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PREFACE

The Center for Assessment of Chemical and Physical Hazards at Brookhaven Na-
tional Laboratory (BNL) was requested by the Department of Energy (DOE) to de-
velop guidelines on use of carcinogens by DOE and its contractors. As part of
this task, the Center conducted a two-day workshop on September 7 and 8, 1982 at
BNL to discuss problem areas associated with developing carcinogen guidelines.
The format of the workshop inciuded an oral presentation of their topics, and
open discussion by all participants. Brief written comments or summaries of
issues on problems were -repared in advance by the principal participants.

Principal participants included invited professionals in the field of chemi-
cal carcinogen research and carcinogen policy development. The Center's techni-
cal advisory panel served as the gession leaders and the Center's technical
staff participated and provided editorial support. Also participating were DOE
staff from Washington, D.C.

Except for the brief prepared comments and summaries, the workshop proceed-
ings were transcriptions, frowm tape recordings, of each session and discussion
period. Because of its timeliness to this workshop, a special BNL seminar on
the de minimis concept given in the Medical Department was included in this
workshop with permission of the speaker, J. Newell Stannard. Transcriptions of
the workshop sessions were edited for clarity and readability only and represent
a sincere effort on the part of the Center to convey the actual discourse of the
participants. Any error or misinterpretation of participanta' statements is
regretted and apologized for in advance. The conclusions and opinions expressed
by the participants do not necessarily reflect the views of the Center, BNL, or
DOE.
The workshop chairperson and coordinator thanks all workshop participants
(see appendix) for their time and contributions to this important problem. We
wish to especially thank Sandra Green (the workshop secretary), the workshop
recording engineer, transcribers, the BNL Word Processing staff, and those who

gave editorial assistance.
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PROLOGUE

Welcoming Comments
(Speaker ~ Victor Bond, M.D.)

Bond

It is my pleasure on behalf of our Director, Dr. Samios, and all of us at
Brookhaven National Laboratory (BNL) to welcome you to the Laboratory. On such
occasions I usually take advantage of having a captive audience to tell them
something about the Laboratory. Howevar, because wmost of you are from a na-
tional laboratory or know a good deal about them, I will spare you that and re-
port briefly on new developments here that relate to biology and medicine and
the subject matter of this conference. The first of these has to do with our
High Flux Beam Jeactor, which just last week went from a power rating of 40
megawvatts to 60 megawatts. The significance of the increase is that a fair
amount of experimental work at the reactor is devoted to determination of the
structure and funection of biological molecules. The upgrading in power substan-
tially enhances the overall value of that facility, not only for people here at
BNL but for the numerous users from other institutions as well. In a similar
vein, the National Synchrotron Light Source is now going on line. It is a
first-rate instrument with snormous potential in the field of structure and func-
tion of biological molecules. It is of substantial interest to biologists,
within BML and elsevhere, and the list of interested users is already formida-
ble.
With respect to this conference, the importance of the subject matter is
fully appreciated, not only within Brookhaven but generally. A number of pro-
grans within BML are concerned with the subject matter, directly or indirectly.
Otto White and his group are to be congratulated for putting together the pro-
gram before us. The questions addressed are certainly forefront in th:s field,
and we have an excellent group to address them. I wish you every sucess in the
conference. Again, welcome to BML.

I-1



Introduction
(Speakers - Otto White, Jr., CIH
James E. Brower, Ph.D.)

White

I have a few introductory remarks to place in focus the purpose of our
being here. The Center for Assessment of Chemival and Physical Hazards (CACPH)
has been charged with the development of a draft con a carcinogen policy which
will be used as an internal guideline for the Department of Energy (DOE) and its
contractors. We in the safety and health professions, especially those of us
from laboratory facilities, have been concerned about carcinogen guidelines,
since current regulations are focused toward production facilities. Our con-
cerns are further increased as more chemicals are added to "carcinogen" lists,
and as we find common chemicals such as saccharin and formaldehyde being
identified as carcinogens. Do we treat them in the same manner as
bis(chloromethyl)ether and aflatoxin Bl? And, just what are the proper protec-
tive measures that should be used for the various types of materials?

We at BNL, as well as our DOE counterparts, have those concerns, and CACPH
has been charged with assisting the DOE in developing an internal policy. Our
efforts to date have been to canvass the DOE community and to prepare a model
guideline. A questionnaire has been sent to each DOE facility and DOE contrac-
tor to determine what policy currently is in effect at their facilities. We
have asked for identification of compounds that they treat as carcinogens and
for the rationale that resulted in that determination. We have also develcoped
a rough draft of a carcinogen guideline which takes potency into consideration.
We do not expect much success with a carcinogen policy unless it takes the po-
tency question into consideration. To that effect we have generated a first
draft Zor which we received some discussion and comments from attendees at the
1982 American Industrial Hygiene Conference in Cincinnmati.

With the results of the survey and discusaions generated at that Confer-
ence, it became clear that there are a number of problem areas in which the
CACPH staff needed some input. Therefore, we have asked you, distinguished mem-
bers of the scientific community, who have expressed views in these problem
areas, to join us to discuss your views, and to allow the CACPH staff and the
BNL advisory panel an opportunity to hear those views as we try to formulate a
policy for the DOE community.

Before we get into the formasl presentation, Jim Brower, who is manager of
the Center for Assessment of Chemical and Physical Hazards, will give you a
brief overview of our program here,

Brower

Thank you, Otto. I would like to thank all of you for coming here and am
pleased at the good turnout at this hour of the morning after the Labor Day

weekend .
I want to tell you briefly about the Center for Assessment of Chemical and

Physical Hazards. In the folders that you picked up at registration you should
have an outline of the Workshop topics as well as a brief summary of what we do
at the Center. We are under contract with the Departwent of Energy to assess
the occupational health effects of chemical and physical hazards that workers in
DOE, the DOE laboratories, and the DOE contractor community are expased to.

I-2



We are currently hetvily involved in asseising various chemicals that are
potential health hazards in synthetic fuel areas. We are doing computerized lit-
erature searches, examining this lxtcraturc, and assessing the health effects in

. summary reports. This information is theh reviewed by our Advisory Panel which
consists of members from Brookhaven National Laboratory and the State University
of New York at Stony Brook. When the information is deemed sufficient and the
problem significant enough, we will develop and recommend interim standards for
that particular chemical. This standard is then reviewed by a panel of outside
consultants who make additional recommendations or suggest revisions of the stan-
dard.

We have other sreas where we assess chemical and physical hazards through

a2 "hot-line" gervice. We may receive 2 request from a sister laboratory or a

DOB contractor to review a potential health hazard at their instalilation. We
then prepare a brief health effects summary on that problem.

That in general is vhat the Center does. We have several in-touse staff
who assist in preparing these assessments, and this is overseen, as I mentioned,
by the technical Advisory Panel.

Next, I will give you some brief details on the Workshop. The format is
basically that of a discussion. We have several people who will be key partici-
pants in each of the discussion sessions. Each of these people will present a
short summary of their views on that topic. The topics listed on your outline
are merely suggestions to give us some guidance and direction for the Workshop.

I am sure other topics will come up in the discussion that certain speakers may
want to address, and please feel free to introduce such items. We will then
open up the rest of the period to all participants. The discussions will be
coordinated by & discussion leader who is a member of the Center's Advisory
Panel. Since we are transcribing these proceedings and publishing them, please
identify yourself, speak clearly and succinctly, and minimize your use of techui-
cal jargon, or explain it clearly enough so that the transcribers will under-
stand the complex terminology.

We will have one session this morning and two this afterroon. In the
first session we will discuss the definition of a regulatory carcinogen. Dr.
Robert Drew from Brookhaven National Laboratory will be the discussion leader
for this session, and the first speaker will be Dr. Kim Hooper. Dr., Roy Albert
will substitute for Elizabeth Anderson who is unable to be here. If there are
no questions regarding the Workshop, then 1I'll turn it over to Bob Drew and Xim

Hooper.,



SESSION 1

DEFINITION OF A CARCINOGEN FOR REGULATORY PUKPOSES

Introduction
(Seasion Leader - Robert Drew, Ph.D.)

Drew

Ten years ago, and again about eight years ago, I visited the Soviet
Union. I came away with a healthy respect for the scientists over there and a
fair degree of skepticism with regard to the laboratories, facilities, and the
research they said they were publishing. I mention this only because one of the
things that impressed me was the fact that they are coming to grips with the
problem of regulating carcinogens.

In genersl; I think the USA has had a "head-in-the-sand" approach toward
the business of trying to regulate compounds which have proved to be
carcinogenic in laboratory animals, and are suspect in man as well. For exam-
ple, vinyl chloride in this country was regulated on the basis of detectable
limit by an instrument. The regulation required that there shall be no vinyl
chloride in the air as measured by an instrument which can detect 1 ppm. In my
estimaiion that is a "head-in-the-sand" approach. Then we have the problem of
saccharin versus cyclamates. Cyclamates are forbidden in this country and
permitted in Canada; the reverse is true with regard to saccharin. Saecharin is
used as a sweetener in this country and forbidden in Canada. These conclusions
are pretty much based on the same data so it is clear that there are some problem:

Finally, I have been engaged in research that defines carcinogens. One
compound in particular, bis(chloromethyl)ether, has proved to be very potent and
is now on the list of regulated carcinogens. I have also done research that
clearly establisned that inhalation of SO along with benzo(a)pyrene enhances
the capability of benzo(a)pyrene to produce tumors. However, I would be very
concerned if this country began to regulate SO, as if it were a carcinogen in
the same kind of context that it regulates bis(chloromethyl)ether. It is to be
hoped that this meeting will be able to address some of these questions.

Our first speaker is Dr. Kim Hooper, from the California Department of
Health Services. Hig Ph.D. in biochemistry is from Harvard. He did
postdoctoral study at Berkeley with Dr. Bruce Ames where he took part in
carcinogenic potency projects. He is currently chief of the Hazard Evaluation
System and Information Service in the California Department of Health Services.

I-4



Issues in the Development of California's Carcinogen Control Policy¥*
(Author - Kim Hooper, Ph.D.)

- *Dr. Hooper requested that the following paper be substituted for the transcrip-
tion of hia presentation.

Hooger
Abstract

In a process that is unique to state government, the California Department
of Bealth Services has been formulating a carcinogen policy for the past two
years. Our experience may b2 useful to others engaged in similar local efforts
to develop public health policies for control of carcinogens. Our policy
focuses on the risks of exposure to chemical carcinogens; however, the princi-
ples discussed apply equally well to other major causes of cancer (e.g., ciga-
rette smoke, radiation, viruses). P

In an attempt to separate science from policy, the California Carcinogen
Policy has been developed in three sections: {1) carcinogen identification; (2)
risk assessment; and (3) policy considerations. Open workshops were held and
public comments were invited on drafts of each section. The policy has been
reviewed by acientists from academia, government, the regulated commuiity, and
labor and environmental grcaps. We have attempted to create a dialogue between
these groups aimed at achieving concensus, wherever possible, and identifying
principal areas of disagreement.

A carcinogen policy mist make decisions on a number of controversial
issues. In most cases, w: have selected those options which we believe to be
scientifically reasonable and consistent with a prudent public health policy.
While our policy follows precepts set forth in the earlier Inter-Agency kegula-
tory Liaison group (IRLG) and Occupational Safety and Health Administration
(OSHA) cancer policies, important differences exist which are discussed: (1) a
positive result from a single, well-conducted animal bioassay defines the uni-
verse of carcinogens; (2) chemicals for which expert committees {e.g., Interna-
tional Agency for Research on Carncer or National Toxicology Program) have deemed
there is "sufficient' evidence for carcinogenicity will be considered actionable
carcinogens; and (3) risks are estimated for carcinogens without regard to their

mechanisms of action.

Introduction

As this Workshop opens the day after Lsbor Day, it seems appropriate to
dedicate this talk to the occupational health community of America which has
contributed in large part to our knowledge of the carcinogenic effects of chemi-
cals in humans. California's intention is to avoid the need for obtaining fu~-
ther information of this sort and, instead, to use animal teat data, where possi-
ble, in efforts to control exposures to carcinogens. After describing an inci-
dent which illustrates the predictive value of animal toxicology data, I will
discuss briefly how the California Department of Health Services has become
involved in formulating a carcinogen identification policy for California and de-
scribe some features of this policy.

About five years ago in the rural town of Lathrop, California, male
workers formulating commercial batches of several pesticides in an agricultural
chemical plant realized that for several years none of them had fathered a child.

1-5



Their fears of apparent infertility were confirmed when, with the cooperation

and assietance of their wvnion, the company, and health professionals, semen anal-
yses were conducted and the group was found to have an abnormally high preva-
lence of oligospermia (low sperm) and azoospermia (absence of sperm).! The fre-
quency and severity of these effects correlated well with the duration of the
men's exposure to the nematocide, !,2-dibromo-3~chloropropane (DBCP). Marked ef-
fects on spermatogenesis nccurred at exposure levels as low as 0.4 ppm (8-hour
time~weighted average). These doses produced ne other clinical signs of
toxicity.

Almost simultaneously, results of a National Cancer Institute (NCI) gavage
bioassay were released which indicated that DBCP was a potent carcinogen,
causing cancer in rats and mice of both sexes at doses very close to those that
workers may have received.3 Confirmation that DBCP was a potent carcinogen came
six months ago with results from an NCI inhalation bioassay. DBCP was shown to
be genotoxic §n several short-term tests for mutagenicity using bacteria™ or mam-
melian cells,

The DBCP incident was the first documented example of workplace-induced re-
productive failure in msles, and illustrates that occupational exposures to chem-
icals can produce a broader range of toxic effects than previously imagined.
Public concern was heightened by the discovery that DBCP had been found to cause
a similar effect (low sperm count) in test animals and that these effects had
been reported in the scientific literature eighteen years previously.” As with
the carcinogenic activity, the testicular effects in animals occurred at dose
levels close to those that produced similar adverse spermatonenic effects in the
men. Hed grester significance been attached to these results in test animals,
the reproductive failure in workers at Lathrop might have been avoided.

Two lessvns may be learned to help prevent similar episodes from occurring
in the future. First, the release of information at the right place at the
right time (e.g., animal toxicity data on DBCP to plant officials and workers at
Lathrop) could be an effective part of a program of preventive occupational medi-
cine., Second, greater weight may need to be given to results from studies in
test animals as predictive of effects in humans. Data had been present for eight-
een years that DECP caused sperm damage in mammals. Only after effects were
found in humans was action taken to control exposure to the chemical. Evidence
that DBCP causes cancer in test animals is currently available, The question re-
mains, '"What is the likelihood that similar carcinogenic effecte will appear in
the future in these workers?"

The DBCP incident underlines the importance of communication between
laboratory/medical scientists and the occupational health community. The
practicing health professionals were not informed of the reproductive and
carcinogenic effects that laboratory scientists had discovered, and labor and
management were similarly uninformed. Shortly after the DBCP episode, the
California Legislature moved to strengthen the State's resources in occupational
health and medicine by establishing the Hazard Evaluation System and Information
Service (MESIS).* HESIS communicates to California's workers, employers, and
health professionals the results of published medical and scientific studies
that point to new occupational health hazards. HESIS performs hazard evalua-
tions on substances of concern and issues hazard alerts on high-priority risks
(e.g., the carcinogens ethylene dibromide and ethylene oxide). Because of its

*HESIS is in the Toxic Substances Control Division of the State's Department

of Health Services, 2151 Berkeley Way, Berkeley, California 94704, and is
funded by a contract with Cal/OSHA in the Department of Industrial Relations.
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evaluative function, BESIS was asked to assist in developing a carcinogen identi-
fication policy for California.

The development of such a public health policy on carcinogens faces sev-
eral difficulties. Pirst, the number of carcinogens is likely quite large among
synthetic and naturally occurring chemicals. Indeed, the number of carcinogens
may be so large as to overwhelm the liwmited capacity of goverament agencies to
regulate them. This is contrary to the belief of the 1960s that carcinogens
were few in number and might be regulated quite stringently.

A second difficulty arises because of the latency period of cancer. ‘Most
strategies devised to control exposures to carcinogens are based on predicted
likely carcinogenic outcomes in humans. As the evidence of an effect in humans
or test animels increases, so does the likelihood that the chemical will cause
cancer in humans. As a matter of fact, the number of chemicals for which there
is currently sufficient evidence for carcinogencity in iest animals may number
in the hundrede, whereas the number of chemicale associated with producing
carcinogenic =ffects in humans is an order of magnitude lower. This large dif-
ference appears to be due to the difficulty of studying effects in humans rather
than a greater inherent resistance of humans to the effects of these chemicals.
It is difficuit to locate an appropriately large human study population exposed
to a single agent at reasonably high doses for a significant part of their life-
time and followed for a sufficient length of time (10-20 years) so that any
carcinogenic effect, if it is expressed, can be cbserved. As stated elsevhere
{see below), most chemicals vhich are demonstrated to be carginogenic to humans
are carcinogenic to animals when adequately tested. Qualitative identification
is a matter of accumlating sufficient evidence to produce concensus of opinion
among experts that a carcinogenic outcome is "reasonably” likely. Our general
approacin is that as this likelihood increases, so should the stringency of our
control strategy increase.

A third difficulty arises from the commor situation that humans are
exposed to carcinogens at much lower dose levels than those unsed in aniwmal
experimenis. To predict risks for humans exposed to these low doses requires
knowledge of the shape of the dose-response curve in the low-dose region. As
with qualitative identification of carcinogens, we are bedeviled by not being
able to confirm or deny the predictions that we mske.

Thus, the latency period of cancer, the consequent need for extrapolation
acroass gpecies (animals to humans) and dose levels (from high doses to low
doses), produces a degree of uncertainty with which most scientists are uncom-
.fortable. After acknowledging this, we must proceed. Unfortunately, the
uncertainties of animal-human extrapolation snd estimation of cancer risks at
low doses are not likely to be reduced significantly in the near future.

Cancer in the Modern Chemical World

Over zLe past 40 years, the production of synthetic organic chemicels has
incressed enormously (more than 300-fold’), and people are exposed to a much
greater variety of chemicals than ever before. Few of these approximately
50,000 substances have been tested for their ability tc cause guch severe and
life-threatening effects as cancer, mutuation, birth defects, or sperm damage.
For those that have been studied, it has not been clear how animal test data,
which provide most of the evidence, should best be used.

The long latency period of some human cancers (up to 20-40 ye.rl)8 raises
the possibility that past and present exposures will cause increases in cancer
in the future. Although the cancer rate of the general population at present ap-
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pears to be relatively stablc, lung cancer has increased significantly over the
last 80 years. Ths I,Jot portion of this increase is attributed to increcased
cigarette snnt;n; t the contributions of occuplt1onlllervzron-ental fac-
tors are less clecr.l <18 yhar is clear is that significant incresces in cancer
have occurred in certain uorkplaccl during this same period (e.g., exposures to
bis(chloromethyl) ether, asbestos, 2-naphthylamine, bengidine, etc.) without
causing visible changes in the csencer incidence in the general population, and
that unacceptably high cancer risks have been experienced by individuals through
exposure to carcinogenic agents.

Mcst of the known human carcinogens to which the public may be exposed
have been identified by the high cancer rates observed among workers in specific
industries: of the 36 agents for which there is strong or conclusive
epidemiologic evidence of carcinogenic effect in humans, 26 were identified by
occupational expocures, the remainder are mainly agents used in cancer chemother-
apy (see Table 1).1

Cancer and reproductive dissbilities are serious health hazards. They com-
pel us to control exposures to toxic substances and to use animal data where pos-
sible to prevent such outcomes from occurring in humans.

The DBCP incident raises the important question: how can test results
from studies of substances in experimental animals best be evaluated and
commnicated so as to protect public health? What is significantly reasonable
and prudent public heslth policy for control of exposure to carcinogens?

Methods for Identifying Carcinogens

A carcinogen is generally understood to be a substance or agent that in-~
creas2s the freguency (age-specific incidence) of cancer in humans or in other
animal species. The identification of chemical substances that pose cancer
risks to humans is complex and requires integration of information from several
scientific disciplines. Evidence that a substance may be a carcinogen comes
from four sources: epidemiologic studies in human populations; bicassays in ex-
perimental animals; short-term tests for mutagenicity and cell transformation;
and similarities in chemical structure to knowa carcinogens. Procedures for
evaluating data from the first three of these methods are reviewed briefly; it
should be noted that they provide evidence of different strengths.

Epidemiologic Studies

Ep1de-1olog1c studies offer the overvhelming advantage of providing direct
evidence for clrc1nogen1c effects in humans. They are well suited to 1dent1fy
ma jor causes of cancer in defined ngulatlona (e.g., cigarettes, asbestos, ini-
tial pregnancy late in life, etc.)”? but are less suited to determining whether
a specific chemical poses a cancer risk to humans. Even so, epidemiology
identified several important chemical carcinogens (e.g., berizene, arsenic)
before animal tests were performed. At present, the International Agency for
Research on Cancer (IARC) states that there is sufficieat evidence for the
carcinogenicity in humans of 18 chemicals, groups of chemicals, and industrial
processes; and there is probable evidence of varying strengths for 18 othersl

(see Table 1).
In addition, negative results from well-conducted epidemiologic studies

are useful in placing an upper limit of risk for a chemical exposure. They com-
plement the more uncertain quantitative risk estimates made from data from ani-~

mal cancer tests.
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Table 1

Chemicals, Groups of Chemicals, and Industrial Processes That Are
Care .n__o‘enx'c to Bumans

4~Aminobiphenyl *Diethylstilbestrol
Arsenic and certain arsenic Underground hematite mining

compounds

Manufacture of isopropyl alcohol

Asbestos ; by the strong acid process
Manufacture of auramine *Melphalan
Benzene Mustard gas
Benzgidine 2-Ngphthylamine
*N,N-Bis(2-chloroethyl)-2-naphthylamine Nickel refining

(chlornaphagine)

Soots, tars, and mineral oils
Bis(chloromethyl)ether and technical

grade chloromethyl methyl ether Vinyl chloride
Chromium and certain chromium
-compounds
Probably Carcinogenic to Humene
Acrylonitrile Dimethylcarbamcyl chloride
*Aflatoxin Dimethylsulphate
Amitrole (aminotriazole) Ethylene oxide
Auramine *Iron dextran
Beryllium and certain beryllium Nickel and certain nickel
compounds compounds
Cadmium and certain cadmium *Oxymetholone
compounds v

*Phenacetin
Carbon tetrachloride
Polychlorinated biphenyls
*Chlorambucil
Trio(l-agiridinyl)phosphine
*Cyc lophosphanide sulphide (thiotepa)

#Evidence for effects in humans was obtained from nonoccupational exposures.
Source: Adapted from IARC, 1979.15
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Epidemiologic methods are extremely useful tools; but, in general, they
have low sensitivity. For example, when a cohort study population is relatively
small (less than 1,000), the study may fail to identify an agent that increases
the risk of a specific cancer by a factor of less than 5 to 10, Even large-scale
studies may require an increase of more than 50% in cancer incidence before an
effect is statistically significant. Por this reason, negative results in studies
of smaller size seldom provide strong evidence that an agent is not carcinogenic.
To detect a carcinogenic effect, it may be necessary to have either a very large
study population or a smaller—-sized population that is exposed for several years
to large doses of a potent carcinogen. In addition, such studies are often difficult
to conduct, both because appropriate study groups and reliable information about
past exposures are limited and because biases and confoundizg factors are difficult
to eliminate. A recent review® reports that epidemiologic data do not exist
(and are unlikely to be developed in the future) for the vast majority of induetrial
chemicals that cause cancer in experimental test animals and to which the public
ie exposed.

In addition, because of the 20~ to 30-year latency period of many human
cancers, epidemiologic studies are not suited to warn and protect people from
the cancer risks from exposures to new carcinogers. If an early-stage carcino-~
gen has bsen identified by an epidemiologic stuly as a cause of human cancer and
the exposures are reduced or eliminated, the cancer risk among those previously
axposed may remain appreciable over the ensuing 20-30 yesars. Liwmiting exposure
to llte-ltnge clrcxnogenl or promoters can reduce the cancer risk wmore rapidly;
e.g., cessation of c1§5rette smoking appears to wmodify the risk for lung cancer
within five years.

Thus, because of the insensitivity of epidemiologic studies, the long la-
tency period of cancer, and the difficulty in obtaining an appropriate study pop-
ulation, we are forced to rely heavily on other means of identifying agents
vhich have the potential to produce cancer in humans.

Asgessment of Cancer Hazards: The Value of Animal Data

Fortunately, results from animal cancer bioassays appear to be reasonable
qualitative prcdictorl of carcinogenic effects in hunana; and the laboratory ani-
mal bioassy is widely used to indicate the cnrcxnogen1c potential of a chemical.
Bioassay procedurel have been standardized in recent years nnd, sxggpt for minor
details, there is now general acceptance of test procedurea Most sub-
stances that are carcinogenic in ?Ezklpeciel of test animal are carcinogenic in
a second when adequately tested; and most substances that are known to be
carcinogenic in humans, for which adequate animal data exist, are carcinogenic
to animals (the chief exceptions being asbestos and arsenic) .19y For sev-
eral recognized human carcinogens (4-aminobiphenyl, bis(chloromethyl)ether,
diethylstilbestrol, melphalan, mustard gas, and vinyl chloride), the first evi-
dence of carcinogenicity was found in test animsls. Only afterwards were cancer
effects looked for, and found, in humans. From a scientific standpoint, it
seems reasonable to consider substances for which there iz evidence of toxic ef-~
fects in test animals as likely to produce siwmilar effects in humans., Thus, the
International Agency for Research on Cancer (IARC) concludes that, "In the ab-
sence of adequate data in hUIlnl it is realonable, for practxcal purposes, to re-
gard chemicals for which there is sufficient evidence of carcinogenicity (i.e.,

a causal ;ncociltfons in animals as if they presented a carcinogenic risk for
humans.
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Indeed, recent discoveries in the wolecular biology of cancer would make
it surprising if carcinogenesis in rodeats is markedly differeant from that in
humans. Cancer-causing genes ("oncogenes™) and cell transformation msintenance
factors have been isolated from rodent tissues agd are virtually identical to
those found in the corresponding human tissues 43-31 Thess findings indicate
that carcinogenesis in humans and test snimals msy be remarkebly similar, and
they strongly support the belief that test animals are reasonable and appropri-
ate models for understanding the carcinogenic process in humans.

Sufficient evidence currently exists for the carcinogenicity in animals of
about 200 chemicals. IARC considers there is "sufficient evidence” for
carcinogenicity for 142 of the 422 chemicals it has assessed in its review
process.l3 The Mational Cancer Institute (NCI) has concluded that there is
"sufficient evidence" of aarcinogenicity for 98 of the 190 chemicals evaluated
in its hioassay ptograu,“ some of which are the same as those reviewed by IARC.
As stated earlier, luffigicnt evidence exists for 18 chemicals that they are
carcinogenic in humans.!

For most of the 200 animal carcirogens for which there is "sufficient
evidence," it is unlikely that we will ever know with certainty whether they
cause cancer in humans because of the difficulty in obtaining appropriate popula-
tions suitable for epidemiologic studies. Since it is unlikely we will ever con-
firm or dany the spparent carcinogenic potential of these 200 chemicals, it ap-
pears prudent in the interim to control exposures to them as if they had

demonstrated effects in humans.

Short-Term Tests for Mutagenicity, DNA Damage, and Cell Transformation

Short-term testsdZ~34 generally evaluate the ability of a substancs to
produce mutations, chromoscmal alterations, or DNA damage in a test organism, or
to induce transformation of cultured msmmaliaz cells., Systems that are used in
short-term tests include microorganisms (e.g., bacteria, yeast, and mplds),
cuitured sammalian cells, and whole animals. These teuts are comparatively inex-
pensive ($5,000-10,000 per batiery cf short-term tests veraus $590,000 for an an-
imal bioassay) and can be completed in a relatively short time. A number of
these tests can, therefore, be performed with limited resources. They offer the
potential for providing useful information on the two most intransigent problems
in carcinogenic risk assessment--species differences between rodents and humans,
and estimating risks at very low doses, Some short-term tests can be performed
with human cells or tissues; and some effects, such as DNA damage, can be
measured at very low doses.

Use of short-term tests to predict carcinogenicity is justified on both
theoretical and empirical grounds. Many of these tests detect biological
activities (mutagenicity and cell transformation) that are believed to be stages
of carcinogenesis. Most known animal and human carcirogens have been shown to
be mutagenic when tested in a suitable battery of short-term tests, while most
noncarcinogens have not .35 Because of this, a battery of tests can be s use~
ful predictor of carcinogenicity. Such a strong correlation may exist because
most of the chemical carcinogens tested this far act by mechanisms that involve
DNA damage, though this has not been rigorously proven. The particulsr rele-
vance of tests that measure cell trensformation is based on the observation that
transformed cells, when implanted into a receptive animal host (e.g., &2 "nude"
mouse), will form malignant tumors.

There is a high probability that a chemical that is positive in an appro-
priate battery of short-term teste will prove to be a carcinogen when adequately
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tested in animal cancer tests. Short-term tests can, therefore, be used to aug-
mant evidence for carcinogenicity from animel cancer bioassays that, for some
reason, are not by themnelves definitive. Short-term tests can also indicate
the potectisl for carcinogenic hazard of chemicals not yet tested in animals.

At present, short-term tests are not sufficiently standardized and validated to
provide dafinitive information about carcinogenicity or noncarcinogenicity in
the absence of other evidence. :

Risk Ac¢sessment and Hazard Evaluation

Quantitative estimates of cancer risks in humans based on extrapolation
from animal data are difficult to interpret but are routinely performed. What
information needs to be developed to permit meaningful sstimates of cancer risks
from exposures to combinations of chemicals such as occurs in occupational
settings? What is a reasonable health policy in the interim? Some principles
are emerging. Although differences may exist among species in host responsive-
ness (e.g., differences in pharmacokinetics and DNA-repair efficiencies), in
tast animala the carcinogenic potencies of chemicals in different species (rats
and mice) are generally similar.54 Moreover, the responsiveness of test animals
is reacongzlz similar to that of humans for those chemicils (21) that have been
examined .5%,05 Clearly, the inadequacy of human expoaure data limits the accu-
racy of such comparisons. Such interspecies differences as exist between ro-
dents and humans must be viewea in relation to the presumed large variation
among individuals (e.g., genetic heterogeneity and host-response differences) in

the human population.

A Policy of Cancer Prevention

A first step in limiting cancer risks to individuals and the general popu-
letion is to reduce the causes of major caicers (e.g., lung, colon-rectal, and
breast) and control exposures ko spzcific cancer-causing substances., The malor
ideatified csuses of lung cancer include tobacco smoke #nd anbeltos,17 and diet
is believed to play an important role in breast znd colon-rectal cancer.13 In
theory, cancer may be prevented by modifying the diet, controlling the use of to-
bacco, and reducing exposure to cancer-crusing substances (e.g., asbestos). As
a practical matter, involuntary environmental or occupational exposures may be
easier to control than has been the voluntary use of tobacco or improper diet.

While attention has been focused on assessing the relative proportion of
present and future cancer incidences 5h.5 are caused by either "lifestyle or oc~
cupational and environmental factorsl9r12 (yith varying estimates that need to
be resolved by future -tudieslz), an uncertainty of perhaps greater public
health consequence may be overlooked. The effect of simultaneous exposures to
both factors, as is likely to occur in everyday life, is more relevunt to an ap-
propriate assessment of human risk. In two well-documented human studies of can-
cer risks from exposures to agents singly or in combination (cigarette smoking
and exposures to asbestos or radiation), the cancer risks from the combined expo-~
sures are the product, not the sum;, of the risks from separate exposures. Thus,
prolonged cigarette smoking is associated with & 10-fold increase in the risk
for bronchial carcinoma (lung cancer), while prolonged heavy occupational expo-
surz to asbestos is associated with a 5-fold increase in risk. However,
combined exposures (e.g., cigarette smokers exposed to asbestos) are associated
with a 50-fold, and not 15-fold, increase in risk over that experienced by
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nonsmokers with no asbesstos cxpolu#c. There are dats to suggest that a -i-ilar
synergism exists between exposures to tobacco smoke and radiatioam.

Such synergistic intoraetionm may be more coumon than is currently
appreciated, but at present we canriot pradict whether the effects of other inter-
actions will be additive, multiplicative, or inhibitery. Thus, from & policy ac
well as a scientific standpoint, the dichotomy between "life-style” and anviron-
mental and occupaticnal factors iey be more artificial than helpful. & simpler
view is that cancer has a multiplicity of interacting causes, includirg "life-
style” and envirommental and occupational exposures, and that these uill only
infrequently be disentangled.

Information is needed to improve the accurscy of quantitative estimates of
cancer risk from expcsures to combinations of agents. In the interim,
carcinogenic risks to humens exposed to single chemicals or combinations of chem-
icals must be estimated by extrapolation from available biosssay data using suit-
sble (e.g., multistage model) methods, while ecknowiedging that such methods
will underestimate the true risks iff synergismes occur. Compared to the popula-
tion of test animals, the population is genetically diverse and is simultancously
exposed to a large number of chewmicals. Suitable corrections for these diffxr-
ences also should be made in any appropriate risk calculations.

Conclusions

Research on cancer is continuing, and as our understanding increases, pro-
grams for prevention and control of these diseases will likely change. Preven-
tion, however, can proceed without precise answers, and we must make health deci-
sions hased upon the best svailable evidence. Cancer risks to the general popu-
lation can be reduced by a compreherisive program to modify the msjor identified
determinants_of cancer and to comtrol exposures to specific carcinogenic
substances.l3 Modification of health practicez cannot be constrained to require
absolute certainty when the consequencés of inaction could result in serious ef~
fects on the health and welfare of the public.
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Issues in Carcinogenesis
(Speaker - Roy Albert, Ph.D.)

Drew

Our next scheduled speaker is not here, and Dr. Albe:rt has agreed to pinch
hit for Elizabeth Anderson. I'm sure most of you know Dr. Albert. Roy Albert
has been active in the field of carcinogenesis for a long time. He is professor
and vice—chairman of the Department of Environmental Medicine at New York Univer-
sity. He is also chairman of the Carcinogen Assessment Group of the USEPA. I
hope that Dr. Albert will take a few minutes to address the issue of promoters
versus initiators. Then we will open this meeting for discussion.

Albert

I'm sorry Betty Anderson is not here. The two of us have been working to-
gether for six years in relationship to the Environmental Protection Agency.

I might start by commenting upon Bob Drew's description of the field of
carcinogen regulation as "head-in-the-sand.” If that is consistent with
contentiousness, then I would agree with that description. From my point of
view, 1've never seen any field whatsoever that has been as contentious as the
regulation of carcinogens. Prinarily because its basis is so fiimsy from a sci-
entific standpoint.

Bob mentioned the Russians and their approach to regulation of
carcinogens, and I might tell you of just one example, which I became familiar
with as a member of the USA-USSR cooperative program in environmental health re-
search. The standard for benzo(a)pyrene in the Soviet Union was set at the In-

- stitute for General Hygiene in Kiev, Their approach to setting this standard,

was to do an animal study in which they gave ten monthly intertracheal injec-
tions of benzo(a)pyrene at graded doses. They then determined from this experi-
ment the highest dose which did not produce tumors. They translated this into
the maximum lung burden after 50 years of breathing, and translated that into
the air concentration which would accumulate in 50 years to that amount,
ignoring clearance and so on., They then came out with a figure which they
divided by a safety factor of 100, and it was too low. So they reduced the
safety factor to 10 and it came out to be the exactly the average concentration
of benzo{a)pyrene in the air in the city of Kiev, and that is how the
benzo(a)pyrene standard in the Soviet Union was developed. That is an example
of the depth of science in this field.

The EPA's involvement with carcinogens really came to a boil in 1975. The
Agency was under attack from all directions because it was taking a very vigor-
ous approach to the regulation of carcinogens, particularly pesticides. It had
taken action against DDT, heptachlor, chlordane, aldrin, and dieldrin. Se¢ indus-
try got on their war horses and were tilting at the Agency with ferocity, partic-
ularly attacking its apparently simplistic aporoach to what constitutes a carcin-
ogen. They pointed out that the Agency was taking an overly simplified view in
saying, for example, that anything that produces an excess of tumors in animals
would be regarded as a carcinogen. For example, a high caloric intake in ani-
mals will increase the yield of tumors; so are calories to be called a carcino-
gen?
There was a tremendous degree of polarization in those days, which I think
is still with us. There are the "smoking gun'" folks who think an agent cannot
be called a carcinogen unless there is concrete epidemiologic evidence that it
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is carcinogenic. At the other end of the spactrum, there are thcse who think
that any excess of tumors in bioassay animsls should be regarded as evidence for
carcinogenicity; furthermore, that one cannot go too far in quantitating potancy
because of the uncertainties in animel studies. The logic there is that if an
agent is defined as a carcinogen, then it has to be regarded as nasty as carcino~-
gens get. It was in this context that the EPA took a crack at setting guide-
lines, which were adopted in May 1976, for the assessment of carcinogens.

1 believe we wer: responsible for the use of the term "risk assessment"
and, by George, it's be:ome a dband-wagon. Our apprcach was not to make a black
and white characterization of whether or not an agent is or is not a carcinogen,
it was essentially to take the weight of evidence bazed on animal studies,
epidemiologic studies, and short-term tests. The weight of evidence involvea '
the scope of the studies, theii guality, and, of course, the nature of the
results. So, one can regard the weight of evidence as a signal for
carcinogenicity which can be very strong, particularly if there is solid
epidemiologic evidence, backed by animel evidence which pinpointe the offending
agent, which of course may not be all that clear from the epidemiologic studies
themselves. But it cen range from that end of the spectrum to the other end
vhere you simply have a positive result in one sex of one strain for a tumor
which occurs pretty commonly in that bioassay animal (e.g., liver tuswrs in
which one is not all that satisfied about the malignancy of that tumor).

Thus, in practice, one is dealing with a tremendous range of strengths of
evidence, and the approach that the EPA took in its guidelines was to factor
that into the judgment about the carcinogencity. Short-term tests were regarded
as supportive evidence and not zufficient by themselves to warrant the character-
ization of an agent as a likely human carcinogen, and that position still holds.

On the quantitstive aside, it was recognized in these guidelines that one
needed to be able to estimzte, at least crudely, the magnitude of the impact of
a carcinogen in quantitative terms. It was recommended that several extrapola-~
tion models be used, together with exposure data, to come out with estimates of
the magnitude of the cancer impact. This can be done both in terms of "body
counts" and by characterization of individual risk. And over the years, both
approaches have been found to be desirable. It is possible to have a low "body
count," but if there are people living close to a source their personal risk
could be high, and this is undesirable. Conversely, the individual risk can be
pretty low in a large population, and the "body count” can be disquietingly
high.
Over the years, the practice of using a number of models has dropped out,
and the linear extrapolation model has dominated the scene. The initial ap-
proach from a technical standpoint was to use the lowest statistically signifi-
cant response and extrapolate down from that, ~n the grounds that it is the low
level of response that is assumed to be linear, whereas in fact the dose-
response relationships show an upward curvature at high doses. So the linearity
was restricted to the low end. Since then, we have iwung over to an approach
developed by Kenny Crump, which he can talk about later. It is the use of the
multistage model; forcing it to have a linear component at the 95% upper confi-
dence limit. It is a lot more sophisticated--fancier--but it has not changed
the general approach very much. Going back to 1976 this is the tack that the
EPA has taken in the area of risk assessment, and it still prevails, at least os-
tensibly. At the present time EPA is undergoing a pretty substantial rethinking
of some of these aspects.

The application of risk assessment will be discussed at a later session,
but I think it is worth pointing out that the use of risk assessment in the regu-
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latory framework has been a very difficult business. First off, the weight-of-
evidence judgment leaves a lot of margin for regulatory action. Kim described
one approach, but I think it is fair to say that in the early part of the Carter
adminiatration and the latter part of the Ford administration, there was a real
gung-ho approach to regulation, such that relstively weak evidence was regarded
as sufficient impetus to take regulatory action. Toward the latter part of the
Carter administraction and in the present administration, the situation has swung
around rather dramatically. I think, for economic reasons, there is a consider-
ably dimmer view taken about the regulation of carcinogens, and there is a push
to get a better handle on the actual solidity of the data. What that translates
into is the requirement for a higher degree of certainty about carcinogenic
responses. The difficulty of translating animal responses into judgments about
humans still remains. For example, one can see this in the case of formaldehyde
which, in two independent studies, revesled a substantial yield of squamous car-
cinoma of the nasal mucosa. Nevertheless, there was a great deal of reluztance
to do anything about it on the part of the EPA, although the Consumer Protection
Safety Commission did take some action.

There has also been a great deal of difficulty on the quantitative side
about the characterization of risks. The tendency on the part of the regulator
is to take these numbers and treat them as gospel. The poesition taken by the
people that produce these numbers is that they should be regarded only as
upper-limit estimates. That is, the risk might be as high as indicated by these
estimates but, alternatively, it could be considerably lower. I think there is
a great deal of difficulty in handling numbers like that. If the argument is
"Well if the risk can be anywhere up from the number on the lirear extrapolation
model, what does thot mean? Can you do anything about it?" 1T actually think
that one can from a regulator's standpoint. Namely, even with the linear extrap-
olation model, a very low level of risk provides a good margin of comfort. On
the other hand, if risk is appreciable, a red flag is raised that the agent may
be a public health risk.

At the present time, two things are cooking in the EPA. One is the adop-
tion of the IARC scheme for stratification of the evidence from a qualitative
standpoint. Over the years IARC has adopted a pattern of characterizing the evi-
dence in terms of its being sufficient, limited, inadequate, or negative. They
have used this scheme both for animal studies and for epidemiologic studies, and
putting them together, they have made an overall judgment. I do not need to go
into the criteria for these in both animals and humans, but the gist of it is
that sufficient evidence in animals requires that the tumors be malignant, and
that there is some element of reproduction of the results, either by separate
studies or by a series of dose-response bicansays. Limited evidence is essen-
tially & lesser degree of sufficient. That is, the criteria for sufficient are
not met. And of course, inadequate can be generally insufficient quality of the
studies. The cverall combining of animal and human evidence comes out to essen-
tially a gradation: I, being an agent which has sufficient human evidence; IIA,
being good animal data with strongly suggestive human evidence; IIB, being suffi-
cient with animal evidence; and III, being limited animal evidence.

We did formulate this and then got the opinions of about 20 outside
experts, covering a range of point of views, from industry to the
environmentalist side. There was uniform acceptance of the IARC scheme. I
think that is going to have a very substantial impact on the regulation of
cercinogens, because I think it will be very difficult to regulate agents in the
limited category, on the basis of animal data. Now the rubric that describes
this category is that one cannot make any judgment as to whether or not it is a
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human carcinogen. I tried out a change in that by listini that category as pos-
sible human carcinogen; but that rsally got a Bronx cheer from virtually every-
body--even the emnvironmentalists. Perhaps they didn't realize what the implica-
tion was. In any svent, a number of chlbrinated compounds-—pesticides and sol-
vents-—could vary well fall in the limited category, and I think that characteri-
zation will probably not warrant stringent regulation at all. 8o I think the
adoption of the IARC criteria is going to be important, and I would urge here
that this particular approach be taken.

The other spproach thst we are trying out has to do with genotoxicity, or,
more specifically, mutagenicity. Contrery to Kim's point of view, we have
argued over the yvears (first) that the high correlation between carcinogencity
and mutagenicity suggests their expressions of damage to DMA, which is supported
by the evidence for interaction of carcinogens in their ultimates metabolic form,
and (second) that the linearity for the dose responses for mutagena, coupled
with epidemiologic evidence that is at least consistent with it, provide a rea-
sonable bagis for the use of the linear nonthreshold dose-rasponse relationship.
In addition, the matter of the add-on of the carcinogen to whatever ic producing
spontaneous tumors or tumors of unknown origin also supports the use of the lin-
ear extrapolation modal. The approach we suggested to a number of outside
experts, where it was perfectly clear that the agent was not mutagenic, was es-
sentially to not use the linear extrapolation model for estimating risks--to not
estimate the riaks since we don’t know how to do it.

The approach that we have suggested was focused on the (EPA) water quality
criteria. Wster quality criteria concentration liamits are suggested to the
states by the EPA, and the states translate these into their own standards on
the basis of local conditions. The a;nroach that was suggected was to essen-
tizlly define a range. The lower limit in concentration would be that derived
from the linear extrapolation model pegged at a risk level of 1073, You may ask
"Why 10°5?" The answer is that there is nothing magic about the number, it seems
a reasonable target risk to shoot for. The upper concentration limit would be
the Ruseian approach that I just described; the conventional no-effect level
with a safety factor. 1In that case, it would be a safety factor of 1000. We
would provide guidance, an awareness range to shoot for depending on the evi-
dence for mutagenicity.

The reactions to this approach, and admittedly it is a convoluted one,
were mixed. Again, there were a lot of Bronx cheers on the very grounds that
Kim Heoper raised. That is, we do not really know enough about dose-response
relationships. The arguments are that we do not know enough about dose~response
relationships for genotoxic and nongenotoxic carcinogens to bs able to say that
we should not use the linear extrapolation model. Some pretty formidable people
took this point of view. Of course, the difficulty is that it not only pulls
the rug out from not using the linear extrapolation model, but it severely
weakers its use for mutagenic carcinogens.

Other equally distinguished individuals applauded the approach but called
for more flexibility in terms of more evidence in, for example, the area of re-
versibility. One important distinction between a real "red-blooded” carcinogen
and a promoter is the issue of reversibility. It has been demonstrated, in the
skin at least, that if you give a carcinogen like benzo(a)pyrene, it does mnot
much matter whether you fractionate the exposures, since you come up to the same
level of response. But with a promoter, when you start fractionating it you
begin to lose effect rather markedly. This issue of reversibility is possibly
one of the single important aspects of promotion. Maybe this characteristic
ought to be factored in, in addition to a number of other things, such as
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pharmscokinetic evidence for a steeper drop-off in effective dose than would be
predicted by a linear axtrapolation from a higher-dose level to a relatively

high~dose level.
8o this approach ie going back toc the drawing board for reworking, and

that is about where it stands. In effect, no distinctions are being made be-
tween couplete carcinogens, or promoters, or psrtial carcinogens such as
initiators, but there is a fair smount of talk about it. It may be that some
scheme can be worked ocut in which such various factors as DMA interactions,
mutagenicity, and pharmacokinetice can be factored in to essentially modulate
the kind of risk approach from the linear extrapolation model.
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Discussion

Drew

The room is small enough that there is no need to use a microphone. I
would remind the commentators or questioners to maention their names first. 1
will now throw this morning's session opan to general discussion.

Hooper

Roy, I would like to make a comment on restricting the use of extrapola-
tion models with a linear term to those carcinogens that act by a mutagenic mech-
anise. My understanding is that an expression with a linear term is mathemati-
cally justified whenever the carcinogenic agent in question operates by a mecha-
nism similar to those that are already contributing to the background incidence
of cancer. The type of mechanism (mutagenic or nommutagenic) is irrelevant.
Perhaps, Kenny Crump could discuss this in the afternoon session. If the
multistage model is equally applicable to carcinogenic sgents which act by
nonmutagenic mechanisms, I think it is reslly quite interesting and importent.

In regard to the animal cancer data on perchloroethylene, I have a ques~
tion on the application of IARC criteria requiring repeatel results in test
species. Perchloroethylene has been shown to be carcinogenic to male and female
mice. Does this constitute "sufficient" evidence for carcinogenicity?

Albert

If the tumors were malignant.

Hooper
Yes, they were hepatocellular carcinomas.

Albert

I think if one takes the criteria literally, then the answer is yes.

There are some people that do not like the mouse liver system. Thay are kind of
close to home here, at least one of them. So that even with the working groups,
such as in IARC, one gets differences in the way they come out.

I have one notable example. There is s wonograph (and incidentally these
working groups are international, and they cover a good spectrum of competent
individuals) chaired by Norton Nelson that cawe out with a definition of
"sufficient" for a number of the chlorinated pesticides and solvents. A later
monograph, which put together a number of monographs, that was chaired by Arnold
Brown, called the same compounds "limited."” I think that this is really an ex-
pression of different views amongst scientists about the mouse hepatoma bioassay
model. The adoption by IARC of a acheme for stratifying the qualitative evi-
dence of carcinogenicity is not going to solve that problem. It simply means
that some pattern will have to be established for the way an agency such as the
EPA does its business. But if you take the criteria literally the answer is
that it would be "sufficient."
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Jones

I would like to ask a question about benign tumors. It is my understand-
ing that often the conversion from a benign tumor to a malignant tumor occurs
very late in the history of the tumor. Apparently, you have been loocking at
tumors ‘n animal models with very short life-spans, relative to humans. There
must be some concera about saying that a tumor which is benign in mouse is of no
consequence to man. I guess the end result is that I would like to make a pitch
for potentiation or promotion. PFunctionally, just how do you deal with benign

tumors as opposed to malignant?
Albert

Well, with regard to the first point about the short life-span of the ro-
dent, I believe that there is pretty good evidence that the timing of that tumor
formation in response to carcinogen exposure is the function of the life-span of
rodents, not the absolute amount of time. For example, we have done a follow-
up study of children who were irradiated on their scalp for ringworm. There
ware about two thousand such individuals, and the follow-up time took about 30
years. The first scalp tumors began at about 14 years and have been increasing
ever since. At least 60 individuals have one or more carcinomas of the scalp
vhere they were treatsd. You take a look at rat skin, irradiated the same way
at about the same proportion of age in the life-span, the timing of development
is really right on the button in terms of their fractional! life-span. So, I
don't think that the point about the short life-span of a rodent being a consid-
eration is valid. I think the response is a functicn of the life-span, not the
absolute amount of time elapaed.

The IARC criteria for "sufficiency" distinctly talk about malignancy.

This is a troublesome point because it is possible that tumors evolve from the
benign to the the malignant given time, so that the tumorgenic response ought to
involve both the banign and malignant. I think, though, that you have put your
finger on a difficult point because there can be persuasive arguments made for
taking the total yield of tumors as a basis for characterizing the response as
statistically significant or not. So here again is another sore point or trou-
ble spot.

Hooper

Just to add to that, in the NCI bioassay program, benign tumors are used
to augwent evidence for carcinogenicity. For example, if a particuler tissue
(e.g., liver) has a statistically significant increased incidence of carcinomas
in dosed animals whan compared to the control animals, benign tumors (adencmas)
will be used to augment the evidence from the carcinomas. Dr. Hans Popper, an
expert in carcinogenesis in liver, regards benign tumors as providing somewhat
stronger evidence for carcinogenicity than do positive data from short~term
tests, but not of the same importance as an increased incidence of carcinomas.
In the Califronia policy, benign tumors are regarded as augmenting the evidence
for carcinogenicity; not sufficient by themselves to conclude an effect as
carcinogenic, but additional evidence for the effect.
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Albert

Just a point about that. The Wational Toxicology Program is in the midst
of trying to work out their position om this.

Crouch

I think one can get useful insight into what could happen in regulation by
considering an extreme case. Let us suppose that -oanbody did a test and found
1002 incidence of just benign tumors in all dosed animals. Now, what would you
do about that? And I think you've got to answer that question right now, when
you are deciding what is a regulatory carcinogen. I think I would take that to
be a carcinogen, even though the tumors were benign.

