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INTRODUCTION

V»My assignment this morning is to try to give some sort of general background
of the implications the 1979 Report of the Committee] on the Biological Effects
of Ionizing Radiation, National Academy of Sciences-National Research Council, |
(The BEIR Reeort) may have on societal decision-making in the reqgulation of
activfties concerned with the health effects of 1owf1eve1 man-made radiation
(Table 1). I shall try to discuss how certain of the areas addressed by the
1979 BEIR Committee Report ettempt to deal with the scientific basis for
establishing appropriate radiation protection guides, and how such a Report
may not necessarily serve as a review and evaluation of existing scientific
knowledge concerning radiatien exposure to human populations. Whatever I may
consider important in these discussions, I speak only as an individual, and
in no way do I speak for the BEIR Committee whose present deliberations are soon
" to become available. It would be difficult for me not to be somewhat biased
and directed in favor of the substance of the BEIR Reports (1-3), since as an
individual, I have been sufficientTy close to the ongoing seientific delibera-
tions of agreement and disagreement as they developed over the past 9 years;

I think the best thing for me to do is to describe very briefly some of

the characteristics of certain aspects of the past and present BEIR Reports

(1-3) which may apply to societal decision-making as-‘regards present and future

nuclear energy needs and medical care services wherever possible, and to

speculate with some educated guessing what we might expect in future delibera-
tions of such expert committees. We need consider only those problems about

which most information is now available, only one-third of a century since the

1 . . .
Committee on the Biological Effects of Ionizing Radiations, National Academy
of Sciences - National Research Council, Washington, D.C.
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Table 1
The 1979 BEIR Report

Societal Decision-Making

Nuclear Energy.Needs‘and Medical Care .
Services

Epidemiologicé] and Experimenta] Studies
Public Acceptance | |
Concept of Risks to Hea}th

Risk Estimates, Risk/Cost-Benefit

Comparison of Risks
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birth of the atomic age following the bombings of Hiroshima and NagéSaki,

to provide some understanding of those epidemiological and eXperimenta]

studies likely to be of significance to critical societal factors which must
ultimately be considered by all of us, and what relation these studies might
have to the affairs of mice and man. Since decisions are to be made

involving them, public acceptance must be gained on the basis of providing

society with the services that it requires, or that it considers it requires,

in the areas of nuclear energy needs and medical care, but with minimum, and

wherever possible, negligible.risks to its health and its environment.
At the same time, I want to raise a number of questions relating to the

need and the wisdom of inclusion of numerical risk estimates in unofficial and

official documents, since such documents and such numbers are available to a]],'

to be used and quoted in and out of context. Further, I shall address the appro-

priate use of such risk estimates for assessment of risk-benefit relationships

in the areas of medical radiation exposure and nuclear energy production.

And lastly, I would 1like briefly to conjecture with you on the importance of

keeping in proper perspective those pragmatic responsibi]ities of an informed

society in the comparison and assessment of all its activities in which there

are both acceptable and unacceptable risks, to try to get you to stand up

and argue with me and with members of this symposium, of preferab]y argue ' “

with others in this room.

Why Do We Have Advisory Committees on Radiation?

Responsible public awareness of the possible health effects of-ionizing radi-
ations from nuclear weapons and weapons testing, from medical and industrial radiation

exposure, and from the production of nuclear energy has called for expert advice
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and guidance (Table 2). And, advisory committees on radiation of national

and international ‘composition have for many yeers met and served faithfu]]y
and effectively to report on three fmportant matters of societal concern:

(1) to place into perspective the extent of harm to the health of man and

his descendants to be expected in the present‘and in the future from those
societal activities involving ionizing radiation; (2) to develop quantitative
indices of harm based on dose-effect relationships; euch indices could then

be used with prudent caution to introduce Concepts of the regulation of.popu1a-
fion doses on the basis of somatic and genetic risks; and (3) to identify the
magnitude and extent of radiation activities which could cause harm, to assess
their relative significance, and to provide a framework for recommendations

on how to reduce unnecessary radiationﬁexposurewto human populations. To

a greater or lesser extent, each advisory commiétee on radiation--such as the
UNSCEARZ, the ICRP3,.the NCRP4, and the BEIR—-dea] with these matters, but

the reports of these various bodies are expected to differ because of the
charge, the scope, and the composition of the_Cemmittee, and public attitudes
existing at the time of the deliberations of thet committee, and at the time
of the writing of thét particular report. The hain difference of the BEIR
is not so much from new‘data or new interpretations of existing data, but B
rather from a philosophical approach and appraiéa] of existing and future
radiation protection resulting from an atmosphere of constantly changing.

societal conditions and public attitudes. .

2Um‘ted Nations Scientific Committee on the Effects of Atomic Radiation, New York
3Internationa] Commission Radiological Protection, Sutton, Surrey, England

4Nationa] Council of Radiation Protection and Measurements, Washington, D.C.
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What is the BEIR Report?

~The BEIR Report of the National Academy of Sciences - National Research
Council Committee on the Biological Effects of Ionizing Radiation is the record
of deliberations of an eXpert scientific advisory committee (the BEIR Committee)
and deals with the scientific basis of the health effects in human populations
exposed to low levels of ionizing radiation. The Report broadly encompasses
two areas: (1) it reviews the current scientific knowledge---1laboratory
experiments and epidemiological surveys---concerning radiation exposure of
human populations and the 1ohg-term health effects of low-level ionizing |
radiation; (2) it evaluates and analyzes these long-term healfh effects---
both somatic and genetic effects---in relation to the risks from exposure to
low level ionizing radiation. The BEIR Committeev%s an advisory committee of
the National Academy of Sciences - Natioha] Researéh Council. It presently
consists of 22 stientific members, selected for their special scientific
expertise in areas of biology, biophysics, biostatistics, epidemiology,
genetics, medicine, phjsics,.pub]ic health, and the radiological sciences.
The Report of this advisory committee has, in the past, become an important
reference text as a scientific basis for the deveiopment of appropriate and

suitable radiation protection standards.

