 1016 Uan in rats fed Aroclor (242 for
0.5.1.2,. 4.6, 8 or 10 mEMurse o al. 1974). It is probable that induction of liver
enzymes and hepatic porphyria by PCBs depends on both the quber and position of
chlorine atonns on the PCR molecule. Signilicantly, Hush o7 ol (1974) foand high
currckition between occupation of the 4.4 positions, tissue retention, cytochrome

Pq50, amd anstine hydroxylase activity after administiation ol Arockr 1253, Come
pownds with one or lmlhp-ﬁusllimh QPCRWERE not persesicntan bssue

Pwe Baropean commervial prepacations of PEBs have heen reposied to he con-
taaneated with S 20 ppme o 2378 actrchloradibenzoluran (FCDIY (Vos o ol
7. The echated compound, 23,7 K-qetrachloradibenzalionin (1CDD), induces
AL A synthetase i the clieh embrey oot doses as fow as 005 pih g (Rolisind aod Glover,
1973, induces hepatie porphy i i the mouse at doses of 1K) e ke (Goldslein of ol
197 Xa), amd incredases fiepatic ey tochrome P-350, glucuronyliemslerase, and a number
of drsgemetabotizing cozymes st doses as low as | pg/hg (Luvicr of al., 1973). Vos
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SCumiey, Al e, VoW AN JINNINGS, R (1972), Mt

et al (1970) could not deteet TCOF in American-made PCBs a a sensiivity imut of

L ppo, bt Curdey of of. (19723 reported contamimation of Aroclor 1254 with a trace
of TCDE texs than U ppayg, TCRD was nov detected. 11 is doubtful whether con-
Gt of Aroclors with less than {ppa FCDE coubd attribute appreciably 1o the
hepitie etlects of OB, swe a namber of synthetelly prepaed iexachiorotsphenyts
unluu: ALA synthetase, eytochrome P-350, gluctrony] translenne, aad parphyria in
while TCDE does not induce porphyria, even at lethal doses, has lale ettect
on cytochrame P-350, and no eflect on glucurony] ranslerase or ALA syndhctase
(Goldstein ¢f ¢l., 1973b). Simularly, TCDF did not induce pofphyria in the mouse at
Atetimies the porphyrogenic dose of TCDD under identical conditions (Goldsten er al., _
1974b). Therelore, it is probable thar dilferences in the effects of vianous IPCH mixtores /
on the liver are due to the effectiveness of the varnous chlonnaicd biphenyl homology
invach mi\nmf/\rurlur 10068 Tess pojent in s ellects on the liver, probably because
it vontiuny Jewer of the bipheayls which are the most active inducers of liver drug-!
metabobising cmymcs}
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