Booggr

As an extension, a chemical negative in all short-term tests but producing
benign tumors in 100X of test animals wouid also be considered a carcinogen?

Crouch

I think so.

Hooper
Yes.
Crouch

If you get a high response like that you're getting to think very hard
about it, and once you've got that you're going to extrapolate it back s0...

Aibert

Is it better to ask why you think so?

Crouch

voeI would say yes, that's the key. Furthermore I don't think that a
given tumor in one species is predictive of a tumor, a particular tumor, in an-
other species. 8o, it may be benign in one species and not in another. I was
just pointing out that I think that in a regulatory position you've got to be
reasonably consietent, so you have to think of extreme cases like this before

you start.

Albert

Well, I think that's possibly a useful way of looking at it. But I
don't think that I can recall any instance where that's come out.

Hooper
I think it is mostly a theoretical point.
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Albert

Also if one looks at those agents which are known to cause cancer in
humans, the tumore that are produced in animals are malignant.

Hooper

But I also think an important corollary is those agents which produce be-
nign tumors in test aniwals usually, at least in all cases that I know, do pro-
duce a malignant tumor in some other species. Thet type of situation hasn't
arisen, but it is interesting theoretically.

Perhaps I didn’t mske it clear where such a theoretical case might arise.
If a chemical ies positive in one species as described above but negative in
short-term tests, it would be called a carcincgen. However, the control strat-
egy might merely be to label it, instead of limiting levels of exposure. The
regulatory response should be graded to the confidence placed in the experimen-
tal evidence.

Albert

Has this policy been adopted?

Hooper

Mo, we are thinking about it, and it may be useful to the discussion here.

Bor‘

My plea at this point is to introduce some mechanistic discussion which
may be relative to what is implied here. I think it is iwportant for us in this
discussion to try to clarify what we mean by initiation and promotion. I think
the distinction is important in discussing what we imply by "stage" or "step" in
a multistage or multistep model, something we will be discussing later. I think
it is also important in quantifying carcinogenic risk if, a= some contend, we
live in a sea of initiators, thien the significance of a given exposure is
largely a signal-to-noise one. It is also important in keeping our eye on the
ball if promotion is largely environmental and potentially controllabie,

As I see it, the question is to define the committed cell, associated as
I see it with initiation. And then the stimulation of expression of the
neoplastic phenotype which appears to be associated with what I call promotion.
And promotion is, as you have already been reminded by Dr. Albert, apparently a
multistep process that appears reversible in its earlier stages, at least in
many cases. Now the classical view, as I would put it, is that promotion repre-
sents a stimulation of cell proliferation that gives rise to metaplzsia--some be-
nign tumors, perheps--and ultimately to autonomous growth which is often
invagive as well. No doubt a more contemporary speculation w.uld seek to invoke
recruitment of retrovirus-related transformation genes and wouid, in some fash-
ion not yet clear, involve free radical reactive forms of oxygen and possibly
lipid peroxidation. It would also invoke anticarcinogenesis (i.e.,
antipromotion) manifest by the enzyme superoxidysmutase in animal systems and by
various compounds with the oxidizing properties such as retinoids. I think the
confusion is illustrated in part, maybe I misinterpreted you, by Dr. Hooper's
reference to DNA repair in what I thought he said was the context of promotion.
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It is true that some very recent data cite clastogenic effects of prowmoting
agents, especialiy those thought to produce reactive species of oxygen in situ.
However, more traditionally, one thinks of DMA repair in the context of somatic
mutation or cell commitwent. That's what I think of as initiation. Now, with
some thoughts on the matter and asking for others to discuss what I think is an
important distiaction between initiation and promotion, I will invite more com

aent.

Albert

I would like to point out that in the real world decisions have to be made
wvhere virtually none of this evidence releting to promotion or initiation is
available. One simply has s few biocassays which are just routine administration
of an agent to the animal and then defining the tumor response, maybe some
short-term tests, maybe & bit of a look-see about DNA intereaction, generally
not. There is just a striking paucity of detailed information on mechanisms
available in the regulatory realm where decisions have to be made about agents.
80 my own feeling about this is that it's very important. We hope there will be
enough tests to bring in the mechanistic information in terms of characterizing
agents. But I must ssy, I'm skeptical sbout the extent to which this is ever

going to come true,
Varme

I just wanted to comment on the interpretation of a high incidence of be-
nign tumors. If one were to have such a high incidence of benign tumors, it is
a strong indication that something is going wrong in the cell mutation, and we
all know how often benign tumors are precursors of malignancies. So if one
would observe such very increased significance in benign tumors, it should be
interpreted, I would say, as an indication of potential carcinogenecity.

Albert

I would just like to point out that with regard to malignant tumors in the
mouse liver, where this is one of the most contentious areas, the relationship
between the cccurrence of malignant tumors and benign tumors has not been worked
out. One gets the impression in listening to these presentations that sometimes
you have virtually all the tumors malignant and there are few or no benign
tumors. Sometimes you have a reasonable mixture of the two. First off, it has
only been relatively recently that the distinction has been made in large-scale
bioassay studies. Also, nobody has analyzed the data. This is, as I understand
it, being done in the National Toxicology Program which inherited the National
Cancer Institute's Bicassay Program. So the patterns of response are not at all
clear--vhether or not a relatively mild carcinogen would produce mostly benign
tumors and a few malignant tumors, snd then a nastier carcinogen would produce
mostly malignant and a few benign--so it seems to me that as with so much of
this business, we're talking in a speculative mode.

Hattis

I have two comments. One is that, although we have been talking here
mostly in technical terms about what should and should not be called a carcino-
gen for regulatory purposss, it is well to bear in mind that although this has
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technical elements, it is not msinly a technical decision. What you call a car-
cinogen for regulatory purposes depends first, on what you are going to do when
you call something a carcirnogen, and that changes in different «cas of history.
Second, and most important, one must determine the costs and benefits of being
wrong one way versus those of being wrong the other way. What are the costs and
benefits of calling something a carcinogen on the basis of liwmited structural
criteria if the likelihood of guessing "right" in some cases may be as little as
50%, and what are the costs and benefits of calling your 100X benign tumor agent
"wrong" vhere the likelihood msy be much less.

Borg

Can I get back in this? I don't really dissgree with what Dr. Albert
said, that regulators have to act in imperfect knowledge and that it is unlikely
we will ever have perfect knowledge--if that'e a summary of part of what you
said.

Albert

I didn't mean perfect. I meant just a reasonable amount.

Bor‘

Nonetheless, I think we've already heard that our understanding of mecha-
nism does make a big difference about vhat we do when we call something a carcin-
ogen. As Dr. Hooper pointed out, we no longer have the picture that we will
find a few dominant carcinogens in our enviromment that can be controlled,
thereby reducing the carcinogenicity of our environment by very much. So mecha-
nism really counts, and here I think it counts a lot. For inastance, in the con-
text of the cost/benefit of being wrong one way or another, let me be a devil's
advocate,. Say, as X do in fact believe, that promotion looks like a very impor-
tant part of the story to the extent that many people, and I am one. are very
impressed with cancer epidemiology which says cancer rates differ in different
parts of the world and change with economic status. This suggests that
something can be done. So the cost/benefit is not so much of being wrong as
being preoccupied with the few initiators which may in some cases-~let's say in
the workplace, vhere you get a tremendous load~-dominate the picture, and thus
we don't pay enough attention to the promotional factors which are partly, per-
haps largely, reversible. 1Intervention can occur, changes in life-style look im-
portant, and the cost/benefit would be huge. For the sake of being &« devil's ad
vocate, I'll say that's hsppening in part. '

Hooper

1 think your points are well taken. Richard Peto has made the argument
that promoters may pose a significant hazard, but I think Roy's point is that we
don't really have the wmeans to identify such chemicals st present. The implica-
tion of your remarks is that we need more research on promoters. It is prema-
ture to devise a regulatory strategy to deal with them at present because we
really don‘t know much about them (e.g., how to identify them). Results from an~
imal csncer biocassays give a positive response without providing any knowledge
about mechaniems. We really haven't daveloped sufficient sophistication in
short~term tasts to detect promoters. It's beginning to happen, and once such
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tests are developed, they will obviousiy be very useful. What I mentionad about
inhibition of DMA repsir, enzyme induction, sister chromstid exchange, hormonal
action, etc. is a mixture of promotion and cocarcinogenesis. Something can ini-
tiate, and if you inhibit DMA repair, you either "promote” that or have a
cocarcinogenic effect. But again, we rsally don't know. Although we have these
nice models at the biochemical level, we lack the obility to translate our
biocassay techniques into that molecular mechanistic structure.

You mentioned oncogenes and we can theorize how chemicals can interact
there. But I would say that, if you believe in those mechanisms, and if one
mechanisem is initiation, then another mechanism is "promotion"--whatever that
is-~and there may be a subaet of mechanisms under those. If our new agent acts
by one of those mechanisms, then isn't it additive? 1Isn't it that one would
have a linear term? The ultimate social consequence may be that it will promote
many, many agents and, in effect, may have more consequence than a simple
initiator. It may promote many things that have happened. But we still haven't
worked out in any sensible way a risk assessment metiiodology to accomodate all
that.
One wmore thing. Bill is talking about cost/benefit. The way 1 see that,
simply, is that thers are costs to false negatives and costs to falae positives.
In the polarization that Roy spoke of, environmentalists vs industry types or
whatever, it siwply centers around these costs. As & public health peraon, I am
very aware of the cost of false negatives. If someone tells me that something
is negative (e.g., that perchloroethylene is & nonsmutagenic carcinogen and would
probably not have a great risk on the basis of some data they offer) I am very
suspicious because’l worry about false negatives, and I require quite a bit of
evidence when something is negative. On the other hand, industry is worried
about false positives, something that we call positive as public health persons,
but which in fact is negative. Looked at this way our disagreement is reason-
able: the evidence necessary to convince me of a certain outcome is different
for them, and we are concerned asbout different outcomes. My business is health,
and their busineas is selling chemicals, and that’s reasonable. We're protec-
tive of false negatives and false positives in separate ways.

Hattis

I just wanted to support the point that wechanism is important. I must
say that I'm much more optimiatic about the potential for making reasonable
statements in the basis of different kinds of wechanisme. We don’t know every-
thing there is to know about initiation and promotion, but we know pretty well
what initiation is, and we know at least some plausible mechanisme of promotion
including, in part, stimulation of cell division. Promoters may be important
and a controllable element of carcinogenesis in society, but that doesn't mean
we have to assess the risk the same way. Because the mechanisms of promotion
vay well be different, and are likely to be different, there is no reason for
the dose-reponse curves for promoting activity to have the same kind of form as
the dose-reasponse curves for initiation. If, for exemple, you have a cell pro-
liferation—-type model, it is by no means clear that at low doses you get a
straight forward linear increase in cell proliferation. With cell proliferation
you clearly reach a maximum at some point. It is quite possible, depending upon
the mechanism by which it increases cell proliferation, that you get a very
steep decline. Also, it might matter a lot what the dose-rate effect is.
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Albert

A number of people are convinced that promoters have a threshold, and that
there zre tests for determining promotion. The difficulty is in proving that
the agent is not also an initiator, which basically is the difficulty of proving
a negative. Por instance, in trying to distinguish betwezn mutagenic and
nonmutagenic, when is an agent not a mutagen? Since you can't prove a negative,
you have to set up arbitrary criteria. Everybody, I think, is reasonably
convinced that complete carcinogens show a spectrum of differences in balance be-
tween promotion and initiation. So we have to talk about the isasue of an agent
which has promoting activity; for example, dioxin has some clear-cut evidence
for promotion. But how do you know that it isn't an initiator? That's the dif-
ficulty from a regulatory standpoint. Even if you were set on treating
initiators and promoters differently, some acceptable criteria will have to be
establigshed. Aud there's a lot of reluctance to do that sort of thing.

Cru!g

T guesa I share some of Roy Albert's views about the issue of initiators
and promoters. It's surprising to me how little information is available. 1It's
not clear to me that we even have a common definition of what we mean by promo-
tion, and I would concur with Roy that there ia always going to be the queation
of does it do both, and those kind of questions. I am sort of pessimistic about
how all this information is going to be incorporated into thé regulatory pro-
cess. The argument that Kim made earlier for linearity is one which I have also
made and is, I think, the basic argument that people have used to support linear
no-threshold models. But it is such a simplistic type of argument. It's been
around for 6 or 8 years, and it ia still the one that is being pulled out. I
don't see all the information that we're getting on mechanisms being incorpo-
rated, and it's of concern to me that we aren't making more progress in that di-

rection.

Bor|

With regard to your pessimism, I don't know how increased understanding of
mechanism will be reflected in regulation. I haven't much to say except we
can't be like the drunk under the lamppost looking for the money he lost down
the street because that's where the light is. If in fact the mechanisms of
carcinogenesis and environmental carcinogenesis are complicated, then we have a
more complicated problem. Let's try to get that understanding!

I would like to make a more detailed mechanistic comment with regard to
thresholds. To the extent that there is some evidence coming out now that reac-
tive forms of oxygen are important in promotion--not yvet well documented, but
strongly implied--I can mske the flat-footed statement that if this is true, we
can axpect thresholds, and we can expect dynamic ones at that. Ones that show
a strong dose-rate dependence. Because the reactive forms of oxygen are part of
that big sea, at lsast of oxidant challenge, there are many body defenses that
are maintained in a highly dynamic steady state that have to be overcome before
one sees irreversible effects. So if that turns out to be an important part of
mechanism, one can expect thresholds.

I would also say though, with regard to animal tests, that it seems to me
the present protocols actually demand for an agent to look sensitive, that it be
both an initiator and preferably a promoter. We don't expect either one to be
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both an initiator and preferably a promoter. We don't expect either one to be
pure. It is confusing to be sure, but there is no reason we must keep the same
protocols forever. It may well be that we should test for initiation in animals
that are known to be in a high promotional state. Inconversely, that instead of
keeping vhatever promotional level of a given regime as constant, we make that
the variable for the fixed initiator. 8o, we could make animal experiments, I
think, that reflect the promction and initiation more carefully. It isn't a
fixed thing forever.

Drew

We've heard from Dr. Hooper this morning how the California State Depart-
ment of Health is goiag to approach the regulation of carcinogens, We've heard
from Dr. Albert how EPA is spproaching these problems. It's clear from the dis-
cussion that the question of initiators versus promoters is yet to be adequately
addressed. I get the sensz from the discussion that promoters are certainly to
be congidered carcinogens for most purposes. I'd like to hear a little more
about the definition of a carcinogen for regulatory purposes, in that Dr. Albert
told us that at least one Federal agency defined formaldehyde as a carcinogen to
be regulated, and another one did not. With these remarks, we will bring this
discussion to an end and reconvene at 1:30. Thank you.
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SESSION II
POTENCY

Introduction
(Session Leader - Andre Varma, Ph.D.)

White

Session II, which covers potency issues related to carcinogens, will be
led by Dr. Andre Varma. Dr. Varma is a member of the Advisory Panel for the Cen~
ter for the Assessment of Physical and Chemical Hazards at Brockhaven National
Laboratory and he is also associated with the State University of New York at
Stony Brook.

Varma

I have only a few short remarks because we have an extra speaker this af-
ternoon and I want to stay within our allotted time schedule.

A number of speakers this morning referred to the role of epidemiology in
assessing the risk, or I should say the attributable risk, to chemical agents
where cancer is the outcome. There are two kinds of epidemiological studies of
human populations. Since prospective studies are really impractical for
assegsing carcinogenic risks, most of the time we use case control estudies where
we compare the antecedent factor (i.e., exposure to a chemical) in a number of
cases and in a number of controls. I don't have to emphasize the difficulties
we face. If the correlation is very obvious, e.g., smoking and lung cancer, or
asbestos and mesothelioma and lung cancer, we have no problem. However, when
the effect is marginal, problems may arise. For example, is coffee drinking an
additional risk factor in pancreatic cancer? The choice of the control group
and the assessment of the exposure then become very important and controversial.
If there is consistency among the epidemiological findings, the animal studies,
and the studies on cells, we again have no major problem. When the findings are
inconsistent we can't comfortably resort to the extrapolation of the dose-
response curves because we don't know if what we're doing is realistic for a
human population.

This afternoon we will discuss the various aspects of carcinogenic po-
tency, and I wonder whether we should restrict ourselves to cancer as the only
response, Another aspect which we often overlook is morbidity. We study only
one end point - cancer. Human cancer is not a homogenous entity. Some cancer
patients die quickly whereas others may have five and ten-year survival rates.

We are also not considering the quality of life of the individuals
afflicted by cancer. We are ignoring morbidity and noncancerous disease
processes which might be initiated by an agent. In this context I am thinking
of exposure to various fibers that trigger pneumoconiosis which can incapacitate
a relatively young individual for 10-15 years, have a severe financial impact on
the health care system, and cause suffering to the individual and his or her fam-
ily.

However, in a short two-day meeting we cannot address all these various
aspects. Therefore, we have decided to zero-in on one type of agent, chemical
industrial agents, and to focus on one kind of response, carcinogenesis. 1In the
total public health concept, however, I think we have to remember the broad com-
plex issue. Only then can we properly assess the cost-benefit dilemma and, as
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I said earlier, this tradeoff depends on whose ox is being gored ~ the indus-
trial one or the environmental interest.

Our first speaker will be Dr. Harris Fischer who is an Associate Scientist
with the Biomedical and Environmental Assessment Division, which is part of the
Energy and Environmental Department here at BNL. He received a Ph.D. from
Stony Brook in physics and a bachelor's degree from Swarthmore College. He has
held a position in Suffolk County in the Environmental Department and was Acting
Director of the Suffolk County Council on Environmental Quality. This position
reminds me of one of our latest studies which concerns contamination of the
groundwater table in the eastern part of Suffolk County with Aldicarb or Temik.
A survey which we have recently analyzed seems to indicate that there is an in-
crease in symptoms related to the peripheral nervous system, and also that thare
may be an increase in spontaneous abortion in the women exposed to the highest
levels of this chemical. However, we are uncomfortable with the small response
rate to our mail questionnaire. Here again we have another example of the ef-
fect of an agricultural chemical on the health of society. Dr. Fischer --
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Definitions of Potency
(Speaker ~ Harris Fischer, Ph.D.)

~ Fischer

Just before we broke, Kenny Crump was cautioning us against simplistic in-
terpretation of dose-response relationships, and 1 was very disappointed because
everything that I have to say here is simplistic. I was asked to talk about
"potency."” Usually people who talk about something like that start by going to
Webster's Dictionary and looking it up. I thought that in the case of this par-
ticular word, that procedure would be a bad idea-—it could only lead us astray.

As I understand carcinogenic potency, the only way that its meaning can be
visualized is in terms of a dose-reponse relationship, although that may only be
an implicit relationship. For example, one interpretation of potency would be
the TDsg, i.e., the dose required to give a 507 response, and presumably the in-
verse of this dose is a measure of the potency for an arbitrary dose-reponse
curve. To me this is the slope B of a line drawn to a point in the middle of a
dose-response curve (Figure lg.

P
probability y 4
(Prearm)
response
100% T °°

cemm e Ch EMssEen e REmutEee 4 memw ==

DOSE —~RESPONSE CURVE

BO% [ - « cccccfo o mmimmimaeeniiatien e

0 TDsg d(dose)
Figure 1

What we've been doing in a study that we're working on now has been to
look at data in a manner similar to John Van Ryzin's work. I have to acknowl~
edge our indebtedness to him for giving us a lot of clues as to how to proceed
here. I don’t have any data to show you, but Figure 2 is typical of the graph
you get when you look at & variety of conventional models to fit dose response.
Of course, you get a variety of answnrs, particularly at low dose. Since we are
interested in very low incremental doses, we're consequently interested in dif-
ferentisl effects. So our response was to take the derivative of the fitted
dose-response curves; for our purposes this Jderivative curve (Figure 3) is what
we would define as marginal or differentizl potency. For example, the slope of
the dose-response function at sny point (corresponding to a background dose) is
a measure of the effect to the population of the United States at large from

I11-3



100 T T 15 | I m— T T T T T
’o ™~ —
o 10
3 3
gso— . &
& w
[
&
g ————  ONE-HIT MODEL y o
e | e WEIBULL MODEL ol ONE~HITMODEL |
- MODEL | -~~~ WEIBULL MODEL
20 R :.‘O%PT :&Agf ............. MOU&Q-STAGLE MODEL
———— — m ——— i a——— L mm
MULTEHIT t == MULTHHIT MODEL
0 1 - | ] 1 1 i -8 1 1 A1 1 L [ 1 | 4
00 Ol 02 03 04 05 06 OF 000 004 008 of2 als az0
DOSE DOSE
Figure 2. Fitted dose response Figure 3. Estimated slopes of the
curves and estimates of risk for five dose-response models for
benzo(a)pyrene based on five benzo(a)pyrene at different incre-
extragolntion procedures (dose mental exposures (dose mg/kg).
ng/kg).

siting a power plant somewhere in the U.S., which would therefore add some small
unit increment to an existing large background,

The point is that the way you look at potency depends on how you intend to
use it. If you're interested in s large addition to an essentially nonexistent
background, then you want to look &t something like Figure l--that is, the slope
of a line to a point somewhere on the dose-response curve where you expect to
be. If you are interested in doing incremental risk-assessment estimates, then
you take the derivative; of course, in between these two extremes, there are
other possibilities.

It is of interest that in the case of the statistical models =-- those that
sassume some gsort of & distribution within the population of tolerance threshold
=~the differential potency is in fact the distribution of thresholds; i.e., if
you're fitting a Logit or Probit model, you are by definition assuming a differ-
ential potency of a logistic form or a log normal form, respectively, and =0 on.

It seems to me that there is a potential problem in using any single defi-
nition of potency as a universal measure. For example, the low-dose problem of
extrapolation is illustrated in Figure 4, Figure 4 may be a hypothetical situa-
tion, yet here are two different curves with the same potency according to the
TDgg definition. In the low-dose region, hypothetically, these two curves could
deviate from one another by arbitrarily large ratios, just as we find when fit-
ting different models of dose response to a data set and then extrapolating to
low dose. Therefore, you may need to worry a little bit about the appropriate
definition of potency for specific applications. In other words, the definition
of potency that is adequate and presumably best for occupational or other
effacts, where large doses zre concerned, could conceivably lead to a reversal
of potency rankings at very low doses. That means that rankings based on high
dose experiments might be quite wrong when applied to public exposures. I don't
know whether this hypothetical argument actually holds in real cases, but cer-
tainly given the status of our understanding of curve fitting to real data,

i.e., the degree of uncertainty that's inherent there, this is a potential prob-
lem that needs to be considered.
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Along the same lines, you could also argue that background has a similar
importance in dr:fining potency for a particular application. Figure 5 illus-
trates s simplistic interpretation of independent and additive background: 1If,
on some basis, you have derived a dose-response curve (Figure 5a) that starts
at zero effect, and you want to make it fit to an existing spontaneous risk P,,
then from a purely graphical standpoint since it still has to saturate at a value
of 1, you can either squeeze the curve up to fit between P, and 1 (Figure 5b)
or slide it to the left (Figure 5c). In both cases you can maske the curve fit
the spontaneous risk P, at zero dose. Figure 5b corresponds to independent back-
ground risk and Figure 5c¢ to the additive background model. From here it's casy
to get a graphical picture of why you have low-dose linearity when you have addi-~
tive background. You always get a nonzero slope at zero dose when you start
sliding the curve to the left, so in a Taylor expansion you must have a linear
term that will eventually dominate higher-order terms.

In any case, you affect the slope of the dose-reponse function by the addi-~
tion of background of either sort, and therefore the effective background would
lkave to be considered in defining low-dose incremental potency. In this case we
would presumably fit the curve first and then look at the effect on the deriva-
tive.

I'm not sure I want to talk about the last view-graph (Figure 6), It
deals with the old question of whether or not statistical models should be
threshold models and the argument that you never gee a six-inch-tall man.
Therefore, why do you expect the tails of statistical distributions of biologi-
cal variables--in a range that you can't even observe--to go down smoothly to
the origin and not cut off at some finite threshold? That makes a lot of sense
to me. The point of this figure is to show that even with a threshold (e.g., a
log~parabolic distribution--which perhaps you might expect if, in fact,
carcinogenesis were related to human height or, more seriously, to some other bi-
ological variable that aiso has a threshold), the previous argument of low-dose
linearity from an additive background still holds. That is, if the way you have
incorporated the background is to slide your original dose-response curve to the
left as far as necessary to give a nonzero effect (i.e., by an effective dose
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Figure 5. (a) Original dose-response function with no
background rate. (b) Original function scaled verti-
cally to fit between P,, a background rate, and 1 (in-
dependent background)}. (c) Original function displaced
leftward by an effective dose § to intersect vertical
axis at P, (additive background). (d) A combination
of additive and independent background.

$), then you necessarily have a linear term even though your original dose-
response function had a threshold. Consequently, even for these threshold
medels there is low-dose linearity if spontaneous cancer incidence is
attributabla to additive background effects. I'm not sure that is central to
the subject of this session, but T think it is interesting.

Finally, there's & question as to whether any of these considerations are
important in the real world because in practice we can’t distinguish between
these families of dose-response curves (e.g., in Figure 2) except in a theoreti-
cal sense. S0 I'm not sure that these caveuts I've Presented really have a
great deal of practical importance except to indicate the potential for a rank-
ing system to give a wrong answer when doing risk assessment, for example, at
low doses, if the ranking system is only appropriate to high-~dose estimation-~
or vice versa. To me, this reprezents an important caution, even if a theoreti-
cal one., I expect that the only way we will resolve some of these questions in
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practice is through microbiology; we will determine whether background acts
additively or independently not by contemplation of dose-response relationships,

but by whether we find such mechanisms at work in biological experiments.

sumably, this is something that we

Pre-
can eventually get a handle on by looking at

the actual microbiological processes occurring within the DNA molecule.
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A Dose-Response Model That Provides an Estimate of Potency Factors for
Neoplastic Potentiation
{Speaker - Troyce Jones, Ph.D.)

Varma

Our next speaker is Dr. Troyce Jones. He is an applied mathematician from
the Health and Safety Research Division at Oak Ridge.

Jones

Being an applied mathematician, I'm going to rely Bostly on my graphics.
We have an expression that states, "A picture is like 21 words," so I'm going
to have a lot of figures. I'm probably going to move along very fast. Most of
you have been in this business longer than I have, so you probably know more
about it than I do. Actually, I will probably make only one or two points on
many of the slides. Many of the slides will be similar to others I show, so if
I go too fast or you want to look at something in more detail, give me the flag,
tell me to slow down, speed up, or skip on, whatever. I'il try to adjust to the
response, and that includes ducking.

A generalized dose-response model for neoplasia must consider initiation,
promotion or potentiation, the cohort effect, time~to-tumor, and competing risk.

Question

What is cohort effect?

Jones

The cohort effect is the comparison of a treated group with a control
group or an unexposed group. I think that the wmeaning of this term will be a
little more apparent later on, but essentially you have treated animals and
untreated animals, and basically that's all I'm trying to say. 1I'll elaborate
just a little bit more later. If I don't say enough, then ask me again.

Varma

At some point will you please define incidence?

Jones

Yes, incidence refers to whether the role of the spontaneous tumor in
dose-response studies is deterministic or insignificant.

Now, I think everybody agrees that carcinogenesis is very complicated,
much more so than this simple little diagram (Figure 1). This figure was
prepared by Carcl Henry at Microbiological Associates, and I am using it to make
one point. We talk a lot about initiation, biochemical promotion, and cellular
promotion. Many researchers would like to break up both initiation and promo-
tion into a lot of subcomponents. WNow today I'm going to consider
carcinogenesis as something more like a two-stage process, which is much like
Berenblum's original description. 1I'm going to try to focus on this part that
I've outlined here, and you can see that this outline falls under the broad head-
ing of cellular promotion. Basically, I'm going to be analyzing data, and I'm
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going to be taking into account cellular kinetics, cellular promotion, cellular
hyperplasis, atc.

This simple little logic diagram (Pigure 2), which leads me to the treat-
ment that I want to discuss today, concerns a biological stress acting on a bio-
logicsl model, mouse, or man. This insult can be either radioactive, chemical,
physical, or whatever stress you prefer. Basically, the result of this stress
seems to be described in thrae simple compartments. Some of the cells in the
tissue matrix can die from the trauma. Some of the cells may be changed, but
will remain reproductively viable. There's a broad spectrum of other changes.
Some cells function normally, at least at low dosz levels, i.e., they seem not
to be affected at all. Now there are various transitions as a result of
endocrine or immunologic control that can take piace among normal, altered, or
dead cells. Some of the ceils that have been altered can die., Some cells are
reproductively dead; they do not reproduce, and they do not go into cancer.
Some of the cells that have been changed presumably have altered genotypes, or
however you choose to categorize them. It is these cells that will eventually
become manifest as papillomas, tumors, cancers, or whatever termirology or dis-
ease you are looking for in the end.

| Death of Cotls I Immm&‘m I

Survlvi Fractions
\ >< ftct Pret icrn.lon Rte

Preliferative mmu Fixes rnn
'""' Cell: forsations and Contro's Gruwth

Growth Conditions Growth Conditions
Unfavorable to Favorable to
Necplastic Cells Neoplastic Cells
Normat Shortened LITospon Cancer

Because of Increased
Lallular Activity?

2Ny

Figure 2, Simplification of systemic response to early biological effects.

But the bagic component of the model that I'm going to describe today exam-
ines the death of cells. It tries to quantify that aspect for insults that in-
duce cell death. Furthermore, there is a kinetic relationship among these three
components. The surviving altered fraction plus the normal cells affect the pro-
liferstion stimulus, i.e., the healing response, and that brings us over into
‘this kinetic-type loop here. We know that at least one round of cellular prolif-
eration is necessary to fix the abnormal lesions in the cell (i.e., initiation).
However, to get full expression in an organ, it probably takes more than one
round of cell division. But, this is a kinetic process, and here it is
simplified to the point of just showing the healing response. Once one comes
out of that loop, you're essentially back to steady-state homeostasis. If the
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growth conditions are unfavorable to the neoplasm, or the iieoplasm is suppressed
by the immune system, the following may occur: (1) The animal may be apparently
normal throughout its life-span; (2) if there is a high-level chronic stress,
the animel population may have a shorter mean life-span and die early from
nonspecific causes; or (3) if the stress is conducive to autonomous growth, the
animal may have excessive cancers.

The following equut1on tries to describe the generalized dose-response
model for neoplasia in a little more detail:

Response {D(1), T} = (Initiation{D(T), T} * Potentiation {D(T), T}
+ R (T)] (1 - Competing Risk {D(T), T}

At this point 1'd like to consider the response as being & result of two vari-
ables, i.e., dose as a function of tau, where tau is some time parameter that de-
scribes the dose protocol, which is the temporal schedule of the dose. The T
variable that I've used here can probably be thought of as the age of the test
animal or human for this discussion. And so we put our model together. The re-
sponse is a function of initiation, which is the result of applied dose, where
tau is the time of treatment, and T is the age. This age contribution includes
various heredity factors, viral, etc., and whatever is not encompassed in dose.
It is very vague at this point, We've got potentiation that is a function of
the same variables, The Ry(T) is the natural tumor rate in the cohort group or
the control group, i.e., the zero-dose group. For these tumors to be expressed
in a study,; the animals have to survive until the tumor is diagnosed, through
either sacrifice or death. So we have a possibility of a competing risk-type
factor.

At this point in our model, I'm going to consider that initiation is basi-
cally zero or one, like a atep function:

Initiation = 0 or i,

R (T) available from experlnent/or epidemiology,
BD

Potentiation = 1 - e

Competing risk = 0, Kaplan-Meier, life tables, or from a
mechanistic model, and

Time-to-tumor = T" (currently) .

If we have promotion without initiation, we don't get cancers. We know that pro-
motion is reversible, and all the discussions this morning led in this direc-
tion. My point is that if you promote an uninitiated system (i.e., a system
that is not initiated through heredity, virus, an initiating dose, or some other
method), then you should not find cancer. You may get hyperplasia, but you
should not get carcinomas. Generally, the natural cancer rate, R,(T), is known
from the cohort group or the control group. The potentiation factor is going to
make the model that I use look like a two—stage model algebraically, but actu-
ally I'm coming in from left field. The two-stage appearance is due to only one
stage which is promotion. I'm choosing this particular form which only looks
like a two-stage model because it is quite a flaxible expression and it fits
cell survival data very nicely.
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Question

Could you define potentiation, please?

Jones

Well, it's a term that I use very broadly. Actually, I'm thinking of a
promoter, but the "mouse skin people" have very clear ideas as to what promotion
encompasses. They tend to think of the biochemical characteristics of phorbol
esters, TPA, or others. To try to avoid arguments and to use a term tiat can in-
clude chemical and physical wounding, I use the term potentiation. For example,
if I have a population of initiated mice that has been given a "subcarcinogenic
dose" of a chemical and if I hold the mice throughout their normal life-span,
there will be no observable excess cancers in this group. You can repeat the
study ueing some other chemical, ionizing radiation, or other agent. This fea-
ture seems to be organ specific. You can give very high initiating doses to the
liver in the absence of carbon tetrachloride, or phenobarb, hepatectomy, etc.
Usually, you don't see extra cancers in the liver without promotion. 8o basi-
cally I'm talking about the process of carcinogenesis that is somewhere past the
initiation stage. If you return to Figure 1, the heavily outlined area is
called cellular promotion.

Varma

Could you go back to the previous equation? 1It's a multiplication sign.
Isn’t it initiation times potentiation, where the initiation is a zero or one?

Jones

Yes,

Later on, I'm going to talk about initiation as if it is a binary thing,
i.e., either you have it or you don't have it. In some animal studies, if every-
thing else is held constant (i.e., the promotional schedule), the initiation
dcse can be changed by & factor of 2, or even a factor of 10, without changing
the fraction of animals that get carcinomas. You can change the number of
hyperplastic nodules in a given organ, but not the fraction of animals that get
cancer. So that's going to be more or less implicit in the treatment that I'm

going to show you.

Varma

Can we interpret initiation by a singls substance, when viewing the total
environment as an aggregate of risk factors? In public health we have to con-
sider the relative importance before deciding what is socially acceptable, I
wonder whether we will then find simple zero-one relationships.

Jones

I guess that I'm considering initiation to be some treatment with a carcin-
ogen that does not raise the cancer incidence of the treated group above the can-~
cer incidence of a control group. Now, if you do something else to express that
treatment, for instance, feed carbon tetrachloride to the treated mice, then the
incidence of liver carcinomas will be higher. If you feed carbon tetrachloride
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to the control mice, you may meke them sick, kill them, poison them, etc., but :
you should not get a higher cancer rate in the control group because they :
haven't been initiated, except for strains having a high natural cancer rate,

such as Sprague-Dawley rats.

Albert

The data that we obtained are somevwhat in variance with what you said. In
the mouse, again, initiation does have a linear shape. Slaga got the same

results.

Jones

But you're looking at the number of papillomas per mouse, aren't you, Roy?

Albert

Of both.

Jones

Buf generally the data that I've looked at, which I think also include
Slaga's,’' show that if you lock at the fraciion of mice getting carcinoma, then
it is more or less independent of the dose of the initiator. It's not really

critical to my presentation, and I'd be happy to talk with you later.
So back to the model (page II-11). The potentiation factor basically

looks like a two-stage model. This factor is quite flexible. It can bend sgl-
most any way, depending on the values of alpha and beta.

Question

Can ailpha and beta change signs?

Jones

The only time I have ever had any difficulty with the sign is for formalde-
hyde, which we should talk about in more detail. For all the other chemicals I
have looked at, alpha and beta are both positive with a negative in front of
them. Formaldehyde is different, but thia is not the time tc discuss those

data.
The competing risk factor is generally taken to be insignificant or zero

at low-dose levels. At higher-dose levels, it can be treated in several differ-

ent ways.
8o trying to put some of this together, let us examine the basic time-to-

tumor model neglecting the competing risk factor:

FAdded after meeting: For example see Tables 2, 5, and 6 from Nesnow et al. in
ines (Ed. J. Lewtas, Rescarch *
|

Toxiceclogical Effects of Emissions from Diesel E
Triangle Park). Remember that 10,000 Ug/mouse of certain chemicals may contrib-

ute to promotion.
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Response {D(T), T}
- Maq - 0BT R (1)

N, A, a, B = Evaluated from nonlinear least
squares and D= C°* 1T .

If we define the parameters T as age and tau as some time unit that describes
the administration of the dose, then in terms of serial sacrifice or life-span
studies, this is a model that I believe describes the time onset of tumors.

Here dose is taken simply as the concentration multiplied by the time the animal
is exposed. We know that the pharmacokinetics messes this assumption all up,
but generally in the practical applications, this assumption is compensated for
in the alpha and beta. For instance, if we do a determination of alpha and beta
from nonlinear least squares principles, then implicitly this treats the
pharmacokinetics. The TN factor is just the time profile factor of Druckrey's
that I have put in here at least temporarily. It seems to work very well for
some studies, but for others I have problems with ™,

Question

What is the response?

Jones

The response is the probability of cancer, and I'll show you the result of
that function in Figure 3, which is an evaluation of the previous model. It's
tested against the EDp; study at the National Toxicological Lab at Jefferson,
Arkansas. This is the way our model fits the liver neoplasia in that study.
This figure is a three-dimensional plot. Liver neoplasia is a function of time
and concentration in the diet. If you look at the zero-dose group or the cohort
group, you see very few, if any, liver tumors. Whenever you look at the animals
that live 33 months, there is some natural component of liver neoplasia that
starts to appear. Now as you start to feed the animals different concentrations
of the 2 AAF up to 150 ppm and monitor them for 33 months, you can see that it's
a very steeply increasing function. On the flat part, I was going to say
Upractical threshold" and have decided against it. I will say that if you look
at where these lines are parallel, you don't find any cancers (above
background). For about 12 months, feeding the animals even 150 ppm of 2 AAF
doesn't seem to cause any significant incidence in liver tumors.

Question

Do you feed the animals for 12 months and then keep them for their 1life-
time?
Jones

No. The animals are sacrificed at the end of 12 months on the diet. Now,
of course, there are other components of that study where the mice are fed the
2 AAF for 15 and 18 months, and then are sacrificed. Of course, this is ¢ very
broad study with lots of data, and I'd like to talk more about these data at a
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later time. We have also done this modeling treatment for bladder neoplasia in
this same mouse study.

I know that everybody has models, and they're not very convincing without
showing how well they fit. Anybody that is interested can check with me later
and I'11 get you a copy of whatever you request. Figure 4 presents the experi-
mental and model data from the same study as Figure 3. The concentrations that
were fed to the mice in this study are in the left column and across the top row
is the time of sacrifice. The denominator is the number of animals treated in
the group. The numerator outside the parentheses is the number of tumors actu-
ally found in the group. The number inside the parentheses is the result of
evaluating the model that I just showed you., I think these data fit very well.
Most of the cancers occur in the 24— and 33-month groups and the 100~ and 150-

ppm groups.
Drew

Could you explain that a little more? Are you saying, for example, in
the left-hand column, that after 12 months on a diet of 60 ppm you sacrificed
279 mice?

Jones
Yes.

Drew

And at 12 months, not one of thos= 279 mice showed a tumor?
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Figure 4. Incidence of liver neoplasia in sacrificed mice from the LDy; study

of Staffa and Mehlman. The numerator (outside the parens) indicates the number
of mice having liver neoplasia in total animals-at~risk, which is given in the-
denominator. The value inside parens derives from the cell proliferation

uodel,
Jones
That was the outcome of the study.

Drew

And that you had 268 more mice on for 14 months,

e e

Jones
Yes.

Drew
And 224 more mice for 15 months?

Jones

This was a very large study. There were 24,192 female Balb-C mice fed 2~
AAF,
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Drew

Well, if one assumes a latent period of more than a year, why should you
expect that number to be anything but zero?

Jones

Well, I didn't expect it to be different frowm zero. I was just ghowing
the result of fitting the model to these data, and the model suggested there
would have been 0.4]1 mice out of 279 getting cancer. That is, you wouid need a
significantly larger group to find it, even if the model were precisely true.
This is the only case that I'm aware of where there is a tremendous awount of
data, both as a function of concentration and of time. We have enough data to
generate three-dimensional surfaces.

I feel compelled to test any modei that I want to do an analysis with
against thege data because they represent very important data, and I just wanted
to show you that this is the way this particular model fits the data.

Now, if one looks at simpler data, where the animals are all sacrificed at
the same time and the control group is sacrificed at that same time, then that
study represents a simpler situation than the 3-D plot we just considered. It
is more like a one-parameter model; I call this a dichotomous model:

Response (D) =

2
A-(l-e"""BD)+n°

The function gets simplified here., 1It's basically just a function of dose where
the A, the alpha, and the beta are evaluated by nonlinear squares techniques

from the animal or human study.

The data that we have in Table 1 were taken from different species, differ-
ent strains, different routes of intake, and different biological end points.
Some people look et tumors, some at papillomas, some at cancers, and some at can-
cer in different sites. Other variables include the different numbers of treat-
ments with the insult, the different time treatment schedules (such as one per
week, two per week, or a one-time exposure), and the different follow-up per-
iods. This is & very noisy system and very hard to analyze because we're
trying to analyze all of the appropriate data (collected anywhere in the world)
for a given chemical. We don't have a nice clean system like that in the
megamouse study.

The first series is on benzo(a)pyrene, and I'm going to look at the effect
of the different varisbles that T showed you in Table 1. Figure 5 shows the ef-
fect of species, First of all, we tried to standardize the dosimetry by comput-
ting the dose irn terms of micromoles per kilogram bodyweight for the different
routes of administration, i.e., inhalation, skin painting, etc. The y axis repre-~
sents the percent response per unit dose. Most of you are used to looking at
dose-response functions. The ordinate axis, then, is the dose response divided
by the dose at that particular level. I don't have time now to discuss the ra-
tionale of this plot, but I'll talk later privately to anyone who is interested.

Question

What does the x axis represent?
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Jones

The x axis is the dose in micromoles per kilogram.

The M stands for mice, the Kk stands for rats, the H stands for hamsters.
This plot represents all the data that I've found on benzo(a)pyrene.
Benzo{a)pyrene is the only strong insult used in these studies. We didn't take
the treatment schedules that involved TPA or some promotional stimulus in addi-
tion to B(a)P. We tried to retain a clean B(a)P system. Now from this graph it
looks as if there is some type of dose-response behavior here. It appears to be
decreasing, but there seems to be no clear-cut effect of the species as treated.
The H's, M's, and R's all seem to be more or less vertically mixed together.
This plot is on log-log paper, so it won't be a linear response. 1'll show you
how the response looks a little later on.

We have the very same data plotted the same way, but ncw in Figure 6 the
synbols mean something different. The T's stand for tumors, C's represent
carcinomas, P's wmean papillomas, and A's mean adenomas. I was trying to deter-
mine if the papillomas were consistently higher than the tumors which were
consistently higher than the cancers, and that didn't seem to be the pattern
that came out of this plot.

Drew

When you say tumor, is it benign?
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Figure 6. Insult-response behavior
of the B(a)P database with respect to
classification of neoplasia.

Symbols: A = adenomas, C = cancer,

P = papillomas, and T = tumors,

Figure 5. Insult-response behavior
of the B(a)P database with respect

to test species. Symbols: M = mice,
R = rats, and H = hamsters.
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Jones

If the investigator in the original publication of the animal study called
the response a tumor, then I called it a tumor. If he called it a cancer, I
called it a cancer. In many studies the researchers did not try to assay
metastatic potential. 1If the investigators sacrificed an animal and found a neo-
plasm there, they called it a tumor. Therefore, there are some cancers ia those
symbols that sre marked as T.

Hattis

May I just ask if my interpretation of that negative slope is right? At
the highest doses you get the least increment of tumors per unit of dose, which
means that basically the dose~response slope is higher at low doses than at high
doses.

Jones

Yes, and I have some more plots like this which I don't have time to show
you. I have plots for formaldehyde, quinoline, benzene, 4-biphenylamine, and
chromium. We looked at several different chemicals in this particular way. We
dee much the same pattern that we see here. Now I'll show you the bottom line
from all of this.

There was a plot for different routes of exposure to B(a)P which you
haven’t seen. Then there was another plot to show the dose-rate effect from
B(a)? which grouped the variables according to the number of treatments given.
S0 essentially the ordinate and the abscissa stayed the same on each one of
these four plotsz, but the symbcls were changed to take into account the differ-
ent parameters, e.g., route of administration, species, class of neoplaria, or

whatever seemed to be important,

Hooper

I think you went through this once before in a meeting in Boston. Were
the chemicals or the exposures that gave the highest increase per unit dose, the
oral routes or the skin painting? Were you really looking at different
efficiencies of routes of exposure to give an effective dose, rather than some
quality of the dose such as high doses vs low doses, or were you really
looking at the effectiveness of a lot of exposures?

Jones

One of the figures was to show that, and we'll talk about it later if you
want. There seemed to be no pattern to route of exposure except for the pellet
implants and the subcutaneous-type injections. Thay seemed to induce more can-
cers per unit dose., We have a dosimetry problem with pellet implants and
subcutaneous injections. We know that the tumors generally occur near the site
of implant or the site of injection. We don't know the retention time, (i.e.,
the residence time of the chemical), because it varies with both the enzyme sys-~
tem of the animal being tested and with the chemical being pumped in there. For
instance, some of the hydrocarbons are detoxified and removed from the system in

a very short period of time.
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Basically, we went through & bunch of chemicals and searched the litera-
ture for the dose-response data. I fitted the model which we described
previously to all observations for each chemical. In Figure 7 the percent
increased dysplasia is the ordinate and the abscissa represents the dose in
units of micromoles per kilogram body weight of the species. Then we can draw
these dose-response curves. The solid linz is B(a)P, the dashed line is ben-
zene; then chromium, arsenic, 4-biphenylamine, benzidene, quinoline, dodecane,
formaldehyde, and vinyl chloride are also represented. So these types of dose-
response curves come from evaluating the equation with all available animal data.

We are using all the data that we can find.
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Figure 7

Varma

Can I summarize? We are looking at what you would call the attributable
risk due to the cancer, and your response is any kind of tumor in any type of an-
imal. 1It's an aggregate of what you could get from the literature.

Jones

Yes. Now, as you saw from the scatter diagram for B(a)P, the data basi-
cally scatters over plus or minus an order of magnitude, so you have to take

these functions with some degree of uncertainty.
I just have one more slide (Figure 8). As you can see, these potency func-

tions have different shapes. Note, the formaldehyde slope comes off very
steeply. The model that we fitted suggested that there was a threshold for form-
aldehyde at 5.6 ppm. I think that the pharmacological studies over at CIIT sug-
gest that there may be a threshold scmewhere between 2 and 6 ppm. I'm not

trying to say the model is right because it predicted the threshold. 1I'm just
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saying that in order to fit the formaldehyde data, the model had to have this
characteristic.
Figure 8 shows the potency functions which compare these different chemi-

cals to benzo(a)pyrene. These functions vary with dose.
That's all I have to say.
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A Comparative Potency Approach for Estimating the Carcinogenic Response of
Various Agents
(Speaker - Roy Albert, Ph.D.)

Varma

Dr. Albert will give the last presesntation for this session.

Albert

I'11 show you an approach to potency which has been used for a number of
years by the Carcinogen Assessment Group {CAG) and the EPA to give a handle to
the regulatory offices. When the unit exposure is known, one can multiply that
factor by the unit risk to obtain an estjimgte of a lifetime risk of the individ-
ual exposed to that level. This approach is, in effect, a potency estimate be-
cause it really amounts to the slope of the assumed layer component of the
dose-response curve at the low-dose end of the curve. I mentioned before that
over the years this has been estimated two ways. The initial approach was to
take the lowest significant data point and draw a straight line to the origin of
the graph. More recently, we've used Kenny Crump's multistage approach with an
upper-limit lineavr component,

Last week we put together the data that we have on 52 agents that the CAG
has done (Table 1), We don't have this in tight form yet, but for each agent we
show the slope as derived from the experiment itself in terms of milligrams per
kilogram per day. This slope also gives the lifetime risk per milligram per
kilogram per day which we have converted to a molecular basis in terms of the
slope index in units of millimoles per kilogram per day-dose. For example, if
one had a dose of one millimole per kilogram per day for acrylonitrile, the life~
time risk would be 102, To look at the potency of these various materials
we've just taken :he power of the slope 1ndex. For example, if the slope index
iz 1.04 x 10 2, we've listed the potency as . The potency for these 52
agents fell in the range of 10~4 to 10~2, In other words, for a m1111mole Eer
kilogram per day, the lifetime risk vould be somevhere between 10~4 and 10~
Table 2 shows that dioxin has the highest potency; aflatoxin falls here and sac-
charin is way down here. The curious thing I suppose is that the extremes are
promoters. The most potent known carcinogen and one of the ieast potent carcino-
gens happen to be promoters. So that’s another way of doing potency when you
have the data.

When you don't have the data, then one can do things somewhat differently.
For example, a problem arose when we had to estimate the risk from diesel ex-
haust particles when there was no information on the carcinogenic response from
diesel particulates. We decided to use a relatively short-term bioassay to get
the comparative potency to agents which are known to produce lung cancer in
humans. For example, coke oven exhausts, roofing tar, and cigarette smoke are
agents for which we have potency data in humans for lung cahcer (Table 3). A
battery of tests were tried to obtain comparative potency data for diesel
particulates in comparison to these materials. Although a few of the tests
seemed to work, the best was the mouse-initiation. Assuming a linear dose re-
sponse of the human dats, if you look at potency, then coke oven is 1, roofing
tar is 0.4, and cigarette smoke is down at a thousandths of the roofing tar.
Cigarette smoke is obviously very weak.

The relative potency for skin initiation in the mouse using phorbol ester
as the promoter is remakably similar. Again normalizing the coke oven, roofing
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Tabie 1

Relative Carcinogenic Potencies Among Suspect
Carcinogens Evaluated by the CAG

Order of Magni-

Slope Molecular Slope tude (Exponant
Carcinogens (-g/k;/day)'l Weight Index of Slope)
Acrylonitrile 0.53 53.1  1.04x10~2 -2
Aflatoxin 2924 312.3  9.36x10*0 0
Allyl Chloride 1.19x10-2 76,5  1,56x107% -4
Aldrin 11.4 369.4  3.09x10°2 -2
Arsenic 14 (H) 149.8  9,35x10~2 -2
Benzene 5.2x102 78 6.67x107% -4
Benzidine 234(W) 184.2  1.27x10° 0
Beryllium 4.86 9 5.40x10"1 -1
Cadmium 6.65 (1) 112.4  5.92x1072 -2
Carbon tetrachloride 8.28x10~2 153.8  5.38x10~% -4
Chlorodane 1.61 409.8  3.93x10°3 ~3
Hexachlorobenzene 1.67 284.8  5.86x1073 -3
1,2-dichlorcethane 3.70x10~2 98.9  3.74x1072 -
1,1,2-trichloroethane 5.73x10"2 133.4  4.30x107% -4
1,1,2,2-tetrachloroethane 0.20 167.9 1.19x1073 -3
2,4,6-trichlopherenol 1.,99x102 197.4  1.00x107% -4
BCEE 1.14 143 7.97x1073 -3
BCOME 9300 (1) 115 8.09x10*1 +1
Chloroform 0.11 119.4  9.21x107% -4
Chromium 63(W) 104 6.10x10"1 -1
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Table 1 {Continued)

Order of Magni-

Slope Molecular Slope tude (Exponent
Carcinogens (mg/kg/day)~l Weight Index of Slope)

Dichlorobenzidine 1.69 253.1  6.68x1073 -3
DDT 8.42 354.5  2.38x1072 -2
1,1-dichloroethylene 1.04 97 1.07x1072 -2
Dieldrin 30.4 380.9  7.98x10"2 -2
Dinitrotoluene 0.31 182 1.70x1673 ~3
Tetrachlorodioxin 4.25x10%5 322 1.32x10%3 +3
Diphenylhydrazine 0.77 180 4.28x1073 -3
Epichlorohydrin 0.14(W) 92.5  1.51x1073 -3
EDB 8.51 187.9  4.53x1072 -2
EIC 1.44x10~2 99.0  1.45x107% -4
ETO 1.86x1072(1)  44.0  4.23xi07% -4
Formaldehyde 2.14x102(1) 30 7.13x107%4 b
Heptachlor 3.37 373.3  9.03x1073 -3
Hexachlorocyclohexane:

technical grade 4.75 290.9  1.63x10°2 -2

a-isomer 11.12 290.9  3.82x10~2 -2

B-isomer 1.84 290.9  6.33x1073 -3

Y~-isomer 1.33 290.9  4.57x1073 -3
Nitrosamines: ;

DMNA 25.9 7.1 3.50x107] -1

DENA 43.5 102.1  4.J0x10"1 -1

DBNA 5.43 158.2  3.43x1072 -2
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Taeble 1 {Continued)

Order of Magni-

Slope Molecular Slope tude (Exponent
Carcinogens (-alkz/dly) Weight Index of Slope)
N-N-P 2.13 100.2  2.13x1072 -2
NEU 32.9 117.1  2.80x107! -1
NMU 302.5 103.1  2.94x10*0 0
N-N-D 4.92x1073 198 2.48x10~3 -5
PAH (3(a)P) 11.5 252.3  4.56x1072 ~2
PCB 4.3 324 1.34x10~2 -2
Toxaphene 1.13 414 2.73x10™3 -3
Tetrachloroethylene 5.31x10™2 165.8 3.20x10"% ~4
Trichloroethylene 1.26x1075 131.4 9.59x107> -5
Vinyl Chloride 1.75x1072¢1)  62.5  2.80x10™% -4
Vinylidene Chloride 0.13(1) 97 1.34x103 -3
Nickel 6.30(W) 58.7  1.10x107! -1
Remarks:

1. Slope (mg/kg/day)~! are calculated based on animal oral studies except
for those indicated by:

I ~ animal inhalation study
¥ = human occupations

H - human exposure by drinking water

2. Slope index is defined as slope in (millimole/kg/day) 1
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Table 2

Potency Number of

Index Carcinogens
+3 (TCDD) 1
+2 0
+1 1
0 3
-1 (aflatoxin) 6
-2 14
-3 13
-4 12
-5 3
-6 (saccharin) Al
54

Table 3

Comparison of Relative Potencies of
Emission Extracts in Several Biocassay Systems

Mutation
Human Mouse Mutation in in Ames
Lung Skin Tumor L5178Y Mouse TA98D
Sample Cancer Initiation® Lymphoma CellsP (+MA)
Coke Oven
Exhausts 1.0 1.0 1.0 1.0
Roofing Tar 0.39 0.20 1.4 0.78
Cigarette Smoke
Condensate 0.0017 0.0011 0.066 0,52
Nissan Diesel
Exhaust
Particulates 0.28 0.24 12

4From papilloma multiplicity data (papillomas/mouse at I mg).

byith metabolic activation.
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tar turns out to be 0.2 for the mouse compared to 0.4 for the human, and cig-
arette smoke condensate has a 0.001 potency value for both the human and the
mouse, Incidentally, in using the mouse initiation tests the potency of diesel
particulates turns out to be 0.3, which is in the range of roofing tar and coke
oven exhausts. The mutation in the Ames test is somewhat less successful, for
it tends to resd high for diesel particulates, presumably because of the pres-
ence of nitroscaromatics which are potent mutagens but apparently not very po—
tent carcinogens. The mouse lymphoma test is also not bad in terms of
predicting potency.

This comparative potency approach has limited use for other systems, be-
cause you really need both human data and data that are associated with some ex-
posure. But there sre a number of agents {such as aflatoxin, vinyl chioride,
ethinylestradiol, and mestranol) where we do have the human data for liver tumor
response (Table 4). There are also & few bladder carcinogens for which we have
human data, and I've already mentioned the data on a few compounds that are lung
carcinogens. Additionally, we have data for ethylene oxide and benzene which
cause leukcmia. So it's possible to use this comparative potency approach for
some agents where one has human data.

The mestranol situation is interesting becauge this comparat.ive potency ap-
proach, as far as I know, provides the first approach in estimating the risk
from a promoter. This method is independent of the use of extrapolation models
because the risk from the use of contraceptive pills has been estimated.
Mestranol is the major ingredient in contraceptive pills, and the risk is in the
order of 10~% and 10~3 for hepatocellular adenomas. Mestranol is a very power-
ful promoting agent in the rat liver. So, using this approach to estimate the
risk from an agent, for example DDT (on the assumption that it is a promoter and
indeed it does show up to be a prcmoter), it turns out that the mestranol is a
thousand times more potent than DUT as a promoter. Therefore, one can use this
risk that has been derived from mestranol to estimate the risk from DDT on the
basis that it's one thousand times less potent. Thus, this method gives an
interesting approach to risk estimates for agents which are promoters. However,
you are never certain that the agent isn't something else in additLion to being

a promoter.

Varaa

Thank you, Dr. Albert. Wz are out of time 3o we will have to defer discus-
sion.
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Table 4

Human Carcinogens Suitable for
Use in the Comparative Potency Method

Human Test Animal
Organ Carcinogen Organ Species
Liver Aflatoxin Liver Rat
Vinyl Chloride Liver Rat, Mouse
Mestranol {promoter) Liver Rat
Ethinylestradiol (promoter) Liver Rat
Bladder Benzidene Bladder Dog
Liver Rat
Chlornaphazine Local Sarcoma Rat
2-Naphthylamine Bladder Hamster
Liver Mouse
Lung Coke Oven Skin Mouse
Cigarette Smoke Skin Mouse
Roofing Tar Skin Mouse
Chromium Lung Rat
Leukemia Ethylene Oxide Bone Marrow Rat
Benzene Lymphoma Mouse
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Prepared Comments

A Dose-Response Model Derived from Cytokinetic Considerations Provides
a Means to Estimate Relative Potency Factors for Neoplastic Potentiation

T.D. Jones and P.J. Valsh

Cellular proliferatiocn resulting from toxic hyperplasia and/or normal tis-
sue-homeostasis is required to complete carcinogenic initiation. Also, cell pro-
liferation is ubiquitous to carcinogenic promotion. Thus, an equation to esti-~
mate neoplasia as a function of cell proliferation has been described
conceptually, approximated algebraically, and applied to radiation-induced leuke-
mia in humans and to snimal neoplasia resulting from both radiation and chemical
treatment schedules. Excellent success has been achieved, and the model has
been expanded to a "time-to-tumor" model by including the approximation of
Druckrey. Druckrey's factor is reasonably accurate for treatment protocols
which result in essentially steady-state cytokinetics but fails badly for
interrupted or nonuniform treatmenc schedules.

Many factors influence the genesis of neoplasia, Most of these factors
also impact either directly or indirectly on cell proliferation. It is impossi-
ble currently to model explicitly the general cancer problem as a function of
all such streases. However, the modeling approach described here estimates the
composite amount of toxic hyperplasia resulting from a specific stress of con-
cern relative to a cohort test animal or person subject to all conditions except
for the stress of study.

For radiation-induced neoplasia, parameters of the model can be taken di-
rectly from human epidemiology and from experiments done in vivo (animals) and
in vitro, so that the model becomes predictive in a complete sense. However,
for treatment protocols involving chemicals, problems of estimating
pharmacokinetic processes and dose~to-cells prohibit generality, and parameters
of the model are evaluated by indirect means.

For B(a)P, benzene, benzidine, chromium, quinoline, 4-biphenylamine, vinyl
chloride, formaldehyde, dodecane, and arsenic, the literature has been searched
for all dose-response estimates in gznimals. The doses have all been
standardized in units of micromoles of insult per kilogram~body-weight and the
response has been expressed as percent-increased response (above the natural
rate) per unit-dose. For each of these chemicals, a scatter-diagram is
obtained, but a dose-response shape is defined clearly by the envelope of
points. Obviously, many factors contribute to the scatter of these points. The
factors include: dose-rate, interspecies variability, route-~of-administration,
sex, number of treatment fractions, pathological classificaton of neoplasia, car-
rier chemical, time-of-followup, age at first treatment, etc. Each of these fac-
tors may contribute significantly within a given dose-response study, but,
nevertheless, the composite database for each specific chemical seems to be a
much stronger function of treatment dose than of model-sensitivity parameters.

For NO,, O3, NO, S0y, CO, and hydrocarbons not tested in animal-neoplasia
studies, some parameters of the model can be taken from chemical homologues and
other parameters may be taken from studies on a reference chemical and then
corrected by using ratios based on molecular/cellular level studies., These dif-
ferent ev;luation techniques have been used to derive the potency factors shown
in Table 1.
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Table 1

Tentative Relative Potency Factors for Neoplastic
Potentiation From Synfuels Effluents

Chemical Relative Potency® Biological Mode
1  Anthracene 0.01-0,05 Cytotoxicity®
2  Arsenic 4,0d Neoplasia®
3 B(a)r ]k Neoplasia/cytotoxicity
4 B(e)P 0.05 Cytotoxicity
S  3Benz(a)anthracene 0,01 Cytotoxicity
6 Benzene 4.8¢ Neoplasia
7 Benzidine 0.0054 Neoplasia
B  4-biphenylamine 0.41¢ Neoplasia
9 Cadmium 1.5 Cytotoxicity
10 <Chromium 3.2 Cytotoxicity
Chromium 5.3¢ Neoplasia
11 Chrysene 0.007-0.03 Cytotoxicity
12 DB(a,h)A 0.08-0.02 Cytotoxicity
13 Dimethylnitrosamine 0.01 Cytotoxicity
14  Dodecane 0.000704 Neoplasia
15 7-12-DMBA 2-3 Cytotoxicity
16 Formaldehyde {Neoplasia; model threshold at 45,000 um/kg)
~ 50,000 pm/kg 0.76 Neoplasia
- 100,000 pm/kg 8.4 Neoplasia
- 1,000,000 ym/kg 16 Neoplasia
17 3-MCA 1-2 Cytotoxicity
18 B-uaphthylamine 2 Cytotoxicity
19 Phenanthrene 0.09-0,17 Cytotoxicity
20 Quinoline 0.004d Neoplasia
21 Selenium 0.21 Cytotoxicity
22 Vinyl chloride 0.00104 Neoplasia
Practical Threshold for Neoplastic Potentiation
Chemical Concentration, ppm Model
(16) Formaldehyde v6 = Experimental Neoplasia
23 co 60 Cytotoxicity
24 NO 1 Cytotoxicity
25 NO, 0.1 Cytotoxicity
26 03 0.2 Cytotoxicity
27 S0, 2 Cytotoxicity

8potency based on (mg/kg).
Cytotoxicity of mammalian cells in vitro.
CNeoplasia in animals.
dpotency evaluated at w100 um/kg.
€Maximum potency.
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SESSION II1I

RISK ASSESSMENT

Introduction
(Session Leader ~ Jchn Baum, Ph.D.)

Baum

I see by our outline that the next three sessions deal with risk asseas-

ment. Our hope was that during the session we are just beginning, we would be

- able to touch on some of the concepts that relate to acceptable risk, cost bene-

f fit, and cost effectiveness. Some of these concepts are very well known to
those who have experience in the radiation protection field. In this area, we
have a system of doge limitation that is promulgated by the International
Commiasion on Radiological Protection, which is a three-phase, three-criteria
system that includes, first of all, justification of the exposure; secondly, limi-
tation of exposure tc less-than-maximum-permissible exposure; and thirdly,
optimization, which refers to an optimum balance between the dollars spent on
reducing exposures and the estimated dollar value of the health effects being
avoided by this expenditure. These, then, are concepts important in our setting
of standards which we hope to touch upon in these sessions. Our first speaker
will be Dr. Joseph Rodricks, a principal in ENVIRON, which is located in
Washington, D.C. He is a specialist in risk assessment and previously spent
about 15 years at the Food and Drug Administration, where he was the Deputy Asso-
ciate Commissioner for Science. Dr. Rodrickas has chaired the Interagency Regula-
tory Liaison Group which developed a carcinogen guideline and he has been a mem-
ber of the National Academy of Science's Committee on Institutional Mechanisms
for Risk Assessments. So we are looking forward to hearing from you Dr.
Rodricks.,
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Risk Assesswent And Risk Management
(Speaker ~ Joseph Rodricks, Ph.D.)

Rodricks

I agreed to come and talk about risk assessment, but when I got the pro-
gram, I saw that risk assessment had under it a number of analytic processes
that I am not very familiar with: cost-benefit analysis, risk-benefit analysis,
acceptable risk, etc. My first reaction was that these are not what I usually
conceive to be risk assessment. So I shall spend a few minutes talking about my
conception, and I think the conception of others as well, of risk assesasment.

If a guideline is to be developed, we ought to be very careful of what we call
what; how we organize that guideline is very important to our thinking. I take
risk assessment to be largely a scientific activity, distinguished from .
activities which, for lack of a better term, I'1ll call risk maragement. I think
that some of the problems that have arisen over the years come from a confusion
between these two domains. It can easily happen that what we takes to be science
really isn't; it really requires certain policy decisions which go beyond the
realm of science. I thought I would spend a few moments describing what I con-
ceive 8 guideline for risk assessment would look like, at least in broad terms,
and show how it is distinguished from risk management, and then begin te touch
upon some of the issues that Dr. Baum mentioned; but I'm not able to go very far
into them.

Firat of all, I think it's important that risk assessment be conceived
very broadly. Many people refer to it as a problem of high-to-low dose extrapo-
lation; I think that's only one of szeveral components of risk assessment. I'm
not alone in this view; the Committee on Institutional Means for Risk Assessment
of the National Academy of Science spent a lot of time discussing these
definitions. I'm going to give you what the committee agreed to call these dif-
ferent components of risk assegsment.

The first component is Hazard Identification and Evaluation which is very
similar to what Roy Albert said the EPA has been doing, although I have some
differences with what Dr, Albert described. In Hazard Identification and Evalua-
tion, we are talking about examination of epidemiologic and experimental evi-
dence for not only deciding whether or not we have a carcinogen, but also going
further than that in deciding what we know about the carcinogen; that is, what
kind of carcinogen it is, what confidence we have in that characterization, and
the degree of confidence we have that a material that produces carcinogenic re-
sponses under experimental conditions, or for which we have observed a
carcinogenic response in a population, is likely to be a carcinogen under some
other conditions - how strong an inference can be made from the conditions of ob-
servation to other possible conditions of interest? Here the importance of mech-
anisms comes into play, but I think Dr. Albert is right that we have very little
information on this subject. However, I think it's also important that whatever
information we have ought to be included in the evaluation ~ at least referred
to and given some appropriate weight - so that the decision maker finally has
some view of how confident you are that you really have a carcinogen. I think,
and perhaps this is idealistic, that the problem of defining a regulatory car-
¢inogen will disapear if you limit the risk assessor's role to characterizing
the evidence for carcinogencity and to describing the strength of that evidence
without drawing firm lines to define the point at which you have a regulatory
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carcinogen. I think that is a separate kind of decision that would be one of
the components of the risk management decision’ ~ how much confidence you need
before you consider something to be a carcinogen. I also emphasize that I think
it would be improper to decide at this point that you have something in need of
regilation or control. This is only the first step, and one really ought to go
through the rest of the operation before deciding whether or not you have a car-
cinogen and whether or not there is a risk of some importance.

The second component is Dose-Response Evaluaticn. I guess it's popular to
talk about this as a potency analysis. My tendency is to favor Roy Albert's con-
cept of the risk per unit dose at low doses, arrived at by the application of
some wodel. I don't think that the TDgq Kim Hooper described is very useful for
describing potency becsuse it's not in the range of response that is of
interest, and I think that despite all the other uncertainties about high-to-low
dose extrapolation, at least we're in the range of the response of intereat.

A aubject which has received no attention here, and vhich is the most
badly neglected area of risk assessment, is Exposure Evaluation (third
component). The evaluation of exposure of the population you wish to protect is
a critical element of risk assessment for which, I think, the data base is terri-
bly poor. 1It's also an area in which, because of the poverty of the data base,
a lot of assumptions have to be made. Exposure Evaluation is an issue that can~
not be neglected if you're going to have vhat in my mind is a comprehensive as-
sessment of risk.

Finally, these last two components (Dose-Response Evaluation, Exposure
Evaluation) are combined to give some estimate of the Probability of Harm
(fourth component) in the population group of interest. By the way, Exposure
Evaluation would be concerned not just with duration and intensity of exposure,
but also with the nature of that population and its size, etc. I take these
four activities to be risk assessment and I think it is the role of the risk
assessor to stop at this stage and say, this is what the information available
reveals. Somehow risk assessment integrates all this information; in other
words, it should not be reduced to prcbability estimates - it should indicate
how confident you are that you really have a risk and that's very hard for scien-
tists to do. I think we really haven't made much progress in describing scien-
tific evidence, its character and its strength, to those who finally have to
make a decision., But I think that once you have all of the information
associated with risk, you can then look inteliigently at questions of what I've
called risk management,

Let me make a couple of more points about a guideline as it may relate to
these four major components of risk assessment. At the Academy, we recently
went through the Hazerd Identification, Dose~Response Evaluation, and Risk Esti-~
mation components of risk asseasment. For a fairly rich data base, containing
epidemiologic and enimal data, we counted 35 to 40 analytic steps during which
one must make inferences and reach conclusions. I should think any guideline
would have to consider all of those steps, laying out the scientific justifica~-
tion for each. 1In some cases the science is weak or at least it can only narrow
the choices down to a few plausible choices: for example, high~to~low dose ex-—
trapolation models, or vhat you're going to assume about dose equivalency when
you extrapolate between species. You have to lay out some process that helps
you decide whether you're going to equate species on milligrams per kilograms
body weight basis or unit surface area, etc. In high-to-low dose extrapclation,
when you have several animal studies available that give apparently different
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responsas, the usual approach is to select the one yielding the highest risk per
unit dose. That choice has been made primarily on policy grounds and may be
wise public policy, but I'm not sure that it's necessarily the best scientific
choice. Nevertheless, some choice has to be made. One choice might be to use
all the data. 1f you've looked at a compound like carbon tetrachloride or
others with a very rich data base, you have a great deal of data and the ten-
dency has been to select one slice of the data and ignore the rest. I think, in
developing a guideline, we ought to be very careful to note those areas where we
cannot substantiate the best approach on scientific grounds alone. What do you
do in those cases? Exposure Evaluation is particularly tricky here; because of
the lack of data, it is often necessary to impose assumptions about how much peo-
ple drink or breathe or eat, questions of abeorption through the skin, the GI
tract, etc. If you have data by one route of administration in test animals and
you're worried about another route of exposure in humans, what are you going to
assume about relative absorption between those two when you don't have data,
which is the usual case. I think that any guideline should have to take into
consideration those very important questions because they markedly influence the
risk assessment.

Now in the risk mavagement phase ~ as I said before, I don't know a whole
lot about this - I can let you know a little about my exparience in ¥DA. The
first problem is that whoever must decide how to manage or control a risk should
have a good notion of what an assessment says; that is, if it's reduced to a num-
ber, then it is very simple, although probably not a very wise thing to do for
decision making. I think very little has been done, at least in the chemical
area - perhaps more in radiation, that I'm not familiar with - to consider the
degree of confidence we have in the quantitative and qualitative data in
reaching a decision about whether the risk is “important." I should think that
would be the first step and I leave "important" in quotes; by that, all I mean
is that we are confident enough that the risk is such and such, that it is above
something that we can refer to as a de minimis risk. Whether a risk is impor-
tant may be ultimately a policy decision. But, there is no reason why some kind
of objective analytic process can't be applied to that decision. I haven't seen
this done yet in the chemical area.

I can talk about the experience I had at FDA 10 years ago. I must say,
Dr. Albert, that we did propose risk assessment at FDA in 1972, which was &
years before EPA. However, the regulation implementing that proposal is still
not a final order, which i's about average for ¥DA, an extremely slow agency.

You may wonder why FDA, in the food area particularly, would be interested in
quantitative risk assessment. Well, you all know about the Delaney Clause,
which says that once you've reached this point (Hazard Identification and
Evaluation) for a compound, the assessment stops no matter what the risk; you
cannot intentionally add that substance to food. That's a policy stated di-
rectly in the Delaney clause. So you don't need to do all of that (Dose-
Response Evaluation, Exposure Evaluation, Probability of Harm). It turns out
that there are other materials which are added to food, but indirectly so, where
the decision is not so simple. The problem arose in connection with drugs used
in food-producing animals that might leave residues in the tissues of those ani-
mals that people could consume. That's an intentional additive in that one in-
tentionally adde a drug to animals to get a certain effect in the animale and
inadvertently there's a residue left in tissue - the classic example was DES.
Congress modified the Delaney Clause in reference to these kinds of chemiculs.
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They said it's okay to use a carcinoccn in food-producing animals as long as

it was effective for the animal, didn't hurt the animal, and left "no residue™

in edible animal tissues by a method of analysis that FDA approves. That law
dates from 1960 or 1962, and up to 1972 FDA said no residue is 2 ppb. In other
words, the decision was not based on the potency of the carcinogen; it was based
purely on what was thought to be state-of-the-art snalytical chemistry - 2 ppb,
whether it was a fairly potent or weak carcinogen.

In 1971 we wrote a proposal which tried to change all that by defining the
accepiable limit, which became the sensitivity or limit of detection of
analytical methods that you would apply to tissues to determine whether a drug
residue was present. We defined a virtually safe dose, which was a low-risk
dose. We said that if you had a carcinogen, you did a bioassay, you applied a
model - we proposed a probit model originally and then changed to a linear - you
found the acceptable dose of the material corresponding to the lifetime risk of
1lin}l -illion (or 1075) and then you converted that measure of dose to a resi-
due level in liver, beef, eggs, milk, etc. I think it was the first time anyone
had proposed the use of quentitative methods for establishing "safe levels of a
carcinogen.” It was an attempt to sclve a problem so that although one couldn't
be sure of the risk, one could at least put some degree of order into that regu-
latory process. The 1076 was established in what I'd have to call a
benefit/risk analysis; I don't know what else to call it. We sssumed under the
law that Congress wainted to allow wanufacturers to introduce drugs into food-
producing aniwmals, and that the condition of absolute absence of a residue was
simply unattainable, at least not demonstrable. So we wanted a system which
would permit the introduction of some, but perhaps not all, carcinogenic drugs.
We looked at the range of exposure levels that might result if you applied a
1076 or a 1077 or a 107® standard and vhen we looked at 1076 it turned out that
a large share of carcincgenic drugs then on the market would still be
approvable; in octher words, we attempted to narrow down the range so that it
would be technically feasible to have a drug approval. You know, you could set
that risk so low that analytical methods could never be developed to measure
them. 8o it was a benefit/risk analysis; it was not explicit. If I went back
and did that aga1n, I think I would do it quite dtfferently, but that's how 10
was arrived at originally and it has since been applied in several different
contexts. Thet was initially the definition of whether a risk was important
and worth controlling or not. As I said before, I would not make this decision
now, based totally on the probability of risk, but would also include the nature
of scientific evidence and the degree of confidence you had in it. I'm not sure
vhat analyt1c process would be involved. leyond that, once the decision is made
that it is 1-portanr and worth controlling in some way, one gets into another
area of analysis that I'm not prepared to talk about: technical feasibility,
the law, and many other considerations enter at this point.
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Risk Assesmaent Methodology And Its Application
(Speaker -~ John Van Ryzin. Ph.D.)

Baum

Thank you very much Dr. Rodricks. That's a very important distinction you
made between risk assessment and risk managewent and I hope as the discussion
progresses we can discuss this distinction at greater length and further develop
the risk management aspect of it. Our next speaker will be Dr. Van Ryzin who is
with the Division of Biostatistics at Columbia University and with the Depart-
ment of Applied Mathematics here at BNL. He formerly spent about 11 years at
the University of Wisconsin. He has worked extensively on risk and dose assess-
ment and on the effects of low doses of carcinogens, including detailed analyses
for the Food Safety Council on the carcinogenicity of food additives and related
regulations. He is also a member of the National Academy of Sciences' Nitrite

Committee.

Van Ryzin

I first got into this type of work back at the University of Wisconsin
vhere I was working jointly between the Department of Statistics and the Cancer
Center. Some of the people from the Food Research Institute got me involved in
assessing some possible contaminants in food, They were more interested in
con-taminants than in food additives; for instance, we don't add pesticides to
our food but pesticides do get in our food supply and they were interested in as-
sess-ing the dangers. I then became involved in the Food Safety Council whose
Scientific Committee put cut an extensive report in i578 which went through peer
review, was revised, and came out in 1980. 1It's & good document and people
ought to read it. In fact, I was interested in Dr. Rodricks' comment on expo-
sure evalustion. There is a whole chapter on exposure evaluation in that report
which turned out to be, as also on our NAS nitrite committee, one of the
roughest questions: Who's exposed to what? In the final report, published in
June 1982, the committee integrated scientific eviluation with social and eco-
nomic concerns and made some recommendations for food safety regulation. You
can get any of these reports from the Food Safety Council. My role in all this
has been concerned primarily with the second point that Dr. Rodricks talked
about, and that's dose-response evaluation. I want to talk a little bit about
the low dose extrapolation problem and give you a few of my thoughts. I realize
that there are many aspects to risk assessment. I'm going to talk mainly about
using animal data for doing low dose extrapolation; so I'm confining myself to
that aspect of the problem.

I'm going to talk about low~dose extrapolation and it's going to involve
three notions:, quantal response data, the dose-~response curve, and the accept-
able risk level. I want to define what I mean by these terms. By quental re-
sponse data (Table 1), I mean you have a control group, increasing dose levels,
a certain number of animals on test at each dose, and a certain number respond
with typically z tumor or some other end point; ususlly these are animals that
have been carried for a lifetime or near lifetime. Using that sort of data, one
then puts everything together with something cslled the dose-response curve,
which I'm sure you all know about. The terminology 1'1l use is P(d) and this
represents the probability that an animal on test at dose level d responds.
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~Table 1

Type of Data Available
Quantal Mesponse Data .

Number of animals Number of animals
Dose level on test with response (tumor)
dg = 0 np X0
4 n x;
dz nz !2
dy Ny ™

o.d°<d1<d2<-no‘d-o

In the statistical sense, that seans that on the average [100 x P(d) ]Z of the an-
imals will respond or have that toxic effect at dose level d. Now, a typical
dose-response curve looks something like this (Pigure 1). What I'm showing is

a dose-response curve that comes down to 0. If there's spontaneous background,
this needn't come down to 0 and also it needn't always go up to l; it may level
off below 1, but most of the models I'a going to talk about look like this. I
will talk about incorporating background later on; it is & very important
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Figure 1. Typical dose response curve.

111-7



question as to exactly how one builds background into the model. Finally,
there's the notion of acceptable risk level. The previous speaker referred to
the number 10°° and gave us a little history about it. I first came across the
number 1676 in the pesticide residue dccgzent put out by the FDA in the Federal
Register; that's vhere they recomsmend 107 and I never knew how the number
originated until today when the previous speaker told us how FDA arrived at that
number. This ngzber Pg (Table 2) has been called the acceptable risk level.
Roughly what 10" lifetime risk means is 3 deaths per year in the U.S8. if the
toxic response is death: if you think of 210 million people at risk with aver-
age lifetime of 70 years — or 220 wmillion with average lifetime of 73 years,
which is the same thing — that weans that there are 3 million at risk per year,
80 it's 3 million times 1070 which equals three deaths. I think people don't re
alize how small a number 107" really is. This assumes that everybody in the
whole U.S. population is at risk for their entire lifetime. Now if it's a
subset of the people, say only 20 million that are exposed, you have to divide
thet number by 10 in order to get the number of deaths per year that would re-
salt. I think this puts a little bit of perspective on what 107° lifetime risk
means. It's a small number. In fact, there's been some interesting literature
on the perception of risk. There was a conference at Brookhaven last November
in which Vincent Cavello from the National Science Foundation talked on the psy-
chological perception of risk. He gave some very interesting ideas about what
lavel people perceive risk at, and people don't perceive 10°° very clearly. So
the problem of low-dose extrapolation is to put these three notions together by
estimating a dose-response curve (Figure 2} by the dashed-line curve; the true
curve would be the solid line curve. Then you pick an acceptsble risk level
(Py), come across that to the dashed-line curve, go down to the dose axis, and
get vhat is called the virtually safe dose; that is, the dose level that corre-
sponds to the risk level that you picked. This, of course, is the terminology
of virtually safe dose which lawyers tell us we're not supposed to use. I still
tend to use it because Nathan Mantel used it originally and it really does con-
vey wvhat you're trying to shoot for; you're shooting for something which you con-
sider virtually safe since we all know you can’t actually talk about a‘truly
safe dose - that's a number you usually can't get. With that in mind you can
pose many different models and try this procedure.

Table 2

Acceptable Risk Level

Probability of a toxic responss over a lifetime

s
]

Pg = 1076 = 3 deaths per year in U.S, if toxic response is death
210 wmillion people, average lifetime = 70 years
210/70 = 3 million at risk per year
3 million X 10~0 = 3 deaths)

104 = 300 deaths/year

&
]

Po = 1078 = 0,03 deaths/year
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Figure 2. Low-dose extrapolation.
Po = prescribed acceptable risk level.

I'm going to give some data sets to which four different models have been
applied - the one-hit model, the multistage model, the multihit model, and the
Weibull model. I don't want to go into the origins of each of these modela or
the detailed equations for each of these mcdels, Suffice it to say that the
one-hit model is always linear at low doses and it is the one that the previous
speaker referred to as being used by FDA. The multistage is

(l-e-(ald + azdz toost Clkdk))-
The behavior at low doses is like the polynomial
(p(ay = agd + Opd? +,,.+ akdk);

if the leading coefficient is positive (i.e., if @y > 0), then it's linear at
low doses, and if it isn't then it could be quadratic (if a; = 0, ay > 0) or
higher (say, cubic if @) = &y = 0, @3 > 0). The multihit model is a generaliza-
tion of the one~hit model which postulates that it takes more than one hit to
cause the toxic response. The Weibull model can be looked at from a tolerance
distribution theory point of view or by considering a one-hit phenomenon except
that the intensity parameter is not dose raised to the first power but doase
raised to the mth power. The character of these models at luw doses determines
the behavior of the extrapolation. At low doses, the one-hit model and often
the multistage models will be linear; the other two models c¢an be nonlinear at
low doses because they both have a slope parameter. In low-dose extrapolation
(Table 3), you select the model, estimate the parameters of the model by some
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Table 3

Low-Dose Extrapolation

* Select model

* Estimate parameters nf model by appropriate statistical
procedure which accounts for background

* Put estimates of parameters in model to get estimated dose-
response curve P(d)

* Choose pre:gribed acceptable risk level Py of, say,
1074 to 10

* Solve Pg = 5(30) to get

30 = yvirtual safe dose
= dose level corresponding to risk level of Pp

appropriate statisticzl procedure ~ the one used in all the examples I am going
to give is maximum likelihood —~ put the estimates of the parameters into the
model to obtain the escimated dose-~response curve P(d),, choose somg prescribed
acceptable risk level Pp, and solve the equation (g = P(dg)) for dg, which
is the estimated virtually safe dose. I went over that rather quickly, but it's
easy to see if you look at Figure 2. All that I'm doing iz fitting the dashed-
line curve (estimate of P(d)) to the solid-line curve (true curve) which you
don't know and picking a point Py (youx acceptable risk level) and coming across
horizontally to P(d) and then down to dg. The estimate P(d) depends on what
model I assume. 1I'11 give you three examples which I chose because they repre-
sent three different types of the low-dose behavior. First, consider vinyl
chloride. These are Maltoni's data with liver angiosarcoma {Table 4). Zero out
of 58 animals responded at 0 ppm, 1 out of 59 at 50 ppm, 4 out of 59 for 6.8% at
250 ppm, and 7 out of 59 at 500 ppm. There are parameters in each of the
models. In the on:~hit model the beta parameter is the slope parameter. In the
multistage model the parameter k gives the number of stages involved and there
are various coefficients in the polynomial in the exponent. The parameter k in
the multihit model gives some idea vf the slope of the duse-response curve; simi-
larly, the parameter m in the Weibiill model gives some notion of the slope of
the dose-response curve. I picked this data set because if you graph these
data,; they increase in dose and then level off. The two models sllowing for
iope {(mltihit, Weibull) pick up a certain amount of "curvature" which would
then carry down in a concave way to a low-dose range and you see that virtually
safe doses gt, say, 107° would give somewhat more conservative estimates than
the one-hit and the multistage which are both picking up a linear term and
carrying it all the way down. This is not typical of most dose-response curves,
which rise in a convex manner. However, there are a few that behave in a con-
cave manner like this example. Now I could talk about that more, but I bring
this up only to illustrate that linear extrapolation needn't always be con-
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Table 4

Vinyl Chloride Example

Data source: Maltoni (1975)

Species: Rat

Response: Liver angiosarcoma
Dose level (ppm) 0 50 250 500
No. of animals 58 59 59 59
No. of responses 0 1 4 7
% response 0 1.7 6.8 11.9

Extrapolation Results

Estimated Virtuel safe dose (ppm) at risk of
Meodel parameters 10° 1076

One-hit 8 = 0.00027 3.7 x 1071 3.7 x 1073
Multistage k=1 3.7 x 1071 3.7 x 1073

8 = 0.00027
Multihit k = 0.86 1.2 x 1071 5.6 x 1075

B = 0.00016
Weibull a=0.93 1.6 x 1071 3.8 x 1075

8 = 0.00022
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servative - that's one of the points I want to make with this particular vinyl
chloride example.

Crump

Are the Weibull and multihit models redundant? If you've got one, does
the other one give you anything?

Van Ryzin

Yes, they are redundant. In a paper by Dan Krewski and me in which we
looked at these models plus the probit and the logistic model, this can be seen.
The answer is that if you get ona2 answer with the Weibull model you get more or
less the same answer with the logistic and multihit. We looked at 20 different
data sets in that paper and basically they all give the same answer with these
three models to within an order of magnitude at least.

Crump

Even at low doses?

Van Ryzin

Yes, even at low doses. These three models (the multihit, Weibull, and
logistic) are all very similar in their behavior.

Crump

I would prefer the Weibull just on the basis of simplicity.

Van Ryzin

Yes, even though I did a lot of work on the multihit and I have 4 program
that does the multihit, my own feeling would be that if you do the Weibull you
get more or less the same answers and it's much easier to handle mathematically.
Let me just point out in the vinyl chloride example that there's no statistical
test that will tell you that there is any difference between these models; they
all fit the data quite well.

In the second example, DDT (Table 5), you have a slightly convex dose-
response curve; that is, you have 4 out of 111 animals responding at 0 ppm, &
out of 105 at 2 ppm, 11 out of 124 at 10 ppm, 13 out of 104 at 50 ppm, and 60
out of 90 at 250 ppm. You'll notice that the response goes along at a back~
ground rate, then rises and starts going up; there's a bit of curvature here.
You can see from the model estimates that the one-hit model actually forces a
linear curve as it has just one parameter in it; the multistage suggests two
stages ~ a linear term §; is the leading coefficient plus a quadratic term; and
the multihit and Weibull models say there's a bit of curvature in the curve in
the sense that the two parameters k and m are a little bit greater than one,
which is an indication of a certain degres of curvature. This is what results
in the experimental range. When you carry that down to 107%, the net result is
that the one-hit and the multistage models, which have a linear term, will be
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Table S

DDT Example

Data source:

Tomatis et al. (1972)

Species: Mouse

Response: Liver hepatoma
Dose level (ppw) 0 2 10 50 250
No. of animals 111 105 124 104 90
No. of responses 4 4 11 13 60
% response 3.6 3.8 8.9 12.5 66.7

Extrapolation Results

Zstimated Virtual safe dose (ppm) at risk of
Model parameters 1074 10-6
One=-hit g = 0.0038 2.7 x 1072 2.7 x 1074
Milcistage k=2 6.4 x 10-2 6.4 x 1074
ay ~ 0.0016, ap>0
Maltihit k = 1.68 7.6 x 1071 4.9 x 1072
g = 0.007
Weibull m=1.58 4.4 x 1071 1.8 x 102
8 = 0.0003
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fully two orders of magnitude higher than the multihit and Weibull models, which
do not have a linear term. So the question of whether there's a linear term or
not is very crucial. Now, what if you do a goodness-of-fit test? All the
models fit the data here adequately, so you can't use the data to sort out the
nodels in this particular situation.

Albert

Didn*t you just say that the Weibull and the multihit and the multistage
give about the same result?

Van Ryzin
No, I didn't include the multistage. I said the multihit and the Weibull

and the logistic give more or less the same answer in order of magnitude.
Jones

Aren't you just getting the low dose data from these experiments? As from
the vinyl chloride example?

Van Ryzin
1 fit all the data that I'm showing you here.

Jones

But weren't there higher exposure levels in that study?

Van Ryzin

Yes, in the Maltoni data and in that data set i+ gets more severe if you
put in higher doses in the sense that it bends over or levels off even more. I
could talk about the fact that by using Ghering's correction for metabolism of
vinyl chloride, the discrepnnciel between the models disappear (Van Ryzin and
Rai, 1980). But I don't want to go into that now. I Jusc want to show you the
different dose-response curves and what troubles may arise when you extrapolate

them to low doses.

Jones

I'm sorry to interrupt you, but I just want to make one comment. I've
tried to fit all of the data with those models, rather than just the low dose
data, and I didn't find them all to be equal; maybe it was my routine, but I
didn't find them a?l equally good.

Van Ryzin

Which four?
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Jones

The four you used plus logistic.

¥an Ryzin

I didn't say that these (the one-hit, multistage, multihit, Weibull) would
give similar answers. I said the logistic, the Weibull, and the multihit will
give similar answers.

The last example I want to show is ethylene thiourea (Table 6). It begins
over initial doses at a fairly constant background rate, somewhere around 2%-3%,
and then shoots up very lharpl . Now the three models which allow some curva-
tyre in them pick that up: in the myitistage model, the linear coefficient
(a1} and the quadragic coefficient (az) would be estimated to be zero and the
cubic coefficient (a3) and the fourth-power coefficient (oy) would enter; the
estimpted multihit would have a steep dose-response curve indicated by the param-
eter k; and the estimated Weibull would have a steep dose-respouse curve
indicated by m. You will notice that when you extrapoclate to low doses,
these three models have virtually safe doses fully four orders of magnitude
above the one-hit model at 107, If one does a statistical test, does the one-
hit wodel fit? If you test against any one of the other models, the answer is
no ~ that is, the one-hit model does not fit the data. Now this, I think, por-
trays the problem even stronger than the other two examples. Within the
observed data range, you say it's not linear. PFurthermore, if that nonlinearity
is carried outside of the experimental range, the virtually safe dose may be
four orders of magnitude above what you would have if you do linear extrapola-
tion. Now there are many ways for correcting this; one can put in coaservative
confidence limits or one can do some form of partial linear extrapolation. 1In
other words, one could correct this by always linearly extrapolating beyond some
intermediate risk level and going on down linearly from such a level. On the
dose-response curve (Figure 3) you could cut off at 107 and then go dowm
linearly from that. If you do this with the ethylene thiourea example - 80 down
linearly from, say, 10 2" to, say, 10-6, you'll notice (calculations are in
parentheses in Table 6) that you change these estimates consxdernbly for these
three models at 107%; what you get out of the one-hit model which is naturally
linear and out of the three models when you force the linearity from 10~2 don't
differ quite as much, although the two nodels (multihit and Weibull) still allow
a little bit of the curvature down to 1072, resulting in higher virtuslly safe
doses at 10

Now, uhen we look at all this uncertainty, consider the last two examples.
The DDT example said that you test for linearity and you can't rule out
linearity. In that situation, it seems to me that you've got to do linear ex-
trapolation. With ethylene thiourea, however, the data tell us that linear can
be ruled out in the observed range, but then we don't know whether it can be
ruled out in the low-dose unobserved range. In my view, we really have a prob-
lem here, and one possible solution would be to do something intermediate. Why
should one do linear extrapolation in a situation like that when one can rule
out data in the observed range? I think that goes back to what Kim Hooper was
talking about this morning - there's a very strong mathematical argument for why
we should always do linear extrapolation and that's called the additive back-
ground argument. There are two ways of putting background into the models
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Table 6

Ethylene Thiourea Example

Data source:

Graham et al. {1975)

Species: Rat
Response: Thyroid carcinoma
Dose level {ppm) 0 5 25 125 250 500
No. of animals 72 75 73 69 70
No. of responses 2 2 62
X response 2.7 2.7 23.2 88.6
Extrapolation Results
Estimated Virtual safe dose (ppm) at risk of
Model parameters 10 10-6 1076%
One-hit g = 0.0019 S« x 10°2 5.4 x 1074 (5.4 x 107%)
Multistage k=4 20.8 4.5 (7.5 x 107%)
al - az = 0
Multihit k = 8.23 60.0 33.5 (5.3 x 1073)
B = 0.024
Weibull m= 3.33 25.0 6.3 (1.1 x 1073)

B=2.3x102

#Figures in parentheses calculated by linearly extrapolating

from 1072 to 10-6
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Figure 3. Linear extrapolation. d: . virtual safe
dose based on linear extrapolation; d° = virtual safe
dose based on model.

(Table 7). You can say the dose-response curves arise by a background response
and also a response from the added dose alone. The independent background as-
sumption would say that the probability of not seeing a response at the added
dose is the probability of not getting it from background times not getting it
from the added dose alone. If that independence assumption holds, the shape of
the dose-responise curve for any model would carry down to low doses. However,
if the independence assumption does not hold and you have the additive ,assump-
tion, which is that the true dose-response curve at the dose level you're
observing is some “"effective' background dose d, which adds to the dose you've
added on, then s first-order Taylor expansion is applied to pk(d) - P*(0) (the
actual risk minus the background risk); you'll notice that that's approximately
equal to the dose times the first derivative at the dose point d,. In other
words, what this says is that if this additive assumption does hold, then the
added risk over background will be spproximately linear, regardless of what the
underlying dose~response curve was originally,

Because of this particular relationship, many people have said that one
should always do linear extrapolation. Now there are two assumptions that are
required: (1) the background is additive to the "effective' dose, and (2)
P'(do)>0, uh1ch means you have to outlaw any possible threshold. The problem
is, we can't test either of these assumptions and we don't know what the situa-~
tion is in reality. We don't have much evidence on additive background ~ whether
it's always additive - and we don't have much evidence on thresholds. So I
think we're very much in the position that, although these dose-rasponse curves
suggest all sorts of different poaaxble shapes, the only thing we can be abso-
lutely sure of at thi= time is that going down linear outside the range is about
the only thing one cau do. I find that somewhat unsatisfying; when I see a
steep dose-response curve and talk to various scientists who say you'd expect a
steep one there because that isn't a very toxic substance or that's not a direct
acting carcinogen, how do I build that into doing a low dose extrapolation?
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Table 7

Incorporation of Background into Dose Response Models

1. Independent Background

P*(d) = v + (1-v) P(d) where v = P*¥(0) = prob. of response
from background

Note: (1-P*(d)) = (1-v)(1-P(d))

2. Additive Backgrou:d
P*(d) = P(dy + d) where dy = "effective” background dose

P(dg) = P*(0) = prob. of response
from background

Note: P*(d) - P*{(0) 2 d P'(dyp)

Added risk = Linear function of dose
over background in low-dose range
if P'(dy)> 0

One possibility would be to believe in the extrapolation a little bit, down to
10-2 or 10'3, and then go linear from then on. But it seems to me that's a pol-
icy decision, not a scientific decision. There's nothing in the data that can
tell you that; that is, if you have evidence of a steep dose-response curve and
there's some bislogical evidence that there's a good argument for a metabolic
break point and that bresk point seeus to be below where this dose-response
curve is coming down to, then you might want to believe in that dose-response
curve for a little bit beyond the range of observation (below lowest positive
dose) and then do some linear extrapolation beyond that. But it seems to me
that those are not things that the data themselves can tell you - they must be
corrcborated by side experiments and by other sorts of judgmental factors.

In summary (Table 8), dose-response models allow for low-dose estimates of
virtusl gafe dose at a variety of risk levels; they are extremely model depen-
dent; and perhaps, for some regulatory purposes, we may want to extrapolate to
some intermediate risk level and then linearly extrapolate beyond that. 1 per-
sonally prefer to run all the models and get some idea of the shape of the
dose-response curve; the use of all the models does tend to give you that rather
than just using one particular model. 1 stiil believe that models and low-dose
extrapolation are preferable to safety factors because they make full use of the
dose-response information and they can also be used in some form of risk bene-
fit.

I give you one risk-benefit calculation (Table 9) that came from the Food
Safety Council final report that was based on data from the Federal Register.
This is & very crude risk benefit done by the FDA in order to look at PCB levels
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Table 8

Suwmury

Dose-response models allow for low-dose estimates of virtual
safe dose at a variety of risk levels (Pg)

Estimates are model dependent

For regulatory puzgooel may want to extrapolate to risk level
of say 102 or 10™* and then linearly extrapolate to 1076 or
1078 if one cannot rule out possible low-dose linearity

Models vhich involve shaps of dose-reasponse curve seem
preferable (allow for linearity and nonlinearity)
(multistage, multihit, and Weidull)

Models and low-dose axtripolation praferable to safety factors

because they make full use of the dose-response information
from all dose data

Table 9

A Form of Risk-Benefit Analysis for PCBs in Food

Lifetime riek One~year cost

of cancer for (1974 dollars)

heavy consumers Reduction of commercial Increasing

Tolerance of fish in _human risk _fish (land value) costs

9.8 per 100,000
5 parts per or 46.8 new Starting Starting
million cancers per year level $ 0.6 million level

7.2 per 100,000

or 34.3 new 12.5 $5.1
2 PPMecssessess CANCErs per year new cancers $ 5.7 million million

4.4 per 100 ’000

or 21 new 13.3 $10.3
1 ppmessssensss cancers per year new cancers $16 million million
SOURCE: Federal Register, vol. 44, No. 127, June 29, 1979, p. 38333.
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in fish. At the time this was being considered 5 ppm were allowed in fish; that
would lead, if we use a one-hit model, to 9.8 per 100,000 or 46.8 new cancers
per year. The curreat regulation cost $0.6 million a year in terams of how

much fish was excluded from the market place. If you want to lower the allow-
able PCB level in fish down to 2 ppm, this is how the risk estimate would
change: you would unly have 7.2 per 100,000 or 34.3 new cancers per year and
that would lead to a reduction of 12.5 new cancers and, at a cost of $5.7 mil-
lion, the difference would be $5.1 million. If you went down to 1 ppm you wounld
get it down to 4.4 per 100,000 with a reduction of 13.3 new cancers for a cost
of $16 million, so the additional cost would be $10.3 million. On the basis of
this risk benefit, the FDA concluded that it wasn't worth going from 34.3 new
cancers down to 21 new cancers, a reduction of 13.3 additional cancers at a cost
of $10.3 million, so they adopted the 2 ppm standard. WNow that's a very crude
risk benefit calculation, but I think the use of models to make these kinds of
calculations is an improvement over the oid convention of safety factors becauvse
when you divide by a hundred or you divide by a thousand you really don't know
vhat you've done. I admit that what I am suggesting is very crude, but I do
think dose~response models can play & role in these sorts of calculations.

Albert

What extrapolation model did you use?

Van Ryzin

This is taken from the Federal Register basically. At the time they did
this, they were using the Mantel-Bryan procedure - that's the probit model with
the imposed slope of 1. This is their calculation, not mine. But I'm saying
you could use any model in this form and get some idea that if you reduce the
dose so much, then you are saving so many new cancers, and you can weigh this
against how much it is going to cost you. I think there is some benefit in
doing that.
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Discussion

I would like to suggest that we go back first to the question of risk as-
sessment and risk management, since tomorrow morning we will be getting into
dose-response modeling, and so we will again have time to discuss what John just
presented if we do not get into it in this afternoon's discussion. I would like
to focus our attention ipitially on the fact that both Dr. Rodricks and Dr. Van
Ryzin have cited the 107® risk per lifetime of the FDA. That criterion can be
compared to the 10™* risk per year for occupational workers that is used in radi-
ation protection. That number derives from the fact that 1074 risk per year is
characteristic of safe industries in general. The ICRP has reviewed the acci-
dent and health statistics data in the United States and concluded that it would
be desirable that radiation workerz be protected as well as workers in what ave
generally considered safe industries. So by adopting exposure limits that re-
strict the dose of radiation workers to a maximum of 5 rem per year, they con-
clude that the average exposure will be about 1 rem per year. This would pro-
vide a risk of cancer mortality of approximately 10™* per year to radiation
workers.

The question I would like to raise, then, is should we not adopt a similar
criterion in the area of che-icallg induced carcinogens? Also, is the differ-
ence betwesz the FDA number of 107 per lifetime and the radiation industry
value = 107 per year x 50 years = 5 x 107 per lifetime - appropriate? The cri-
terion for a radiation worker applies in an industrial occupational situation
that has certain benefits for the worker that: is so exposed, whereas the Food
and Drug criterion applies where you have large numbers of people, the general
population, etc., being exposed. So I welcome any thoughts anyone has on these
criteria and whether they're applicable in the situation we are discussing here

today.
Hattis

Let me first say that this is not a technical question; this is a policy
question, and a bunch of experts sitting around a table should be expressing
thenselves purely as citizens rather than with any particular claim of being
believed more than anybody else. But my particular policy view would be that
1076 -~ three deaths a year for the population of the U.S. - is not a risk that
should be undertaken without some demonstration that you couldn't avoid that
without considerable trouble. The 10™* figure is some average death rate for
workers in the country and nobody ever said that it is an entirely acceptable
level of risk that one shouldn't try to reduce. I think that a risk should be
considered small or large, acceptsble or unacceptable, in relation to the diffi-
culty, effort, and competing risks that are required to reduce it. There really
ought not to be a magic level of risk that is accepted regardless of how easy it
might be to avoid.

Baum

I'd just like to amplify the question a little bit in that the 1074 risk
is actually an upper =isk limit, as I tried to indicate in the introduction. In
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addition, one has to reduce the expcsure to as low as reasonably achievable.
Presumably, the same criteria and concepts would be applicable in the chemical .
industry where you woulda't expect everyone to receive the maximum exposure, and
in addition you would try to optimize it in ordzr to reduce everyone's exposur:
as low as possible within cost-effectiveness :onsiderations.

Albert

I think it is a truism that there is no such thing as an acceptable risk
in isolation because risk is only &n impediment to action. 1Its only wmeaning is
to hold us back, and we really only make judgments as to whether or not a risk
is acceptable as a quid pro quo that the benefits make it worth while. So
having said that truism, we're atill over the barrel because in most cases we're
dealing with risks and benefits that are incommensurable. If we're dealing with
a pesticide, we're talking about corn production vs cancer deaths. Now how do
you equate that sort of thing? In my own experience with risk-benefit
balancing, I find it is fairly meaningless and what it really boils down to is
that the administration of the federal regulatory agency does what it thinks the
traffic will bear. If it's in a gung~ho era for regulations, it will push a reg-
ulatior until political opposition develops. If it is in the anti-gung-ho era,
it is very much attuned to the opposition to regulation and it may push hardly
at all. I think it is pretty close to an insoluble problem.

Davis

Let me agree with both of you and say that I think Dale is correct to
point out that this question you're posing is a policy question, but there are
certain technical aspects to it I think we can discuss. One of those deals with
the healthy workers that exist in industry - we should not mistake the fact that
workers are, in fact, healthier than the rest of the U. S. population and that
is one of the reasons why the 107t factor was deveioped. The general popula-
tion, of course, includes a lot of people who cannot work, as well as children,
the unborn, and those who are hypersusceptible. When FDA is setting its stan-
dards - except for PCB's and lead, as far as I know - it does not especially
hive children in mind. 1If one does an index, as my colleague Harvey Babich and
I have done, of the TD5g of substances for adult aniuaals compared to young
animals, there is substantial evidence that the yourg can be more susceptibie
than the safety factors that FDA often uses. Scientifically, the evidence sug-
gests that when it comes to protecting hypersusceptibles and children, one needs
to have a risk factor that iz more protective of them in terms of general envi~
ronsental standards.

My other comment is that perhaps the chemical and radiation industries are
different. Many industrial chemicals are ubiquitous; between 80% and 90% of
Americans have datectable and substantial levels of pentachlorophenol in their
blood. This is also an industrial substance. S50 I want to pose as an issue:
does one consider that workers are exposed to chemicals to which they may also
get double exposure in the ambient environment? Any of us who fills a gas tank
with gasoline nowadays is exposed to benzene and a host of other things in that
gasoline, depending on whether we stand upwind or downwind, or have a safety noz-
zle, or a number of other factors. And if you also work in a workplace, you're
going to be exposed to benzene as well. So the fact that you get, in some
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cases, double duty exposure may be a further argument for having again a stan-
dard of 106 vhen it comes to chemicals 2s opposed to 10™*., How that is a scien-
tific question, even though I agree again with Dale that these are policy

issues,

Baum

Do you suggest that 100 might apply in the occupational environment alzo?

Davis

One could make an argument for it if, in fact, many industrial chemicals
prove to be ubiquitous. The Health and Nutrition Examinaticn Survey (Hanes) at
the National Center for Health Statistics examined blood and urine from a repre-
sentative U.S. sample and found that Americans are absorbing chemicals on a very
widespread level; food seems to be the only route. In the case of PCP, it ap-
pears that pentachlorophenol is added to plastic wrap because it is a very po-
tent fungicide - #0 we can get our potato chips fresh without mold on them.

That asppears the likely reason why £o many people have such ievels of it in

their system. Indeed, PCP may be far superior to mercury which was probably

used in the last century for the same reason, Maybe when we talk about indus-
trial chemicals we ought to recognize thsat exposure for some of them ias so
widespread that standards ought to be more like 1076, 1'm posing that as a ques-
tion, something for a discussion.

Crouch

I have two points which are related. The first is that to compare 107%
esafe industry risk or safe radiation risk with the FDA standards, you'd have to
take the FDA thing as applying to total exposure. The radiation standard cer-
tainly is for total exposure, no matter how it arises. Then one would have to
do a comparison with that. You would have to take exposure to all chemicals,
giving & similar sort of risk - not individual chemicals, vhich I believe is
waat this is supposed to apply to.

Now the other thing is, how are we ever going to measure anything as low
as 10°? For un individual chemical, the best that can be done in an animal
study is to feed something like 0% to groups of 50 animals. The best you can
get out of that - the most sensilive that you're ever likely to get - is a mea-
sure of potency such that to get 1075 lifetime risk would require less than 15
mg per day human intake. That is, if you eat more than 15 mg per day, then you
must necessarily exceed that risk level at our current level of testing. You
can be sure, because our current test sensitivities are not that good. So that
if you're going to demand 106 lifetime visk, then you necessarily limit any in-
take to 15 mg a day, and this raises problems of how to apply any sort of regula-
tion uniformly. To do so, you've got to ban anything that is fed at any rate
above 15 mg per day to humans, which is most foodstuffs, because you can't test
them any better. If you've going to require that the sum of all inputs be less
than 107° in a lifetime, then the same applies and the sum of all chemical
inputs has to be less than 15 mg per day per human. It's even worse than that,
because as soon as you allow uncertainty in any of these extrapolations to
humans you're going to add another factor of 10 lower or so, and so you're not
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going to be able to ingest any more than 1.5 mg per day per human of anything if
you wish to maintain this standard uniformly.

Of any highly toxic substance, you mean?

Crouch

Of any substance. Any suhstance at all, if you're going to apply this
standard uniformly.

Crump

I'm not sure what your basing this on. 1Is this irrespective of whether
the substance has been determined to be a carcinogen or not? Or are you
restricting yourself to something that is known to be a carcinogen? .

Crouch Y

No. Suppose you test it as if it were a carcinogen and you wish to be
sure of less than 107° risk.

Crump

You're not waiting for a positive result before you regulate?

Crouch

Suppose you had the most sensitive test and had only just gotten a posi-
tive result., Then the maximum ycu could allow would be 15 mg per day per human.
If you got a negative result, you might be able to allow more, but you can't
prove it. That is, the material may be a carcinogen, but tested negative be~
czuse not quite enough was fed to the test animals. In any negative test there
is no evidence to show that this has not occurred.

Bender

I'm sort of an advocate, I guess, of utilizing the radiation experience
over the years as something of a model for considering the chemical question. A
iot of questions you've heard about today are old, old gquestions, and I don't
like to see us forget them. Several things have been said with respect to radia-
tion carcinogenesis that I don't think are really true, and I think I ought to
set us straight. In the first place, of course, we're all exposed to substan-
tial ionizing radiation from natural background, and the natural background
level to which we are exposed constitutes one way of looking at the question of
acceptable risk. The fact is that the maximum annual exposure permitted to the
general population under the old NRC regulations is of the general order of natu-
ral background; that is, it would constitute a doubling of whatever risk natural
radiation constituted with respect to cancer and with respect to other effects
as well, However, natural background is not all that we are exposcd to. There
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is an uncontrolled, or essentially uncontrolled, exposure source to most of the
population that can be substsntial, and that is the health-related utilization
of radiation - diagnostic x-rays, nuclear medicine, and so forth. As far as I
know, the basis for permitting this essentially unregulated exposure is that the
benefits are believed to be far larger than the risks. So we get into the area
of considering relative beunefits on some basis vs relative risk - sometimes not
sensibly, I feel, as in the case recently of whether or not to sdvocate large-
scale wammography for breast cancer screening.

Ancther point I vantsz to !gke, vhich is not related, is that we hear
frequently numbers like 10° %, 107° abgolute risk; but I think it is importamt to
keep in mind alweys what the natural risk is, just as it is important to
consider what the natural background exposure is. I haven't worked the numbers
out in my head, but an extra three cases per annum of cancers in the United
States must be very, very small in relation to the number of cancers occurring,
whether or not we accept these extra three cases. Does anybody know what that

number is?
Audience

200,000? 400,000??

Bender

And that's deaths, not incidence, and I think we're talking incidence when
we're talking about regulating, so that's another factor of 2 at least, I think.

Rodricks

I would like to repeat, in perhaps a slightly different way, something I
said earlier. I don't think that the decision about acceptance, which is
clearly a policy decision, is simply a matter of selecting a number and deciding
that everything above the number iz safe and everything below it is unsafe.
There is more information in a comprehensive risk assessment that shoculd influ-
ence that decision - most of it having to do, I think, with how confident you
are that the risk is close to the number you're estimating. You tsle into con-
sideration the uncertainty that appears throughout the risk assessm.ut. I'm not
sure what that analytic process is. Maybe it's too complex for day- ‘o-day deci-
sion making in this area. I think it would be a mistake to reduce t e decision
simply to a number. I think the FDA decision, which I advocated 10 rears ago,
is basically incorrect. It's just too simplistic. The number should inform the
decision, but it is only part of it. I haven't yet seen anyone develop or pro-
pose the tools to go wuch beyond that. Perhaps we're not ready to do that yet,
but I think it is something that should be kept in mind. The data bases we're
working from vary immensely frcm chemical to chemical. The quality and ycur con-
fidence in those vary immensely, and I think that information ought to be incor-

porated in the decision-making process.

Albert

1 certainly agree. If an agent is u:gd as a purple coloring in bubble
gum, and even if the risks were down to 107°, people would say get it out of the
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bubblie gum, who needs it? I suspect that the way things will eventually work
out is that when there is sufficient evidence for an agent to be regarded as a
carcinogen, then we will see how much it will cost to reduce the exposure and
look at the associated risks. If we think the exposure can be cut down at ac-
ceptable costs and if the level of residual risk seems uncomfortably high, we'll
try to push it down a little further. If it looks very low, we'll let it go at
that. And it seems to me that things will begin to fsll into a pattern and
there will be classes of agents in terms of the kind of zconomic impact they
have and a precedent will be developed. My guess is that the only way this will
work out in the end is on the basis of precedent; that is, experience will de-
velop with the regulation of carcinogens and association with certain risk
levels, and once this begins to take hold it will probably form a basis for judg-
ments about new agents as they come along. That's a perscnal view.

Baum

I didn't mean to exclude questions in the area of dose-effect modeling and
so on, which Dr. Van Ryziu touched on. If anyone has any comments or questions
in that area, plesse feel free to briag them up.

Borg

I'd like to make one value judgment on this last discussion, and then I do
have a small detailed question for Dr. Van Ryzin. I talked this morning and
used the phrase twice, I t%ink, of keeping an eye on the ball. We're wondering
vwhat lifetime risks of 107° mean and how, even if those are for individual
chemicals, that relates to the total cancer risk of 450,000 deaths a year. We
know that other things are going on in our enviromment which have changed cancer
incidence from one part of the world over the decades. For example, since I was
a medical student, stomach cancer was the major cause of cancer death in men by
factors of several times, and if you lock at some of the upper GI cancers in cer-
tain parts of the world, by a couple of orders of magnitude. Now in the face of
those enormous changes, which have something to do with what human beings do to
their environment - you can call it life-style for the moment for want of know-
ing for sure what it is - I do sometimes think we are asking how many angels
could dance on the head of & pin and I don't think we're keeping our eye on the
ball. There are major fnctogl out there that we're ignoring because we're precc-
cupied with numbers like 10~ as opposed to something a little different.

Hull

Don has said most of it. I've had this experience in radiation protec-
tion, vhere 1've been dismayed at trying to think about 10°° risk levels. It
produces a concern, as someone said earlicr in the meeting, that we're searching
around under the light when the resl problem is out there where we can't see it.
1'11 make another comment with regard to this business about the fish. It's all
very fine to get the number as far down as 5 to 2 parts per million. But I
think if you do not wear blinders, you can extend the guestion very quickly to
say - well, the cheaper the fish is, the more pecple eat fish, and if they eat
fish instead of meat, from what we now know, they would reduce their cancer risk
somevhat. 80 I think we tend to look at things in a very narrow way from our
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own specialties and not to consider the overall global heaalth risk within which
wa're operating. I keep saying to my fellow health physicists, it’'s time to put
some health in hesalth physics and look at the overall spsctrum of haalth improve-
ment in terme of how much money should be spent on radiation protection to avert
the risk of cancer. 1 urge that as a sort of philosophic principle on all of
you here who are involved in other specialties.

Crouch

No question, just a comment. 1076 riek per life corresponds to approxi-
mately swmoking one cigerette in your life.

Jones

I like what Roy says, but conceptually it gives me some problems. It
seems that what you're suggesting always smounts to something like a thres-way
arm wrestle between politics, science, and industry. How would anyone sver go
about balancing such a system?

Bender

I would like to comment a little bit on the modeling exercises. They, of
course, are exercises that people interested in the effects of ionizing radia-
tion have been going through for many years, and I think some of their experi-
ence would be helpful. In the first place, many of these models attempt to esti-
mate a great many parsmeters, and they simply fail to give stable estimates of
these parameters. The data sets are alvays limited, and I think the current
thinking among those who do this sort of thing - as, for example, in looking at
the Hiroshima/Nagasaki human data for cancer - is that you're duty bound to ex-
clude some models in order to reduce the number of parameters. So, for example,
vhen we fit the nonlinear quadratic to some of the Hiroshima/Nagasski data, we
seem tc feel that it is much preferable to drop out a term that, as biologists,
we really believe is significant, which is a sort of cell-killing saturation
term, not because we don't beliave it's real, but simply to get some kind of sta-
bility to the parameter estimates. The other thing which I think has happened
is that there is some consensus that the models that are used and the way in
vhich they are used ought to make some biological sense; that is, to fit both ex-
perimental observation and our perceptions - our current theories, etc, - about
the processes involved. Yor this reason, for example, I think most of us would
not fit certain models that allowed noninteger values for exponents. Just as an
example, a wultihit model which allows a single noninteger value for the number
of hits just doesn't make any biological sense. I think we need to remember

that sort of thing.
Davis

I can't resist, even though I want to keep my eye on the ball, making a
comnent about models used by the economists. For the most part they are fancy
multilinear regression analyses that make a lot of assumptions about data, none
of which any serious economist believes. But, nonetheless, they're models. I
think that before Roy lets the horse out and then closes the barn door, we
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shouldn't give too much awey to the uconomists. We should demand of them the
same exmmination of their models and assumptions that we're undertaking here
with respect to cancer risk sstimation. In particular, in a lot of the economic
cost estimates that I saw wvhan 1 was at EPA, and in others I've examined in work
I've done at ELI and at Hopkins, what turns out to be the first best estimate of
the economist about the cost of something often gets wmodified, usually down,
sometimes by a factor of 100. Rarely is it modified up. That does not mean
that industrial economists are lying when they first do their estimates. It sim-
pPly means there are often a lot of unanticipated savings. The vinyl chloride
emission cases may be one of the best exauples. The so-called fugitive emis-
sions were captured bLecause of the required regulations. 1In doing this the in-
dustry became more productive and efficient instead of going under as originally
projected. Now this is not to say that all environmental regulation is good eco-
nomically, because that is obviously not true. But I want to make & point here
that we should not just let the economic estimates stand as though they are set
in concrete, and we are the only ones who are dealing with imprecise and uncer-

tain terms.

I think, perhaps, we ought to call these discussions to a close at this
point, and perhaps we will have a chance to bring up additional questions tomor-
row. I certainly have som¢ of 2y own that I haven't raised yet.

In summary, for this session I'd like to thank Dr. Rodricks and Dr. Van
Ryzin for pointing out to us the basic elements in risk assessment and risk man-
agerent, and for susmarizing for us the various models which have been developed
and pointing out their uncertainties and applications. I hope we'll hear more
from both of them tomorrow on these subjects.
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Prepared Comments
Risk Assesement
Joseph Rodricks

1 take risk assessment to be a scientific undertaking, the chief goal of
which is to describe and characterize the types of hazards associated with a sub-
stance or activity, and to estimate the probability that those hazards will be
realized in populations or individuals under their conditions of exposure.

Under this definition, risk assessaent does not include questions of risk accep-
tance (or, as I prefer, risk toleration), nor does it include any of the types
of balancing activities variocusly refarred to as risk-benefit analysis, cost-
effectiveness anelysis, cost-benefit analysis, etc. I group activities of the
last type under the general heading of risk management. These are by no means
universally accepted definitions, but it appears that they are becoming widely
adopted. It has also been suggested that the term risk analysis be used to
encompass both assessment and wanagement activitias.

Risk assessment, under the definition 1 sam using, is a broad activity, by
no weans limited to the uncomfortable problem of high-to-low dose extrapolation.
It includes, as its firet step, the problem of hazard identification and evalua-
tion. 1In brief, this problem involves review and evaluation of various types of
experimental and epidemiological information for purposes of identifying the na-
ture of the hazards associated with a substance or activity. It is designed to
answer questions such as: Ir (substance x) a carcinogen? What type of carcino-
gen is it? What are the naturz and strength of the evidence supporting this
evaluation? The second step, tarmed dose-response evaluation, involves
identifying the observed quantitative relationship between exposure and risk,
and extrapolating from the conditions of exposure for which data exist to other
conditions of interest. This step almost always involves high-to-low dose ex-
trapolation and frequently extrapolation from experimental animals to humans.
The third step is identification of the conditions of exposure (broadly defined
to include intensity, frequancy, and duration) of the human population group
that might be at risk and for which protection is sought. Tue last step in-
volves combining the information on dose response with that on cxposure to de-
rive estimates of the probability that the hazsards associated with a substance
or activity will be realized under the conditions of exposure experienced by the
population group of interest. Risk assessment involves integration of the infor-
mation and analysis associated with these four steps Lo provide a complete char-
acterization of the nature and magnitude of risk and the degree of confidence
associated with this characterization. A critical component of the assessment
is a full elucidation of the uncertainties associated with each of the major
.t". .

I suggest this hroad conception of risk assessment as a useful Fframework
for the development of a guideline. I envision that a guideline based on this
framevork would set forth the scientific justification for the methods to be used
in reaching cornclusions in sach of these four steps of risk asscsement. It
would also specify the bonds of scientific knowledge in each of these areas, and
provide .fairly specific guidance on what assumptions should be imposed in areas
in which there are sevaral plausible approaches, and selection among them can
not be made on strictly scientific grounds. In the context of carcinogenesis,
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at least the following areas require specification of policy, pending the devel-
opment of additional data:

(i) Selection of data sets from a larger body of data sets for
purposes of high-to-low dose extrapolation. The usual
procedure is to select the data set yielding the highest
risk, but such a procedure may not be scientifically

justifiable.
(ii) Selection of models for high~to-low dose extrapolation.
(iii) Selecticn of interapecies scaling factors.

(iv) Selection of assumptions for exposure evaluation, when
specific data are lacking.

(v) Selection of assumptions for extrapolation from one route
of exposure to another, vhen specific data ure lacking.

Completion of a risk assessment yields no view of whether the projected
risks are important and require the imposition of controls. We here enter the
realm of risk management, which is far less well developed than even the fragile
domain of riak assessment. Some contand that risk sanagement decisions are
strictly matters of policy. I do not argue this point, but add that this does
not wmean they should be devoid of objective, analytic support. The problem
seems to have two primary components. The first involves a decision on whether
or not the assessed risk is important (i.e., not de minimis). This decision, I
suggest, should not be based solely on the magnitude of the projected risk, but
also on the degree of confidence that can be placed both in the data underlying
the assessment and in the wmethods and assumptions used. The degree of confi-
dence is a functicn of several sipects of the assessment, including the strength
of the esvidence supporting the conclusion that a substance or activity is indeed
hazardous (e.g., that a chemical is a human carcinogen), the extent to which
supporting data are biologically and statistically concordant, and the extent of
varisbility in the rigk when it iz predicted under different assumptions and
models. Some means is needed to permit systematic consideration of all these
types of information in the decision-making process, but little analytic work
has yet been done in this ares.

Some agencxou have defined negligible or de minimis risk for some carcino-
gens strictly in quantxtatxve terms. This approach may be a reasonable place to
start analysis, but it fails to recognize that the data bases for different car-
cinogens vary widely in quality and content, and that several other non-
quanzifiable factors (that I include as part of the assessment of "degree of
confidence") influence the risk. In other terms, two substances apparently
posing the same quantitative risk may, in fact, produce quite diiferent risks.

1 suggest that the other nonquantitative information available in the risk as-
sessment can serve as a guide to determining the likelihood of such differences.
1f it is decided that a risk is worth worrying about, additional analysis
is needad to decide how and to whal extent control is necessary. This area in-
volves questions of cost, technical feasibility, and law, all of which I leave

to others.
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Some Comments on Risk Assessment
Methodology and Its Application

John Van Ryzin

The most common methad of doing risk assessment with chronic animal
toxicity data is to fit some mathematical model to the data and extrapolate down-
ward to an acceptable risk level. By an acceptable risk lavel, we usually refer
to a very low lifetime risk. PFor exsmple, an accepteble riak level of 10
would mean about 3 cases per year in the U.S8. if all 220 million persons were at
risk, sssuming the average person lives 73 years. That 220 miliion x 107 ¢+ 73
years » approximately 3 cases per year.

After this extrapolation downward is accomplished, one converts the animal
dose to & human dose usually on the basis of either body weight or surface area.

Civen that this is the method of risk estimation one is going to use, I
would like to discuss a few of the issues involved.

Choice of Mathematical Model

A variety of mathematical models have been put forward. They include the
one-hit, multihit, and multistage models as well as the conventional tolerance
distribution models which include the Weibull, logistic, and probit models. A
detailed review of these models is given in Krewski and Van Ryzin (1981). All
of these wodels are possibly correct explanations of a specific carcinogenic re-
sponse and no one of them is to be clearly preferred. It is true that the
multistage wodel (see Crump, et al., 1976) appears to be a fairly plausible
model. However, it does make certain assumptions on linearity in doses at all
dose-related stages which may not be correct (see Van Ryzin, 1982). Thus, which
model to fit is far from clear. PFurthermore, typically all the more flexible
parametric models with background included in them will fit the data adcquately.
For example, all wodels excopt the one-hit model fit all of the 20 data sets in
Krewski and Van Ryzin (1981). Yet, when one does the low-dose extrapolations
with these models, the answers concerning the virtuaily safe dose (¥SD) at 10
risk are sometimes extremely different. The VSD is defined as that dose level
over background giving an increased risk at the prescribed level. Thus, risk
assessment cannot rely on any one model.

The main differences at low doses in the various wmodels is how linear the
extrapolation is at low doses. Thus, any wmodel which is nonlinear at low dose
can be altered by not extrapolating fully with the model and using linear extrap-
olation from any intermediate risk level (see, e.g., Van Ryzin, 1980). The
multistsge model with upper confidence limits and the one-hit model always do
linear extrapolation and will lead to upper bounds on risk whenever the true
dose-response wodel is convex. Any model can be used to do linear extrapolation
beyond an intermediate range. Given this model uncertainty my preference is to
fit a variety of models having different shapes, say, the one-hit, the
multistage, the Weibull, and the multihit, and compare the various answers at
1072 to 1070 risk level. Then, the decision maker should decide how conserva-

tive he wishes to be, on the basis of:

1) biological factors (e.g., evidence of metabolic break points, whether
or not carcinogen is direct-acting, etc.);
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2) quality of data (number of animals, dose range of experiments, etc.);

3) other supporting evidence of carcinogenicity (short-term assays,
.tﬁo)’

4) steepness of dose-response curve.

Having done this, the decision as to which intermediate risk level one
wishes to extrapolate to with a model followed by linear extrapolation
thereafter is primarily a policy choice. It must be judgmentally made on all
pertinent factors since no model can guarantee a precise estimate.

Should Linear Extrapolation Always Prevajl?

The fact that when a dose-response curve is strictly increasing and pro-
vided the administered dose is dose-wise additive to a background "effective"
dose implies low-dose linearity has led some to say all low-dose extrapolations
should be linear (see, e¢.g., Peto, 1978). However, this is not always true in
practice if the background dose is small (see Krewski and Van Ryzin, 1981) and
need not be true if dose-wise additivity does not hold (see Cornfield et al.,
1978). Thus, again linear extrapolation becomes a policy decision and must be

nade on the basis of how conservative one wants to be.
Finally, linearity may not always be conservative if the underlying dose-

response curve is concave in the low-dose range. For further discussion see Van
Ryzin (1982).

Are Low-Dose Extrapolations Worth the Effort Given the Uncertainties?

Yes, because the alternative is to use safety factors which give no idea
of risk levels. For example, if I divide by a safety factor of, say, 100, how
wuch have I reduced risk? Mathemstical wodels and low-dose risk assessment pro-
vide an eetimate of this.

The second reason for using low~dose extrapolations based on mathematical
models is so that one can do risk-benefit comparisons. For example, see pp.

72-74 of A Proposed Food Safety Evaluation Process (Food Safety Council, 1982).
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SESSION IV

UNCERTAINTIES

Introduction
(Session Leader - Donald Borg, M.D.)

White

As I pointed out yesterday in the introductory vemarke, the purpose of the
Center putting together this workshop is to give us an opportunity to hear from
those of you who have expreased views on some of the areas that we have
identified as problem areas in developing the carcinogen guidelines. You may re-
call that the OSHA 14 consisted of six human carcinogens and eight animal
carcinogens. The original standards contained a spscial section that dealt with
quality control and animal handling facilities. The OSHA document also speci-
fied a so~called de minimis quantity limit of 0.1Z for solids and liquid mix-
tures of human carcinogens and 1T for animal carcinogens, indicating that those
materials would not be treated under the standard if the concentrations fell
below the de minimis values. These original standards, however, imposed no
limits on air concentration. OSHA subsequently drafted a generic standard in
which there are no compounds identified. However, they have taken the EPA CAG
list and another group of compounds which they have identified as potential car-
cinogens and listed those as the compounds which they would expect to promulgate
eventually into the generic standard.

In the meantime, we in the Department of Energy community are left without
a uniform policy with respect to how we handle carcinogens throughout the commu-
nity. The Center has been asked to develop an interim standard, and we have made
some progress on this task. It might be best if I give a slide presentation
which will give you & feel of what we have done to date and why we need some
input at this point before we can continue (see Prepared Comments, page IV-34).

Current goverrmmental cancer policies have drawbacks in their inability to
distinguish the different levels of potency of a number of carcinogens. We
propose a carcinogen guideline which consists of three safety programs based
upon the nature of the exposure to the specific carcinogenic compounds. A Class
I program is designed for use with low-risk carcinogens and requires only
adherence to general laboratory safety procedures and the use of peraonal pro-
tective equipment. A Class II program designed for moderate risk carcinogens re-
quires additional safe work practice controls and engineering controls in the
form of containment systems, such as lsboratory hoods and glove boxes. A Class
III program for use with extremely potent, high-risk carcinogens would require
maximum containment systems with sophisticated engineering controls and more
recommended workplace controls.

We feel that in order to assign the compound to a program, we need to de~
velop what would be identified as a2 carcinogen hazard index. Our initial ap-
proach was that the criteria for establishing the index would take into consider-
ation a number of factors -~ carcinogenic potency of the chemical, chemical-~
physical properties (i.e., narticle size, absorption mechaiism, primary responue
route, potential for dispersion), use by worker (ways in which materials are
handled), engineering controls, and environmental monitoring. Currently, we
have eliminated engineering controls and environmental monitoring since, we feel
that those aspects are included in the control program.
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How do you estimate the carcinogenicity of the compound or ita potency?

We were aware that Bruce Ames and his associates have been ranking carcinogens
uaing the criteria of the daily dose of esach compound needed to produce an ef-
fect. In this system aflatoxin was at the upper end of the scale and saccharin
was at the lower end. The American Conference of Governmental and Industrial Hy-
gienists (ACGIH) has also put together a mechanism which allows us to define
levels of potency for carcinogens. Yor our first cut we incorporated some of
ACGIH's considerations, i.e., the lowest category would be all substances which
produced neoplasms in at least one animal species (this is very similar to what
Kim Hooper presented yesterday), and we gave some criteria as to the logic
behind our choice. Our logic is an adaptation of the breakdown that the AGCIH
used in their decision logic.

Category II would be those compounds which produce neoplasms in animals at
levels lower than those placed in category I. And we had a third category for
chemicals for which we said we really didn't have a loophole, i.e., for those
chemicals for which there is currently a standard which by law the DOE community
has to adhere to and be in compliance with (the OSHA-regulated carcinogens), and
all industrial substances shown to be carcinogenic to man would be included in
this category.

The topic areas acheduled for this workshop encompass problem areas that
we envisioned from the first effort, and from the survey of DOE laboratories.
There are a large number of compounds that could be labeled “carcinogens," Some
of them are shown to be carcinogenic to man through epidemiological studies,.
There are more compounds implicated as being carcinogens on the basis of animal
data. As you go throughout the logic system, there are even more compounds
implicated by short-term tests and other schemes.

So, the purpose of this workskop is to obtain an approach that takes into
consideration the potency of the carcinogenic compound, whether or not the lin-~
ear concept or threshold concept is appropriste for these kinds of compounds,
and wheth~: or not a de minimis quantity is realistic. We would also like to
get an .dza of the pitfalls that we are likely to encounter on any legal
regulatory carcinogen policy. If you have any views on policy setting,
we would like to hear them. With this as a steering mechanism, maybe we can
get information that the Center staff and advisory panel can use in developing
a draft carcinogen policy.

Our leader for the morning session, which addresses s number of
uncertainties, is Dr. Donald Borg, Chairman of the Medical Department here at

Brookhaven.

Borg

I shall try somewhere toward the end of that discussion to elicit from the
audience some consensus on whatever may be developing with regard to the more
practical questions they are asking.

We have thrae speakers addressing the general topic area called
“Uncertainties,”" although yesterday dealt with that, and perhaps Session V in
yet another way. I would just like to make a remark myself before asking the
first speaker to talk~—-one remark--having to do with uncertainty. There are two
classes of uncertiinties here, and they've not been completely unscrambled. One
class of unuertainty reglly concerns the imprecision of our knowledge. We are
uncertain as to what the facts are because we don't understand them well enough,
although if we knew them, there might be no residual uncertainty. The other
kind of uncertainty is the chancy or stochastic nature of certain events which,
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no matter how good our knowledge, we cannot improve upon. And, it seems to me
that the titles suggested to the authors nere to which they addressed
‘themselves, at this stage and probably for the foreseeable future, the way re-
search goes has some content of the first class, that is to say, more research
will improve our precision of understanding. The first two, dose rate and
thresholds and dose-~response extrapolations, may also run into the limit of
stochastic uncertainty. The likelihood of a hit in a target volume which is
referred to in the second talk we’ll hear, that's uncertzin just as in the
macrocosm the likelihood of some catastrophic event like a meteor meeting the
earth or a dam breaking, those things we probably can predict only to a certain
level. There is a chance nature about them. I think it's important to keep the
two kinds of uncertainty in mind, and perhaps we would use different strategies
in approaching. the limits of the two, and at the end I may ask for some consen-
sus of clarification. As I see from the handouts that have been given by two of
our speakers (and, by the way, I knew none of you one-on-one before this meet-
ing, I know some of you by name, and I know the third speaker by name, reputa-
tion, snd authorship), what we are going to be exposed to by the first speaker
is an analytical presentation; he will be followed by a speaker who deals with
mechanism and relates that co some extent to the analytical presentations.
Last, I assume, from Dr. Crump, we are going to have another analytical summary
with regard to the relevance of models. So with that prospect before us, I'll
ask the first of our speakers, Edmund Crouch, to sztart. He is a research fellow
at the Energy and Environment Policy Center at Harvard, which according to his
address is actually housed in the Jefferson Physics Lab. As a good physicist,

he is going start us off with an analytical approach.
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Carcinogen Risk Assessments - Assumptions and Uncertainties Associated with

Animal Models
(Speaker - Edmund Crouch, Ph.D).

Crouch

Well, I'm not really going to be analytical. What I want to do is to give
a rough outline of what happens when you're considering a risk assessment for
carcinogens based on animal data. The handout (see Prepared Comments, page IV-
37) gives an outline of one realization of this. I want to address the topic
generally and discuss where uncertainty may arise. It is useful to bear in mind
the two sorts of uncertainty that were just mentioned. The use of animal re-
sults to estimate human risk is the basis of most current guidelines. In gen-
eral, that's a species-one to species-two problem. You've got experimental re-
sults in species one, and you want results in species two. Now how are you
going to analyze these experimental results? As they stand, they cannot be used
directiy. What we usually do is dream up some measure of dose, which I shall
call D, D is usually something like a lifetime average dose. It may be a life-
time average weighted dose or an integrated dose rate. We don't know what the
correct dose measure is for our purposes, but we expect any measure that we
choose to be correlated with it. It may be that what we really want is the peak
dose rate on day three of their age, but we don't really know that. We want to
use some measure of response that will be useful to us, and the usual measure to
use is the probability of a tumor. Perhaps we ought to be using the number of
tumors or the tumors in a particular organ, or the sum of the tumors in all
organs, or something like that. Then we want to use some dose-response form be-
cause we want to parametrize thege data. Eventually we are going to extrapo-
late them somewhere. Again, we don't know what is the underlying correct dose-
response form. We expect it to be of some functional form. It depends on the
dose - it may depend on age. 1It's obviously going to depend on what we pick for
our dose variable and what we pick for our response variable. But we are going
to parametrize it by saying that response is some function of the dose, and as-
sume parameters which I labeled a, B, ¥, and so on. For convenience, think of
o as the background rate, B as the potency (a slope, or something like that),
and so on for higher-order terms. If we do this (which is what everybody actu-
ally does), we then estimate those parameters from the experimental results.
Now in order to estimate those parameters we have to make a few more assumptions
which are usually made implicitly, such as that animals act independently of one
another, and that the results we see fit a binomial distribution. There are a
few more implicit assumptions. In order to estimate the parameters we have to
have an estimation procedure, which again is arbitrary, and which in most cases
is the maximum likelihood. This has the advantage that we can get estimates for
confidence limits and what not on all the parameters in a straightforward man-
ner. We could also use least squares fitting instead, or almost any other estima
tion procedure. Plotting the data on a graph and fitting them by eye is also a
well-defined estimation procedure, but one that's not often very useful. The
output from our experimental results is actually going to be a set of distribu-
tions estimating the parameters in our dose-response model. That's in the first
speci€és. In the second species, which ideally will be humans, we are going to
make the same assumptions as agbove. We've got to decide on a measure of dose,
on a response measure, and on the form for the dose-response curve. Now in the-
ory, any or all of those could be different from those in the first species, al-
though in practice everybody always assumes they'’'re the same. I certainly do
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myself. Then we have a new set of parameters in that dose-response form, which
I have labeled a, b, ¢, d, etc. Now in order to go from the first species to
the second species, what is required is some model which relates the parameters
of the dose-response model in species one to the parameters of the dose-response
model in gpecies two. We have a whole set of relations like that, relating the
parameters, e.g., relating a in species two to all the parameters in species
one; relating the dose levels chosen in species one to species two; relating the
ages in species one and species two; and so on and so forth, using almost any-
thing else you can think of, including calendar time.

It's usual to guess simple relationships. In fact it's usual to make the
parameters identically equal in both species. However, that is an assumption,
and it must be realized that it is an assumption. There is uncertainty involved
in making that assumption. There is uncertainty involved in everything I have
said so far. Any guidelines that you want to apply have to take into account
the uncertainties with every stage of what I have just said, in choosing a
dose-response curve and modeling the relations in species one and species two.
Also, they have tc take into account any exceptions you happen to find or you
guess. I don't pretend, myself, to be able to do that. However, what I am
going to point out is that these uncertainties can be large, and one has to esti-
mate the size of them in particular cases. The handout (page IV-37) gives you
a specific example of the procedure that I just outlined that tells you how big
the uncertainties are, if you use the assuvmptions made in the example.

First of all I am going to ignore the uncertainties in choosing the dose-
reponse model. I suggest that you try some other dose-response models in a simi-
lar sort of procedure and see what happens. T always think it is best to try
the worst case first, and the worst case is generally agrezd to bz a one-hit-
type model, linear at low doses. Take some sort of linear at low dose, onc-
hit-type model (you see a particular form of it on my handout, page IV-37); then
parametrize the available data. Now typically when you do that, you estimate
those parameters from experimental results and get a factor of uncertainty of
1.2 to 5, maybe 10, at 95% confidence limit. So, just by looking at the experi-
mental results, you've already got a factor of up to 2 or more, or up to 5 or
more uncertainty. You also saw that yesterday on the printouts that Kim Hooper
hended around. The nice large confidence limits on a log scale were simply ex-
perimental uncertainties. What's more, they're not the only uncertainties in
the experiments. They're actually minimum values for those uncertainties be-
cause, to get those confidence limits, you made & lot of assumptione which may
not be true. There are actually further uncertainties in those experiments
vhich are not included. For example, you've assumed that all the animals
received the same dose; you've assumed that all the animals have the same dose-
response curve; you've assumed that they all respond independently — that they
don't respond group~wise by cage. These things may increase the uncertainties
if you try to take them into account, although your best estimate is probably
reasonably unbiased, I hope.

Now, suppose you make the assumptions of tha: model and suppose you also
assume that in the second species you're looking at, the same model applies,
therefore you cuan parametrize it in the same way. And suppose you expect there
to be some sort of relation between the parameters, e.g., identity or
near identity between the parameters in species one and species two. On the
handout (page IV-37) I looked at the rat and mouse.

Even with these assumptions, you find an interspecies relationship is only
good to within a factor of 5. I can show you that onr this plot of potency
(wvhich is parameter B in this model) as measured in the B6C3Fl mouse in the NCI
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series and in the F344 rat in this same series. EKach point represents one chewi-
cal, each such point having a pair of confidence limits. The confidence limits
represent those 95% confidence limits that I mentioned esarlier based on assuming
that everything is nicely binominal. Eowever, you see that there is more uncer-
tainty than that. There are items with small uncertainties from the experiment
vhich are not identically equal; you don't get the same parameter in both
species. 1In fact, you can represent these extra uncertainties by a normal dis-
tribution about that curve. It doesn't disagree with it anyway, so I shall as-
sume that it is, and that's what I wrote down there. And the standard deviation
is a factor of 5. That's a log-log plot, sc the distance away from that line is
typically of order of a factor of 5, or rather the difference in potencies in
two species is typically a factor of 5. It seems to vary in nc simple way from
cherical to chemical. I mentioned that you have to take into account any
exceptions. You know perfectly well that some of those NCI studies came up with
a result in one species but nothing in the other species. What happens if you
put such exceptions on a siwmilar plot. Well it turns out that nothing startling
happens. You can put confidence limits on the ones where you got no results,
and plot those against what you actually observe in the other species. And you
find that they could be simply statements of the uncertainty you saw before in
the cases where you saw results in both species. So I don't have to think about
uncertainties at the moment, not with this data set anyway, which is very fortu-
nate.
So we have a2 factor of 5 for interspecies cowparisons just between rat and
mouse. Between a rat or mouse and a human, I would expect at least that factor
of uncertainty. Now that's two uncertainty factors which add up to at least =
factor of 5 or 6, say. Now, in general the procedurs is to insert the estima-
tors obtained from experiments in the first species into the relations you
guessed in order to get distributions for the parawmeters for the second species.
Then you add in the dose information that you have, to get a risk distribution.
The risk here ir measured in a way which is presumably related to the response
that you are thinking about and that you are interested in extrapolating. Of
course, you can do the extrapolation in two ways. You can extrapolate from the
first species to the second species at high doses and then extrapolate down in
the second species to low doses, or you can go the other way around, as in Fig-
ure 1. In the first case you need to know the dose-response curve to low doses
in the second species. In the second case you need to know the dose-response
curve to low doses in the first species and the parameters at either high dose
or low dose. The thing I just showed you is the parameter relations at high
dose. It was the relationship between potency in two species at high dos¢s. 15
you are going to use something like this, the assumption you then make is tha*
you know the dose-response relation in the second species in order to extrapo~
late down, ultimately to humans presumably.

The output of all this is going to be probability distributions for risk
with certain assumptions, based on the assumptions that I mentioned. So you are
going to have something that looks like Figure 2, a distribution for the proba-
bility of risk vs the value of risk, which is a probability density function of
some sort. And you might have a § function at origin just to take into acount
the fact that you often get that sort of thing out of experimental results. The
important thing to notice is that the distribution is wide in this context. The
width is going to be a factor of 10 to 20 or so, where width is the distance be-
tween half power points or something like that. Furthermore, it's probably typi-
cally skewed toward high values. So wherever your dest estimate may be (Figure
2), your mean value estimate or average may be substantially higher, (factors of
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S to 10 or more), and the confidence limits mey be much higher still. Any proce-
dure that you use to eutimate risk for basing your guidelines on has got to be
sble to take into account the pessibility of getting input like this from your
risk analysis and use that to set your guidelines.
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Mechanisms of Carcinogenesis: Implications for Expectations Akout Dose-
Response Relationships
(Speaker - Dsle Hattis, Ph.D.)

Borg

Our next speaker, Dr. Dale Hattis, comes from the MIT Center for Policy
Alternatives. He has been developing methodologies for assessing the health and
economic impacts of different kinds of regulations, doing case studies, he says,
on formaldehyde, lead, benzene, and contrast noise. Dr. Hattis is going to talk
to us from the mechanistic point of view and, I trust, relating it to what we've
heard and will hear later on.

Hattis

I just want to reinforce briefly the last point made by the last speaker.
It is quite important to take into account the fact that these uncertainty dis-
tributions are likely to be skewed. They may often be distributed
logarithmically. It wmay very well be that one's average estimate of risk may
differ substantially from the best estimate of risk, and certainly one's confi-
dence limits on risk may be orders of magnitude different from any central ten-
dency one could hope to estimate. In decision making, it is important to commu~
nicate to the non-technical audience both your best estimste of how things are
and also some idea of your uncertainties. Of course, the great tendency in deal-
ing with uncertainties is to quantify the ones you can quantify and not to deal
with the ones you can‘t quantify. There is some sort of 2 law that the
uncertainties you can quantify are always (1) the least interesting kinds of
uncartainties, such as statistical variability, and (2) nearly always a small
fraction of the overall uncertainties that you might have as a result of
uncertainties, in the selection of the basic dose-response models, etc.

Nonetheless, the thrust of what 1 am going to say today is that I think
people are often more uncertain than they need to be about some basic features
of cancer dose-response curves. We do know something about the mechanisms under-
lying carcinogenesis. What we know or what we can easily infer from basic prin-
ciples has some nontrivial implications for cancer dose-response curves, al-
though risk assessments must still be considered to have uncertainties of sev-
eral orders of magnitudes in many cases. One thing we know is that at least one
key step in most carcinogenesis is some change or rearrangement of information
in DNA. 1T have outlined some of the evidence for this in the handout (see Pre-
pared Comments, page IV-39). Basically, there are three classical lines of
evidence. First, cancer seems to start in siugle cells, as observed in experi-
ments where calls of a given tumor, in women who are heterozygous G6PD {an X-
linked enzywe), ncarly always have the same X chromosome activated in all the
cells. This would not be expected if cancer arose independently in more than
one cell. The gecond is the general association of mutagenic and carcinogenic
activities in chemicals, and finally the fact that some well-characterized da-
fects in DNA repair, like xeroderma pigmentosum, lead to substantial increases
in at least some kinds of cancer risk. The new, and I think nearly conclusive,
evidence comes from transformations in gene transfer experiments. You can trans-
fer what some people call the transformed property with bare DNA in some well-
characterized in vitro carcinogenesis transformation systems. I think that re-
sult is very exciting, and it's equally exciting that you can retrieve
transforming genes from entirely normal cells as long as you break up the
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DNA or strip some specific portions of the DNA of what might be normal coatrol
regions. oo
Now that we know that DMA is in some way involved and that some reactions
between reactive molecules sand DNA are involved, what does that tell us directly
about the carcinogenesis process? If we had some way of directly adding to the
nuclei of cells a DMA reactive material, we could gueas pretty well that the

rate of reaction would be a linear function of the concentration of the DNA reac-
tive substance and the DMA. At low doses we certainly wouldn't expect to de-
plete the DNA, so at low doses you would expact the rate of genaration of le-
sions to be proportional to the concentration of the active carcincgen at the ac-
tive site. Wow, of course, a lot of things can modify the linearity of that
basic process, either between the time you get the chemical into you and the

time that it gets to the active site, or after you generate lesions and before
vou get fully developed self-sustaining tumors.

I am going to talk abeut some of the quantitative implications of aome of
those differant kinds of properties. Because, in many ciases, people have rested
claims that there might bc thresholds on the action of some of these
phamacokinetic properties and other considerations.

One situation that has been postulated, which certainly does cause some
nonlinearities in dose-reponse curves, is the idea of competing wetabolic
routes. Let's imagine that we have two pathways by which a chexical can be
metabolized in the body. One of these produces a DNA reactive substance, and
the other produces an entirely nonrsactive and safe series of metabolities.

Let's call the rate of the first reaction (the dangerous reaction), dR/dt. That
is, dR/dt is equal to the rate of production of the reactive metabolite. If we
believe that this is an enzymatic reaction, the ordinary presumption is that it
should follow ordinary Michaelis-Menten enzyme kinetics. Let me illustrate what
that means. Basically, the rate of the reaction is equal to some constant (k,)
times the substrate concentration (C), divided by some general enzyme conltang
(KR) plus the substrate concentration.

dr . kK16
dt ER+C ’

C = concentration of substrate,

R = reactive metabolite,

kl = Maximum possible rate of reaction,
KR = Michaelis constant.

What that means is that at high doses, where C is very much larger than
Kp, the C in the numerator and the C in the denominator essentially cancel out,
#nd the rate of production of the reactive metabolite becomes constant no matter
how high C rises. Physically, this means that basically all of the enzyme mole-
cules are working as fast as they can. Their active sites are fully occupied
with substrate, and you can't produce reactive metabolite any faster with the fi-
nite number of enzyme molecules present. At low doses, where C becomes much
less than Kg, you can see that the rate of production of the reactive metabolite
is going to be a direct linear function of the concentrations of that reactive

metabolite:
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80 our expectation is that where C is the concentration of the substrate, dR/dt
is going to follow & saturation curve that is linear at low doses of C and comes
to a2 maximum at high doses of ¢ (Pigure 1).

What if we also have in the same group another enzyme route that makes a

safer metabolite?

as _ k€
dt T °

Well, it turns out that if you have the same kinds of 2xpectations for the ki-
netice of that enzyme as you do for the first, the intrinsic reaction rate could
be different, and the point at which it approaches saturation could be differ-
ent. Let's say we're in such a concentration that the safe enzyme system
doesn't saturate very much, you would find that again at low doses you have a
relatively constant prodr:tion of the safe metabolite as a function of
carcinogenic dose, but at higher doses where you have saturated the dangerous
metabolite route, you get an increasing fraction of the total material being
handled by the safe pathway (Figure 2).

The effect of this on a cancer dose-reponse curve would be similar. This
has been hypothesized as the cause for the famous dose-response curve for vinyl
cliloride found in the original Maltoni experiments in BT, rats. You see at low
doses it tends to be somewhat linear, or at least close enough. At high doses
it reaches a saturation level, possibly because the dangerous metabolite has
been saturated, and more and more of the stuff gets handled by the safe pathway.

The other situation is where the safe pathway saturates first, and at high
doses a larger and large:s portion of the material is handled by the dangerous
pathway. This would clearly lead to a situation where the curve turns the other
way, the cancer dose-response function is contant st least at low doses (Figure
3.

But what happens at low doses? We can treat that easily mathematically by
simply dividing the equations to calculate the ratio of the production rate of
harmful metabolite to the producticn rate of safe metabolite:

dR/dt EAEE = Constant

das/dt k2KR
That gives us a ratio of the chemical that's handled by the dangerous to the
safe pathway. (When you make the low-dose assumption, and perform this mathemat-
ical manipulation, the C’s in the dencminators become unimportant because
they're very small relative to the Michaelis constant.) The concentration of
the safe substances and reactive substances drops out and you wind up with a
ratio of constants. That tells vou that at low doses, the safe and the danger-
ous pathways each grabs some constant fraction of the total material.
Therefore, at low doses the proportion of stuff going by the dangerous pathway
and thu expectetion for tumors, or at least the expectation for the production
of DNA reactive substance, has to be linear with concentration. You can't get a
threshold out of the mechanism. In fact you can get a linear expectation.

The next kind of influence on dose-response curves that is often

considered is DNA repair. Repair is also done by enzymes, and if we have no
other information, it's not unreasonable to postulate that repair is also
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dR/dt

Figure 1 Relation between reaction rate
and concentration from low to

high doses.

dssd¢

c

Figure 2 Relation between reaction rate
and concentration in a safe
metabolic pathway when the
carcinogenic pathway is saturated.

Figure 3 Relation between reaction rate
and concentration in & carciro-
genic pathway when the safe
metabolic pathway is saturated.
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sovernad in some semse by Michaelis Menten ensyme kinstics. In this case,
éL/dt, the loes of lesion with time, again should be some constant times the

runber of lesions that you have.

dL = L i
- & x (1) !l‘!%;r*.F%{-' system)

The following integrated equation can be calculated for the case of a burst of
lesions generation at a particular point in time:

Ly, = Loe-ktl (Repair enzyme lyute-)fk. .

There are two points to be made from that equation. Pirst, the smount of
lesions that persist at time t;, whatever time t; is, will be a linear function
of L.. If you have a finite time to repair things, and I think you should ex-
pect that you do have a finite time to repair things before the next cell repli-
cation, or the next DMA synthesis, at that point it would be essentially revers-
ible, If a lesion persists at the time of DMA synthesis, it has the chance of
leading to a copying error and to some other breakage and rejoining event that
would fix the damage in the genome. But assuming you have a particular finite
time, and a finite number of ensyme molecules available for repair, you must get
an expsctation that the number of lesions persisting at low doses is to a first
approximation linear with the number of lesions that you generate. On the other
hand, of course, if you saturate your enryme system to some degree, it's quite
clear that a larger fraction of the generated lesions will persist to the time
of the next cell division. So ordinarily you should expect that repair
processes should give an exponential or concave shape to the dose-response curve
for lesion persistence at the time of DNA replication. But at the limit of low
dosage it is linear, albeit at a somevhat different and lower slope than at high
doses.

Well, I see that I have a number of considerations yet to cover. One of
the other implications of time, t;, in the above equation is that if you in-
crease the rate of cell division when you're also generating lesions, you would
reduce that potential repair time, and you can vastly increase the likely persis-
tence of lesions to the point of cell replication if ten times as many cells are
dividing in a tissue. So this means that if you have overt toxic responses,
cell-killing responses inducing cell proliferation responses in the target tis-
sue, it's quite likely that you will vastly decrease the effectiveness of DNA re-
pair and vastly increase the effectiveness of any mutagenic stimulus. I don't
have enough time to go into this, but I suspect that this is what is going on in
the case of formaldehyde. But, in any event, you still should get a linear dose
response curve at low levels, albeit at a very much lower slope than at high
doses.
There are a cu.ijple of other considerations, e.g., differences in individ-
ual sensitivity. Think of this as a series of populations. Say, you had basi-
cally a one-hit kinetics reaction in individual people, but you had vast differ-
ences among people; for whatever reason, in their individual one~hit kinetic re-
action shapes. This would lend a convex graph or hyperbolic graph to the dose-
response function because I had a small subpopulation here (say a tenth of the
total population) that was ten thousand times as sensitive. (For them, the chem-
ical was ten thousand times as potent as for the average.) Well, clearly you
would saturate caancers in that subpopulation and then start to give cancers at
a much lower rate with increasing dose to the larger fraction of the population
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witi average semsitivity. So that the composite population dose-rssponse curve
would look convex whenever you have a wide distribution of semsitivity semomg the

population.
The last consideration that has be:zn talked about a lot in the literature

(I won't dwell on it in depth here) is of iourse the number of sequential muta-
tions required for transformation. It h¢s nften been said that if you have
one-hit or one~stage processes in direct gompetition with multistage or multi-
hit jrocesses, the one-hit process wiii fond to dominate at low doses. There
are three lessons from this. Firet, thern ought to be no general expectation of
thresholds for DMA-reacting carcinogens fZnet act in that way. I really think
the threshold argument ought to be put to bad by this stage. Secondly, linear
projections for low doses might often be closer to a best e¢stimate than & confi-
deat upper bound. I mean there clearly are many ways in which you can get
greater than the linear predicted risk if you happen to be unlucky in a particu-
lar case, either through wide distributions in sensitivity smong the population,
or by the saturation of the dangsrous pathway before the safe pathways, as ap-
pears to have happened in the case of vinyl chloride. Thirdly, I would say that
it's important not to try to load too much onto the multistage model in tha
sense of trying to explain the whole of possible departures from linearity in
cancer dose-response curves. It would be much better to incorporate these other
kinds of pharmocodynamic considerations into soms more complicated models of
dose-rssponse curves. Make certain paramsters that you can develop for these
kinds of effects exogenous to the system, and let the multistage or other sorts
of models handle ouly the rasidual curvature that cannot be explained on the
basis of these other things. The other thing is that these kinds of considera-
tions can be researched by little science in most cases. You don't need two-
yedr carcinogenicity feeding studies. You can measure DNMA adducts and their re-
pair and how much of the material persists for how long in the system. There
are fruitful areas for relatively little science type research that can contrib-
ute significantly to the overall quantification of expected cancer dose-reponse

curves.

Borg
There is a quick quution. Dr. Drew?

Drew

Why can't you postulate a safe pathway at low doses that predominates, and
only until it becomes satursted do you then spill over to produce a dangerous

mestabolite.
Hattis

Well, let's consider two cases. If the safe and the dangerous pathways
are both present in the same compsrtment, then there is no way to prevent the
dangerous pathway from taking some of its share of the stuff at low doses.

Borg

But that “if" is very critical. I'd like to discuss it further during the
discussion period. If they are sequential pathways, then what Bob has to say
has a very different consequence.
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Hattis

If you have more than one compartment, and the safe pathway is confined to
the compartment that the chemical sees before the dangerous pathway, you still
have an expectation of linear kinetics at low doses based on the following argu-
ment. Basically, the safe pathway has to capture all of the reactive substance
before any gsts to the compartment with the dangerous pathway in it, and if you
think that diffusion between compartments is basically a linear function of con-
centration, then it's hard to arrange that. It may be that you car again have
curves that look highly nonlinear, but you should still get liiiear behavior at
the limit of low dosage. You should still get some diffusion across whatever bar-
rier there is to the pathway that contains the system that makes the dangerous
metabolite. Bdsically, Cornfield's model, which has this consideration in it,
goes farther than I think the biology will take you, by assuming full equilibri-
um in the first compartwent before any is allowed to get to the second compart-

ment. I think that's what is wrong.
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An Overview of Pactors That Influence the Quantitative Risk Assessment of
Carcinogens
(Speaker - Kenny Crump, Ph.D.)

Borg

The third speaker, Kenny Crump, is president of the Science Research Sys-~
tems in Reston, Louisiana. He's been involved, as I think most of you know,
with dose modeling and general statistics related to dose assessment for many

years.
Cru-g

This session is on the uncertainty in quantitative risk assessment. 1I'd
like to begin by listing five areas of uncertainty which I believe to be of
major importance, most of which have been discussed already in this workshop.
First is high-to-low-dose extrapolation; second is animal-to-human extrapolation
{vhich Crouch discussed this morning). Additionally, there are other areas in
which extrapolations are sometimes required. One of these is extrapolation from
long~to-short exposures, or really from ones exposure pattern to another, and
this can be very important to understanding maiy of the human exposures which
are short-term comparaed to the animal exposures. If something is an initiator
it might have quite a different effect on the eqy result, depending upon the
subject's age at the time the expcsure takes place. You would think that very
early exposures for an initiator would be more dangerous than exposures late in
life. Frequently it is necessary to extrapolate from one route of exposure to
another. We may want to know the risks to humans exposed to food whereas the
only data that are available are through some other route. Another area which
we haven’t talked about very much, which is very uncertain, is the exposures to
humans.

These are what I see as areas of major uncertainty, and the extrapolation
from animals tc humans embodies a number of things. The questions of whether to
uge data from benign tumors and which tumor site to use, I would classify as a
subheading under animal~-to-human -xtrapolation. There zre some who tend to view
risk assessment from animal data as totally different from risk assessment based
on human data. When you work with human data, you are really doing something
worthwhile, but work with animal data falls into a different category. I don't
agree with that dichotomy. MNot that I think you get very precise estimates from
animal data. It's just that I view the estimates obtained from human data as
algo being imprecise in many cases. Of all of these sources of uncertainty,
there is only one that you don't have with human data. Frequently, there is
often a great deal of uncertainty concertiung the measure of the dose in the
human experimental group, whereas relatively speaking, the dose to the experimen-
tal animal is measured fairly accurately. I would place more confidence on risk
estimates from good human data, but I think it's a question of degree more than
anything else.

These are areas in which science does not give us unequivocal decisions
about the choices that must be made. Yet when one does a risk assessment, one
has to make some sort of decision about how to treat each of these areas of un-
certainty, Because of this I feel it is very important that there be a unified
approach to risk assessment. If, for example, you gave 10 separate groups the
task of estimating carcinogenic risks from 12 different energy technologies and
they came back with numbers such as the numder ¢f cancers you would expect from
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each technology, I'm afraid that the results might not be useful. They would
get different numbers, and unfortunately the difference in the range of magni-
tudes would probably reflect differences in their assessment methodology rather
than in the true carcinogenic risk. One way to overcome that difficulty is to
have some sort of unified approach. Even when the actual number is important
as, for example, in regulation, I think a unified approach is important. There
is a tremendous danger that a regulator will make a decision on how to regulate,
totally divorced from the science, and then, after the fact, conjure up a risk
assessment that will bolster the position he has clready taken. I think that a
unified approach to risk asseasment would reduce this danger. I personally feel
that the guidelines offer, perhaps, the best approach to arriving at a unified
approach to risk assessment. There are potential dangers to guidelines. Thay
may not allow you to take into account the latest scientific evidence. Some in-
formation, usuaily not available, may become available on a particular issue
which the guidelines don't address, and then you might not be allowed to use
this evidence. Perhaps the best way to overcome these problems is to have flexi-
ble guidelines which are reviewed periodically to determine if there is a need
to update them.

Attempts have been made to quantify some approaches to the quantification
of uncertainty; the moat sophisticated one that I'm familiar with is the one of
Crough and Wilson which Crouch talked about a few moments ago. I think that any
attempt to quantify uncertainty should encompass all of these different areas of
uncertainty. The most difficult one (perhaps they're all difficult) to come to
grips with is the high~to~low~doce extrapolation. I would concur in what was
said earlier about procedures for quantifying uncertainty in that we shouldn't
ignore a major source of uncertainty just because it doesn't fit into our frame-
work for evaluating uncertainty. A discussion of the carcinogenic mechanisus
and some informal judgment on whether the mechanisms suggest linearity vs some
threshold approach coupled with a range of risks - an integrated discussion -
might be as useful as some formal procedure for incorporating uncertainty.

Yesterday, John Van Ryzin presented different models and showed clearly
how, in certain situations, different models predict widely divergent results.

I would like to add to that in the following sense. HNot only do different mathe-
matical formulations predict different results, but just take a single mathemati-
cal formulation which is fairly flexible. By that I mean any of the ones he
presented except the one-hit model. They all fit all of the data sets resonably
well. If you look at confidence limits based upon any of those flexible models,
you would typically get a range of risks as great as, or possibly even greater
than, the range John illustrated using the different models. So you get a wide
variation in risk simply by using a single model and looking at the range of
risks which are consistent with the data from that single model.

There has been considerable discussion about the linearity at low doses
and evidence for linearity. Hooper and Fischer hoth presented the argument that
low-dose effects are additive to background effects. Hattis just extended that
to pharmacokinetic considerations and DNA repair. Van Ryzin gave a mathematical
formula for linearity at low dose when you have an additive background. I would
like to expand just a bit on what Van Ryzin said. If you recall, he mentioned
that if you don't have complere independence or if you have some additivity,
then unless you have a threshold, you have a 1lsw:dose linearity. This observa-~
tion leads to the following conclusion. We've digsoyssed the strength of the evi-
dence for low-dose linearity. I can also conceive a“situation in which a thresh-
old might be the true state of nature. However, it seems to me the argument
presented by Van Ryzin suggests thet the intermediate models are far less plausi-
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ble. That is, the multihit and multistage models show nonlinearity and
nonthreshold and appear less plausible than either linearity or threshold.
Unfortunately, I don't think that helps us very much in developing a cancer pol-
icy.
Another source of evidence for linearity, which hasn't been mentioned, is
human data. There are some humsn data on dose response, and those I am most fa-
miliar with are on asbestos, arsenic, radiation, and cigarette smoke. None of
these, as I recall, are radiczlly inconsistent with just a pure straight-line-
type response for the relative risk. The smoking data show something of an
upward curvature, but are not dramatically inconsistent with a straight line.
However, I would not give too much weight to this. There is always uncertainty
as to the human dose, and I believe the effect is often to mask out any
nonlinearity which might truly be present. Typically with human data, you have
separated individuals into various dose categories, and you plot their rela-
tive risks. We have dose down at the bottom and relative risk on the vertical
axis. Suppose the true response was threshold. What would happen to this true
response if you took into account misclassification of employees as far as their
dose is concerned? Well, some people belonging in one category would have been
cilassified in another category and vice versa., Those that were misclassified in
one category would tend to reduce this response artificially. Those that were
misclassified in another category would tend to increase the expected response.
Those that were misclassified in a third category would have no effect. So the
net effect, it seems to me, would be to distort any threshold-like sppearance
and make things appear linear, so the linearity of the data could be due to
these artifacts.

The EPA CAG uses a multistage model, takes the upper confidence limit, and
calls that a plausible upper bound for risk. I'd like to make a case for that
being more than just a policy decision. We've heard a number of arguments that
linearity seems quite plausible in a number of situations. I think we can also
argue that anything that gives a considerably higher risk than linear is fairly
implausible. So I concur with CAG's approach of calling something based on
linearity some sort of (but not well defined) plausible upper bound for what the
risk might be. I view that as having some scientific justification, and more
than just a policy decision. Now if a regulator decides to regulate at that
upper limit of risk, then that is a policy decision. But expressing the uncer-
tainty that way (2s an upper limit, not necessarily what we might expect the
true risk to be) seems to me to have some scientific merit. The true risk could
be less than this, even considerably less. I think that Dr. Hattis addressed
this when he showed the expected curvature upward or downward when you graph dif-
ferent models. I thought his presentation was quite instructive. Even if the
arguments for low-dose linearity are correct, taking the upper limit based
solely on the statistical evaluation of the data could still seriously
overestimate risk. Yesterday we saw this in a graph of risk vs dose; if you
have an additive background, you move out to where the curve shape is linear.
However, if you liave only a small component of additivity, simply drawing a
straight line from the high-dose data could still seriously overestimate the
risk at low doses, Even if the arguments for low-dose linearity are valid, that
doesn't necessarily quantify how much linearity we would expect at low doses
from the high-dose data.

I would like to conclude with just a comment about estimating risks from
complex mixtures. From our experience with estimating risks from single chemi-
cals and their uncertainty, I don't expect any precise estimates of risk to come
from this endeavor. Typically, it will not be possible to directly test the mix-

IV~18



ture in animals, not even pairs of chemicals for the most part. We will likely
be forced to use an approach based only upon the data that we have from exposing
animals to individual chemicals. I imagine we wil! eventually wind up with
something very crude. 1 would like to suggest one such crude procedure and give
at least some justification for it. That is siz=zly adding the risks. The most
famous example of a maltiplicative risk is the risk from cigarette smoking and
asbestos which multiplies a relative risk. You can get that from a model by
assuming that the relative risk (RR) is some background risk (y) times a
multiplicative factor, 1 + qd, where 4 is the dose of asbestos, times another
multiplicative factor, 1 + Bx, where x is the dose of cigarette smoking.

Relative Risk = RR = y (1 + gd)(1 + 8x) .

So for each component - asbestos exposure and cigarette exposure - the risk is
linear, which is pretty well what is observed. But when you put them together,
the RR equals the product of the individual risks. This model expresses all of
those observations. However, at low dose, wvhen d and x are both small, the in-
teraction term that involves the product dx will be negligibly small compared to
the other terms,

RR = y (1 + ad + By + aBdy);
and if you neglect that term, then you have simple additivity. Therefore, even
in the case of multiplicative response you can at least make an argument that at

low doses the response might be approximately linear which would be one justifi-
cation for simply adding the risk.
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Diacussion

Borg

We now have an opportunity for a general discussion in this area. Dr.
Crouch?

Crouch

Ken Crump has just listed many uncertain areas in making a risk assessment
for carcinogens. I think it has to be realized that for a risk assessment of al-
most anything you can write a similar list; even for very simple risk eatimates
it is necessary to make up & set of assumptions very similar to those listed on
the blackboard. You can get differences of orders of magnitude in even very sim-
ple risk assessments just by changing your assumptions plausibly a little bit.
The obvious examples are where you have to extrapolate in calendar time, or in
geographical areas, or from one technology to application of that technology in
another, or things like that. T think that one has to realize that any risk as-
sessment is going to contain a similar set of uncertaintiezs that is not unique
to that carcinogen cas=.

Bender

I'd like to make some comments again based on experience with ionizing ra-
diation hazard estimation, which is related to all three talks this morning.
With respect to what Dr. Hattis 8aid, the question often comes up of whether the
human population is homogeneous with respect to sensitivity. This comes up with
respect to ionizing radiation, partly theoretically, and partly because we al-
ready know of at least one rare genetic disease which confers a very high degree
of sensitivity to ionizing radiation on the affected people, and that disease
is ataxia telangiectasia. When you consider the arithmetic involved, and I
think this must be true for the chemical case too, you find that the subgroups
have to be fairly large and/or the degree of sensitivity quite a lot greater
than the average in the population, and this simply doesn't seem to be true.
That is, the cases we know of greab sensitivity (and they're probably the
greatest ones there are) are no more than ten times, probably wmore like 3 to 5
times, as sensitive, and their frequency in the population is very, very low -
one in ten thousand, or one in one hundred thousand. So it seems to me, and I
think it seems to other people who have considered this question for ionizing ra-
diation, that such a distortion of the curve is going to be pretty. trivial. Al-
though it’s a problem for regulators to decide on which level of sensitivity to
regulate exposures, I don't think it distorts the curve shapec.

One of the questions we've heard discussed this morning, and yesterday as
well, is that of linearity at low dose. While I think this is probably true,
it's also something which even if we thought there might be some thresholds, or
something of this sort - I think we would have to assume it for practical
reasons. The difficulty is what to do with the data we have, which vary often
are if not probably nonlinear, at least are plausibly nonlinear. One of the
strategies for handling the problem of nonlinear data, which Dr. Albert referred
to with reference to EPA's policy yesterday, is the practice of simply taking
the lowest dose point for which there is a statistically significant increase
and doing a linear extrapolation from that. I think that is in fact, as
somebody said earlier, a sort of head-in-the-sand approach, and likely to lead

1v-20



to errors of several sorts. 1In the first place, it throws away all the high-
dose data. I think we can't ignore the shape of the curve. We've got to fit
something, because ctherwise we're fitting only that lowest point. The power of
such extrapolation has to be low. The uncertainty is great; much greater than
if we used all of the data set. I would suggast that a plausible thing ko do,
since it makes some biological sense and you can't rule it out in any case, is
to apply the strategy which we have followed sometimes with ionizing radiationm,
to fit a quadratic expression to the dataj that is to allow a dose square term.
It may be very close to zero, but using the data to fit it, you get and use what
is often called an alpha term, that is, the linear coefficient. It may be in
error, but I think it's less likely to be in error than some of the other
procedures. Another risk in taking the lowest dose point is that inevitably you
tend to overestimate risk that way, because the lowest statistically significant
point is the one that is, just on the basis of sampling error, likely to be
higher than the true mean for that dose. One other final comment concerns the
question of the effect of lumping dose categories. This is very often done with
human data. The simple thing is to say we'll take 10 to 30 rad or mg/kg,
whatever the dose is, but lump them together. This, of course, can lead to
errors, in both directions; that is, you can, depending on how you lump the
doses, take 2 straight curve and bend it either way, or take a bent curve and
straighten it out. I think that most people are now coming to the view that the
way to handle this is to make the best dose estimate you can for each individual
and then do a grand regression of all the data on one model. At least this
avoids the problem that you can fit any model you want to with much of the human

data, provided you just stratify it right.

Borg

All right, Dr. Crump, you make a statement and I'll put myself next in
line. 5

Crump

I want to respond to some of the comments just heard. The procedure that
Roy Albert described yesterday is an old procedure, which is no longer used. I
think you've outlined all the difficulties with it, and that's why it was
dropped. The prccedure now used is fairly similar to the one that you
described. Higher-order terms are allowed, not just the quadratic term, but
even higher-order terms. The estimate of the linear term is not taken, because
that is often zero. What is taken is an upper confidence limit on the maximum
value that that linear term could be. It is a procedure that does fit a model
to all the data and is similar to what you described.

Borg

I agree in great depth with what Dr. Bender seid, but there is one impor-
tant caveat which, I dare say, he would accept as well. If we view the question
of linear extrapolation at low dose from, as the physicists might put it, the
frame of reference of the target, which presumably is the genome or perhaps DNA
itself, I then accept much of what has been said regarding the stochastic or tar-
get-theory-oriented nature of things that does imply no threshold at low doss.

On the other hand if we look at it from what the physicists call a laboratory
frame, the situation is apt to be very different, and that applies to radiation
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as well. What Dr. Bender had to say, correct me if you think I've put it wrong,
is spplicable to penetrating ionizing radistion that distributes itmself, on the
macro scale, uniformly in the body, and the stochastic nature of things has to
do with it's lumpy distribution on the micro scale, but we don't have to concern
ourselves with that. But take the case of an internal emitter plutonium, which
distributes itself, because of physiological consideration, very unevenly in the
body. Certain organs are affected by plutonium, and others essentially see, at
least for a period of time, no plutonium. You really have, in terms of the dis-
tribution of that emitter with its short-range important emissions, a threshold
in that it doesn't get to certain organs. So, in the laboratory frame, distribu-
tion counts and I contend with regard to Dr. Hattis's description of mechanism,
there are some comparable kinds of things possible at the chemical level. Take,
for example, the chemically very reactive compounds such &s nitroscamines; they
don't need enzymes to react - they react spontaneously with many nucleophils.
They react with olefins and form conjugates quickly and readily. For example,
in a stomach that is reasonably full of ascorbic acid or olefins, the
nitrosamines that we ingest may be completely scavanged (one can wmake other
cases like that as well). Something associated with particles that get to the
lung don't get anywhere else. The serial nature of some of the compartments is
such, as in the case of chemicals, that at least some organs never see in any
meaningful way a stress from some potentially mutagenic compounds. I don't
think that's a trivial point. Having thrown it out, I see that Dr. Hattis

wishes %o respond.
Hattis

I would agree with everything you say if you substituted for never, very
little, I think that's an important distinction. You surely don't mean that
organs that don't get very much plutonium don't even see a single molecule.
Probably they do, or at least there is some likelihood that they do, but
nonetheless it's certainly true that the dose-response slope at low dosas can be
very very much lower than any dose-response curve you ohserve at high doses, if
you do have highly reactive things, if they are very fast and efficient
reactions, and if there is plenty of reactive agent. But I think that's a sub-
ject for experiment and modeling that you can use to amplify your direct ability
to observe things and I think you can make some reasonable quantitative state~
ments based on such models. Certainly in the case of plutonium you'd be silly
not to worry much more about the organs where the plutonium actually sits. I
have some other comments on things that Dr. Bender said. First, regarding the
question of the dispersion of sensitivity in a population, I have a table that
shows how much distortion of the dose-response curve you get for how much disper-
sion (Table 1). I despair of not being able to present those results simply,
but if anybody wants a presentation of the results I'd be happy to give him a
copy of the slide. (It is actually in my longer writeup, in case you want to ex-
amine it at length.) 1In fact, you do have a very substantial breadth of distri-
bution of sensitivity in order to get large departures from linearity on the
upside. On the other hand, you can postulate such things, it's not impossible,
and I certainly would support this. Chemicals may be somewhat more complicated
and more susceptible to this kind of problem than radiation because you have
less of a problem with thte metabolic transformation, for example, in the case
of radiation than in the case of chemicals, and that may be a source of some var-

iance in the population.
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Table 1

Relationship Between Median Risk snd Overall Populations Risks
for Populations with Log~Normal Distributions of Susceptibility
Having Various Standard Deviations

"ed" for Median

Median Rigkiik Overall Population Risk*

Person®¥ LOG S.D.=0 LOG S.D.=0 LOG S.D.=1.0 LOG S.D.=1.5 LOG $.D.=2.0
1x10-11 1x10-11 3.35x10~7
1x10-10 1x10-10 2.75x107
1x10-9 1x10~9 2.01x1073
1x10~8 1x10~8 3.77x10"% 1.27x10
1x10~7 1x10~7 3.46x1075 6.84x10~%
1x10-8 1x10-6 1.75x1073 2.84x10~% 3,09x10™3
1x10-3 1x10™5 1.94x103 1.72x107% 1.95x10~3 0.00116
1x10 Ix10~% 1.40x1073 0.0106 0.0361
1x10~3 1x10~3 1.93x10™3 0.0113 0.0441 0.0931
2x10~3 2x10~3 0.0196 0.119
5x10~3 4.99x10-3 0.0399 0.100 0.161
0.01 9.95x1073 | 0.0188 0.0656 0.137 0.199
0.02 0.0198 0.0364 0.103 0.182 0.242
0.04 0.0392 0.0688 0.156 0.235 0.289
0.08 0.0769 0.125 0.224 0.296 0.341
0.16 c.148 0.216 ¢.310 0.364 0.359
0.32 0.274 0.345 9.408 0.436 0.452
0.64 0.473 0.505 0.512 0.511 0.510

* The overall population risk is the fraction of the total population that is
expected to get at least one tumor.

d, "ed" represents the average number of tumors expected

per person in a population of people with absolutely uniform sensitivity.

At very low values of kd the ratios of the overall population risk to median

risk become constant at spproximately 2, 18, 380, and 34,000 for Log S.D.

of 0.5, 1.0, 1.5, and 2.0, respectively.

** Where Peymo

ek

tumor.

= ]-e”
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Jones

I think this whole session and the ensuing dialogue illustrate our con-

cerns about thresholds and linearity. The arguments against thresholds, the ar-
guments against practical thresholds, the arguments for linearity, all ssem to
revolve around a molecular-type argument. You're going back to very basic, per-
haps rare, damage events, the events that change the phenotype of a cell. Now,
it's my impression that when one finds a tuwor in a mouse (maybe you can find it
earlier by pathological investigaticn) it weighs about one-tenth of a gram. I
think that's around .20 cells. In man, a one-gram tumor might be diagnosed. I
think that's about 230 cells. It seems that it's very unclear what happsgc be-

s OT

tzsen that gingle cell of abnormal phenotype and the time we have 220
cells in a mass. I find it less than convincing that neoplasia is a linear

process and that cancer is indeed linear at low dose.

Hull

As I was listening to the discussion this worning, I started to wonder
about the role immune defenses may play. While I'm not arguing for a threshold
as such, from what I read in the literaturs, immune defenses may act as a dike,
if you will, which you must somehow get above in order to have an expression of
a cancer. If this theory holds, it seems plausible that the dike has more
possibilities of being breached with age, which is why one sees an increased ex-
pression of cancer with age. Perhaps Troyce or somebody else wants to comment

on this?

One problem with that kind of concept is that 20X of the population is al-
ready over the threshold, wherever it is, and therefore for practical purposes,
you might as well forget about it.

Borg
What threshold is that?
Baum
Whatever threshold exists.

Borg
For anything? Or are you talking about for radiation?

Baum

No, in general, 20% of the population is being stimulated above its thresh-
old, vhatever that is, by whatever agents they are being exposed to; radiation,
chemicals, life style, and so on.
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Borg

You mean that 20X of the population is dying of cancer? 1Is that where the
number comes from?

Right, and assuming things are additive, if they are additive, then we are
already over the threshold, for those people at least.

Devis

It's reaily not 20X of the total population that is dying of cancer, it's
20X of all deaths. I think that's an important distinction.

I have a question related to this 2 0 jumber of cells as a detectable can-
cer. So what's 210 cells mean? In other words, my question is directed
to the question of benign versus malignant tumors. If you get 21 cells, is
that initiation? 1Is initiation 2%, 2, I mean, when is "a cancer" a cancer?
Does this not suggest, at least, with respect to the policy issue of how you in-
terpret benign tumors, that you ought to interupt any oncogenic process as a
likely carcinogenic process, espocially in light of the recent molecular
biochemistry of the oncogene work?

Borg

I'd say that they are not the same thing. Part of the phenotypic expres-—
sion of a cancer, as opposed to a benign neoplasm, is that in addition to
uncontrolled growth, it shows either invasiveness or metastasis, or both. That
doesn't always follow inevitably; in fact the general picture of cancer biology,
as I understand it, is that the preneoplastic lesion is common, and regression
is not uncowmon either. Although it seems along the psth or on a branching and
parallel path, an inevitable consequence of having a benign tumor is not that
you will have a malignant one.

Hattis

The effect of immune surveillance and similar-type mechanisms on the
overall dose~response shape is difficult because there really aren't the same
sort of good models of what you should expect, in that case vis-a-vis DNA re-
pair. On the other hand I would be surprised if the case were really
qualitatively different for the following reason. Basically, you are going to
have ceils wandering around the body, attempting to detect new antigens that
would signify a transformation. We're pretty sure that some fracticn of the
induced cells seem to go undetected in the ordinary case. Now you can postulate
that that fraction is getting through because there is an unusual burst of trans-
formations occuring several places in the body, which decreased, for the moment,
the effective searchers. I don't know how to sort that out from the possibility
that in fact, the system is just imperfect. Maybe it catches 99.9% of all the
developing lesions. But if it has a reasonably consistent fraction that it
misses, and unless you really have huge bursts of transformation, you probably
wouldn't expect to overload the system. That would be consistent with the age
consideration that you mentioned. You could simply view that as the fraction of
things that go undetected, increases in some orderly way with age.

L]
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Jones

I guess that r~: thing that keeps nagging at me is the cell culturs work
and the snimal studies whereby you need so many abnormal cells in a focus before
grovwth becomes autonomous. For most of the work that I've seen (where tumors
have been transplanted into athymic mice) there's been a tremendously large ngn-
ber of cells that had to be injected - I consider_a large number o be 10°-10
cells. In most systems you can inject 10 and 103 cells and nothing happens,
Conceptuaily, I have a lot of trouble with believing that the immune system or
any other system goes in and wipes out these abnormal cell phenotypes. I think
that some of the mouse skin painting experiments indicate that many of these le-
sions are there, perhaps permanently. They're present for a long time and you

can delay promotion for up to a year or even loager.
If you start the promotion as much as a year later, a significant number
of these abnormsl cells can be potentiated into papillomas and into skin cancer.

Davis

What are the iwplications of the hybridoma experiment, on the other hand,
vheres you take cells from a cancerous mouse and grow a completely non-cancerous
animal. That'’s the other side of the coin.

Borg

I think we're getting into an interesting mechanistic discussion, which
I'd like to join in, but I do wonder how to relate it to the charge that we got
from our conference Chairman.

Davis

Let me put it in a policy context. It is the question of the policy impli-
cation of the benign versus the malignant tumor issue.

Wambach

It just means that carcinogenicity and mutagenicity are not identical. It
means that one cannot have absolute confidence in in vitro bioassays that look

at mutagenicity instead of carcinogenicity.

Borg

- You did not say that, even though not identical, they are not related and
don't share some properties, that mutagenicity doesn't tell you something that
alerte you. You didn't say that.

Davis
And therefore what is the policy decision on that?

Wambach

No, I think that everybody agrees that there's a strong correlation, but
they're not identical, they're not the same phenomena necessarily in all cases.
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One of the things that Otto put on the board vhen we started out this session
was the ACGIH scheme, and it had an upper limit. It had certain dose levels in
which they would say, "We're not going to consider these occupational carcino-
gens any more because the dose levels producing cancer in these animals were so
high that they are not relevant to werkers." I was wondering if some of you
might cowment here, because I think this is very controversial - something I'm
not entirely comfortable with--and I'd like to hear some comments.

Rooper

I didn't understand his slide that way. 1 thought he was trying to clas-
aify chemicals in terms of categories.

Wambach

That's correct, it did do that. But one of the things it had was an upper
cutoff,

Hooper

If the question is, whether it is reasonable to make some use of potency
data from animal experiments to identify chemicals as higher risks than others,
then what he was doing seems reasonable, If the implication is that high doses
administered to animals make the data invalid, that's a totally separate ques-
tion which I don't think we have addressed here, but I think it is incorrect. A
situation in which high~dose experiments in animals are reasonably based on the
limitations of experimental design is a totally different question. Do you
seriously want to get into the question of the relevance of high-dose
experiments? I'm not sure I understand your concern. Could vou elaborate?

Wambach

Does everybody have a copy of excerpts of the committee guidelines for
classification of experimental animal carcinogens from the 1981 TLV book? No-
tice the example there for dioxane. Now this is not TCDD, of course. Their con-
clusion is that the workers would not be exposed to levels of thi: chemical that

would be of any health concern. Am I right?
White

I think he is speaking of the section beginning on page 41. The excepticon
"no substance is to be considered an occupational carcinogen of any practical
significance which reacts by the respiratory route at or above 1000 mg/m” for
the mouse...” and so forth. 1Is that the section?

Waubach

Correct. 1I'm not very comfortsble with that, for a lot of reasons. That
is great from an operational point of view if we can say that exposure levels
are so nonpotent that we don't have to worry about it (its carcinogenicity). If
we can come to that kind of conclusion for some chemicals, that's a tremendous

henefit.
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Moskowits

Doesn't part of thet question revolve svound what the relative exposure
levels are? If you've got exposure, of course, admittadly those levels are
really high. But if you've got an occupational situation with an exposure level
equal to or higher than that, then it really deserves consideration.

Hooper

Or one-tenth of that. Por dioxin that is quite common. Yes, I agree with
what you are saying. I thought you meant the slide that you showed for DOE's
categories: Categories I or II are different from ACGIH levels.

I would agree with Paul -~ I would disagree with the statement that it is
not an occupational carcinogen of any practical significance. It depends on the
case. The hazard it could be associated with would be, in a sense, the ratio of
the human exposure to the effect of the animal effective dose. Here they are
saying thut they are just going %o take the animal effective dose as an abaolute

cutoff. That isn't really appropriate.

Borg
Someone else?

Rodricks

There is some merit to the proposed scheme but I think it's fairly crude.
I consider the ACGIH's scheme crude as well in that it really doean’t get at the
question of risk as we have been talking about it here for the last two days. As
in the last diacussion, or as Roy Albert and John Van Ryzin talked about it yes-
terday, that risk should really include more than a consideration of whether or
not it's a carcinogen and how potent it is. It has to include exposure as well.
We alsc need, I think, some resasonable definition of potency. I think the ACGIH
definition is fairly crude also. The type that John Van Ryzin talked about, I
should think, would be a far more useful way to assess potency. We have also
had a lot of discussion on the question of thresholds. I think that's not a
very useful discussion. It's a very interesting scientific discusasion but I
think for purposes of deciding whether or not population thresholds can or can-
not be detected or how to detect them, I don't think its very helpiul. I think
in systems which admit to uncertainties (saying we don't know what the risk is)
that we can place some perhaps plausible upper bound on it at low dose. Let's
admit that the true risk down to 1077 or lower might be in fact zero, but, in
fact, it could also be higher; that's the scientific uncertainty. That's a prac-
tical threshold in my mind. That's the area of insignificance, I don't mean
10~6 by itself without better information, but that notion leads %o what I call
a practical threshold and that, I think, is the best science can do. We
shouldn't be forced intc defining some population threshold. I don't know how
we would ever do that except in some probablistic. terms. So I guess my main
point is that any guideline that the Department considers ought to go to the
full question of risk, and not reduce it to some sort of simplistic scheme that
ACSIH put out. Admittedly, a lot more work must go into a comprehensive assess-
ment, but X think it's also likely to be scientifically far more acceptable to
do a comprehensive evaluation before making important decisions on controls.
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Jones

I'd just like to add that many areas of carcinogenesis seem to suggest
that one of the main effects of a carcinogen or a potentiator or vhatever term
you prefer to use, is to accelerate tumors forward in time. In meny cases you
know the latency of a tumor, a silent period, or whatever you want to call it,
nay be long enough that it's of no practical consequences in the life-span of
humans or animals that are being atudied. I think it's important not to break
this down into a cancer- or no-caacer-type situation. WYe have to consider the
time profile of the possible onset of cancers.

Beader

That’s an old notion, of course, and I think it deserves some practical at-
tention, but my own view, and I think that of some others, is that there is not
in fact a threshold latent period, hut rather some distribution of times to ap-
pearance of tumor after initial insult. I think what that means is that al-
though the probability will fall off rapidly as the insulted person gets older,
the risk of a premature death from a tumor never gets to be zero. I think
that's one reason for not considering this kind of practical threshold.

Jones

You mean the death from any cause or disease of one particular
histological disease like bone sarcoma?

Bender

I mean tumors in this case in general. All I really meaa by that is that
vhile it is true that the average remaining life-span of the seventy-year old is
not very much, what we generally say is that an ionizing radiation latent period
for solid tumors generally might be twenty years. I don't think it's true that
all the tumors, induced by whatever the insult was, appear after twenty years
and that the competing risk would simply eliminate them all. I think what is
true is that there is some kind of distribution of time to diagncse tumor. It
might be & normsl distribution or something else. What that tells me is that
there is probably only a very short period, if any, following the insult during
which the risk of developing a tumor and dying from it, as opposed to some other
cause, is zero. It may be very small for short times but I don’t think it's

zero.
Yhite

Could it then be considered a consensus at this stage of the workshop
that a logic process similar to the ACGIH format or Kim Hooper's process of
grouping or categorizing chemicals as a carcinogen or a noncarcinogen is a crude
but useful protorol? The practical or recommended approach might be to evaluate
individual chemicals on the basis of the toxological data, fit that to some
model system (and I've heard the linear model being s:ggested as a worse case),
and the involvement of a practical threshold concept.
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Borg

You're not getting a direct answer. Should we have a show of hands?

No, I don't think we can vote on science either,

I'a going to end the discussion. One of the charges of the session cheir-
man is to make a take-home lesson or some kind of summary s*1tement (that I prob-
ably got wrong in thia case) from each of the speakers and ask him to either
clarify or otherwise alter. With regard to Dr. Crouch's work on extrapolating
carcinogenesis information from one species to another, he reminded us of the
great number of uncertsinties that underlie such a procedure. The question then
is: Are the assumptions underlying the practical application of his approach
reasonable? I jotted down and tried to make these direct quotes into several
statements to indicate how much he questioned that himself. He szid at one
point, "There is uncertainty involved in everything I've said so far.”

Another thing he said is "It's usual to guess simple relationships'. I
emphasize the word guess. Nonetheless, I think he did give us some practical
guidelines on how to proceed through this morass. He said, with regard to
dose-response relationships, "that we try some different dose-response
relationships. 1Its generally best,"” he said, "to try a worse case first and usu-
ally (my emphasis) that's a linear extrapolation." 1Is it then fair to say that
a sensitivity analysis, if you will, is worthwhile to give a feeling for the
range of uncertainty?

Crouch

I don't think that's quite what I was trying to say. I tend to favor the
simplest model for the situation which is, I think, the linear one-hit model
here, I suggest that anyone wishing to advocate another model should try
something similar to this before going ahead too far. That's the point I was

trying to make there.

Borg

All right now, I'll take on Dr. Hattis, and again I may get things a bit
twisted 30 be ready to straighten me out. I think you told us, at least in
part, that mechanistic insight suggests that linear extrapolation from the
high-dose regime to low~dose expectations may be wrong aud is not necessarily
even conservative when enzymatic and other metabolic considerations are taken
into account. Nonetheless, in a practical sense and with much evidence to sup-
port it, the stochastic- or target-theory-oriented approach toward
carcinogenicity at low doses that implies no threshold, does seem acceptable as
a limit. Now 1 made some earlier comments on this as did others, and I shall
not repeat them now, except to remind you that I think the question of thresh-
olds with regard to promotion is much less clear. I shall not say more now. I
will throw at you my understanding of one suggestion you made at the end in a
challenging way. You said it could be useful in experiments that are not "big
science” to look at DNA adducts their repair elimination limitation. But though
it is not the fiel’d that I'm most expert in, it is my reading that the correla-
tion of cancer in animals with DNA adducts is really not very good at present.
Now would you like to respond to thai?
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Hattis

Yes, there is a lot we don't know about, for example, which adducts are
really the important ones. Some people have suggested the more numerous adducts
of noz guanadine in some cases are much less important than the less numerous
ones at oxygen positions. On the other hand, I think that one can do experi-
ments on those and get a reasonable feel for how doses change things and how dif-
ferent dosage schedules change things. U think that it's likely te provide
proxies for it if done correctly. 1It's likely to provide proxies for effective
dose-response relationships in the long run, Every experiment is not necessar-
ily going to lead to something that's directly related to tumor yield if you
don't control for everything else in the world. I think there's a lot of hope
for that. I think that you can do experiments with the pharmacodynamics. In-
stead of using the dose you feed the animal, you can use some estimate of the
dose in time, or concentration, that reaches the target. Finally, I think some
of these considerations have practical considerations for standard setting. For
example if you believe, as in the case of formaldehyde, that there is a coopera-
tion between the irritation cell-killing effects and the primary genetic action,
then it becomes important that you set ceiling-*ype standards, in order to avoid
that irritation stimulus which might, in theory, be synergistic with the genetic
action, and you should probably also avoid other kinds of irritating stimuli
that might stimulate the same tissue and also interact in that way.

Borg

Do you want to take on any of the other oversimplified generalizations or
take home lessons I attributed to you?

Hattis

No, I thought they weren't exactly what I said but they didn't arouse my
profound indignation either.

Bor‘

I would like to induce Dr. Van Ryzin to make, for the record and for the
rest of you to hear, some comments that he made to several of us, I think on two
occasions yesterday, regarding this target frame of reference that you and I
have both discussed. VYesterday, you will remember, he pointed out that looking
at .the various models, the linear hypothesis seems to diverge in this extrapola-
tion from the others (several of them pretty much operated as one set). How-
ever, when he took into account some of the things you brought into the discus-
sion today, as have been brought forward at an earlier time by Gehring, he found
ar. interesting result. May I ask you to speak about it? .

Van Ryzin

I was very much interested in this question of linearity. I think that
the question of linearity at the target organ or the site of the reaction is
much more plausible and that a lot of the nonlinearities we see are due to satu-
racion from some pharmscokinetic operation or something like that. This
bothered me very much with the vinyl chloride data. I went back and did the cor-
rections with the vinyl chloride data as suggested by Gehring in a separate me~
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tabolisu experiment. I then went back and applied them to the original data,

and this wiped out the model differences tremendously and you do get a linear ef-
fect at the target site. But of course often we don't have that. I think your
comments about possible dose~response shapes, a dose-response curve, and the im-~
plications of pharmacokinetics and how it acts at the target site were very

good, and I really think this should recéive more emphasis. Simply looking at
response data for an overall animal bioassay will never resolve this question.

I think that looking at how it works at the target site may help with some
chemicals.

Hattis

It is important to make our models represent as closely as possible the bi-
ological system and we have to be creative. This, to some extent, makes it unre-
alistic to expect an absolutely uniform procedure to apply to all chemicals. For
example, the anzlysis for formaldehyde with its considerations is not identical
to the analysis for vinyl chloride, because different things appear to be
influencing the shapes of the dose-response curves in those two different cases.
Nonetheless, I think that the guidelines should be flexible enough that you do
your best job pharmacodynamically and then you take the residual uncertainty and
try to model that with the fundamental carcinogenic process. But your results
may be misleading if you load all the burden of the nonlinearity onto the funda-
mental process when, in fact, you can, by introducing exogenous functions and ex-
ogenous parameters that yocu derive from other expmeriments, perhaps make a better

guess.

Borg

I agree totally so I°'11l cut that discussion off at that point, and tn be
even handed, I'11 give myself a chance to get Dr. Crump's summary a little bit
wrong also. I think you said things like this to us, that "it's important that
a unified approach to risk assessment be made.” By this I assume that you mean
an approach that takes into account the best scientific knowledge and that
"rigid application of formalisms can be misleading." For example, different
mathematical formulas, as referred to in Dr. Van Ryzin's work, can yield widely
divergent results in extrapolating from high dose to low dose, especially when
confidence limits are taken into account. Nonetheless, your position was that
the question of linearity is not definitely answerable, although in the low-dose
region you said there is much evidence to support it, including some data from
human exposures. Scientifically it does seem to be a plausible upper limit to
uncertainties at low doses based on extrapolation, at least in most cases. Fi-
nally, your operating guidance was that guidelines can be helpful in this con-
text if we can't use rigid formalities, if they are endowed with reasonable flex-
ibility, and if they are reviewed regularly in the light of current scientific
knowledge. Do you want comment on that?

Crump

I would consider that a fair representation of what I said. I am aware of
the tension between the guideline idea and the need to incorporate the latest
scientific evidence and. all the information which is particular to that chemi-
cal. I think guidelines should offer detailed guidance, while at the same time
giving the risk assessor the opportunity to do something different with a clear
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So I think guidelines should be fairly de-

explanation of what he did and why.
It takes

tailed in order to be useful, yet they need to allow for flexibility.
very careful thought to prepare such guidelines.

Borg

Thank you very much.
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Prepared Comments

Practical Carcinogen Guidelinee
Based Upon Hagard Potential

M.G. Bouﬂd,y 0. m\itey th, and D. Lillian (DOE)
ABSTRACT

Current governmental cancer policies and guidelines have a major drawback
in their inability to distinguish and recognize the different levels of potency
of the numerous carcinogens. The OSHA "generic" Cancer policy does allaw for
two separate listings of chemical carcinogens, but within esch category all sub-
stances are regulated as though they presented the same degree of hazard. Fac-

tors such as comparative potency, physical properties, as well as situational
factors relating to operational procedures and facilities are not adequately in-

corporated in existing criteria.
A carcinogen guideline is presented consisting of three safety programs

based upon the nature of exposure to the specific carcinogenic compounda. A
Class 1 Program {low risk) requires laboratory safety practices and the use of
personal protective clothing. A Class II Program {moderate risk) additionally
requires work practices and engineering controls in the form of containment sys-
tems such as laboratory hoods and glove boxes. A Class III Program (high risk)
requires a maximum containment system with sophisticated engineering controls
and more stringent work practices.

CARCINOGEN GUIDELINES

This guideline consists of three carcinogen safety programs (Classes I,
II, and III) based upon the Carcinogen Hazard Index of the material.

Class I Program is designed for use with low-level carcinogens and recom-
mends the adherence to general safety practices and the use of personal protec~-
tive equipment (e.g., gloves).

Class 1I Program recommends additional work practice control and
engineering controls in the form of containment systems such as glove-boxes and

laboratory hoods.

Class III Program represents a maximum containment system with sophisti-
cated engineering controls and recommended work practice controls for use with

extremely potent carcinogens.

PURPOSE

To develop a practical gude for the use, handling, and storage of
workplace chemicals to minimize any potential carcinogenic hazards.

CRITERIA

The following criteria will be considered in establishing a Carcinogen
Hazard Index:
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A. Csrcinogenicity

B. Physical-chemical properties
C. Use by workers

D. Engineering controls

E. Environmental monitoring

Each factor will be assigned a numerical score indicating its likely con-
tribution to the overall harard. The criterisa sre presented in what we believe
is the descending order of importance. Computer analysis will assist in the as-
sigmment of appropriste weighted values and the testing of this hypothesis on
known and suspected occupational carcinogens. The summation of the scores will
yield a carcinogen Hazard Index which will determine the appropriate Carcinogen

Safety Progras.
FACTORS IN HAZARD ASSESSMENT

A. Carcinogenicity

A chemical will be classified into three categories, depending on its
known huwan carcinogenicity and its relative potency in animal systems. The
categories are as follows:

Category 1. All substances that produce neoplasms in at least one animal
species from doses administered in the following manner:

By respiratory route: (1) Elicity cancer from doses > 10 ng/m3, 6~7
hrs/day for 12 months' exposure and 12 montha' observations; (2) from
intratracheal dose > 10 mg of material per 100 ml of animal minute respiratory

volume.
Or by dermal route: Elicit cancer by skin-painting, twice weekly at > 10

mg/kg body weight per application for at least 75 weeks.
Cr by oral route: Elicit cancer by daily intake via gastrointestinal tract
> 50 mg/kg body weight per day for the lifetime of the animal.

Category 2. All substances that are known to produce neoplasms only in an-
imal species at exposure levels below those listed in Category 1.

Category 3. All OSHA-regulated carcinogens and all industrial substances
shown tc be carcinogenic in man.

Assumptions

1. There exists a qualitative and semiquantitsiive relationship betwesen
carcinogenesis in man and experimental aniwmals.

2. Known human carcinogens pose a greater threat to workers than animsl
carcinogens with unknown human data.
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B. Physical-Chemical Propertiass

The physical state of each material will be defired, i.s., gas, solid, or
liquid. Emphasis shall be placed on such factors as particle size, volatility,
temperature, and oil-water partition coefficient.

Assumption

The biological burden imposed by a chemical is dependent on its ability to
reach the appropriate target site. Therefore, deep lung penetration and the
gbility of & material to cross biological membranes are critical to the ultimate

carcinogenic activity.
C. Use

Any hazard is ultimately dependent on use. Thus, the amount of material
and the way it is used must be considered. The three major subdivisions are
storage, simple use, and complex use. Within each of these subdivisions, the
amount of material and the potential for fugitive emission will be stressed.

D. Engineering Controls

Depending on the carc1nog¢n category, the significance of factors such as
ventilation, work practices, personal protective equ1p-ent, and contaimnment will
be considered.

E. Environmental Monitoring

The existence of a monitoring program to measure the carcinogenic material
in the workplace is deemed an asset to minimize exposures.

CARCINOGEN HAZARD INDEX

The Carcinogen Hazard Index (CHI) of a material is defined as the summa-
tion of the numerical scores of each of the contributing five factors.

CHI = f(Carcinogenicity) + f(Physical Chemistry) + £(Use)
+ f(Engineering Controls) + f(Environmental Monitoring).
The actual assignment of numerical values to each factor (f) will be drafted and
reviewed by a multidisciplinary committee of DOE consultsnts. The resulting

index will be used to select the appropriate Carcinogen Guideline for the
material in use.
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An Example of the Application of a Linear at Low-Dose
One-Hit Model for Experimental Dets

Edound Crouch
For pure chemicals, if one performs the following:
* Parametrize experimental data by fitting a dose-response curve:
P=1-(1-a)exp [ -~Ba/(1 -®),
vhere

PeescoscLifetime probability of tumor

descsseLifetime average dose rate - suitably defined

o :parameter - background dose rate

8 :parameter - "potency"” of chemical tested in species/
strain/sex tested, for tumor site/type

under analysis

* Estimate @,B from experiments - this requires explicit assumptions about
sources of uncertainty

* Select only those results B which are statistically significant
* For each chemical/species/strain/sex select the largest value of
B obtained (amongst different tumor sites/types)
Then it is observed that:
* AVERAGED over all chemicals tested:
log (Br) =X_, + log (Bﬂ) r:rat wmimouse ,

vhere K, (of order ¢ but significantly different from it) differs
for different rat and mouse strains.

* For INDIVIDUAL CHEMICALS we find:
log (B) =%k + log (B)) rirat mimouse ,
vhere
kv N(Krn’ofu) and 0_ v log (4.5) for both

comparisons so far possible.

{Note: the randomness is between chemicals.)
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* There are no obvious exceptions to this. All apparent exceptions are
within the uncertainty noted.

* This suggests that for pure chemicals we can write:
log (B,) =k, + log (B.) hthuman asanimal ,
with

kha v ““hvahn)’ vhere Ky, & 0 if a = mouse or rat, by
comparison of epidc-1olog1cll observations with animal
experiments, and Opy 7 Opg ¥ log (4.5).

* A procedure for estimating risks to humans based on the above has been
published (Risk Analysis, 1 (1981) 47-50). An animal experiment gives a proba-
b111ty distribution for the animal potency 8,, and hence we can get a distribu-
tion for the human potency by convolving thll with the distribution for ky,. To-
gether with a distribution for human dose, this allows an assessment of the prob-

ability distribution for human risk.

* There are sources of uncertainty which are not explicitly taken into ac-
count in the above analysis, but which show up as part of 0 in interspecies
comparisons.

* Null results of animal experiments provide useful information, for they
provide upper bounds on the possible value of B. The use of such upper bounds
in regulation will lead to strong incentives for the best possible testing.

* All the above assumes lifetime testing by ingestion of the chemical
tested., Further research is needed on other routes of exposure to see what rela-

tion, if any, there is to the ingestion route.

* The most sensitive experiments (mice, 107 of diet as maximum doae6
animals per group) might just allow measurements of potencies of v5 x 1077 kg-
day/mg applied to humans, and demanding 1x!07° lifetiwme risk then would re-~
quire human intake of < 15 mg/day. This leads to the question: Is the regula-
tion to be applied uniformly? If so then nothing ingested at a rate > 15 mg/day
can be deemed "safe," on the basis of current testing.

* Doses are measured by reference to body weight. For the analyses so
far, changing to a measure of dose referred to surface area simply changes some
parameter values, but not the final results. Of more importance is the age
weighting used for dose rates, and the methods used to extrapolate results of a
partial lifetime study to a full lifetime.
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Mechanisms of Carcinogeneasis: Implications for Expectations
About Dose-Response Relationships

Dale Hattis

The subject of dose-response relationships for carcinogens has been an
area of great controversy in recent years. I believe that much of the contro-
versy resulted from the clash of expectations between experts trained to examine
incomplete available data with the perapectives of different disciplines who
arrived at radically different expectations of what should occur in low regions
of dosage where direct experiments were not feasible, This has been especially
* acute between peopie trained in traditional toxicology and people who received

their training in newer molecular biological disciplines. It will be helpful

for later discussion to clarify this particular disciplinary conflict at the
outset.
A major theme, if not the central organizing principle of traditional phys-
iology and toxicology, is the concept of the "homeostatic system." Biological
processes are seen as part of a complex interaction web, exquisitely designed so
that modest changes in any parameter will automatically give risk to
compensating processes to rastore optimal functioning. (For example, too much
heat input automatically induces sweating so thet temperature is kept within a
normal range.) In this view, so long as a toxic material or any other disturbing
stimulus does not push one or more parameters beyond a specified limit
{"threshold"), adaptive processes will repair any damage which may have been tem-
porarily produced and completely restore the system to its normal functional
state. This paradigm has enjoyed great success in guiding the design and inter-
pretation of a wide range of experimental findings on acute responses to toxic
chemicals, heat, cold, and other agents where the mechanism of damage does; in
fact, consist of grossly overwhelming a particular sst of bodily defenses.

Another type of damage mechanism dominates thinking in molecular biology
and genetics. At the molecular level, and some fundamental life processes are
basically fragile~-in particular, the integrity of the mechanism of inheritance
depeads on detailed accuracy in copying the massive amount of information coded
within the DMA of each cell. An unrepaired error ('mutation") in copying will
usually be passed on to all of the single DNA base, and massive adverse conse-
quences may result if important genetic information has been altered in a way
that affects its function.

For the molecular biologist it is intuitively obvious that even a single
molecule of a substance which reacts with DNA has some chance of producing a
biologically significant result if it happens to interact with just the right
DNA site. For the traditional toxicologist, basic intuition leads to the oppo- |
site expectation; for any substance there is some level of exposure which will |
have no »ignificant effect on a given biological system. Clearly, application 1
of either intuition to a particular biological response is appropriate only to 3
the degree thot the causal mechanism for the response resembles the paradigmatic
damage~-producing process which is the basis for the intuition.

Up until recently there were three lines of evidence supporting the molecu~
lar biologists' somatic mutation theory of carcinogenesis:

* First, it appears that cancer originates within single cells. In women
who are heterozygous for G6PD (a locus on the X chromosome), it has
been found that tumors generally exhibit activation of the same X chro-
mosome in all cells (Fialkow, P.J., 1977; Knudson, A.G., 1977, 1973).
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If events within more than one cell line were usually involved in tumor
production, it would be expected that different cells of individual
tumors would be a mixture of cells exhibiting activation of both X

chromosomes, like body cells in general.

e Second, some well-characterized deficiencies in DNA repair appear to
lead to greatly incressed cancer risk (Cleaver, J.E. and Bootsma, D.,
1975; Vogel, F. and Motulsky, A.G., 1979).

. Thxrd, there ic a gencrnl association between mutagenic and
carcinogenic activity in many chemicals (Vogel, ¥. and Hotuloky, A.G.,
19793 McCann, J. et al., 1975).

Very recently, a fourth and apparently conclusive line of evidence has been pro-
vided by gene transfer experiments (Marx, J.L., 19823 Cooper, G.M., 1982).
Carcinogenic transformation has been produced by incorporating specific small
lengths of purified DMA from any different lines of cancer cells into a standard
strain of nonmalignant tissue culture cells. A low frequency of transformation
evidently can alsc be accomplished by transferring DNA from normal cells, pro-
vided that the normal DNA has been broken up into small pieces by sonication.
This lstter result suggests that one kind of DMA change capable of inducing
transformation is a breaka;e-and-rejoining event, in which a specific gene may
be separated from its normal controcl region. [Recent experiments with cellular
mos and ras genes (cellular homologs of two retrovirus transforming genes) rein-
force this conclusion (Cooper, G.M., 1982). Removal of normal 5' flanking se-
quences for these genes leads to an increase in their transforming ability.

Evidence svailable today, I think, clearly places most carcinogenesis
within the molecular biological category. Given this, what can be said about
carcinogenesis dose-response curves?

The basic expectation from ordinary bimolecular reaction kinetics is that
the rate of production of DMA lesions by a reactive chemical intermediate should
be a direct linear function of the concentration of the reactive material at the
site of reaction. There are, however, a number of mechanisms by which the
linearity of ultimate cancer dose response that one would expect from this funda-
mental process may be modified. These mechanisms include:

¢ dose-dependent changes in metabolic handling of the carcinogen (or
precarcinogen)

» the properties of DNA repair cystems

s contributions to cell division (and hence susceptibility to
carcinogenic transformation) by overt toxic responses to carcinogens at

high dose levels

* differences between individuals in primary sensitivity to
carcinogenic action from numerous sources.

¢ the number of lequent1al mutations within a cell line required to pro-
duce carcinogeaic transformation.

Space does not permit a full exposition of the influence that each of
thess mechanisms is likely to have on low-dose cancer incidence. In brief, I
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can say that contrary to popular belief, the first two mechanisms can cause the

rate of tumor production at low doses to be either higher or lower than that

which would be expected by direct. linear interpolation from high doses. The

third mechanism will generally lead to a greater dose-resporise slope at high

doses than at low doses where toxic responses do, in fact, accompany tumor pro-

duction in experimental systems. On the other hand, under the fourth mechanism,

wherever there is a wide diversity among individuals in susceptibility to

carcinogenesis, one should expect that linear interpolation from high-dose data

will underpredict the actual cancer risk to populations exposed to low doses. |
The fifth mechanism, like the third, will generally lead to a greater dose~
response slope at high doses than at low doses, but where linear "one-hit"
processes are in direct competition with those of higher order, the "one-hit"
mechanisas will tend to make up an increasing percentage of total transformation
at low doses. The take-home lessons for policy from this are:

* There should be no general expectation that dose-response relationships
for genetically acting carcinogens will exhibit true "thresholds."

¢ Under some not~unlikely circumstances, linear projections from high-
dose data may understate, rather than overstate, low-dose cancer risk.
It may often be more appropriate to use linear projections as "best
estimates"” of low-dcse risk, rather than "conservative'" upper bonds.

I suspect that the field of carcinogenesis risk assessment has reached a
turning point. It has been appreciated for some time that the inherent statisti-
cal limitations of carcinogenesis dose-response experiments in small groups of
animals will generally prevent selections between alternative dose-response
models on the basis of experimental data; many alternative models with vastly
different implications for the magnitude of low-dose risk will fit the experimen-
tal data about equally well, Moreover, purely statistical techniques for curve
fitting to the meager available data are now well developed; and it seems un-
likely that further improvements along this line will markedly alter the confi-
dence limits which can be derived from present procedures. It seems to me that
the main hope of more accurate risk projections for individual carcinogens lies
with more detailed quantitative medeling of the many individusl steps that occur
between carcinogen exposure and the eventual manifestation of clinically detect-

able tumors.
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Coaments
Kenny Crump

The regulation of carcinogens should take account of the magnitude of the
health effects, the effectiveness of the regulation in reducing health impair-
ment, as well as the economic, political, and social implications of the
regulations. The accomplishment of this requires not only information about
whether or not a chemical is a carcinogen, but also quantitative estimates of
both the dose response and human exposure--both current exposures and those
resulting from various regulatory options. The making of these quantitative es-
timates is known as quantitative risk assessment. In most instances the knowl-
edge and data base for conducting quantitative risk assessment are weak,
resulting in considerable uncertainty in such estimates, which underlies the fol-

lowing comments.

1. Need for a Unified Approach

There is considerable uncertainty with regard to carcinogenic mechanisms
and how our available knowledge relates quantitatively to the shape of the dose
response curve. Typically, several dose-response curves will describe
carcinogenesis dose-response data about equally well and yet predict risks which
differ coniderably at the doses of interest in regulation of human exposures,
There is also considerable uncertainty in other steps in carcinogenesis risk as-
sessment, such as animal-to-human extrapolations, lifetime-to~brief exposures
(or vice versa), and quantification of human exposures. This means that two dif-
ferent risk assessors, both using the same data and assumptions which are consis-
tent with the data and current understanding of carcinogenesis, could arrive at
considerably different estimates of human risks. Because of this I think it is
vitally important that carcinogenic risks from different energy technologies be
estimated using a common risk assessment methodology. Otherwise, differences in
risk estimates are just as apt to reflect different assumptions made by the
assessors as true differenceas in carcinogenic potential.

I can think of at least two ways of organizing risk assessment to promote
uniformity: 1) having all risk assessments conducted by a central board or
group or 2) using risk assessment guidelines that give recommended approaches
for areas of major uncertsinty in risk assessment. A central board would proba-
bly be overvhelmed by the amount of work and it would be difficult to get the
needed range of expertise on a single board of moderate size. I believe that
risk assessment guidelines are a better means of promoting consistency than use
of a centralized board. Such a board could, however, be useful in developing
and monitoring guidelines. Guidelines have the potential drawback of being too
inflexible, which can result in prohibition of the use of new scientific
discoveries or special information pertaining only to a specific issue. For
this reason guidelines should be carefully written to balance detailed guidance
and flexibility, and they should be reviewed periodically.

2. Need for Using Non-Humar: Data to Quantify Human Risk

If we accept the need for quantitative risk estimation, we must also ac-
cept the need for basing these estimates on non-human data. To wait until human
data are available would be unacceptable; irreversible decisions regarding
energy policies would already have been made, and irreversible harm to human
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health would already have occurred. Some seem to accept animal data as a suit-
able basis for declaring a substance to be a human carcinogen but not suitable
for making quantitative predictions of human risk. This strikes me as somevhat
inconsiastent. If results from animal bioassay experiments truly bear no quanti-
tative relationship to human carcinogenesis, then animal bioassay studies are
perhaps not worth doing; the knowledge that a substance might be carcinogenic in
humans without any inkling of its potency ies not very useful. It seems to me
that when we accept tumor incidences from animal studies as providing useful in-
formation on human carcinogenesis, we are tacitly making the assumption that
there is & quantitative relationship between animal and human carcinogenesis.
Such & quantitative relationship would provide a scientific basis for predicting
carcinogenic potency in humans from animal data.

3. Uncertainty in Dose Response

One of the most critical slements in a risk assessment, whether animal or
human dsta are utilized, is the choice of a dose response curve for high-to-low
dose extrapolation. Different models can fit data about equally well and yet
differ enormously at low doses, Likewise, within a single model there are often
sets of parameter values consistent with the data but which predict low-dose
risks which differ by orders of magnitude. This uncertainty should be
quantified insofar as is possible. One means of accomplishing this is to pro-
vide confidence limits for risk, rather than just a single estimate, It seems
quite plausible that the dose-response curve might vary approximately linearly
with dose at low doses. A more extreme dose-reecponse shape than linear seems im~
plausible. To reflect this, upper confidence limits on risk at low doses gener-
ally should be linear in dose. I can conceive of situations in which a linear
dose-response curve might overestimate the low-dose risk by a considerable
amount. This could happen, for example, when carcinogens are triggered by some
gross physiological change such as organ toxicity or a change in hormone levels.
A better understanding of carcinogenic mechanism is necessary before we can make
definitive judgments about the shape of the dose-response curve at low doses. It
seems poesible that the shape of the dose-response curve is largely determined
in many cases by pharmacokinetic mechanisms which convert the exposure dose to
an active carcinogenic metabolite and transport it to the largest site. With
current understanding it is difficult to rule out linear responses in most
cases.

4, Measure of Risk

Most risk assessments have focused upon extra risk of death from & particu-~
ler disease. Measures of risk which account for the amount of life, or the
amount of life of a certain quality, lost might be more informative. Loss of
life expectancy is one such measure. Such a measure would distinguish, for exam-
ple, between death and an industrial accident at age 25 and death from cancer at
age 75. I believe human concern would be more truly reflected in such a measure
because most people are more concerned about length of life than cause of death.

Human data are, of course, the best basis for estimating loss-of-life ex-
pectancy., I question whether the time pattern of disease or death in experimen-
tal animal populations are very predictive of comparable patterns in humans. If
estimates are to be made from animal data, it might be best simply to extract a
crude estimate of carcinogenic potency from the animal data and to combine this
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estimate with human wortality tables to estimate loss of life expectancy in
humans .

5. Additivity Versus Interactions

Information for assessing risk from complex mixtures of chemicals is ex-
tremely limited. Perhaps assuming some form of additivity of effect is the best
that can be done at present. There is & plausible argument which suggests that
at low doses additivity might be approximateiy correct even for carcinogens,
such as asbestos and cigarette smoke, which exhibit a multiplicative effect at

high doses.
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SESSION V

DE MINIMIS QUANTITY

Introduction
(Session Leader - Michael Bender, Ph.D.)

White

The leader for this session is Dr. Michael Bender, who is & meuber of the
Advisory Panel for the Center for Assessment of Chemical and Physical Hazards,
and a member of ths staff of the Medical Department at Brookhaven National Labo-

ratory.
Bender

Thank you, Otto.
One comment I would like to make before we start is that we've spent over

a day now discussing some of the scientific problems involved in estimating risk.
There is another side to the whole question, however, and I think this is the

one that might be most valuable for the Center to get advice on. That is the
question of what you do in a practical sense once you have risk estimates. Now
the regulators perceive the public's perception of risk and what they may do
about that. We're fortunate this morning to have DPr. Miller Spangler. Dr.
Spangler received a B.S. in Chemical Engineering from Carnegie-Mellon University
and a Ph.D. in Ecomomics and Research Planning, which I think is of some signifi-
cance, from the University of Chicago. His recent work experieance has been
related to risk-cost benefit assessment. For the past 10 years he has been
employed by either the old AEC, Atomic Energy Commission, or, since 1976, the
Nuclear Regulatory Commission, which you remember was aplit off from the AEC

at that time. He's in the Division of Systems Integration and employed as Special
Assistant for Policy Development in the Office of Nuclear Reactor Regulation
wvhich involves the assessment of risks, costs and benefits in the formulation

of safety policy guidelines. With that introduction, I'll turn things over to

Dr, Spangler.
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Issues in Setting De Minimis Standards
(Speaker - Miller Spangler, Ph.D.)

Spangler

Thank you, Mike. This subject is unusually complex. You people have been
talking about the scientific basis for decision making, which also has its own
set of complaexities. There are several clues in the session that we're
addressing right now, in setting de minimis quantity standards, about what the
workshop framers wanted. They talk about radiation equivalent chemical dose
associated with acceptable risk. When I looked at those words, it appeared to
me that there was a desire to have some sort of uniformity of policy development
between different regulatory agencies and another aspect of how you decide what
is acceptable risk. The term policy development is very different from the term
policy analysis or scientific analysis. Let me explain by using an anecdote.
During World War I, as in World War II, there was a problem with the German
submarine menace, and the people debated what to do about it. Will Rogers Fi~
nally, in his own inimitable way, came up with what he felt to be the perfect so-
lution. He said, "It's simple! All you need to do is mount pumps on the Panama
Canal and pump all the water from the Atlantic Ocean into the Pacific Ocean.”
And somebody asked him, "Where are you going to get all the pumps.” And he
said, "Don't bother me with details, I'm & broad brush thinker." Well, there's
one crux of our problems. Policy analysts invariably tend to be brrad brush
thinkers. We have only so much intellectuszl energy to go around, and you can
take your choice: either the knowledge to deal with the broad, interrz=lated
analyses of the generalist or the depth of detailed knowledge of the specialist.
Policy development, on the other hand, assumes both types of analysis, the
generalist and the specialist. Science provides a factual basis which is very
important for policy development. The policy analyst, on the other hand, deals
primarily with the assessment of societal values in how best to organize these
in a decision framework. I think that is the crux of that type of contribution
as opposed to the scientific analysis. Unfortunately we don't merge these two
disciplines or these two efforts very well in policy development. One can look
around at different organizations and see how they choose types of people or
skills for regulators. If a very complex set of scientific problems is involved
or complex technological uncertainties or issues, the typical choice is a scien-
tist or an engineer, rather than somebody who is strong on evaluating societal
interests. For a very simple-minded technology, obviously the legal types or
the social scientists or the generalists can step in very nicely. So we have
those differences. Usually there is a very strong dynamic tension between scien-~ .
tists and policy analysts, and we don't need to deplore this. I think the con~
troversy is legitimate and desirable. What we should deplore, however, is the
tendency of these people to get into warring camps., Instead of having
interdisciplinary analysis and integration of interdisciplinary points of view,
which I think is what is needed, we tend to have multidisciplinary analyses.
Each discipline presents what is viewed as a conventional wisdom in his or her
own discipline and it's added like another patch to the quilt. You don't get
the benefits of what I would call the unconventional wisdom that we seek in
interdisciplinary analysis which distorts or converts the conventional wisdom of
each discipline to some extent in arriving at a solution that's more beneficial
to society. So much for that kind of background.
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I don't have the time to go through the eleven issues one at a time, that
I listed in the handout (Prepared Comments, page V-28). 8o instead, I would
like to pose a different set of provocative questions, with some additional com-
ments on these. We can then turn the session over to discussion and any of
these eleven issues that you wish to discuss.

One problem in developing uniformity in decison criteria has been
highlighted by the work of the Clark University, Center for Technology, Environ-
ment, and Development in their publication entitled "Worker/Public Protection
The Double Standard.”" (Environment, Volume 23, No. 7, September 1981). They
have an interesting table in here, "Comparison of Occupational and Environmental
Standards.”" They liat a number of undesirable health effects, or agents
creating health effects. Then they give EPA standards and OSHA standards. The
first agent is listed as carbon monoxide, the EPA standard is 9 parts per mil-
lion for 8 hours and 35 ppm for 1 hour. By contrast, the OSHA standard is 50
ppm in 8 hours and ignores the l-hour standard. You can go down that list.
There is sulfur dioxide, e.g., 0.14 ppm in 24 hours for EPA vs 5 ppm in 8 hours
for OSHA, Hydrocarbons are all lumped together: 0.05 ppm for the EPA standards
as a guideline vs OSHA's 500 ppm. That's a very wide spread. There are also
standards for lead, beryllium, radon, and noise. There is one on ionizing radia-
tion, for example, that NRC is responsible for rather than EPA or OSHA, We have
set a standard of 0.5 rem per vear for the general population for maximally
exposed individuals vs 5 rem per year for the occupational worker. The question
this paper asks: Is that a proper standard? Should we have a tenfold differ-
ence? We have looked at standards in Russia, internationally, and within the
U.S., between agencies etc., and find roughly a tenfold difference between
safety standards for occupational workers and societal risks. Is this justifi-
able? And what is the explanation?

Well, there are such reasons as, for example, workers assume their risk
voluntarily. One can examine that assumption and see that there are elements of
duress in accepting employment, or after you get better information sbout risk,
perhaps leaving one job for another. Nothing is wholly voluntary in a strict
senge if you look at different elements of duress. Another argument is that
oftentimes occupational workers receive extra pay for hazardous work. Still an-
other argument is that, well after all, workers are not children or older ﬁéople
who have greater sensitivities to hazardous substances. Hence, workers' repair
mechanisms presumably are more at pesk condition. Also, they can manage a risk
situation with some degree of control in reducing risk. And still another argu-
ment is that the common good of society more than compensates for the sacrifi-
cial rluk imposed on workers.

We all have a stake in the common good of society. So, in a sense, whpn
you get into the subject, for example, of Pareto optimality, we have a program-
.matic form of optimality. Regarding unequal situations where there are winners
and losers in each kind of standard-setting decision {or societal choice of
technologies), programmatic optimality can result only if different segments of
society take turns in being winners and losers. Generally, we don't give this
very much formal thought. But that is what philosophers call a "social contract
theory," which many people more or less accept as justification for individual
sacrifice. Maybe 1 should first define "Pareto optimality." In economic the-
ory, Pareto optimality is achieved by a decision which results in some segments
of society being better off and none worse off. But for risk-taking decisions
in most complex technologies, that is not the case. A very basic question is
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vhether it is practicable or desirable to achieve perfect equity. This would im-
posa very severe penalties on technological progress, I think, which in turn is
a precursor to economic progress, which in its turn is a precursor to social
progress. 80, in terms of value systems, all of these things are interrelated
in some kind of circular feedback mechanisms that we need to pay attention to
when we think of the overall good of society.

However, let me say I think we should pay more attention to occupation
risks than we do and not take it for granted that we should impose ten times as
much risk on occupational workers as on society in general. 1In this regard, I
would recommend the Toxic Chemicals and Public Protection Report to the Presi-
dent by the Toxic Substances Strategy Committee. They provide an estimate that
‘about 20 of all cancers are caused by occupational exposure and suggest an un-
certasinty band for this number from a low of 5% to a high of 38X. Another rea-
son for greater emphasis on reducing occupational risks of chemical carcinogens
is that as we become short of certain kinds of nonrenewable resources, we shift
more and more to chemicals and plastic substitutes. For example, in converting
coal to synfuels, we may have a higher rate of cancer incidence than from our
present use of coal or oil. There has been enormous growth in use of
carcinogenic chemicals such as benzene and vinyl chloride: eight- or tenfold in-
creases over the past decade or so. We can expect more and more proliferation
of chemicals that are carcinogenic.

Another focus of attention in standsrd setting is the pathway and mecha-
nisms by which occupational exposure to carcinogens is created. The greatest
emphasis should be placed on controlling the quality of the air environment and
the inhalation pathway. Liquid pathways such as impacts on drinking water or
skin exposure may produce lesser risks and are easier to control.

Well, let me do what I promised and give a list of provocative questions.

First of all, what are acceptable risks? This invites the question of ac-

ceptable to vhom, the equity situation.
The next question, how safe is safe enough? And that invites the ques-

tion, how safe is too safe?

How does risk evaluation fit into risk management vs how does risk manage-~
ment fit into resource management and societal goals and interests? I think
this is related to the previous question. If we attempt to make something
overly safe, we can expend the resources of society very ineffectively and could
perhaps achieve greater risk reductions if these resources were expended in
other areas.

1 remenber that Professor Richard Wilson of Harvard, who was quite criti-
cal of the NRC--1I think justifiably so--pointed out that one of our regulations
led to a reduction of risk that was equivalent to $100 million per life saved.
That's a bad bargain for society. I have a table appended to my issues paper
which shows much lower cost estimates for various opportunities open to our soci-
ety for life saving that could utilize these financial resources more effec-
tively. When regulators impose risk-reducing measures, it isn’t just industry
we're penalizing. Generally, consumers bear the largest share of the cost
burden. That's another myth that has evolved in the dichotomy between environ-
mental interests and industry interests. What's good for General Motors isn’t
necessarily good for the country, if you recall the late Charlie Wilson's gaff.
But it would be wrong to say that what's good for industry is necessarily not
good for our societal interests, or what's bad for industry is not necessarily
bad for our societal interests. There is quite a bit of overlap or parallelism
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between the welfare of industry and the welfare of our society, which I thimk
should be kapt in view.

We discussed risk management yesterday in Dr. Bodricke' sassion. In the
NRC w2 have focused on risk management; but I don't say we are necessarily an ex-—
smple to imitate. I think we're fumbling a great deal, although we're on a learn-
ing curve. I would really not claim that what we are doing is a model for gen-
eral aspplication. Yet some of our methods and policies are worthy of discua-
sion. We've been pressed to get into some of these risk maragement issues, I
think, shead of the occupational regulation of chemical carcinogens. We have
three sources of pressure on us. One is the Mational Enviromsental Policy Act,
of 1969, which imposes certain analytic for decision options. Another set of re-
quirements is our own Atomic Energy Act, or Energy Meorganixzation and Develop-
ment Act of 1974. The third pressure ceme with the Three Mile Island accident,
which was folloved by the Xemeny Commission report, recommending that the WRC de-
velop safety-cost tradeoff criteria and explein them to sociaty.

NRC has its Federal Code of Regulation, as does EPA and other agencies.
Mumericel guides for reactor design objectives and limiting conditions for plant
operations, called ALARA, are found in 10 CFR, Part 50 (Appendix I). The term
ALARA weuns “as low as is reasonably achievable, taking into account the state
of technology snd the economics of improvements in relation to benefit to the
public health and safety and other societal and sociceconomic considerations and
in relation to the utilization of atomic energy in the public interest.” Now
those are a lot of good words, but they don't give detailed guidance. But now
with our safety goal effort, NRC is going into these matters a great deal more
carefully. We are inviting public input and discussion, and we now have
proposed trial safety goals which are more in the nature of safety guidelines.

Previously there wasn't much interplay with the public in trying to dis-
till what the public values were. I think that is a real dilemma. The public,
as we know, is poorly informed on many things. But, of course, they're better
informed on their own value systems than are regulators. There is an interac-
tion between information and values in determining how society arrives at its
risk-benefit preferences. Preferences and attitudes would probably change a
great deal with improved scientific information. Thus, there is some justifica-
tion for a kind of scientific elitism whenever society remains poorly informed.
But there also is, I think, a travesty when regulators do not give very much se-
rious thought to the variety of risks, costs, and benefits, along with the
uncertainties that affect their assessment. Value assessments are perhaps even
more uncertain than scientific assessment. Societal values are not stable over
time, and perhaps this is desirable. Our sociey needs to be adaptive to
changing circumstances.

Another question is whether it makes sense to set de minimis standards
when the information base on which to set them is still inadequate. Should we
wait a while for impending fresh knowledge, or should we go the route that Dr.
Crump suggested in sctting guidelines. NRC uses this approach in some areas of
safety regulation by astablishing interim guidelines. We have proposed trial
cost-effectivenass criteria, which entail a very narrow scope of societal
interests. These criteria require estimates of only the safety benefits of a
technological fix to weigh against the dollar costs of the modification. We
have suggested an interim guideline for ALARA set at 31,000 per man rem which
some have estimated to equal $5 million per life saved. In the appendix to my
issues paper, many examples of opportunities for life saving fall under half a
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million dollars. If ome uses a half million dollars, then the above standard is
roughly 16 times higher than these other opportunities. 1Is this justifiable?
We've baen talking so far about risk in terms of hazards like mortslity and
morbidity, or benign tumors vs malignant tumors. But risk in the public mind
seems to have additiondl dimensions. For example, there are anxiety costs with
regard to certain ways that people might die. Muclear risks have the blemish of
catastrophic potentisl, and they're wore dreaded by the public than other energy
risks. Coal risks, for exemple, have some catastrophic potential with regard to
the Greenhouse effect, but that’s a little more distant in people's thinking and
doesn’'t come out quite the same. I would ssy that it has been an observation of
many people who do wvalue analysis in the health field that people, in general,
seem more fearful of cancer than of other ways of dying. Perhaps that's the rea-
son wvhy one might advocate a tighter atandsrd for cancer risks than noncancer
risks that affect mortality. But certainly with the morbidity aspect, if there
is a long period of illness, enormous anxieties are created. Aside from the
physical pain and activity limitations of disesase, the treatment of disease can
also be very painful. So those are additional risk elements to be considered.
Another policy issue is the claim that benefits suffer neglect in the develop~
ment of safety standards. In my experience, I think that benefits aren't the
proper focal point. I think net benefits is. In our safety goal development we
have wrestled with different approaches to setting safety goals. Among these
are risk/risk comparisons, the cost-effectiveness approsch, and the benefit-cost
analysis (defined in dollar terms). HBowever, the National Environmental Policy
Act, or NEPA, requires analysis of consequences beyond dollar in benefit-cost
analysis. Other analytic methods include the no-risk approach, technology base
standards approach, and the risk net-benefit balance framework. The last is
described as fcllows in the NRC REPORT (NUREG-0880, February 1982) on Safety
Goals for Muclear Power Plants: ™A risk/net-benefit framework balances the bene-
fits less the costs against risk. This framework resembles benefit-cost anal-
ysis except that sll factors would not necessarily be translated into a common
unit (i.e., wonetary terms) as in cost~benefit analysis. Rather, the risk would
be considered one factor in reaching a regulatory decision. Though quantifica-
tion is sought to the extent practical, not all factors may be subject to pre-
cise quantification; some may necessarily be place in a so~called display and
discuss category.”

We heard vesterday a comment that the use of risk/net-benefit balance in
policy development was in a bad state because of the incommensurablity of risks,
costs, and benefits. Thet's so true. And yet to neglect & reasoned discussion
of certain incommensurable attributes of decision making in a risk/net-benefit
frame work is, I think, inviting serious political costs. Although I have tried
to directly address the question of how to put political cost into our deci-
sion-making processes, I have not been very successful. We all know that
they're put there, in regulatory decisions, but it's sort of a back door methoed.
In order to focus attention on political costs I have attempted to find precur-
sors or, if you will, suitable surrogates for political costs. I've tried to
focus attention on things like social costs, or psychic costs and benefits, as
umnmarketable effects. Social costs, if they're left unattended, lead to politi-
cal costs, obviously. Equity considerations is another focal consideration for
reflecting political consequences. Regulatory decision makers historically have
been pretty well schooled on examining the balance between total costs, total
risks, and total benefits from societal standpoints. But that isn't where polit- .
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ical costs come from. Thay come from situations of inequity, where the riska
and costs benefits aren't borne uniformly by different segments of society.
Nor are they perceived the ssme, even if competent rsgulatory asssssors would
assess them the way society assecses these things. Individuals in society, or
groups or subgroups within society, assess these things gquite differently from
the way experts assess them.

Maybe, that's a good breaking point, or we're not going to have much time
for discussion.
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Discussion

Bender

Thank you very much, Miller.

I will exercise leader’s prerogative to comment a little bit. A great
deal of what you said is brought home in the context of radiation exposures by
my own personsl expsrience. Years ago 1 did licensing hearings frequently for
the Regulatory Commission. As a matter of fact, Don Borg and I in that period
both worked for the Atomic Energy Commision, and I, in fact, attended some of
the ALARA hearings, so we go back a long way. In the course of talking to
intervenors etc. about their perception of what the risks of some nuclear power
plant was, I was often faced with "a little old lady in tennis shoes." Having
perceived that she had lost the argument on scientific grounds, she would usu-
ally stamp her foot and say, "Well, how would yocu like to live next door to
one?” And I never had an answer until I moved up to Brookhaven when I
proceeded to build my house next door to the as-yet unfinished Shorsham Nuclear
Power Station. That's my perception of risk. I have not had the opportunity to
respond, retort to the little old lady, as yet, incidentaily., But there's a lit-
tle vignette that's associated with my decision which I think illustrates the
real problem. Often I pass by the construction gate of this nuclear power sta-
tion, and from time to time there is a small band of dedicated citizens
demonstrating outside this gate. The vignette I have is a picture of one such
bedraggled man standing out there in the rain and the cold, dressed in a
Halloween skeleton suit and carrying a sign reading "Radiation Causes Cancer,"
wvhile at the same time he was chain smoking cigarettes. This seeme to illus-
trate a great dezl of the problesa.

One of the questions you brought up, Miller, that 1 think is part of the
problem is that of: risks borne by whom for benefits achieved by whom? I think
this, as well as the perception of risk, goes to the question of whether we
should set de minimis standards for chemical carcinogens, and if so, how? My
background is in genetics, and the hazard estimation I most often do is for ge-
netic hazards. And here I think this difficulty is spelled out almost to the ul-
timste. In this case, we argue that workers ought to be allowed to assume extra
risks. As you point out, this is roughly a tenfold increase in risk, we believe,
certainly in dose, becauss, after all, they're compensated for it and it's their
choice. But if the hazard is genetic, and we believe there are genetic
hagards, the cost is borne not by these people who may benefit from the extra
pay, and not even by their immediate descendants who msy also benefit in some
way, but by as yet unborn generations who may pay a penalty perhaps 1,000 or
2,000 years into the future. We have & very complex situation. To throw the
whole subject open to general discussion, I would like to emphasize, not only
the questions raised by Dr. Spangler, but those that are raised, at least
tacitly, by the subtitles in the program. One practical consideration relating
to carcinogen standards is the question of de minimis quantities. Here, we
mean quantities, exposures, not risk, slthough this has to be based on our per-
ception of risk. And two questions are raised by the subtitles. One of them is
the question, as I read it, of whether it is proper to have a radiation equiva-
lent for chemicals. My own view is that it is probably not. The second is the
question of dose associated with whatever the acceptable risk is. With that
I'11l just throw the subject open to general discussion.
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Baum

Yesterday Dr. Rodricks outlined for us very nicely the two aspects of the
problem; namely, risk assessmant and risk mansgement. Today Dr. Spangler has
given us some very interesting numbers in the area which relate to the risk man-
agement part of the problem: in particular, your table about the costs that so-
ciety is willing to pay to save lives, for example. Now, these can be compared
to the $5 million per life saved that the NRC has more or less been using in
some cases and also to the million dollars that came out of the data that you,
Dr. Van Ryzin, showed yesterday that the ¥DA analysis uses. Apparently, they
were using about a million dollar per cancer avoided in deriving their 2 ppm
limit. 8o the question I think I'd like to pose is, where in this range should
we be thinking? If NRC were to come up with a nuwber today, would it be closer
to a8 million dollars per life saved, or would it still be in the range of $5 mil-
lion? Perhaps other people have thoughts on this question.

Spangler

We are reexsmining all these things. I think these limits were set origi-
nally without much deliberation in terms of the various important aspects of pol-
icy setting that we now realize need consideration. There is a feeling, how-
ever, smong a lot of top level people in NRC that the thousand dollars a wman-rem
may still be justifiable despite the fact that with the use of the same monetary
resources, you can get better bargains ir saving lives elsewhere. Not all the
costs are included in our analyses of proposed safety modificaticns. We have
deliberately excluded, for example, anxiety costs, except in the case of Three
Mile Island, where the U.S. Circuit Court has ordered us to consider it. We
have not dealt adequately with property damages from a serious nuclear accident
and many other questions. There is a kind of crude proportionality between acci-
dent risks involving death and these other l:arms to society. I should mention
that the Commissioners have emphasized that this is still a trial number which
may be sltered after a period of time. Also, and this is perhaps even more im-
portant in the thinking of a lot of people, there ia a recognition of the need
for an extra margin of conservatism for the deficiencies in the state of the art
in quantitative risk assessment. In NRC this is referred to as probablistic
risk assessment, or PRA. This is not a very rigorous science. It is full of
a1l %xinds of iffy assumptions and challengeable aspects in terms of accuracy.
Hence, the need is felt for a margin of conservatism.

However, looking at the problem from an equity standpoint, if you assume
a margin of conservatism in setting one risk standard, you may be denying a dif-
ferent group in society who would prefer a different technological solution.
What is conservative for one interest group may go against the interests of an
oppoeing interest group. Another argument for conservatism is public trust and
confidence in regulatory decisions. This is not a problem just for NRC. 1 dare
say that OSHA and others have that problem too. If one doesn't use margins of
conservatism, one risks losing public trust and confidence should scientific
information be developed that proves "best" estimates of risk to have been in
error. That, too, is an ingredient of political cost. Of course, the cumula-
tive effects of numerous safety adders justified by unwarrantedly high margins
of conservatism could price the technology out of existence. For example, it is
believed that the best scientific estimates support the view that nuclear energy
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is safer than the use of coal for generating electricity; then society may be
denied the net life-saving benefits of using nuclear initead of coal. This
could happen if we use too large a safety margin in set.ing these cost-
effectiveness criteria and the technology loses its market competitiveness. I
think there are some who feel this may have happened as a result of technologi-
cal fixes after Three Mile Island. And if the loss of economic advantage is
added to the adverse public perception of risk associated with nuclear energy,

then the whole game may de lost.

Besll

In the light of what you had been discussing and of the general tenor of
the conversation, it may be worth emphasizing Roy Albert's point yesterday and
bringing up another area for discussion. Roy Albert said that as decisions are
made, precedents are set. As they are set, we develop a history of risk assess~
ments and decision making which will guide future assessments and decisions. It
seems to me that we've heard a lot about mathematical models, a lot about num-
bers that are acceptable, and a lot about social costs. I haven't heard much
discussion about what we've learned from our history of risk assessment and deci-
sion making. What have past risk assessments taught us about making risk assess-—
ments in the future? Let me put this into a policy context. 1s it appropriate
for DOE or other agencies to use history lessons on risk assessments in
developing new assessments? An example of what I'm talking about involves the
benzene standard. OSHA established a lower exposure standard for benzene. The
Supreme Court set it aside because OSHA failed to demunstrate that the lower ex~
posure level would, in fact, significantly improve or enhance human health.

Spangler

I sm currently a meuber of an advisory council to a study project of the
Midwest Research Institute and the Impact Assessment Institute sponsored by the
National Science Poundation. This project is looking into methodologies of com-
parative risk assessment using different technologies as case studies. This
will further advance the notion that you have presented. While I'm on the sub-
ject of the study being done by Edward Lawless and Martin Jones for the NSF, I
might point out that the definition of risk assessment they're proposing is
quite different from the one given by Dr. Rodricks. They prefer the term "risk
evaluation" for the list of items that Rodricks put on the blackboard. Their
definition of "risk assessment' is more in the framework of a decision analysis,
as the Office of Tachnology Assessment would practice, using estimates of risks,
costs, and benefits in 2 comparative mode of analysis. 1 think they want to do
that precisely because people who work in the risk field tend to focus on risk
assessment to the neglect of other costs and benefits that are decision
consequences. Sometimes risks may be very miniscule relative to the benefits,
or the loss of potential baenefits, at stake. Also, Otto White mentioned that,
in setting de minimis safety standards, if risk is below a certain level it can
be forgotten. Risk/net-benefit analysis is a way of establishing more carefully
what is important and what isn‘t. What is important to one agency in ite regu-
latory responsibility for a certain chemical carcinogen does not necessarily
have the same importance to another sgency which must deal with another set of
technological options. I think that in part accounts for the differences be-
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tween OSHA and EPA, az well as other agencies, on some of these matters. So I
think this is something we should be paying a lot wore attention to.

Wambach

Just one comment on the worker vs the general population. I don't think
the difference is in risk estimation. There is no difference, really, om how
you estimate risk. The difference is in risk management. One way to manage
risk is to set exposure limits. But there are a variety of other methods of
managing risk. With the worker population you Lave an identified population of
people, 100 people, 200 people, and you have their names and their social secu-
rity numbers, and you can haul them into a clinic for medical exams and do a lot
of otker things to msnage that risk. That's usually the reason there is a big
difference between worker exposure limits and general population exposure

limits.

Spangler

That's a very good point and let me enlarge upon it. In NRC we use the
term risk management in a fairly broad sense although with certain detailed
aspects. Risk menagement includes one segmant which might be identified as acci-
dent prevention or exposure prevention. Another is accident or exposure msnage-
ment. There are cases in which something untoward is happening and it takes a
certain smount of time before developing into an accident with serious
consequences. In these cases you can manage the r.. x while it is in process,
and you have decision options. Another aspect of risk management is consequence
mitigation. Consequence mitigation, you know, has many aspecta. Some of it can
be built into technological design, and some into, say, evacuation procedures.
Some of it can be built into medical practice or medical research that may miti-
gate the societal consequences of morbidity or mortality. So there is a whole
gamut of things under risk management that are interrelated.

Bender

In the context of this question of worker vs general population, I think
one thing should be kept in mind. You asked Miller, I believe, whether the
tenfold difference between worker-permitted exposure levels and general popula-
tion levels was reasonable. I think, in fact, that multiplier is far higher. In
the first place, the 500 millirem (mrem) per year is an unweasured value. The
practice is to limit the average exposure to, roughly, a third of that 167-170
mrem just because the reasoning is that the maximum won't be more than three
times the measured dose. But then with the creation of ALAP and ALARA, the Regu-
latory Commission is at least taking the view that general population exposure
should be as low as possible. I think from the numbers I've seen in the nuclear
industry it's somewhere of the order of 1 or less mrem/yr. That's a big factor.

Spangler

There are several fraweworks involved. One is the framework of setting a
standard for a maximally exposed individual whicii is what ALARA does. Now, in
NRC's proposed safety goals, we're dealing with a different kind of standard.
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Ve're talking about the average risk, and we've had a lot of discussion about
what those words wean. The Office of Policy Evaluation developed this proposed
statement with a lot of interaction with the staff and the public workshops that
were held. Let me refer to the language of several of these what we call provi-
sional numsrical guidelines. The Commission proposes the foilowing provisional
numerical guideline: "The risk to an individual or to the population in the vi-
cinity of a nuclear power plant site of prompt fatalities that might result from
resctor accidents should not exceed 1/10 of 1X of the sum of prompt fatality
risk resulting from other accidents to which wembers of the U.S. population are
generally exposed." Notice that both the individual and the populaticm have the
same safety standard. However, when you do calculations of risk, you find that
the individual is the controlling factor. If you deveiop measures to serve that
goal for the individual, you far exceed the safety guideline for the population.
Now the key question is this, does "an individual” mean a maximally exposed indi-~
vidual, or are we dealing with the concept of an average individual? What we
seem to be coming up with (and this hasn't been fully resolved) is that we don't
mean "maximally exposed." What we should be focusing on is the average individ-
ual risk within one mile of a nuclear plant where the acute fatalitiess are
greatest. Dose-response curves are used to determine this. Such an egverage is
based on a much higher level of ewposure than, say, between one and two miles,
or five and ten, or any other grrater radii that you might go out to. But it's
still quite & bit lower standazd than the maximally exposed individual standard.
You would probably bring all technology to a halt if you had this great protec-
tion standard for juat a single maximally exposed individual,

Bender

I think something else needs to be noted here. In radiation protection in
the NRC's business, vhat one does very frequently is in terms of population
man/rem, at least for late effects, and this has the effect of averaging, I
think. But implicit in doing that kind of averaging is the idea that the dose-
response curves are going to be linear and that it doesn't matter very much,
within certain limits, whether a few people get all the dose, or whether it's
evenly distributed. I think the same question arises in the case of chemical
carcinogens. Do we take average risks? 1Is that a fair thing to do? What is
the basis? And that has to hinge on the notion of the dose-effect kinetics at
low dose, and again some definition of what we mean by low dose is needed. This
often comes up in discussing radiation hazards, and there is a fairly general
ngrce-ent among many radiobiologists that what we mean by low dose is that re-
gion of the dose curve where linearity does, in fuct, pertain, which is often
difficult to establish. '

1]

Spangler

One concept of low dose that I've been working on is the idea that, if the
dose is quite low, then the incremental risk of cander is quite low. However,
the personsl anxiety produced by even quite low radiation exposures from a nu-
clear accident would be considerable, leading to the promotion of risk-
compensating mechanisma. For example, =xposed persons are likely to have more
frequent medical checkups and better medical care. There is a real possibility
that this would increase life-span much wore than the risk of cancer incurred by
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these very low doses. So there are mitigative options open to society, and I
think the evidence on Nagasski and Hiroshima support this view. 8o that's an-
other consideration in comparing decision optiome.

Bender

I think you're correct in many respescts, but I would point to some recent
experiences, as you have done. In the first place, I think the Kemeny Commis-
sion came to the conclusion that the only demonstrable hezlth effect of Three
Mile 1sland's accident was anxiety among the people, and that anxiety persists.
Several of the agencies that were involved in the gove.umenti's handling of that
crisis came to the conclusion, as did health effects people in the Kemeny Commis-
sion, that offering certain kinds of medical follow-up was scientifically un-
sound, in that it was unlikely to contribute anything worthwhile to our scien-
tific knowledge, but it would very likely increase, not decrsase, the anxiety of
these peopls. S0 there is & problem there. Again it is partly, I think, a mat-
ter of perception of risks, and the perceptions are different among people whore
livelihood economically depends on some hazard, and people who don't see it that
way., I think that's illustrated by the various crises we've had in New York
State~-at Niagara Falls at the Love Canal area. The people up there, a lot of
them, work in the chemical industry. The whole area is clearly polluted. EPA's
recent measurements of levels of nasty chemicals demonstrate that. And yet the
demonstrations, the emotion, all of the pressures are not to clean up Niagara
Falls. Not to clean up those chemical plants. There may be some pressure, but
it's not notable. The pressures, rather, are to do something about Love Canal
vhere no hazard has as yet been substantiated statistically. Not only is there
anxiety, but those people are convinced, many of them, that they have suffered
ill health, that this will continue, and there is very little that can be done
sbout it. But they want some real economic advantages. They don't want the gov-
ernment to buy the inner ring of houses, or two ringa of houses; they want it to
buy a very much greater number of houses surrounding the canal. Iit's almost im-
plausible to me at this point to think there ever was any real risk, and there
certainly is none now. This would cost, I don't know what the estimates are,
but probably approaching a billion dollars. So we have a problem of how people
perceive risks., How differently they perceive them, depending on whether
they're workplace risks that they presumably assume voluntarily, or whether
they're something "they" are doing to us. Something they are involuntarily
forced to assume the burden of. Fortunately, in the context of the Center and
the DOE's requirement for recommendations, what we have to do, I think, is con-
sider the workplace standards and, consequently, workers' perception of risk.

Spangler

Yes, I quite agree with you. Perhaps now would be a good time to mention
that T have a number of publications that view the various aspects of the issues
I've been discussing this morning. I'll be happy to send them along to you.

~ Bender

Thank you, Milier. I'm sure that many people, myself included, will take
you up oa your kind affer.
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Are Ve Ready to’Apply the De Minimis Concept to Standard Setting--
A Higtorical Approach*
{Speaker - J. NWewell Stannard, Ph.D.)

“Presented at a BNL Medical Department Seminar on September 17, 1982,

Summary

This seminar discussion of the pros and cons of de minimis concept applies
to both radiation and chemical axposures. However, most of the examples are
from the radiation field.

It begins with a quick review of the mltiplicity of hazards to workers
identified and described by Bernadino Ramazzini in his classical book published
in 1713, De Morbis Artificum. One reason for reaching this far back in history
is to conclude that with so many diseases and so few qualified people to handle
them there had to be circumstances vhere the exposure or the effects were
regarded as trivial, i.e., de minimis.

This is followad by a brief history of radiation protection philosophy
divided arbitrarily into "Eras.” These are, respectively: the era of
empiricism, the tolerance dose, the maximum permissible dose, ALAP and ALARA,
and the challienge of the '80s. It is pointed out that until the concept of a
threshold disappeared there was little need for any other “floor" or any de
minimis level. During the era of the maximum permissible dose attention
centered on the growing evidence that cancer, as well as genetic effects, should
be regarded, for the sake of prudence, as being linear to dose with no thresh-
old. The philosophy focused on the idea that there was no zcmpletely "safe"
dose. With the coming of ALAP and ALARA, a very meritorious concept as origi-
nally conceived, came the tendency to push acceptable levels lower and lower,
sometimes with very large expenditures to produce a marginal biomedical gain.
Especiaily when ALARA was given regulatory significance in a quantitative sense,
the recognition of the need for some restraint on the ever lower values gained
momentum. This was the de minimis dose. In the '80s with the strong movement
to use risk as a basis for both radiation and chemical standards, the need for
adding the concept of a trivial risk has taken hold.

The balance of the seminar considers examples of possible de minimis
levels, some of the problems not fully addressed as yet, and some of the current
activities. Since the purpose was to generate discussion the original question
“Are we ready to apply the de minimis concept to standard setting?" was left
somevhat open. However, it was concluded that some sort of floor is highly de-
sirable.

Finally it is pointed out that historically we are coming full circle in
the sense that any de minimis level, if adopted, wonld have to have an empirical
basis just as did the original upper limits.

Text
i

Thank you, Dr. Carsten. The last time I visited Broukhaven, except for a :
quick "in-and-out" meeting or two, was the year you were responsible for the sum- '
mar practical training of students from Rochester and several other schools in
the Northeast. (Rumor has it that the Rochester students did not aiways lend
tranquility to the Brookhaven summers. I am sorry about that!) We are very
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proud cf our students, in general, snd especially proud of people like Dr.
Carsten who have gone on and done many important things.

The prime purpose of my visit to Brookhaven has been to conduct interviews
with members of the Medical and Health Physics Divisions on the historical devel-
opment of various facets of research with radioisotopes, pertinent to & book I
am writing on "Rad10ect1V1ty and Health ~ A History." Partly it is to seek new
information and partly it is to see if I got things right in some chapters which
have already been written.

This afternocon's seminar is a very informal offshoot of those matters and
is done at the request of Dr. Carsten. It also has an historical approach.

Since it was something of a last minute decision to do it, the format will be
more to stimulate and lead a discussion than to attempt a polished lecture.
Nevertheless, I do happen to have some slides along pertinent to the subject -
“Are we ready to apply the de minimis concept to standard setting? -- An histori-
cal spproach," which were used for an unpublished symposium of the San Diego
Chapter of the Health Physics Society.

We will start in 1713 with Bernadino Ramazzini who was, I suppose, the
first occupational or industrial physician. We will review the amazing breadth
of his coverage of all aspects of worker health by looking at the chapter head-
ings in his book De Morbis Artificum. This book was translated from the origi-
nal Latin of 1713 by Wilmer Cave Wright, emeritus professor of Greek at Bryn
Mawr College, and was published by the University of Chicago Press in 1940.
(Several slides were shown giving the extent of the coverage in the 43 chapters
of De Morbis Artificum, ending with Ramazzini's dissertation on the "Diceases of
Learned Men." These are not reproduced here to save space.

A somevhat more detailed review of this and other early approaches to occu~
pational medicine can be found in a review by Stannard ("Breathing is an Old
Habit" Ig: Pulmonary Toxicology of Respirable Particles, DOE Symposium Series

The purpose of showing you all of this is first to indicate how long ago
many of our common occupational harards were recognized and second to conclude
that with a handful of people to worry about all of those situations there just
had to be exposure levels that were essentially trivial, i.e., de minimis. In-
deed, Ramazzini and others proposed minimum levels of exposure in some instances
and did much to protect workers.

I would like now to trace very briefly some aspects of the history of radi-~
ation protection which bear on our subject. (Note that I do not propose to re-
view the history of the standards themselves, but only the philosophy of radia-
tion protection.) This has been done many times by many people. Yet, another re-~
view may be useful to our discussion. This will be done with a series of slides
dividing the historical progression scmewhat srbitrarily into eras. The first
slide summarizes the five eras I propose to discuss:

Eras in Radiation Protecticn

Empiricism

Thie tolerance dose

The maximum permissible dose (exposure)
ALAP and ALARA

The challenge of the '80s.
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The second slide considers the era of empiricism:

The Era of Empiricism

Rollins - photographic plate (1901-1903)
CA 10-20 R/day
Russ - World War I experiences
Matachuller - 1/100th of threshold
erythema dose (TED)/month
(1924).

This era began, I suppose, with the first formal attempt to limit radiation expo-
sure. I will choose to say this happened when Rollins suggested that x-ray expo-—
sures of a duration that darkened a photographic plate of the era in a given
time or less, were excessive. In retrospect, this translated to a dose of about
10 to 20 roentgens per day. Another pioneer was Russ who suggested limits based
on experience3 with radiology and radiologists during World War I. Probably the
most substantive of the empirical formulations came from Mutschuller. He
produced many publications and his contributions were summarized masterfully by
Lauristen Taylor at the Health Phygics Society's Silver Anniversary symposium
(Health Physics 41, 571-576 (1981)). Mutschuller’'s recommendation related to
the erythema dose, as shown on the slide, and was published in 1924. This
assumed a threshold.

The probable dose in roentgens associated with a "Threshold Erythema Dose"
as proposed is shown in Slide 3:

The Threshold Erythema Dose in Retrospect

Y"Grenz" Rays 100 R

100 KVP x-rays 350 R

200 KVP x-rays 600 R

1000 KVP x~-rays 1000 R

Radium Gammas 1500 R
Energy would be reduced by scattering.
e.g., Failla took 600R for radium gammas
American Committee on X~-Ray Protection
used Mutschuller's work with rounding
factor of 2 to arrive at T.D. of 0.]
R/day (1934). (Adapted from Cantril
and Parker.)

Note that with a bit of rounding this led to the figure of 0.} R/day which was
used for many years.

Note particularly that all the ideal of this era assumed that a threshold
existed. In a sense, any doses below the threshold for damage might have been
regarded as trivial and thus "de minimis," but the term was not applied.

The era2 of the tolerance dose for both external radiation and for radioiso-
topes can te considered to have begun roughly when the roentgen was defined in
1928. Obviously it was based on the idea that there were doses that were tolera-
ble. However, they might or might not be "threshold" in type. If there was an
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effect, it was simply assumed that it was of negligible importance to the orga-
nism or the race at the levels chosen for the standards.
8lide 4 indicates a few major avents in this era:

The Era of the Tolerance Dose
Exterval Radiation

Definition of the roentgen in 1928
Work of American Committee on X-Ray Protection
(Later the NCRP)

Work of the International Commission on Radiclogical
Protection

Retrospective analyses of "safe" x-ray and radium
installations and their personnel.

Animal data, including genetic

Radioisotopes

Radium in man 1941
Radon in mines and industry 1941.

All but the animal work was based on ret-ospective znalyses of doses under condi-
tions where significant harm had or had not been detected. In general, the
methods applied, even the interpretation of the animal data, were closely simi-
lar to those used in industrisl hygiene, industrial medicine, and chemical toxi-~
cology in general. Each of the items in the slide can be reviewed in depth in
the writings of L. Taylor, G. Failla, and R.D. Evans. It was only in the ge-
netic experiments with animals that the ideal of a tolerance level began to be
questioned. Hermann Muller insisted that any increase in the load of genetic de-
fects was not tolerable.

The tolerance dose was not as likely to be regarded as "trivial" as was
the threshold dose. Hence, this second era moved away rather than toward the im-
plications of having a de minimis dose.

The next major era, the era of the maximum permissible dose, is shown in
slide 5:

The Era of the Maximum Permissible Dose

First Tripartite Conference -~ Chalk River, Ontario, 1949
Second Tripartite Conference, Harwell, England, 1950
Third Tripartite Conference, Harriman, NY, 1953

NCRP and ICRP used these together to issue recommendations
of the 1950s.
Critical organ
Acceptable risk to individual
Genetic risk
Secondary standards
(MPC),
(WC)W
Separate system for bone-seeking radionuclides.
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This era cen be regarded as beginning with the tripartite conferences in 1949.
These involved Canads, the United Kingdom, and the United States. Many of the
numbers and the system we operated under for many years came from here. The pri-
mary difference from earlier philosophy was a negation of the idea that there is
a dose vhich can be tolerated indefinitely without effect. Instead the ideal
grew that some risk had to be assumed and that a maximun permissible dose could
be developed which was acceptable in terms of risk, but not nesligible, or at
least not zero. The full bloom of this system came in the reports of the NCRP
and ICRP in the 1950s, particularly those issued in 1959, and in the U.S. Code
of Federal Regulations as applied to atomic energy. A few details of the compo-
nents are shown in the slide.

As you all know, as research penetrated further and further into the realm
of low doses of radiation and of low dose rates, and as information on dose-
response relationships for induction of cancer accumulated, ideas were modified
still further. It appeared that there was no threshold at all and that the only
prudent assumption was that effects were linear to dose clear to the origin of
the dose-response curves. A natural corrollary of this was the view that there
was no safe dose, if "safe" meant without any effect at all. (We could have an-
other seminar on whether or not any biological effect is to be considered an
injury.) This took us still further away from any idea that there could be a
trivial dose, i.e., a de minimis dose.

Partly as a result of these developments, another layer was added to radia-
tion protection philosophy. That was the admonition to keep all doses as low as
possible {ALAP). This was first formulated by the NCRP in 1954. Thus it began
not too long after the concept of maximum permissible dose took hold.

Slide 6 lists some of the features of this development:

ALAP and ALARA

The linear, no-threshold hypothesis

The system was intended to be flexible

ALAP becomes ALARA

ALARA gets quantified and the figure given
regulatory significance.

"If you can do it you must do it."

I have called it an era for convenience, but it is really only a facet of the
era of the maximum permissible dose. Because of abuses in application of the
"as possible” feature of ALAP beyond reasonable economic limits the terminology
?ll ch;nged. Toward the late 1960s it became "As Low as Reasonably Achievable"
ALARA}.

Let it be emphasized that the original intent of ALAP and ALARA was flexi-
bility. What might be ALARA for one installation might not be for another, even
of similar design, but built at a different time, etc. To my mind it was a
great wistake ever to attach a single number as the ALARA number for a given
type of activity or installation, and especially to give it regulatory signifi-
cance. ALARA was intended to be idiosyncratic for each installation. Soon the
creeping paralysis voiced so well by Hoyt Whipple {whom your John Baum worked
with) all but ruined the concept. This is shown at the last item on Slide 6.
"If you can do it, you must do it." Levels considered to be ALARA crept stead-
ily downward.

v-18



One result of these trsnds was the idea of balancing risk and benefit.
This actually began fairly early in NCRP work and in the philosophy espoused by
the Federal Radiation Council. But it was articulated most completely in the
ICRP reports 26, 27, and 30 issued in the mid-to-late 1970s. I am including
these in the final era labeled "“The Challenges of the '80s" (8lide 7):

The Challenges of the '80s

The ICRP mixed risk-rem system
ICRP 26
ICRP 27 (all prospective)
ICRP 30
NCRP "pure-risk" system
Problems of application
Asgessment
New reports in preparation
Revision of 10CFR20
Concept of de minimis dose.

Since all of this is current, I will not belabor the details. Even though
the concept of risk and acceptable risk arose much earlier, I am choosing to
label the flowering of the use of risk systems, either pure ~r mixed with dose
calculations and the concept of rem and the balancing of risk and benefit as
occurring primarily in the current era.

Along with all of this has come a crescendo of interest in placing some
sort of floor under the protection philosophy. The concept of a de minimis dose
or a de minimis risk was heard more and more frequently. As you know, the term
had been used in the legal profession for many years to characterize those
things that were trifles (Slide 8):

De Minimis

De minimis non curat lex

L A ———— P Sw——— ——

The reasons for this growth of interest are many. The crescendo of papers on
the subject of de minimis, even talk of adding it to the revision of 10CRF20, at-
test to this growth. I will discuss two possible reasons.

Firstly, the abuse of ALARA and the need to engage in ever mcre lengthy
and expensive survey and investigations to prove that a given operation was
ALARA must have had something to do with it. 8Secondly, some events in chemical
toxicology entered the picture. One of the expected benefits of a risk system
for radiation protection is the possibility of adding risks from several sources
to get a composite picture. This would include combining not just radiation
sources, but other occupational risks, especially those from chemicals in the
workplace and the environment.

The concept of a threshold dose persisted. in chemical toxicology much
longer than in radiation biology. However, work with the chemical carcinogens
and chemical mutagens jolted this idea considerably. These scemed to show lin-
ear dose-response curves with no threshold, much like those for ionizing radia-
tion. The chemical toxicologists could no longer hide comfortably behind the
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threshold dose idea. Yet zero dose was even less possible than with radiation.
Therefore, the idea of a de minimis dose took hold also in the possible regula-

tion of exposure to many toxic chemicals.
What criteria might we set up to delineate & de minimis dose? Slide 9

lists a few:

Possible Criteria for De Minimis Dose

Risk is lost in the "noise”
Latency of effect is beyond life span
(4 practical threshold)
Relation to background radiation
Expense of further reduction is unacceptable
Further dose reduction is absurd.

If the concept is adopted we can expect hefty polemics around what value or

values to choose.
In S8lide 10 are listed a few of the possible consequences of adopting the

de minimis concept:

Consequences of Adopting
De Minimis Dose Concept

ALARA stops here
Has effect of a practical threshold
Zero risk is impossible

Probably the most important is that any dose at or below the de minimis level
would automatically be ALARA. This does not mean that ALARA and de minimis
would be coincident. ALARA levels might frequently be higher than the de
minimis level for a variety of reasons. However, ALARA would stop at the de
minimis level and go no lower.

In a sense, adoption of a de minimis dose concept and level has the effect
of introducing a practical threshold. This differs from the practical threshold
introduced in the radium data in that cancer induction times are longer than the
life~span. It would simply be the de minimis level and it is there for all prac~
tical purposes regardless of what the theoretical dose-response relationship is.

Obviously, if a de minimis level is adopted, a situation with zero risk is
virtuslly impossible. However, this is an academic point since zero risk is es-
sentially impossible anyway. If some of the lower values for de minimis are
adopted, the risk might approach zero for all practical purposes!

Further ramifications of the concept are listed in Slide 11:
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Ramificetions of the De Minimis Dose Concept

Is background dose rate de minimis?
If not, what fraction is de minimis?
De minimis sources:
Airplane travel
Television viewing
What if more than one da minimis source is prasent?
De mininis collective dose
What of time of exposure to de minimis source?

Opinions have already bsen expressed on some of these. There have been sugges-
tions that a de minimis concept might be tied to tha levels of background radia-
tion. It is unlikely that the normal background could be adopted. It is too
high. There is more and more indication that it is not biologically trivial. It
is just something we can do little about. But that is not sufficient reason for
proposing to double it. Some fraction of background might become a viable fig-
ure.
The slide lists some other sources that we treat as if they were trivial,
These might become a basis for a figure.

Of greater concern is the problem of the multiplicity of sources. Can we
devise a system and choose & level that will be useful in the case of only one
or a few sources, yet not be dangerous if circumstances led to a large number of
separate de minimis exposures? There are those who think this is very unlikely
to become a problem, yet situations can be visualized where it could occur, espe-
cially in some routine manufacturing operations.

What of the collective dose in person-rem from the summation of individual
de minimis doses? Do we need to set a collective de minimis dose? I believe we
should. How could such a figure be implemented and by whom?

Furthermore, none of the current discussions of de minimis sources say any-
thing about time of exposure. Presumsbly, any source low enough to be labeled
de minimis would be trivisl even for lifetime exposure. However, this might
place such heavy restrictions on the acceptable level for daily use that the con-
cept would end up having little utility.

A final ramification is not listed in the slide. This involves the possi-
bly unnecessary use of de minimis sources as an easy way out. Even if the
source is de minimis, there is probsbly no excuse for using it if z substitute
contributing a markedly lower dose can serve equally well,

Enough of these detail problems. They are being discussed very fully
around both radiation and chemical standard setting. Does our discussion so far
lead you to conclude we are or are not ready to adopt the de minimis concept?

There are currently many probings. The upcoming revision of the Code of
Federal Regulations 10CFR20 is one. The November 1981 draft of that document
takes a positive view on the need and indicates consideration of 1/10th of a
millirem per year as an acceptable collective de minimis dose. At 1/10th
millirem per year, chances of suffering a radiation-induced disease would be
sbout one in one hundred million. Over a lifetime the chances would still be
leas than one in a million. Is this low enough? Is it too low? 1Is it suscepti-
ble to implementation? Remember that background rsdiation levels are in the 100
ﬁo 200 -renﬂyr range and we would thus be dealing with levels much lower than

the noise.
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In chemical toxicology the Delaney Act has stimulated the FDA to consider
that one chance in a million of damage may be acceptable over a lifetime.
Sources providing less risk than this might be considered de minimis chemical
sources. If a single risk value were adopted, radiation and chemical risks
could be equated relatively easily.-

The 1982 versions of the 10CRF20 and of the FDA codes have been modified
in response to comments. The provision for having a de minimis level has
remained in 10CRF20. A proposed level of 1 mrem/yr for an individual in the pop-~
ulation has been added.

Others, for exasmple the NCRP, are giving thought to incorporating some
sort of floor in their revised radiation protection recommendations, but no firm
decisions have been made as yet. Many individuals are looking seriously at the
matter. The Atomic Industrial Forum meeting, scheduled for this October in New
Orleans, includes a session "Exploring the Uses of the De Minimis Concept in Ra-
diation Protection.” The speakers include many of those who have been actively
discussing the topic; Morton Goldman from NUS Corporation as Chairman, Saul
Harris from Union Electric, Joyce Davis from General Physics, Guy Cunningham
from NRC, Floyd Galpin from EPA, etc.

Let me conclude this discussion with a general comment. Historically we
have almost come full circle. As we saw, originally the ceilings were set
empirically. We have now developed protection te the point where tradeoffs be-
tween expenditures for lowering levels still more and for other important
activities are becoming urgent if we are to avoid being absurd. Can we improve
the situation by adopting the de minimis approach? 1 am not one hundred percent
convinced that we are ready to embrace it fully, or that it is the only answer.
Yet the need for some sort of floor to the regulatory process seems evident. If
we do adopt the de minimis concept I can guarantee that the levels will have to
be determined empirically, just as the ceiling levels were determined originally
by empirical means. No acceptable level would be one at which any measurable
damage could be detected. The circle is thus to a degree completed.

Thank you very much.
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Discussion
Carsten

We have time now for discussion on this. Any comments?

Meinhold

You wouldn't want to get away that easily, Mewell? I guess a little prob-
lem that most of us who are concerned about de minimis have is does the time
when we're asked to sccept as the most reasonable estimate of risk for low level
radiation a sort of y = mx + b relationship, that has to equal zero, which means
that small doses for large numbers of people produce real deaths. How do you
justify the de minimis concept with that sort of an end point?

Stannard

I think you put your finger on one of the ressons it has not been adopted.
There are many who feel that if you can establish a reasonable occupational
model, within occupational exposures standards, there are often levels below
which it's not reasonable to go because few people are involved. But as soon as
it is applied to collective dose, we're in trouble, and I don't see a way to
make a decision out of context of the whole problem of acceptable risk for every-
thing. This requires the kind of effort that has been discussed in many
quarters; that of bringing in people from outside science to help decide
acceptability. From the standpoint of moral obligation or from the standpoint
of the law, what is an acceptable risk? My answer is, I don't know,

Carsten

At the same time you have the point where the costs become unacceptable.
Who's going to define the costs as being acceptable?

Stannard
The sponsoring agency.

Carsten

That's right., But if you start, I think, to deal with the business of how
much it may cost to take care of individuals who suffer under a situstion like
that, you get back, I think, to the concept that if you think medical education
is expensive, try disease or something like that. Any other, questions?

Charlie Meinhold. You see, Charlie's another student of Dr. Stannards, so now
he's using this chance to get back.

Meinhold
Well to return what you said, I think you can come to numbers using ex-

actly those techniques that you mentioned. I think you can locate the costs of
the effects on society using other techniques that measure the effects of ill-
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ness in the humsn population and come to some upper limit of the value of &
man-rem, if you like, or a man-S8ievert. I love to hear that Sievert in there,
marvelous stuff. But you can come up with that value using some acceptable soci-
etal technique. Society is going to come up with that value, and once they do,
the differential cost benefit will have to be evaluated. Weighing the risks and
the costs of reducing that risk through whatever kind of protection you're going
to provide, whether its stronger shields, or whatever, you can do it in a logi-
cal way. It seems to me that eventually we're going to move in that direction.

1 think your problem there would be when they would say, looking at it
from outside, when you can't decide on the shape of this curve, how well can you
decide that the risk is one in & million, and on that bLasis how can we make a de-
cision as to what is acceptable or not? Dr. Borg?

Borg

I think you are arguing about a world which we don't live in. Richard
Wilson and others have tried to see what kinds of judgment pecple have made
about other perceivad risks and use those as acceptable guides. But what we
know is that there are all kinds of strange phenomena that many people do not
viewv in this large context. In the first place, the uncertainty of cancer can
be viewed differently from the uncertainty of an automobile accident, or a dam
breaking, or other major accidents. It's a matter that certainly weighs heavily
on decisions. That's one of the concerns of looking at the risks of radiation.
It is a fact, but how can we get up here and talk about how we ought to have a
consistent scheme? We ought to evaluate traffic light crossings, the amount of
money we put into different projects, but we don't do that. We just don't do
that. It's asking too much.

Stannard

I find it easier to conceive of a system where you decide that it costs
too much than I can conceive of a system of uniform agreement or what is an ac-
ceptable risk for what sorts of activities within what population.

Member of the sudience

It's absolute that to try and put any number on a cost-risk-benefit anal-
‘ysis type of thing is almost impossible as a generalization because within dif-
ferent societies we are faced with a very different set of orders, values, etc.

Caraten

Life has different meanings in different places.

Stannard

That's a very interesting point. I think Charlie Meinhold will recall
that ICRP very clearly indicated in both reports 26 anl 27 that their recommenda-
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tions were general on¢s and that each individual nation should take them under
advivement and apply them to their owm situations. I don't know very many na-
tions that have done this, but I believe that this was partly to allow for dis-
cussion of difficult points of view about risk and about cost. Is that true?

Meinhold

Absolutely, and that's the whole question, that the values for man-rem are
going to be very different in different cultures wiil differeat needs. After
all, a nation which doesn‘t have enough electricity to support its hospitals
will be silly to accept a much higher value for man-rem than a nstion like the
United States which can afford increased protection. There are obviously going
to be societal values on those types of things, and those have to be determined
by the individual societies. ICRP feels that those should be the same at each
national level, however. We probably don't have different values for human life
in New York than we have in Scuthern California, wouldn't you say?

Hull

I would make an obssrvation and ask a rhetorical question. It seems to me
that we wouldn't even be here listening to you today if it weren't for the fact
that the dangers of cancer from a millirem or a fraction of a millirem of radia-
tion from nuclear power has become a convenient surrogate issue for this whole
srgument on the policy of energy and energy sources. We wouldn't be here if
that weren't the case, because nobody previously paid any attention tec this
issue except us professionals. Now that brings me to the second question.which
is: as acientists snd health professionals, how do we deal with the fact that ne
risk is the greatest risk of all? BEow do we point cut the foolishness to soci-
ety and special interests of pursuing just one type of risk, whatever it is, and
ignoring all other risks. There are tradeoffs. Until people start looking at
tradeoffs, we're just going to be in this morass of single-issue risks.

Stannard

Well, I thought there was an indication that de minimis can be applied to
risk other than radiation, although it may need to be modified.

Hull

That would be a lot easier, although I think many people would not agree.

Carsten

At first when you said we wouldn't all be here, I thought it might be be-
cause of the level of radiation.

Hull

It wouldn't be an issue.
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Carsten

I know.

Borg

Do you think it would be possible to bring a measure of rationality into
the level of what is meant by sbsurdity even though different people in society
may put different =alues on the risks we're talking about. If one could show
the public at large the range of fluctuations of the hazard, whatever type it
may be, chemicals in one's diet, radiation from the environment that come from
everyday life. What happens if you decide to live on the 17th floor of a build-
ing, rather than in a stone house. If you could get an understanding of those
fluctustions then it might seem rational to people no matter what their absolute
values were that some tiny fraction of that kind of fluctuation is not worth
going very far to avoid. Other things will bring it to you anyway. Somewhere
in one of your early lists you have the word sbsurd and, of course, that's a
value judgment. I think that by bringing to people information on a comparative
basis sbout the same class of risk you can finally get a more informed public.

Carsten

I think coming back here I remembered something that bothered me some
years ago, hearing lectures from Dr. Stannard and others when thay talked about
this. What were the standards at that time? There was a concept at that time
and I don't know if it still exists, about emergency exposures which were permis-
sible if inaction might result in loss of life or significant loss of property.
Here, again, people were asked at that time to make value judgments on what was
significant. And I think we're still faced with this question. This may or may
not be an issue, but I think there are big differences in different countries be-
cause of different concerns regarding general health. For example, in certain
areas of the country or in the world the people eat grain that may have
aflatoxin in it because they're going to starve to death if they don't 'eat the
grain, even though it's bheen stored and gotten wet. 1 think this is a very real
current difference.

Drevw

It seems to me that the real problem is ocne of educating the public rather
than educating the scientists. And one way to do that is to develop a unit of
risk cig rem or something like that, or perhaps person miles traveled in an auto-
mobile, so that we can compare risks in a way that people who take risks every
day can relate to, rather than the somewhat esoteric values currently used, par-
ticularly for rather widely perceived risks as opposed to actual.

Carsten

Jones suggested back in a series of lectures in 1958 that the rem per pack
etc. might be useful and I agree. But to play the devil's advocate, what they
always come back with is, but it is my choice to smoke or drive a car. I want
wy choice whether or not I'm exposed to radiation which we know is ridiculous be-
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cause the individual takes the choice to turn on the light and use the air
conditioner. They've got to get it from somewhere, and I couldn't agree with
you more. I think the sducation part will not work, because in spite of the cig-
arette thing, people smoke. In spite of the car atatistics, pesople drive cars.

Member of the sudience

There's a major problem with this kind of attempt at normalization of
risks. The risks are not weighed against the benefits. If you wsnt to fly
somevhere in an zirplane, the risk you accept in flying the airplane is very
closely wound up with the fact that you want to get there. If there is no other
way to get there, you know, you're going to go in the airplane. And that's not
the same as driving to work every morning. Those kinds of risks, compared to
eating a peanut butter sandwich, you order or whatever are not comparsable. Some
things are easy to avoid if you want to avoid them. And other things are diffi-
cult to avoid. Then you have the same risks. But it's not independent.

Another member of the audience

People believe what they want to believe. Clearly, the statistics with re-
gard to safety belts show that not using them is a significant risk that people
choose to take for no benefit whatsoever other than not having to reach around
and put the balt on. It's not clear in black and white.

Carsten
We have time for one more question.

Hull

About ten years ago in the National Safety Journal there was an article by
John Zirr, in which he proposed a new unit the millimart, a risk of 1077, It
seems to me something universal like that has a lot of appeal. Very simple. So
I think the comment has a lot of appeal when you get something that people gener-

ally recognize.
Carsten

Do you have a last comment?

Stannard

I would say, besides "thank you very much,” that just as I had hoped, the
audience contributed much more than I did. But I would like to say to those of
you who have not read yourulf to sleep with Ramarzini that the dissertation on
the diseases of learned men is especially interesting reading. If you read the
book, I think you will be smaged at the clarity with which the symptoms and the
complexities of what happens are described. He goes way off base on cauutxon,
of course, but you have to take your hat off to these folks, Ramazzini in partic~
ular, for being able to describe, and we should not discount their abilities.
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Prepared Comments

Policy Issues in Setting De Minimis Standards for Latent
Cancer Risks of Radiation and Chemical Carcinogens

Miller Spangler

In the fuel cycles for the development and utilization of alternative
energy resources, the risk of latent cancer arises from a number of sources.
Inzluded are ionizing radiation and the carcinogenic potential of polluting chem-
icals present in certain fuels or in materials associasted with the construction,
operation, maintenance or waste treatment processes of nuclear power, fossil
fuels, synfuels, biomass, and other sources of energy. One aspect of developing
a carcinogen guideline policy for a consistent and effective regulatory regime
to use in dealing with these assorted carcinogenic risks is the setting of de
minimis quantitative standards. In this summary paper, 11 policy issues related
to the setting of such regulatory standards are identified and a brief commen-
tary is provided.

Issue 1. Should quantitative de minimus safety stanlards for carcinogenic
risk be established using absolute or comparative risk assessment?

Commentary: Arguments for and against the use of comparative risk assess-
ment were presented in Cogressional hearings oa the Ritter Bill (HR 4939) which
was recently passed by the U.S. House of Representatives.l Without the use of
comparative risk assassment to serve as a basis for standard setting, it is dif-
ficult to see how available societal resources for protecting health and safety
could be effectively and equitably allocated. A drawback is the difficulty of
achieving the legislative or administrative reforms to promote the objectives of
comparative risk assessment.

Issue 2. If comparative risk assessment is used in setting standards,
should it encompass a wide range of related and unrelated riska or should it be
restricted to a comparison of alternative choices of technologies that could ac-
complish the same or similar societal benefits?

Commentary: Both types of comparative risks have been used in the
proposed safety goals and provisional numerical guidelines issued for public com-
ment by the U.S. Nuclear Regulatory Commisrion in seeking to establish standards
for acceptable risk.2 If comparative risk assessment is to pursue the inciusion
of benefits, costs, and other associated adverse impacts beside safety risks
(see below), it would appear essential to limit the scope of comparative assess-
ments to & realistic set of related decision options.

Issue 3. Should quantitative risk standards be established that allow for
differencez in net benefits of alternative technologies, thus permitting
risk/net-benefit tradecffs?

Commentary: Technologies are developed principally for their intended so-
cietal benefitn with costs and other unintended adverse impacts being deducted
to arrive at nct benefits. Without inclusion of differences in net benefita and
the concept of risk/net-btenefit tradeofffs, the singular focus on risk-risk com-
parisons could be prejudicial to the net benefits available to society through
the scceptance of certain technological options.

Issue 4. Should, or under what circumstances should, a more limited
cost-effectiveness criterion of safety-cost tradeoff be used as 2 basis for set-
ting acceptable risk standards?
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Commentary: The expected dollar cost per life saved as in decrements of
risk versus increments of costs with increasingly more rigorous de minimis stan-
dards under consideration is one such approach. A suggested consideration in
its use is that there is no likely major loss of net benefits other than the
increased dollar costs involved.

Issue 5. When cost effectiveness is used in setting de minimis standards,
how does one treat the ethical issue of appearing to put a price on human life?

Commentary: A proper perspective for such a decision process would appear
to be that of achieving an equitable allocation of srarce soczetal resources for
alternative opportunities for risk reduction or saving lives.” Some examples

are provided in Table 1.

Table 1

Illuetrative Examples of the Cost of Life-Saving Opportunities
in Alternative Uses of Financial Resources® (in dollars per life saved)

Item of opportunity . Estimated cost (dollars)
i. Improved mediczal x-ray equipment 3,600
2. Improved highway maintenance practices 20,000
3. Screening for cervical cancer 30,000
4. Proctoscopy for colon/rectal cancer 30,000
5. Mobile cardiac ewergency unit 30,000
6. Road guardrail improvements 30,000
7. Tuberculosis coatrol 40,000
8. Road skid resiastance 40,000
9. Road rescue hzlicopters 70,000
10. Screening for lung cancer 70,000
11. Screening for breast cancer 80,000
12. Automobile driver education 90,000
13, 1Impact absorbing roadside device 110,000
14. Breakaway signs and lighting posts 120,000
15. Smoke alarms in homes 240,000
16, Road median barrier improvements 230,000
17. Tire inspection 400,000
18. Highway rescue cars 420,000
19. Home kidney dialysis 530,000

2gource: Selected from a list of similar items as cataloged by E. Siddall, -
Rigk, Fear and Public Safety,” Atomic Energy of Canada Limited,
April 1981 »p. 39-42.
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Issue 6. What should be done about the problem of discount factore and
other considerations in comparing risks of early versus latent deaths?

Commentary: Reduction of life expectancy is a quantitative consideration
if discount rates are to be applied. Other considerations are the longer period
of anxiety, cost of medical treatment, morbidity discomfort associated with la-
tent versus early deaths.

Issue 7. Should safety standards for occupational workers differ from
those involving risks to the public? If so, what criteria should govern such
differences?

Commentary: A prevailing view is that extra pay for hazardous occupations
and the voluntary nature of occupational risk acceptance should account for some
difference in standards. Countervailing considerations might involve a much
lower level of risk for workers than the public, large uncertainty of risk as-
sessment, and the sources of duress in seeking alternative employment.

Issue 8. When wide ranges of uncertainty accompany the estimation of
risks or verification of actual safety performance, should a standard be stated
quantitatively or qualitatively? If quantitatively, should the numerical guide-
line of acceptable risk be adminiatered 2; a mandatory requirement or as a de-
sign or operational target (or goal) with permissible variations? What
guidelines, decision criteria, or administrative procedures should control per-
missible variatione?

Commentary: The problem of treating uncertainty in risk assessment has
been widely discussed.6=8 Dose exposures by occupational workers and the public
are often more accurately determined for radiation than chemical carcinogens.
However, dosa-response estimates of latent cancer morbidity and mortality
(especially for low dose rates) have broad ranges of uncertainty for_ both types
of hazards due to inadequacies of data and scientific methodology.?s10 The
cost, delay, and degree of uncertainty reduction of extended research to provide
an improved basis for de minimig standard setting are important decision
criteria.

Issue 9., When the setting of de minimis safety standards is known to be
h1gh1y controversial among antagon1st1c interest groups, how are equity consider-
ations and public input to enter the decision process?

Commentary: This is generally a more important policy issue for standards
involving public exposure to radiation or carcinogenic chemicals than for occupa-
tional hazards, except when the two are closely linked. Various approaches in-
clude Congressional hearings, public workshops sponsored by government agencies,
the publxcat1on of proposed policies, rulemakings, or standards in the Federal
Register inviting public comment, adversarial hearings associated with the issu-
ance of Generic Environmental Impact Statements, or special scientific
committees or panels commissioned by the government to make recommendations.

Issue 10. In thke setting of de minimis safety standards, how are gaps to
be resoived between how experts assess and treat risk in decision making con-
texts and how the public perceives risk and decides on their acceptability?

Counentagxz Various studies have explored this subject, revealing that
the gap is wide, involves a complexity of attributes and attitudes, and will not
readily be resolved.12-15 Nevertheless, this gap has influenced the character
of legislation and regulatory practices in a number of questionable ways
affecting both the short- and long-term public interest. Strategies to allevi-
ate this gap could be an important adjunct to the successful setting of de
minimis standards of socially acceptable risk.
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Issue 11. S8hould, and how should, procedures be established for periodic
review and change of de minimis safety standards in view of the ponszlzty
that: (i) subctnntnl 1 improvements may occur rsgarding scientific rigor in
assessing risk or in validation standards compliance, (ii) technological prog-
ress may reduce the cost of risk reduction or enlarge the net benefits of the
technology, and (iii) changes may occur in societal values, perceptions, and at-
titudes toward the risks, costs, and benefits of technological options and their
social acceptability?

Comsentary: R2gulatory instability too frequent changes in standards that
penalizes inflationary costs of technological applications or deters their utili-
zation need to be balanced against the benefits and other costs of regulatory
change. 1Institutional rigidity in making desirable changes is also a problem to
be reckoned with in setting de minimis standards in the face of ‘an uncertain

outlook for their future change.
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SESSION VI

LEGAL AND REGULATORY ISSUES

Introduction
(Session Leader - Ssmuel Morris, Ph.D.)

Morris

Some of the laws which govern regulatory processes require risk assess-
ment. Others interestingly forbid it. The EPA people I know complain about
that all the time, because they need to regulate both sorts of laws. To further
complicate the issue, either risk assessment in the past decade has become
sufficiently ingrained or else people so sericusly regard it as & tool for ratio-
nal decision making, that even when a regulatory agency is itself forbidden to
do risk assessment or to take into account cost-benefit analyses as part of
their regulatory decisions, other people or other agencies will, on their own,
promote risk analyses for some of these decisions. In fact, I think what hap-
pens is that many of the risk analyses are not so much aimed at the specific de-
cision maker in the regulatory process but at influencing the general public's
feeling about some risk which indirectly then influences the regulatory process.
So that a session on risk assessment in the regulatory side of things is a very
appropriate way to bring together some of what we have talked about so far. So
without any further digressions I'll introduce Dr. Devra Davis who is with the
Environmental Law Institute and is an epidemiologist interested in cancer
epidemiology currently working at Johns Hopkins University.
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Regulatory Policy Propositions
(Speaker - Devra Davis, Ph.D)

Davis

There are a diversity of laws that require riazk assessment. It's impor-
tant to keep in mind that the whole field of risk assessment really is created
by the laws. We've been at this in some systematic fashion for more than a dec-
ade, I'm going to take Otto White's opening to heart and try to suggest some con-
sensus propositions here. I'll start with those that I think will arouse rela-
tively little argument and then proceed toc others which may be more controver-
sial but always my focus is not on what is scientifically correct or valid but
on the policy questions involved. One of my handouts details more than 14 dif-
ferent laws that regulate toxic substances in the enviromment. This authority
is parcelled out to EPA, DOT (which regulates hazardous materials in transport),
OSHA (which is supposed to regulute harards in the workplace), the Food end Drug
Administration (which has a variety of responsibilities for regulating hasards
in consumer products of a medical nature), and the Consumer Products Safety Com-
mission (which is supposed to set standards for hazards in consumer products).
In addition, let me comment briefly on the most recent law enacted to protect
against toxic hazards, the so-called superfund law vwhich was passed after the
last election, in December 1980. This law, I think, typifies what has happened
wmost recently in that it requires some kind of balancing of economics and
health, but it is still very much oriented towards health.

The handout summarizes these laws and vhat "triggers" them into action.

In some cases, you have laws which consider health only. Section 112 of the
Clean Air Act is not at all concerned with the economic consequences of
regulations. If something is a toxic air pollutant as defined under the act, it
is supposed to be banned. It is noteworthy that until recently only a handful
of substances have been regulated under that law; the average length of time
required to regulate a substance as a toxic imminent hazard is four years.

There is another type of law which requires no compliance but offers genersl
guidance. That will be indicated in the chart as well. A third type of law
gives very specific factors which can be triggered into action, for example,
TSCA, the Toxic Substance Control Act, passed in 1976, whick has yet to be fully
implemented. That law atipulates that things can be regulated if they cause
carcinogenic, mutagenic, teratogenic, behavioral, ¢r other synergistic effects.
That law and some others are what I call basic scienze forcing; they presume
that we know those things scientifically, in spite of the fact that we often
don't have quantifiable information that we can use. Another handout, which is
& string diagram, shows th: multiple nature of health effects associated with
chemicals. Next I want to offer some propositions (Prepared Comments, page
VI-23) which 1'l1 now briefly go through.

The first issue that I'd like to address is actually a continuation of the
discussion begun this morning, on the matter of animals versus humans. I want
to suggest that animal studies are much more readily available than are human
studies (Issue 1.1, page VI-23). Human studies document past risks not current
or future ones (Issue 1.2). There is a kind of catch~22 in that. When you do
a case control study and documment a relative risk for pipe fitters as has
recently been done, the immediate reponse of the industries which are large
enough to engage in control strategies is to reduce exposures. Subsequent at~
tempts to validate the relative risk get into a catch-22, because the exposures
have, in fact, been reduced. But most important, one of the biggest limits of
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epidemiological studies is that they can only tell you the past. They cannot
tell you anything at all stout the future.

It is possible to consider past exposure history of damage done, such as
with coke oven workers, when a new potential hazard appears, such as synfuels,
vhich seems to share many of the same effluents, both fugitive emissions and
otherwise. One can see an approach being adopted to set up what are called risk
assessment units, that considers past occupational exposures, to project what
nev occupational exposures may bring based on the past. BSo, the statement that
only past risks can be documented by human exposures at least needs modifica-
tion.

Rodricks

I want to suggest a similar kind of modification. If you mean we can't
use past experience, past documentation of human risk, to project risk in the
future, let's say under different exposure conditions for the same material,
then I disagree. OSHA did that recently. For exawple, for arsenic¢, in which
there is documentation of risks in the past, and workerz are now exposed to much
lover levels, they still use that to project risks in the future.

Yes.
Rodericks
I guess you mean just to discover the risk?
Right, T think that's a very good wodification. Andy?

11

lE’

To give a quick example of your point, not only has the nuclear power in-
dustry achieved the environmental emission limits designed for their reactors,
but current levels are practically below the limits of analytical detectability,
so I think your point is well taken.

‘iorris

1 think, particularly since we only have one speaker, that we should let
her go through her presentation and then have the discussion afterwards.
Otherwise we won't be able to keep to our schedule.

Davis

1'il try to limit my own comments then, and I'll present them in a
straight forward fashion and aftewards we can get to a discussion of the issues.
But I'm inclined to say after Joe Rodericks and his comments, “that's what I
meant.” Epidemiological studies can identify exposures that resulted in certain
levels of harm. In the case of synfuels, where you are able to characterize the
nature of the smbient pollution and either its chemical structure or its exact
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name, as in the case of bengopyrene or polycyclic aromatic hydrocarbons and coke
oven-type emissions, then obviously it is instructive. In situations where we
have the unknown, as in many chemical processee, or industrial processes where
theze's a manufacturing process going on, like pipe fitting or isopropyl alzohol
marufacturing, you're not sure exactly what are the caustive sgents. Let me try
to move right along here, to short-term versus long-term questions. Concerning
animal studies, wore short-term and acute tests are available on new and
existing chemicals than long-teram or chronic tests {Issue 2.1), and I have
recently reviewed the premanufacturing notification data provided to EPA under
Section 5 of the Toxic Substance Control Act. There are few data and those are
all short-term and acute. For many substances there is nothing. As you may
know, EPA is moving toward a strategy of exempting wide categories of substances
from any premanufacturing data whatsoever, which is interesting and noteworthy.

Issue 2.2, Almost all chemicals which cause cancer in humans cause cancer
in animals.

Oncogenes or cancer-causing or celli-transforming genes are virtually iden-
tical in mammals and humans. Therefore, agents which transform mammalian genes
should be regarded "as if they presented a carcinogenic risk for humans."

Issue 3. On the question of thresholds and linearity.

Issue 3.1. Thresholds may exist for individual chemicals in individual
organisms. In heterogeneous human populations some hypersusceptible persons
exist.

Iasue 3.3. The unborn, neonates, and the immunologically young are more
readily compromisad and have more sensitive metabolism than do adults. There
are some things that can have a half-life in the fetus that is four times as
long as that in the mother.

Issue 3.4. Therefore, given the population distribution of susceptibility
and the vulnerability of the young, threshoids have no practical policy implica-
tions, and linear interpolations or extrapolations should generally be
performed. I offer that as a consensus.

For potency, threshold is a valid concept but not practically useful., For
a single health effect such as cancer, chemicals can be logarithmically ranked
as to potency. This looks like a useful exercise. Now on the very last page of
the handout is a string drawing. It shows that there is no single chemical
among those my colleagues and I looked at vhich causes only cancer. If it
cauges cancer or mutation, it does something else as well. You can see with
DBCP: it presents reproductive hazards and also causes cancer. Now, there are
largely animal data, but in some cases there are human data. Nickel causes res-
piratory hazards and is also a carcinogen. 1 would make the general case that
most chemicals can have multiple health effects.

Issue 4.3. Most people are exposed to multiple low-dose carcinogens and
mixtures of toxins in the ambient environment.

Issue 4.4. A weak carcinogen may be a potent neurotoxin, etc.
Carcinogenic potency and other health effect potencies are not necessarily di-
rectly correlated. Think of cadmium or lead. Therefore, given the multiplicity
of effects and exposures, carcinogenic potency is of limited policy value.

Issue 5., Limits of cost-benefit analysis. Ordinarily, economic benefits
and cost assessments rely on bottom line toxicological estimates of health
risks. ‘This is changing, but that's been the way they have proceeded for the
most part. These assessments involve numerous economic and toxicological
assumptions. Therefore, cost-benefit analyses, like risk sssessments, are at
best tools for decision making as opposed to rules for decision making. This
may, in fact, be obvious to many of you but some may disagree. There is always
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this appeal of trying to discover some sort of algorithwm that could scientifi-
cally determine policy.

Issue 6. There can be no scientific regulation of carcinogens. I distin-
guish regulation from identification. Diverse basic science-forcing environmen-
tal laws and regulations exist, as witness the chart. They cover things in dif-
ferent media, at different times of their life cycle, from their generation to
their transport to their disposal, to their consumer product use. Some of these
laws require health-only considerations in triggering regulatory action. The fa-
mous or infamous Delaney clause has actually been used only three times in its
almost thirty-year history. That's a very important point. I don't know what
you want to call it, perhaps its artful regulation, but in fact it has baen
invoked only three times. The other law with a health-only consideration theo-
retically is the Resource Conservation Recovery Act known as RCRA. As origi-~
nally enacted RCRA did not aliow for any economic consideration, but it has
subsequently been substantially amended. One effect of this part of the law was
that soon after it was first enacted the o0il interests got a whole bunch of oil
drilling wud and sludge exempted from being categorized as a waste.

Issue 6.3. Most laws require some balancing of health benefits and eco-
nomic costs. TSCA, the Toxic Substance Control Act, FIFRA, the law regulating
pesticides, all require some consideration of economic and health effects. No
law that has been passed yet requires a strict cost-benefit procedure. However,
the Carter administration had an executive order, and the Reagan administration
has an executive order, which requires cost-benefit analyses of all 'major"
regulations. Major regulations are defined in terms of their economic not their
health impact. These major regulations in fact constitute almost all
regulations. Although the laws themselves may not expressly require it, most
regulations are in fact subject to some sort of economic cost-benefit analysis.
Therefore, carcinogen regulation remains an issue for administrative discretion.
Science can determine how best to identify carcinogens but not how best to regu-
late them. I don’t know if there's much disagreement on that, but I'd be very
interested to discuss it if there is,

Issue 7. Cancer policy documents. Cancer identification policies have
been under development throughout the past decade. I think it's importanmt for
any conference such as this, which is addressing cancer policy, to appreciate
that there's been a lot of water under the bridge when it comes to this issue.
Being a bit of a bug about history, I would just point out that this goes back
into the late '60s. In fact if you want to look at something fascinating look
at the hearings for the original Delaney amendments. The hearing started in
1948. At that time concern over the widespread use of DDT spurred interest in
chemicals in food. There were some people saying that such broad use might not
be a good idea. For now I simply want to call your attention to the fact that
there have been a lot of different professional groups, international groups,
that have considered cancer policy issues. Specifically, the International
Agency for Research on Cancer issued its Volume 20 Appendix which rationalized
treating animal data on carcinogenesis as if a substance was carcinogenic to
humans in the absence of negative evidence. The Organization of Economic Cooper-
ation and Development (OECD) chemical's group in 1979 in Europe also issued
guidelines for carcinogen identification from a number of expert groups. The
Interagency Regulatory Liaison Group, the IRLG, now deceased, finally developed
its own carcinogen identification guidelines in 1980. Joe Rodricks might be
willing to talk a little bit about that process. The State of California issued
its own guidelines in draft form in 1982, These efforts all generally concur on
major issues of carcinogen identification.
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I did not include the American Council of Government Industrial Hygienists
(ACGIH) policy statement on carcinogen standards, as I have not reviewed their
proposal. I sm concerned with the issue that Mr, Wambach raised about ACGIH.

My understanding of the MID maximum tolerated dose is that the dose should be
derived separately for each substance and no automatic cutoffs can be employed.

I looked at those numbers and couldn'’t think of too mary things for which the

MTD was not exceeded. On the other hand, if you excead the MTD you have dead an-
imals and you can't do the study. I would just say there may be enough of a dif-
ference betuveen what the ACGIH does and what the other groups have done on can-
cer policy issues. The ACGIH addresses the question of what you do with
something that causes cancer, how you regulate, how you set a standard. These
other afforts concentrate on how to identify carcinogens. Therefore, I would
suggest that these concurring cancer identification documents should remain the
major point of departure for discussion for cincer policies to identify
carcinogens.

Barlier I was talking to Kim Hooper and I got this idea. We have all
talked about time to tumor as an important indicator of potency at one point. We
need also to talk about time to xegulation. This is strictly a policy issue,
but we need to think about this when it comes to asking how we identify a carcin-
ogen. OSHA has set standards for less than 20 carcinogens in over a decade of
existence, no matter how you ca2ll it. It depends on whether you want to say
OSHA set a standard for benzene or not. They tried to; in fact, chey were
instructed by the Supreme Court in the benzene decisisn to review the data, and
I understand that they are still thinking about it, although some companies re-
port that they are well under what OSHA proposed. Again, identification and reg-
ulation are distinct activities.

Issue 8.2 EPA has set standards for # handful of toxic air pollutantas and
for toxic water pollutants only after protracted litigation. All of this takes
time, lots of time, and lots of money.

Issue 8.3. TARC, ACGIH, and other such groups proceed slowly to build sci-
entific consensus in identifying carcinogens. A case in point is a table that
shows more than 20 epidemiological studies published in the past two years that
identify more than 19 tumor sites as carcinogenic. Most of these industrial
processes or substances have not yet been reviewed by IARC. The JARC list that
we 211 talk about was made up in 1979; it is now 1982, There are a lot more
data now than there were then. Yet, IARC is not proceeding at any great pace
nowadays. Those of you who may have followed their recent deliberations on ben-
zene have probably found them noteworthy. 1 think it's a mistake to let aome of
these lists seem as though they are the final statement, because ours is an
evolving science when it comes to health risk assessment.

Issue 8.4, Since regulation proceeds so slowly, decisions must necessar-
ily rely on incomplete, best available evidence as to health and other risks.
You have to start the process of thinking; is this a risk, how much of a risk is
it, and what to do? You cannot wait for "better evidence' all the time. You
have to think about issues which we have not talked about at all. We have been
talking almost exclusively about toxicity here, but exposure, it seems to me, is
a very valid concern. Something that is used as a floor wax and is also an in-
gredient in lipstick ought to be considered a little bit differently than
something which may be a very potent carcinogen, but which is a used in a
completely contained industrial process. Exposure considerations are very
tricky. It's extremely important that the process of assessing exposure begin
in a deliberative fashion and not be held up while we wait for always better
evidence, even though that is to be desired. We need good acience but we
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ought not to let the demand for good science hold up the beginning of what is
often a long process.

There are some other issues which I've not addressed and I just want to
mention some of them: what are the policy implications of the fact that essen-
tial micro nutrients are high-dose carcinogens; background versus added doses;
benign versus malignant tumors; and the notion of a central board review versus
guidelines versus "creativity." Those are real policy issues, but as I'm sure
you're aware, there is a definite move in this administration toward some kind
of central board. I think it would be appropriate for people here to comment on
whether they think that's a good or bad idea and how, in fact, it would work.

I think Mr. Chairman what I would suggest is that I'll put up these propo-
sitions in the order in which I presented them and people can comment on

vhatever they would like.
Morris

Let me just interpose that Dr. Rodricks is going to give us a short discus-
sion of the OSHA standard he's working on and s0 what we'll do is to allow about
fifteen or twenty minutes for questions and discussions on this paper first.
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Discussion
Davis
On the first page, than, let's discuss these issues.

Bender

On the first page, I would comment tha: experience, at least wy experi-
ence, says that although in a sense those things are true, that is with the
ceveat that you can predict the future risk if you know what the agent is. My
experience is that human data, if and when they do becowme available, drive out
all the animal data, and then it becomes very difficult to persuade anyone to
agree to use the animal data. Witness the difficulty with radiation cancer risk
estimation, which has plagued us for some time. Early on, we knew from human
data that radiation caused cancer in humans, but we had to rely on animal data
slmost exclusively for our numbers. Now that there are several bodies of human
data, notsbly the Hiroshima-Nagasaki study, it is very frustrating to try to get
anybody in the cancer astimation business to pay any attention to the lessons
that the animil data, in my opinion, show. They just want to look at the human
data and throw out the animal data.

Davis

I think that's most unfortunate because if you look at some of the so-
called husan data, let's take DDT as an example, some of the early studies
performed and published in '68 and '70 on DDT took little snapshots of exposed
workers. Let me give you an example of one that I looked at in some detail. The
study looked at workers in Montrose Chemical Company and excluded from the study
population all workers with any liver disease. It then proceeded to find that
there were no effects. And this study, done by a very reputable toxicologist
whose name I will not mention, was cited for years as evidence of the safety of
DDT. This was not that long ago. As an epidemiologist I am very wary of that
sort of development, although I think you make a very important point that this
is what tends to happen. I think we need to be very careful about so-called neg-

ative studies because of that.

Rodricks

Juat & question: 1Ia there some hidden meaning behind issue 2.1? I don't
find that surprising, but vhat is the point?

Davis
There is n» hidden meaning.
Rodricks

What is the point of the statement?
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Davis

Simply that there are some who say that sheort-term tests are of nc value
at all for identifying carcinogens. 1've heard some people in Washington
nowadays saying that. That liver homogenates differ, that all rats get breast
cancer, that we have to rely on humans, and that we have to rely on long-term
studies, and we need good solid science and it's going to take a long time to
get it.

Rodricks

All right, I don't disagree with that, but I don't think the statement
says that. I guess that was my question. Just that more are available.

Davis

That's right and I said more data and implicitly valid data. They are not
more valid but they are also valid. That's all; there's no hidden agenda at
all., Simply that they exist.

Hooper

I think the point is that epidemiology is not an effective screening
method for carcinogens. Once a chemical has been identified as a carcinogen by
an epidemiologic study and exposures to the carcinogen are controlled, cancers
will continue to develop and be expressed over the ensuing 10-20 years because
of the long latency period of human cancer. Human evidence of carcinogenicity
is a poor end point from a public health standpoint.

Davis
It's very definitely the case that epidemiology is a crummy end point for
a safety measure.

Bender

Regarding the question just raised about point 2.1: if that's meant to
apply to quantitative risk estimation, as opposed to risk identification, you do
have a problem there, no question.

Davis

Yes, you're right.
Bender

Even with the human data, we worry, for example, as to whether the fact
that Japanese females are not subject tc brsast cancer to the same extent as
Western women - Caucasian women - whether that invalidates the utilization of

the quantitative data from the Jspanese studies for radiation-induced breast can-
cer. There are all kinds of problems of that sort. I don't mean just short and

long term.
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Davis

Yes. A related problem is the Japanese cultural acceptance of early abor-
tion. The rate of sbortion very early in pregnancy is much higher, which calls
into question survivor studies there. Let me go on to the next page. Agents
vhich tracsform mammalian genes should be regarded as if they present a
carcinogeric risk to humans. That is what 2 number of differznt groups have
said over and over again, although the He:itage Foundation wrote a report to
the president in which it was suggested that this particular policy needed to be

looked at again.

Bender

At the risx of monopolizing things, I think that points 2.3 and 2.4 imply
something I'm not sure I'm prepared to accept, which is that we know something
more than I think we know about thes origins of cancer and the mechanisms
involved. Oncogenes may be important, but that may well not be the only thing

that‘s important.

Davis

Indeed, this week'a Science has an article on the retrovirus, and I'm sure
that is the case. The argument made here is simply that if there is souething
which all mammalian crganisms have in common, and that this thing appears to
cause cancer or t-ansform cells in all of them, then it would seem to strengthen
the case for conclusion 2.4 which is the validity of extrapolating from animals
to humans. That's alli. Now, as a group of scientists, you may think thig is a
finished issue, but it's really not finished politically. I would just like to
mention that, to call it to your attention.

Borg
This is just to say I don't think it is a finished issue scicntifically.
There was some discussion this morning without identification of the source.
They way have been thiiking of Mensing's work of a few years ago about
epigenetic mechaniams, and 1 think scientifically the issue is alive too.
That's enough for the present discussion.

Wanbach

Obviously, we're bent on pathways that are different in different animals.

Davis

Yes. Now on to part No. 3, thresholds and linearity. I think the issue
of thresholds is scientifically fascinating. There is no question, it really is
very intriguing and I think they probably do exist. But I do not think that
they have very many implications for policy purposes. When you consider that
most standards are not set with hypersusceptibles, the young, or the unborn in
mind. For the most part, we don’t have toxicological data on these groups.
These data are being developed now, but it's a neglected area. Dale?
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Hattis

Yes, I tried to make the case earlier that for carcinogens, which are
thought to act by way of the primary genetic route at least, one probably ought
not to expect thresholds. I would really like to see that word not used in the
context of policy for carcinogens in whatever derivative form, because I think
it derives from azn earlier notion (that is still valid for application to some
kinds of toxic effects of chemicals), but I think is not fundamentally appropri-
ate to genetically acting carcinogens. I think that probably it creates more
confusion tc use the word threshold, much more than it's likely to be worth, and
it calls to mind the whole set of associations with some overwhelming of a body
compensatory sechanism that I think is unfortunate and likely to be confusing to

people.

Borg

At the risk of sounding like & broken record, I think we have gone back to
concerning ourselves primarily with initiation when we refer to carcinogenenis,
and as I say, like a broken record, I think the story on promotion is much less
certain and the likelihood that we're dealing with a more traditional kind of
pharmacological behavior there where thresholds are still an open iassue.

Hattis

I entirely agree that uncertainties about the mechanism of promotion leave
open that possibility.

Bender

1 agree with Dr. Hattis about the likelihood for thresholds for chemical
carcinogens; never mind the promotion aspect. But it's the old story; people
keep bringing up the issue. I don't think we can forbid them to; that's the his-
tory of setting radiation standards. Those with vested interests say "yes, but
you can't prove there isn't a thrashold: wmaybe there is no effect"; and you sim-
ply can't disprove that stutement. You can sometimes prove that there is &
threshold, but nevertheless you're still stuck with this generic problem, and I
think the answer has to be not so much mechanism or theory, as simply saying
that although we can't prove it, it is nevertheless prudent to act as though
there cannot be one, and just let it go at that.

Crouch

Could you tell we who has measursd a Gaussian sensitivity to
carcinogenesis?

Davis

Who has megsured it? I don't think anyone has measured it. The assump-~
tion is that you have & Gaussiun distribution in a population.

Crouch

I don't think you can state there's a Gaussian distribution anywhere.
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Davis
All right, thank you.

Everybody says its log normel.

Davis

Let m® ask a question, however, on that last issue and the issue that Otto
mentioned in the worning. For workers, thire are threshold limits values and
the whole concept of threeshcld limit value is derived from the assumption of
some kind of a safety factor. There is alsc HLA typing and some genetic screen-
ing going on in the workplace now, based on animal studies. They are scraening
workers and assigning them to certain. jobs and not to cthers on the basis of an
assumnd susceptibility because of an enzymatic repair depletion in them that
mimicy one in a mouse that gets more cancer. This is happening now aund it calls
into jquestion the whole concept of threshold limit values which I think is what
you were trying to talk of before.

White

How would you describe the concept of threshold versus ronthreshold when
you decrease the homogeneity of a population such as by going to & working popu~
lation?

‘Davis

Well, I prefer not to think about it. We have a tradition of regulating
chemicals on a chemical-by-chewical basis in this country. Ue set standards one
at a time. 1In 1980 the Ceneral Accounting Office issued a report in which it
said that at the current pace of regulation it would take OSHA one hundred years
to regulste known occupational hazards. That tradition of regulating chemicals
one at a time, setting standards one at a time, it seems to me could be changed.
And if it were changed, I would suggest that it be an environmental control
strategy at thz source. 830 that instead of regulating levels in the environ-
ment, you would focus on developing control technologies in the first place that
would reduce all emissions to, the "lowest feasible levels." Feasible is a word
in the OSHA statute which is only getting its own case law definition now, like
many of these terms, like acceptable risk or unreasonable risk that are defined
in the law as cases are drought into court. Lawyers file briefs and the judges
wake decisions and they define thase terms. But thc approach that I would like
is that workplace standards not be set on a chemical-by-chemical basis, but be
addressed by an environmental source control approach. This is what is done in
some European countries. I have not thought it through, but that is the sort of
thing I'd rather see us do. I would also rather see us do categoric
regulations, by which I mean allow for exemption and regulation of whole classes
of substances, so that we do not have to go for each substance, for each medium.
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White

It's not clear to me that that would result in a reduction of risk to
workers. It might reduce overall the exposure to the population in general, but
you could still have extremely high exposures to the work force.

Drew

I'm concerned with the implications of this particular slide. I agree
that carcinogens exert other kinds of toxicity and that certain compounds which
are potent neurotoxins may be weak carcinogens. But to then imply that
carcinogenic potency is of limited policy value is of great concern to me. Are
you saying that, to use my analogy at the beginning of this meeting, you're
going to (and we'll take for granted that 80, is a promoter and therefore a car-
cinogen by definition) regulate S0, with the“same degree of rigor that you're
going to regulate bis{chloromethyl)ether?

Davis

It depends on the exposure. Risk assessment, if you boil it all down, has
tvo parts. One is toxicity and the other is exposure.

Drew

Toxicity is, in part, potency, but potency isn't toxicity. Potency is,
however, deeply entwined in toxicity.

Yes indeed.
Drew
But you say here that potency is of limited policy value.

Yes, that’s right.

i

I think there is a dichotomy here that I don't quite understand.

3

I'm not sure of what you're saying. Let me take the analogy to
radioactivity; clearly in protection against radiation {which I suspect is not
that far ahead of other carcinogenic agents) the preferred approach is by means
of time, shielding, and distance. You'd like engineered shielding and contain-
ment and thus not to have to put somebody in a mask or to limit his time. In
this sense, it is a far more positive solution. But if you're saying this
should bYe done generically, for exsmple for all nuclides, then I might have a
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problem. Tritium is potentially carcimogenic, but the bedy burden is a
mililicurie. To be expected to treat it in the sssz way as plutonium, for which
the body bugden is a few nanocuries, seeme unreasonable vhen there iz almost an
order of 10 differance just because they're "carcinogenic."

Davis

You made that category, I didn't.

£

Oh, all right.

Davis

I didn't make the category of nuclides.

£

But I was using aualogy.
Davis

Yes, 1 understand what you're saying. In this workshop, the possibility
of generic regulation is an idea we might discuss. Kim, I thought you had a com-
ment?

Hooper

I think we should consider it a misnomer to state that there are
“threshold limit values" for carcinogens. The definition of a TLV is that a
worker may be exposed to a substance eight hours a day, day after day, forty
hours a week, over his work life without adverse effect. PFor carcinogens, this
simply isn't true.

i

For most workers, there is a big difference.

i

In contrast to common acute toxicologic end points, which may have a "no-
effect” dose level, even low doses of carcinogens have some probability of
producing an effect., There's no guaraniee of no adverse effect. The definition
of TLV doesn't seem to work for carcinogens.

Davis

That's a very interesting isaue of whether a TLV is inappropriate for
carcinogens. I guess that's a much better way of saying what I was trying to
say.
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Rodricks

I want to comment on issue IV. I'm not sure vhat definition of potency is
used here. If it's something like an LDgg or, a minimum effective dose, I agree
that's not very useful. However, if it's the type, for example, that Dr. Crouch
described or that Roy Albert has described that EPA uses, that is, unit risk at
low dos=, I think that combined with some exposure estimate gives some quantita-
tive measure of risk which although uncertain is still useful, taken together
with other iaformation. I would just not throw it out. I think that's terribly
useful information. So if we have a definition of potency that somehow reflects
the likely low~-dose response for human exposure, then I disagree with what you
have said here.

Davis

So, when one refers to a single health effect, such as cancer, the unit
risk analysis that they have been doing and the Clement scoring system that was
developed take miltiple health effects and develop a score for a number of
health effects to try to develop a unit risk dose. That's what this is trying
to suggest that that's a good idea and let's see how far you can go with it, al~
though I have reservations on how far you're going to get when you start
thinking about mixtures. But I do agree that for single health effects, potency
is of limited value. Something that would indicate the combination of effects
and give a true measure of unit risk per unit exposure would be invaluable. But
again, it's limited because no one is ever exposed to only one chemical.

Bender

May I just comment? 1If I can collect my thoughts, the problems associated
with establishing a TLV are very similar in many ways to those that have been
sssociated with establishing acceptable daily intakes of food additives or
pesticides. The procedures ares very similar: that is, they have relied on ani-
mal data, in some cases human data, for establishing so-called "no effect
levels,” and then applying some safety factor, usually fairly large in the case
of the general population; larger than has been appiied for worker populations
generally. Yor example, for pesticides and for food additives, the usual safety
factor is 100. That's baszd on a no-observed-effect level from chronic toxicity
studies. The most sensitive end points are used as the determinant to derive an
ADI, acceptable daily intake. No one has ever claimed that ADI's or TLV's are
without risks. I don't think so, for we can't know that for sure. That proce-
dure has not been applisd for carcinogens, at least until ACGIH recently
undertook to do this for some classes of carcinogens. I'm not sure we are posi-
tive that no matter what safety factor we use for carcinogens, there will not be
some finite risk, no matter how large the safety factor, whereas for other kinds
of toxic hazards, we can somehow feel assured there won't be a risk. I don't
think there is a very clearcut distinction between the two, although people have
made thet distinction. I personally don't favor safety factors of a no-
cbserved~effect level for anything; I think that system tends to overlook all
the dose~-response data. But I don't see why there has been this sharp distine-
tion between carcinogens and other kinds of toxic effects in the setting of
TLV's or ADI's.
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Morris

Let we interject that I'm afraid we are going to have to cut off this
interesting discussion in another minute or two.

Bender

I think the answer to that question has to lie in our perception of which
effects are stochastic, and therefore unlikely to have real meaningful thresh-
olds, and which are not. I think that it‘'s perfectly possible to theoretically
set a TLV for a particular effect, let’s take ionizing radiation. lat's say
that it's acute death, bone merrow death. Nobody dies of bone marrow death
until you get up into the hundreds of rads range. It tapers off, but there is
a real, very large threshold, and, consequently, we do not regulate radiation ex-
posures on the basis of such an effect. It doe¢sn’t matter that radiation has
multiple effects or that chemicals may have multiple effects. We will regulate
on the basis of the one which concerns us most, very largely because it is the
one that is bound to be dominant as far as human health goes. We don't really
worry about ozone in the environment because there is some weak evidence that
it's a mutagen and so forth. We worry about it because when you get up to cer-
tain levels, people begin to get sick and die and they don't get sick and die
for genstic reasons or because of cancer: their hearts and lungs go. So I
think this is an important difference and that it bears some on the question of
vhether it's possible, and if so on what basis, to set a TLV for something
believed to be a carcinogen. I think it is possible myself but the basis must
be carefully stated and the basis will not be zero risk. It will be some
acceptably low risk.

Davis

Let me ask a question. Where do you think the basis should be for occupa-
tional standards, developmental embryology, or some other field? I guess my con-
tention is that cancer is not the most sensitive indicator of the hazard of a
substance. Cancer takes a long time to develop and is a multistage process with
multiple causes. It is not just due to chemicals., It is due to life-style and
genetics and a whole host of other factors. And if you were looking for, say,
the most sensitive health effsct to regulate, the one that would really maximize
your health protection, it might be neurotoxicity or it might be
immunocompetence or it might be reproductive effects. In my view, it would be
something of a short-term niture which would cause morbidity and for which we
now have very few data systems in place to collect the data, animal or human.

We have this legacy of a tremendous smount of data and money that have gone into
creating cancer risk assessment models. This has eclipsed equally valid con~
cerns with other chronic effects, some of which are very short in gestation.
Reproduction, even in humans, takes only nine months. We ought to think about
the implications of focusing this tremendous energy and intellectual talent on
carcinogen risk assessment and identification onto more subtle reproductive or
behavorial effects. The recent studies on lead poisoning published in the New
England Journal of Medicine in the last two weeks are probably a very good case

in point.
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Morris
Is there any cosment on that?

Setlow

I1'11 make & response. Since there are no good dose-response data on any
of the effects you're discussing, you have no guarantee that there is not a
threshold. What we are really worried about is what is happening at low doses.
There are good theoretical and experimental data, that have been quoted, to indi-
cate that there is a linear component at low doses, i.e., as Mike Bender said,
it is a stochastic kind of a process and the other ones may not be.

Davis
The other ones may not be?

Setlow

May not be this random process. They may be an accumulation of damage
such as would lead to death. That is a great end point for radiation. It takes

only how many days? Thirty days? ’
Bender
It depends on the dose range.

Setlow

Yes, but any way, you could get a death end point in thirty days but
you're not going to use that as an end point, even though it's faster than a
carcinogenic process.

Davis
But you could use fetal wastage if you had data on it.
Setlow

But what's the dose-response curve for that?

Davis

That's what I think we need to develop. But 1 do think with respect to
neurotoxicity on lead and some very interesting neurotransmitter inhibitions,
there are data emerging now. It's ironic because lead as you all know has been
around for a long long time, and its neurotoxicity has been kruim since the
ancients. Yet we have invested this tremendous effort in cancer.

Morris

A final word, Dr. Bender?
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Bender

To amplify on what Dick said, there are other reasons as well for not
using an end point such as fetal wastage. One reason for not using fetal wast-
age in humans is that humans tend to produce more fetuses than they really want
anyway and as long as they are lost decently eerly in pregnancy, nobody is aware
of them. Which also makes it very difficult to determine the effect. In fact,
there is good reason to think for a number of agents, of which radiation is one,
that fetal wastage is not a stochastic process, but rather has a threshold. Fur-
thermore, in many cases wvhere the admittedly sensitive fetus or embryo is
exposed, the problem becomes one of what are the important doses. We know that
mice in the fetal stages are more sensitive to the production of genetic changes
than in the adult stages. But it really has no great pertinence to the question
of environmental or occupational exposures, because the bulk of the exposure is
nevertheless accumulated by the adults, since the sensitive fetal stage is so
short a period in the life-span.

Davis

Actually, I was not thinking so msuch of necessarily monitoring animals.
Really, we do have a lot of children in this country. It would be possible, it
geems to me, to look at the kinds of consequences to them of the effects of the
levels that are in the ambient environment right now and we are not doing that.
Only now are we starting to look again at the whole aet of behavioral and cogni-
tive decrements associated with lead where oxe in five poor black children in
inner cities appears to be affected with a level sufficient to cause an IQ decre-
ment. This is fifteen years after the raging controversy about IQ began.

Bor‘

But those data in themselves are creating another raging controversy.
Davis
They ought to.

Borg
But the validity of the data is what I'm referring to.

Davis

I understand that and they ought to. Those kinds of findings ought to be
sub ject to very fine and detailed review and discussion. Having recently
reviewed some of that literature, however, I think that in general the issue
will be resolved in favor of the findings of Needleman and Goldberg and
Silbergeld and thosc who are saying that lead has much more subtle
neurotoxicological effects than we have ever thought of in the past; and that
there probably is not a threshold for some neurotoxicological effects.
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Borg
I have not seen the data personally, but I have heard an awful lot of crit-
iciom about MNeedleman specifically.

Davis

Yes, I understand that.

Morris

Well, thank you very much. Now, Dr. Rodricks?
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OBHA'S Carcinogen Policy
(Speaker - Joseph Rodricks, Ph.D.)

Rodricks

Most of you probably knc® that OSHA went through a rulc-making process
beginning back in the early days of the Carter administration. They wanted to
develop a generic policy for identifying and then regulating carcinogens in the
workplace. I wis not involved with that policy, although at the ssme time, a
beast vas formed in Washington called the Interagency Regulatory Liaison Group,
IRLG. That was to serve many purposes. It brought four major regulatory
agencies together, the FDA, OSHA, EPA, and the Consumer Products Safety Commis-~
sion, and it established a whole set of tasks that the agencies were going to un-
dertake together to try to coordinate activities, not necessarily the regulatory
activities, but some of the ancillary activities that were central to vegulation
but not regulation itself. One of the committees, for example, chaired by Jim
Beal, was on toxicity protocols. The agencies got together and decided that
they reclly could develop toxicity protocols for all kinds of studies that they
could use jointly, and they decided to develop those protocols so that there
would be a common set that industry would have to follow in dealing with any of
the regulatory agencies. One of the other committees waz called the Committee
on Risk Asgsessment, and I chaired that committee for about two years. We
produced a document called Identification of Carcinogens and Estimation of Risk,
the purpose of which was to say that the regulatory agenciss conld indeed iden-
tify carcinogens in some consistent, uniform way. It really didn't matter
whether it was food or pesticide, or water contaminant, etc., or an occupational
carcinogen, the basic science wan identical. It also talked about gquantitative
assessment of risk, although at the same time we were developing this document,
OSHA was going through a rule making in which it considered quantitation of risk
but at the same time wanted to reject it for regulatory purposes. So we had
that problem in OSHA. They had really decided during the course and after the
rule making that they did not want to include quantitstive risk assessmeat in
the process of regulating occupational carcinogens. So the IRLG document really
had to go softly in the aurea of quantitation to accommodate all the views, It
simply said it may not be appropriate for all regulatory purposes, but if it is
done, here is our recosmendati~n on how to do it. We basically promoted models
of the type that you've been hearing about hers for the quantitative aspect.

That IRLG document, did deal with all four aspects of risk assecsment I

described yesterday, and it became a document which the agencies accepted for =
few wonths, until the Reagan Administration came to town aud ended all IRLG ac~-
tivity. The IRLG, by the way, also had undertaken to do a similar kind of anal-
ysis of reproductive hazards. They spent a year and a half gathering a iot of
basic information but didn't get to the point of putting it together in some co-
herent form before the IRLG was disbanded, and all that work, I think, has so
far gcne to waste.

' The OSHA cancer policy is, as I said, a huge record, about 250,000 pages.
Some of you may not like what OSHA did finally and how it treated the science.
A major criticism is that its treatment was far too rigid and inflexible. It
set up minimum criteria for the acceptance of certain kind of data which many
people thought were just too demanding., It elminated too much information. But
that record is invaluable. It contains an enormous amount of information and
very useful snalysis. All of the same issues we have been talking about here
came uyp in that record, including quantitation of risks. OSHA rejected
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quantitation of risk in that regulation but it has an extensive discussion of
the problem of quantitative risk assessment that I think you would find terribly
valuable here. I also should mention what Devra said about the history here.
There is a long record of what I call guidelines for carcinogen assessment.

Most of the guidelines du not get to the question of quantitation, but there are
reports, produced during the mid- and late ‘60s, from the Department of Health,
Education, and Welfare, concerning pesticides that are carcinogenic and the
kinds of evidence appropriate for 2ssessing such hazards. There is a long re-
cord, reflected in the work of the National Cancer Advisory Board, the IRLG, and
the IARC which, although fairly limited in scope, all point in the same direc-

tion. So we're not working new ground here at all.
I think, however, improvements can be made. OSHA is now attempting to do

that. Their carcirogen policy regulated no carcinogen at all, but rather set up
a scheme which said that once you identified a carcinogen and you had a certain
degree of experimental or epidemiological evidence, it became a Category 1 car-
cinogen. Once you had established that, then the goal was to reduce exposure in
the workplace to what OSHA called the lowest level technically feasible. 1In
other words, the OSHA scheme did not go beyond identification of the carcinogen.
OSHA applied that idea in the case of benzene, and was challenged by the
American Petroleum Institute (API). The Supreme Court finally agreed with the
API and said that it wasn't epough for OSHA to say that if something was a car-
cinogen and if you could find it in the workplace, you had to reduce exposures
to the lowest level technically feasible. They had to go beyond that and make
some attempt to show that whatever exposures existed presented a "significant
risk."” The Supreme Court did not define this term. I think the record suggests
that "significance” is certainly a matter of quantitative risk but not only
that; other qualitative factors could alsc be used in the determination. The
Court talked about ranges of sigificance and insignificance. Risks of one in
one thousand are clearly significant, they said, assuming you have strong evi-
dence that the chemical is a carcinogen. The Court also said that one in one
billion is perhaps insignificant, but they refused to say anything about the wil-
lionfold difference between those two extremes of risk. So OSHA now has to re~
consider its carcinogen policy in light of that benzene decision and will be
going through another rule making. The OSHA policy now will come to grips with
the problem of dose-response evaluation {or potency), exposure evaluation, and
risk estimation, &nd will make some specific proposals on how OSHA proposes to
perform these evaluations. Then OSHA has to answer the question of significant
risk. The two demands on OSHA are to show that under a current standard, a sig-
nificant risk exists, and that if you then reduce the standard to some lowest
feasible 1limit, there is a significant reduction of risk.

As far as I know that is now the only activity concerning carcinogen pol~
icy in Washington, excapt what Roy Albert described concerning these policies
and the group the White House put together under Keyworth to replace the IRLG.
They were going to reevaluate the IRLG's work, but they have been silent so far.
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Discussion
White

How femiliar are you with the proposed benzerie standsrd? More specifi-
cally, with the de minimis quantity section and how that level was ascertained?

Rodricks

Well, which standard are you talking about? They proposed to reduce the
exposure limit from 10 to 1 ppm.

White

Under the acope of the proposed benzene standard, mixtures that contain
less than 1% were excluded from its provisions.

Rodricks

I'm not familiar with that. I can't talk intelligently about it. There
are many others here who can.

Hattis

I think that the 0.01% idea is really arbitrary. I mean I do think that
there is a need to make some determination in particular cases of what component
of a mixture is likely to significantly affect your regulation of it. But if
you told me that there was 0.01X of tetrachlorodioxin in, say, something made
from trichlorophenol, I'm still worried about thst. Because that 0.01X of very
potent stuff might well dominate the reponse to the mixture. So I think that ba-
sically the cutoff of what you regulate has to be some product of the concentra-
tion times the relative potency of the component.
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Prepared Comments
Suggested Propositions for Concensus at a Workshop on Problem Areas
Associated with Developing Carcinogen Guidelines, September 7 and 8,
1982, Brookhaven National Laboratory
Devra Lee Davis

I. Animals vs Humans

1.1 Animal studies are more readily available on existing chemicals than
are epidemiological or other human studies.

1.2 Human studies only document past risks, not current or future ones.

1.3 Therefore, as to future risks, animal studies must be relied on
exclusively in most cases,

II. Short Term vs Long Term

2,1 Concerning animal studies, more short-term and acute tests are avail-
able on new and existing chemicals than are long-term or chronic tests.

2.2 Alwost all chemicals which cause cancer in humans, cause cancer in
animals.

2.3 Oncogenes, or cancer-causing or cell-transforming genes, are virtu-
aily identical in mammals and humans.

2.4 Therefore, agents which transform mammalian genes should be regarded
#8 "if they presented a carcinogenic risk for human." (IARC, 1979)

ITI. Thresholds? Linearity?

3.1 Thresholds‘nay exist for individual chemicals in individual
organisms.

3.2 In heterogenous human populations, some hypersusceptiile persons
exist.

3.3 The unborn, neonates, and the {immunologically) young are more easily
compromised and have more sensitive metabolisms than do adults,

3.4 Therefore, given the normal distribution of susceptibility and the
vulnerability of the young, thresholds have no practical policy implications,
and linear interpolations should generally be performed.

IV. Potency: Valid but Not Useful

4.1. For a single health effect, such as cancer, chemicals can be
logarithmically ranked as to potency.

4.,2. Most chemicals cause multiple health effects.
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4.3, People are exposed to multiple low-dose carcinogens and mixtures of
toxins in the ambient environment.

4.4. A weak carcinogen may be a potent neurotoxin etc.; or carcingogenic
potency and other health effect potencies are not necessarily directly
correlated.

4.5. Therefore, given the mltiplicity of effects and exposures,
carcinogenic potency is of limited policy value.

V. Limits of Cost-Benefit Analysis

5.1. Ordinarily, economic benefit-cost assessments rely on bottom line
toxicologic estimates of health risks.

5.2, These assessments involve numerous economic and toxicologic
assumptions.

5.3, Therefore, cost-benefit analyses, like risk assessments, are, at
best, tools for decision making, as opposed to rules for decision making.

VI. There Can Be No Scientific Regulation of Carcinogens

6.1, Diverse, basic-science-forcing environmental laws and regulations
exist,

6.2. Some require "hiealth only"” considerations in triggering regulatory
action.

6.3, Most require some balancing of health benefits and economic costs.

6.4, Therefore, carcinogen regulation remains an issue for administrative
discretion. Or, science can determine how best to identify carcinogens, but not

how best to regulate them.
VII. Cancer Policy Documents

7.1. Cancer identification policies have been under development through-
out the past decade.

7.2, TIARC, 1979, OEDC, 1979, IRLG, 1980, and the State of California,
1982, generally concur on major issues of carcinogen identification.

7.3, Therefore, these documents should remain the major point of depar-
ture for discussion of policies to identify carcinogens.

VIII. Tiwe to Regulation

8.1. OSHA has set standards for less than 20 carcinogens in over a decade
of existence.

8.2. EPA has set standards for a handful of toxic air pollutants, and for
toxic water pollutants only after protracted litigation.
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8.3. IARC, ACGIN, and other such groups procezd slowly by scientific
conensus to identify carcinogens.

8.4, Since regulation proceeds so slowly, decisions must necessarily rely
on incomplete best~available evidence as to health and other risks.

Other Issuss Not Addressed Above.

s Essential micronutrients as high-dose carcinogens
* Backgroind vs added doses

* Benign vs malignant tumors

» Central board review vs guidelines vs "creativity"
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SUMMARY

Introduction

White

Dr. Richard Setlow is going to summarize what has occurred over the last
two days. I have asked him if he could make his comments with respect to the
needs of the Centar in terms of developing a carcinogen policy. Dr. Setlow is
the Chairman of the Biology Depsartment at BNL and ie & mewber of the Center's Ad-

visory Panel.
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Summary Comments
(Speaker ~ Richard Setlow, Ph.D.)

Setlow

You must remember that this workshop was called together for a particu-
lar purpose. It wasn't really aimed at solving the genercl problem of
carcinogenesis in the world from exposure to all sorts of chiemicals. The pri-
mary purpose of this two-day workshop is to assemble key wmembers of the scien-
tific community with the Center staff end its advisory panel, thereby providing
a forum for addressing some of the fundamentazl iscues which serve as major draw-
backs for current regulatory guidelines on occupational exposures to
carcinogens. So, the major emphasis is to get some guidelines to help set occu-
pational exposures. But first let me make some rather general comments. Some
of them hsve to do with what we know of a fundamental nature which is really all
that I know about this subject. That is the question of why we concentrate on
carcinogenesis and not on other end points, and again the best place to draw
some of this information is from ionizing radiation studies where, a&s has been
pointed out, there are real thresholds for killing people by ionizing radiation.
Once you get over that threshold, in a rather narrow dose range, the probability
of death approaches 1. At these doses, somewhere over 500 rad, the probability
of getting cancer is negligible in terms of this probability of 1. The number
of cancers made by radiation at these doses is really very small compared with
the number of deaths that you might get. So if one were to plot such dose-re-
sponse curves, for lethal affects a curve such as Figure 1 would be obtained.

DEATH

o
L
j

CANCER DEATH

— —
— -

APPROXIMATE PROBABILITY
AS A RESULT OF IRRADIATION

-
300
RADIATION DOSE (rods)

Pt

o
/]

Figure 1

Actually, the best kinda of data that we have for human epidemiology come from
radiation fields. One of them is ionizing radiation and those of you who follow
these fields know that even in that case the dosimetry is uncertain at the mo-
ment. 8o this is a problem that is peculiar, not just to chemicals, but also to
ionizing radiation. Dosimetry is uncertain. In the case of ionizing radiation
the best kind of theoretical fit for the available data is that for acute doses.
The kinds of response that we're talking about, the probability of getting can-
cer, goes ss some constant background rate plus linear and higher-order
polynvminals. 2

Excess Probability = aD + 8D+ ... .
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If you went to high enough doses; there are other killing factors, and our
job, therefore, really is to know how the coefficients alpha and heta vary.

It's important to recognize that such coefficients, which are evaluated for
acute exposures, are also functions of the dose rate. When one gets very low
chronic exposures, which is really what we are concerned about in theae cases,
the coefficients decrsase. We don't really know how they decrease. We really
don't know very much about the functioms. Certainly not in the chemical case.
Yor ionizing radiation and at low doses, there is a predominant linear term.
There are good theoretical reasons for that linear term and all that 1 want to
say is that alpha, the slope, decreases ss the dose rate decreases to sowme mini-
mum value, not necessarily 0. So that'’s ionizing radiation.

The other case for vhich we have a great deal of human epidemiological
data is also a physical carcinogen. It's the only one that I know anything
about. It happens to be ultraviolet radiation and its producticn of skin can-
cer. 1It’'s not a lethal disease, but it is so prevalent in the United States
wvhite population that it is rarely counted. There are of the ordar of 400 or
500,000 new cases per year of skin cancer in the United States. Skin cancer in-
cidence follows a law in which the log of the cancer incidence is equal to some
constant plus snother constant. I'll call it A, times the average yearly expo-
sure. So in this case, we know from the epidemiological data that skin cancar
incidence increases exponentially with exposure. It's the log of the incidence
that's proportional to the avarage yearly exposure, and the only problem with
the interpretation of such data is that you don't really know how much an indi-
viduai is exposed to. Bob Drew obviously has had a reasonable exposure
receiitly, and others of us have had apparently little. It's averaged over the
world and not necessarily people. It's exposure at the surface of the earth and
it depends on whether you have gene outside and it depends on your complexion
and so on. Therxe are tremendous numbers of data of that type.

The only reason for talking about this is to indicate another case in
vhich everyone presumably is primed and well above such a threshold, if one
exists. This again is the same kind of problem that we have for chemicals. We
don't necessarily know what an individual receives. You don't have an ionizing
radiation dose meter on such people. You know what's in the atmosphere and the
surroundings. That was just to set my sighte as to what I'm going to try to
say. We have discussed such things as cumulative doses. Most of the effects of
some of these stochastic processes depend upon the accumulative insults and in
the case of ionizing radiation, by the mere fact that we call it ionizing radia-
tion, we mean that we agree with one ancther that after putting in certain cor-
rection factors we can add up the doses so you can use a dose meter and even
though there may be what we call different relative biological effectiveness, we
can add them up. The same is true to a certain extent for ultraviolet radia-
tion. We don't knuw vhat to do about chemicals.

We speak about chemicals zs damaging DNA and that this is an initiation
event, but most chemicals damage DNA in different ways, unless you take very
very narrov classes of chemicals, and even there they make different kinds of
products in DNA., For example, one of the classes that is most studied is the
nitrosamines. But there are nitrosamines that alkylate DNA with wmethyl groups
or with ethyl groups or with propyl groups, and these could all be very differ-
ent and the different nitrosamines can give rise to chemicals that alkylate dif-
ferent groups on DNA, It isn't apparent how one should do the dosimetry from
sums or mixtures of agents and perhaps that's why it's wise to be a little con~
servative and speak sbout ionizing radiation since everything you know is commen-
surate. You can have one standard for chemicals, but maybe we should be a lit~
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tle more careful be cause they are liasble all to be additives. We don't have a
good dosimeter that averages all those things.

The question of background cume up and was discusead. How should one
treat background cancer risks or any other risk? It's not very clear how to do
this. The usual argument is to make the assumption that the kinds of changes
that result in background are similar to those that might result from chemicals.
There's no good reason to make that assumption, but that's usually what's done.
There is no reason why it's the same kind of demage to DKA. If one looks at the
kinds of damages to DNA that we are experiencing as we sit around in this room,
they are probably very different from what you would find in the occupational
workplace. Completely different kinds of damager result from our existing at
37°C and sitting here and drinking coffee than being in sowme other place and
it's not clear that those should Le added in the same fashion. We don't really
know what to do. It brings us back to the point that we have to know how these
various asgents work before we can wmake rational estimates other than wishing
that we knew vhat the shape of dose-response curves were. We have to make such
rational estimates if we are to get some kind of estimates, but we don't really
have a lot of the background information necessary to do this.

Lastly in this summary, let me elaborate on a point that has come up
before and that is the variutions among people. In the response of different
individuals, we like to think of ourselves as howogeneous. Obviously we are
not. There are two kinds of responses that we know a great deal about, but we
do not know what influence they have on the response of individuals. One of
these aspects is the metabolism of various chemicals. Most of the chemicals we
are speaking about are not direct-scting carcinogens and if they were, they
would be too reactive and wouldn't do anything. So they must be metsbolized and
it depends upon what your metabolic pathways are compared to mine, as to whether
you have damage or not. There is no indication that they have to be identical
or whether, if you're pr med to make more agents, this is good or bad. In any
event there are lots of data indicating that individuals differ in their meta-
bolic activities. We don't know how to take this into accoun: except that this
would be expected to broaden the variance, if anything, in the normal popula-
tion. A second aspect which again is focusing on the initiation aspeets has to
do with the repair of damage that's made to DNA. We know, at least from the ex-
treme cases, that relatively small changes in the capacity to repair DNA might
produce very large changes in response.

The only ones we know of very clearly are some of the genetic-defect
diseases. One of these that's been alluded to is xeroderma pigmentosum, in
vhich the individuals are constitutionally defective in their ability to repair
ultraviolet light damage. These individuals, among othar things, get skin can-
cer at a very eurlg agg . Their risk to sunlight-induced skin cancer is in the
neighborhood of 167 -10 -fold greater than normal. Luckily, they are a small
fraction of the population so they don't really appear in any population
effectl. But we do know that the genetic defect in these individuals that re-
sults in defective repair, and increases their risk by, let's say, a factor of
103 or 10‘, is not a 100X defect. It's hard to get estx-utea for pOpulutxons,
but this defect, let's say, Juat to average it crudely, is not 100X, but is
around a 70X defect. There aren't very many other data of this sort, but what

! lnyin; is that a defect of 70% could give rise to chlngec of the order of
103- to 104-fold in risk from a carcinogen that everyone is exposed to -~
sunlight. Most of us do not have thia disease and we repair the damage. That
means, unfortunately, we don't really know too much about the dose-response
curves, that saaller defects could account for perhaps 10-fold changes in the
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amount of susceptibility. Hence a big variation in the population wmay come from
variations that you would usually describe as rormal. We do kuow that there are
repair variations which exist between normal individuals. How much of this is
experimental, how much is life-style, and how much is some physiological or ge-
netic background are mot known, but there exist differences in the normal popula-
tions of the order of 2-fold in the ability to repair DMA. Thir is another big
variation. We don't really know how this varies from one individual to another.
The last thing I should say about repair systems is that in all instances
known, the repair systems are not saturated for chronic exposures. They are al-
ways probably operating at their maximum specds and the doses to people that
we're speaking about are always nonsaturating ones. The difficulty in
extrapolating dose-response data from animal studies to humans is that in many
instances the doses to which animals are exposed are probably saturating doses
for some of the repair aystems or for various metabolic activation systems.
That really raises problems in extrapolation, especially because for several of
the repair systems that have been looked at, rodents are defective compared to
humans. That's an extrapolation problem that has to be put in perspective.

. Now the question is, Row can we apply everything that we've heard of to
the questions that Otto has raised? How can we help to set the stage, advise
the Center for Assessment of Chemical and Physical Hazards how to develop carcin-
ogen guidelines for the Department of Energy for its workforce (which is really
what the Center is supposed to do) not make carcinogen guidelines for the whole
world or the United States population. For most of the chemicals that the Cen-
ter deals with, we find that there isn't a tremendous amount of carcinogenic
data. They have really been chosen, in a sense, for this reason. If there
vere a tremendous amount of carcinogenic data, they would have been handled by
some other occupational procedure. So most of the chemicals the Center deals
with have very few data available and where thers are data there are certainly
negligible human data. Where there are some animal data, how should one deal
with them? I have no answer for that question. Really, Otto, maybe you should
ask particular questions of the assembled group, since this is the last crack
that you will get at them. Maybe you'll get some specific answers.

Vii-5



Discussion

White

In the remaining few minutes that we have, I think there are some key ques-

tions that would be worthwhile for the Center staff to have answered as we ;o
about our tasks. One question is the importance of a potency parameter. One
¢ritique that we have had within the DOE community and at Brookhaven is an
expressed need to categorixe these carcinogens in terms of potency. Whatever
control process that you would hope to incorporate in terms of safety protection
must also reflect the potency category. For example, aflatoxin Bl is certainly
in a different category than, say, formaldehyde or paradioxane. So as a first
attempt, we have tried to put together a potency matrix which in this case is
identical to the ACGIH breakdown. This matrix has been described today as a
crude mechanism for trying to establish a ranking system for these compounds.
However, there are probably several hundred compounds whizh need to be so classi-
fied. One suggestion has been that we take the individual compound and go
through an evaluation and apply various dose models amd make some prediction and
find what could be characterized as a practical threshold or an acceptable level

of risk.

Satlow

Let's not use threshold. Let's use another word.
White

We'll leave it at the acceptable level of risk then. To characterize on
an individual basis several hundred compounds, I don't think is a practical ap-
proach for us as a way to generate policy or protective measure for the Depart-

ment of Energy cosmmunity within the near future.
Drew

Otto, are you saying that you have several hundred compounds that are
unique to the Department of Energy, that have not been considered by other

agencies? :
White

No, that's not quite true., Generally the Center would be addressing com~
pounds that are unique. However, in the absence of a carcinogen guideline or
policy for federal agencies or the general public, DOE is putting forth & for-
ward posture in deciding that it will provide a safe work environment in the ab-
sence of some general policy. We would develop an interim policy until OSHA or
some other regulatory agency promulgates a more uniform standard. The only
thing that really exists in terms of regulating exposure to carcinogens is the
original OSHA 14 and some 6 or 7 additional compounds. Asbestos, for instance,
is an additional carcinogen which has in effect a threshold limit value of two
fibers per cc, wvhereas the 14 have no acceptable "airborne levels." Given the
unsuccessful attempt to reduce the current threshold limit value for benzene
based on the fact that it has been shown to be carcinogenic, there is an absence

V1Ii-6

[




of sufficient regulatory information and guidance needed by DOR to protect the
community soad their workforce.

Morris

It seems to me from your standpoinmt it wenld be wuch easier to look at
things from the other way around and ask in & piratical way what are the DOE con-
tractors that arc working with these material: guitg to do? It seems to me that
all they can do is to treat the exposure tv the aemicals in some ordinary care-
ful way, just as you would treat anything »ou thought might be toxic with good
industrial hygiene controls and clinical monitoring of the people and what have
you. Or they can treat them in some heroic way where they either don't use that
compound at all and take, you know, inordinate crsts to find replacement mate-
rials or only work on it in glove boxes or something like that. It seems to me
those are the two generxl ways that you have to deal with things. If you can
separate things into those two categories, that may solve a practical problem

for how people do it.

Vhite

That's basically what we have proposed. Thet is, we would break down
those chemicals which have been identified as cercinoganic on the basis of some
toxicity or carcinogenicity or potency as we have been discussing for the last
two days. Traditionally, the control sechanism that you develop for a specific
chemical depends upon its overall toxicity. We would set clasaes of chemicals,
some that would be safe to work with on a lab bench, others that would have to
be used in leboratory hoods, and still others that would require the use of
even stricter containment. Basically, that's what we're saying in respect to
these chemicals. WNow one of the problems is how do you differentiate levels of

potsncy or toxicity or carcinogenicity?

Setiow

Suppose they're plus, suppose they're carcinogenic. Things differ in
carcinogenicity from aflatoxin to formaldehyde. You have to have some mesns of
accommodating those extremes.

White

What we have done is use the ACGIH criteria. Now it would be of value to
the Center to have some feedback on that. That's in the handout I gave out this
morning as to whether or not that is a valid mechanism. At one point today it

was described as an extremely crude process.

Morris

But your process is bound to be extremely crude. I mean you describe the
whole way that we sat regulations as being pretty crude and you're talking about
setting DOE standards on the things that are not yet developed to the level
where people are ready to set regulations on them. 80, I mean the whole premise
has to be, that whatever you do is going to be incredibly crude.
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White

The problem areas that we have identified and are trying to address are
just that. They are problem areas and represent concepts for which more develop-
ment is required and maybe the prudent approach for the Center is to take these
crude measures such as the ACGIH and try to develop some mechanism for
suggesting regulations for carcinogens. It is a step above what is currently
available and what is in the process of being proposed (i.e., OSHA is proposing
criteria for classifying a subatance as a carcinogen, but not taking into consid-
eration the potency of the cowpound). So it's iikely on the basis of whatever
data base exists to have highly potent carcinogens and fairly weak carcinogens
classified as an OSHA category 1 carcinogen. What we would propose is somehow
establishing a ranking system for those materials which would be an improvement
as far as workers at Brookhaven are concerned.

Setlow

To me that seems like a rational way to proceed. If you think of
something as a carcinogen, then you want to know whether it's in a very danger-
ous, or intermediate, or not very dangerous category. And on that basis set
what you agree is a sort of crude estimate of potency. You know what the gen-
eral exposure is in the DOE facilities and that can be used to accommodate data
for suggested guidelines for reducing exposure or not.

Barancik '

But do we know the corollary health affects =2 the DOE employees?

Setlow

Of course not. There are no daza in moat of these cazes. There are no
data on human health ¢ffects. There are animal data from which one might extrap-
olate.

Barancik

One point that is very clear from the last two days of discussion is the
need to have adequate surveillance of the nccupational groups, and we still do
not have that. There are efforts to improve this throughout this country, but
the restrictions on access even to existing human data for epidemiologists are
great and increase each year. In other words, the availability of even existing
data is becoming more restrictive so that epidemiologists' use of such data po-
tentially is going to become more limited. So it would seem that one factor to
be considered here along with all aspects of risk assessment that have been
discussed is that we all have to go back where we started working with organiza-
tions and discuss it with our epidemiologic colleagues. We need to design
studies that include elements that are useful in risk assessment as defined
here. The epidemiological community uses a different jargon in describing the
samc problems. The term accident is used here which, in epidemiological circles
is a term that we're not very comfortable with.
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Setlow

I think one of the problems that arise from the cases that I have come
across in the Center's analysis is that the number of individuals exposed to
some of these chemicale is relatively small. I don't remember what some of the
numbers for some of the chemicals are, but they are very small in
epidemiological terms. The probability of obtaining any meaningful
epidemiological data from those is negligible. 1It's useful to fcllow them for
perhaps toxicological reasons, but for a carcinogenic risk, I don't think you

would get any data.
Vhite

I think it is possible that we may get some guidance from this and that we
take the approach that we are going to use, say, a crude mechanism in developing
some ranking of the carcinogens and develop some safety guridelines based upon
the category that the chemicals fall into. Through the surveying of the DOE com-~
munity, it is possible once we have that ranking to couple it with potential ex-
posure data because we did ask in a survey that was distributed for the number
of workers that were likely to be exposed to various compounds and the quantity
that existed at that time within that DOE facility. So that msy serve as a com-
bination of those two elements miy serve as guideposts for identifying compounds
that the Center will want to address in more datail and develop specific stan-
dards which are based upon some lowest practical risk considerations.

Fischer

Here's a suggestion that's only partly in jest: if the guidelines the Cen-
ter is developing are meant to serve DOE as intarim standards until final stan-
dards can be promulgated, ther the permissible range of "error" in setting stan-
dards might be greatex; for example, five years of exposure to an interim stan-
dard which was then lowered by a factor 10 in the final standard for the rest of
the person's life would result in his total lifetime exposure being of the same
order of magnitude, because of the relative shortness of time over which an
interim standard is intended. I don't know how far you would want to seriously
push gomething like that, but it is a consideration.

Drew Y

CGiven the examples that we were given this morning with regard to how long
it takes to regulate, I don't think that is a very practical approach. I have
a feeling that if we set standards then, at least for DOE, they're going to be
cast in concrete and copied for quite some time.

Fischer

It only makes sense if you're really convinced that this is an interim
standard. If you have any suspicion that it's not, then of course you wouldn't

do any such thing.
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Drew

Well, I think that it would be nice to have an interim effort, but other
agencies are going to take one look, and they're either going to agree or dis-
agree. If they disagree, it's going to take a long time to begin to make them
more rigorous. And if they agree, that's as far as it's going to go. I
think it would be a mistake to consider these interim standards, unless you de-
fine interim in terms of decades.

Baum

The three-category system you're speaking about already has quite a wide
range of containment capability 7o cover this problem that Dr. Setlow was
referring to with the wide range of potencies we have to consider, even if
something has been classified as a carcinogen. You could further extend that
range of coverage, however, by requiring additional contaimnment of some sort,
depending on the potency, sc that if it is a carcinogen and a highly potent one,
then not only do you have to have it in a glove box, but perhaps double contain-
ment in a glove box or limited quantities in a glove box, or additional
precautions could be built into this system you're speaking about.

White

Well, we have three levels. It may be a useful exercise to show what we
have at a later time to the panel and get some feedback in terms of whether or
not the three levels of protection have built into them sufficient elements of
protection to cover the broad range of toxicity.

Hull

I don't disagree with John completely, but it seems to me the desire in
whatever schemes you need to arrive at regulatory limits should be to keep the
basis as simple as possible. It seems to me that if you have three categories,
that ought to be enough. If it's not enough, rather than to superimpose fine
structure on these categories, you ought to have another category. That's what
you're doing de facto if you're tailoring individual categories. To me,
radioactivity, particularly internal burdens which are inside the body, provides
a fairly good analogy, except that you don't have a rad equivalent for other
carcinogenic agents. Therefore, you have to go back to a surrogate for potency.
The point is that you're basing your limit on a risk number and radiation stan-
dards are based on risk numbers, imperfectly krown as they are. Obviously I re-
alize there is a big problem in terms of most c¢f these agents. You don't have
human data, therefore you have to go to animal data. In fact, we haven't good
animal data for all nuclides. When they’'re not available, you generalize from
an analog and try to have something consistent with it.

Bender

It seems to me that we have arrived at some sort of consensus about some
features of this. Some number of categories of carcinogens are going to be
created and they will be treated differently. Perhaps it's three, perhaps it's
four, but some number, and in assigning compounds to that set of three or four
categories, certain elements are involved. One of them, apparently, is confi-
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dence that the material really is a human carcinogen, and ways have been
proposed to handle that, rating them i, 2, and 3, or something like that,
depending on the nature of the evidence. Then there is the question of potency.
There doesn't seem to be a lot of agreement on exactly how you rank them as to
potency, but something surely can be done that is reasonably good; it doesn't
have to be perfect. Then I suppose there is something of the notion of a de
minimis quantity, i.e., what is the risk, that is to say if I have a milligram
of something that is a potentent carcinogen, and I swallow it all, what is my
risk? It's clearly different than if I have a box car load of it, and this is
the third thing. There are probably some others. The decision on which box to
put this in as far as rsgulation goes is some function of all those things.
Maybe it's simple, maybe you add them all up and divide by three, or something.
I don't know exactly what it ought to be, but it seems to me that a consensus
agreement could be arrived at that would allow you to proceed with this process
at this point.

Bor!

The previous two speakers have covered part of the ground I wished to
cover, so I'll make my remarks brief and make a plea that in considering
carcinogens, whether it be in three or four ranks, ycu also set up your
guidelines, as I think was suggeated by both Hull and Bender, to look at the
hazard. You didn't want to classify them according to the amount of material
available for exposure but as to the procedures to be followed, but you should,
if I understand what Dr. Bender said, fold those things together. We used to
have here at the Laboratory a safety standard that gave some consideration to
the concentration of the putative carcinogen and the amount, and you treated, at
least at the laboratory level, the material differently depending on it. I
think that was good advice, that should be now backed up by the dose equivalent,
the potency of the material, so that you don't treat the szme amount of potent
material in the same fashion as one that is less potent. Bu:z in addition you
gave us useful guidelines then, and they wers practical. I hope that you will
continue to consider those same factors. One of the other sets of factors you
considered then was volatility or particulate nature, in short, how difficult it
is to contain something. A dilute solution in small amount is one thing. A .
highly volatile material of high potency is another. Those are factors not to

lose sight of, that's all.
Bender

I suppose that's exposure potential, that might be a factor D in this some
kind of equation.

White

I think it might be worthwhile to show the first overhead I used this morn-
ing. 1In categorizing a carcinogen on the basis of its potential hazard, we are
suggesting taking into consideration the carcinogenicity, which has wrapped up
in it potency, the chemical physical factors which take into consideration not
only volatility but to some degree its potential for dispersion, and the third
factor, the operational activities which will enhance that dispersion capabil-

ity (see 1V-36).
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Drew

Your concept of exposure combines the second two of those three.

White

Exposure is wrapped up in those two, right.

Bender

Exposure potential, I suppose. I'm not sure I understand what you mean by
use. If I put it in a petri dish, then you worry about it more than if I keep
it in a serum bottle with a stopper.

White

And whether or not you're apraying it vs painting it or transferring it
from a weighing device, considerations such as that.

Bender

I gueaa vhat Don and I are proposing is to feed more things into it and
see if you can't wake something workable out of it. I think some of these
things have to be quustions such as, how much is there going to be around any-
way, even if I was exposed to all of it, for the risk to be acceptable? I would
accept something like that myself, such as glove box etc. regulations.

Hull

I have a little problem with the last term in that equation. To me it's
a controllasble one either through engineering, administrative practices, or what
not. So, it's really a function of what you think about the first two terms,
isn't it?

Bender

I think it is more than the first two. That's just the point. The con-
cern of those of us in the laboratory is that our milligrams or wicrograms of
some potent carcinogen, no argument about it, are going to force us to do things
that are impossible, such as weigh out micrograms in a glove box, which I've
-never been able to do. 1It's just as simple as that. The maximum hazard, there,
if I've got a milligram or a few milligrams in a bottle, and it's diluted, for
example, down to nanograms per milliliter, of which it is unlikely I could in~
gest or inhale very much without deliberately trying, just has to be considered.

Setlow

But these aren't at the moment aimed so much at the laboratory, are they,
as they are at processes -- industrial processes?
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These guidelines are intended to include laboratory applications as well
as production facilities; it's the entire DOE structure. So vhatever the labora-
tory concerns are, they ought to be included in the criteria for the guidelines.

Bendzs

That's just what I'm getting at here. I think we run the risk that what
is practical for nonlaboratory production facilities is going to end up a mill-
stone around our neck. This question of the maximum quantity to be handled, for
example, is very important to us on the laboratory end of it. If we can get an
exemption for less than a gram, say, or less than 100 milligrams, I'll be very

happy.
Borg

Just in this context, and you've heard me say many times before, let's
also not lose sight of things to the point where we treat laboratory hazards
differently from the way we treat cigarette smoke and smokers. We don't dress
up in white suits when we come into a room in which someone smokes etc. So
let's have some level of minimum hazard that doesn't mean we have to turn the
world upside down, and it ought to compare with the envirommental hazards we
face all the time such as cigarette smoking and the exhaust out in the parking

ot,

Spangler

I haven't yet determined where you're factoring in cost benefits in this
thing. It seems to me that since what you're proposing is extremely crude, as
you put it, you ought to propose anything that you do as a guideline and have a
sort of escape hatch clause that would require anyone who believes a hazard to
be too costly to eliminate to then begin to study cost and whether there are
substitute techriologies. I think we have to allow some sort of relief for unrea-
sonable expenditures to save a life. If T tried to say anything in my talk
today, it was that as a very minimum you would want to have & cost-effectiveness
standard because that isn't very complicated.

Hull

I was just going to say, addressing myself to Mike's question with regard
to radioactivity, the NBS handbook has some rough guidance in a few categories.
It has limits for how much you can have open on the bench, what quantity
necessitates contaimment in & hood, and at what quantity you should utilize a
glove box. 1It's obviously different for tritium on one hand and plutonium on
the other. It seems to me this same conceptual thing could be folded into
carcinogenic chemical guidelines.

Setlow

I'm going to make only one further remark and let Otto have the floor for
the other two minutes. You have to remember that we don't really understand the
carcinogenic process. I've spoken and other people have a3 if we do. That's
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not true. We know what happens in single cells, but when ynu come to whole ani-
mals & very complicated process is going on. Radiation happens to be a

very simple case, the chemical ones are much more complicated. We don't really
understand that. We don't understand these long latent periods.

White

I will just close by saying that we hope to get some cost-benefit feedback
as the draft of these documents is presented to the various components of the
DOE community. 1 think one problem in cost-benefit anslysis that cuts across
the board in terms of different types of activity, laboratory vs operational ac-
tivizy, is that often the chemical which you are addressing has different cost-
benefit values as you apply it to the various operations in which it is used,
and it is hard to start off on & regulatory basis or on a guideline basis for
controlling that one chemical unless you have all the input from the various op-
erations to which it is going to be applied. So we hope to get that kind of
input from the review process, but certainly we can take a look at those opera-
tions where we are aware that the compounds are going to have some major impact,
and that should be available to us from the survey which we conducted.

I will close by saying that we thank everyone for participating and
presenting their viewsz, and the Center and the staff will take these comments
into consideration in continuing the development of the DOE carcinogen

guidelines, Thank you.
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