How Will The 1979 BEIR Report Be Of Value?

The BEIR Reports of 1972 (2) and 1977 (3), the Report of the 1955 BEAR
Commi ttee® (4,5), the parent Committee, and the forthcoming 1979 BEIR-III Report (1)

5 . . .
Committee on the B1o1ogjca1 Effects of Atomic Radiation, National Academy of

Sciences - National Research Council, washingtoh, D.C.
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all differ from one or more of the other Committee Reports of the UNSCEAR

(6-9), the ICRP (10-13), the NCRP (14,15) and of other national councils

and committees (16 17), in five important ways (Table 3). First, the BEIR

Report is not 1ntended to be an encyclopedic reference text but rather a g§g§lg
document. A usable document is soon frayed, dog-eared, under11ned, and

marginated. Thus, the conclusions, recommendations, and appendices are

purposefully presented in a straightforward way so that the Report will be

useful to those responsible for decision-making concerning regulatory programs

jnvolving radiation in the United States. There is no intent, that I can per-
ceive in the BEIR Reports, to make the task any easier or to set the direction
fof those decision-makers who must take into account the considerations of
science and technology and the relevant sociological and economic matters in
the development of such regulatory programs. The BEIR Committee has seriously
deliberated these issues, and has responsibly addressed them to a greater or
lesser extent. |

Second, the experimental data and epidemiological surveys are carefully

reviewed and assessed for their value in estimating numer1ca1 risk coeff1c1ents

for the health hazards to human populations exposed to low levels of jonizing
radiation. Such devices require scientific judgment and assumptions based on

the available data only, and has led to disagreement not only outside the committee -
room, but among committee members, as well. But such disagreement centers not

on the scientific facts or the epidemiological data, but rather oﬁ the assumptions
and interpretations of the available facts and data. Therefore, the BEIR

Report uses a particularly valuable format for decision-making, viz., the
numerical risk estimates derived are presented logically after the evaluation

of the scientific facts and the epidemiological data, and the scientific

assumptions on which they are based.
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Third, the BEIR Report does not set radiation protection standards.

However, it suggests that those that do should always consider societal needs

at that time, so that standards are established on levels of radiation exposure
which aré not necessarily absolutely safe, but rather those whicH are considered
asvappropriately safe for the eXisting circumstances at the tihe to fill society's
needs.

Fourth, medical and dental radiation exposure is considered of appropriate

concern to the health of the public. In view of the enormous growfh of -
medical and dental radiological health care delivery in the United States,
the BEIR Committee recommends that medical and dental radiation exposure can
and should be reduced to a large extent without impéiring the medical or
dental benefits to be dgrived by the individual and to society.(1;35.

Fifth, no other advisory commiftee on radiation has so consisténtly
recommended the need to assess the benefité from radiation to be derived in
relation to the risks from radiation to be incurred (1-3). Howéver difficult,
tedious and pedestrian this task may be, the BEIR Committee recognized that
in any society with 1imited resources, risk assessment alone could prove to

be an academic exercise without some form of benefit assessment to which

it can relate. Such benefit-risk, and subseqpent]y cost-effectiveness assess-
ments are essential for societal decisioh-making for establishing appropriate
radiation protection standérds. Decisions can and must be made on the value
and cost of any technological or other sbcieta] effort to reduce the risk by
reducing the level of radiation exposure. This would include societal choices
centered on alternative methods involving nonradiation activities available

through a comparison of the costs to human health and to the environment (2).
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What Are The Health Effects of Low Levels of Ionizing Radiations?

My remarks will be restricted primarily to those long-term health effects
in humans following exposurebtb X-rays and to gamma rajs from radioactive
sources, since these are the ionizing radiations most often encountered in
medicine and in nuclear induétries. Briefly, low-level ionizing radiations
can affect the cells and tissueé of the body in -three important ways (Table 4).
First, if the damage occurs in one or a few cells, such as those of the blood-
forming tissues, the irradiated cell can occasionally transform into a cancer
cell, and after a period of time there is an increased risk of cancer developing

in the exposed individual. This health effect is called carcinogenesis.

Sepond, if the fetus is exposed during pregnancy, injury can occur to the
developing cells and tissues, leading to developmental abnormalities in the

newborn. This health effect is called teratogenegis. Third, if the injury

is in the reproductive cell of the testis or ovafy, the hereditary structure
of the cell can be a]tered, and the injury can be expressed in the descendants
of the exposed individual. The health effect is called mutagénesis or a genetic
effect. '

There are a number of other possible bio]og{éal effects of ionizing radia-
tions, such as cataracfs of the lens of the eye,ior'impairment of fertility,
but these three important health effects - carcinogenic, teratogenic and genetic -
stand out because: (a) a considerable amount of scientific»informatioh is
known from epidemib1ogica1 studies of exposed humén populations and from
laboratory animal experiments; and (b) we be]ievé that any exposure to radia-
tion at Tow levels of dose carries some risk of such deleterious effects.
Furthermore, as the dose of radiation_incréases above very low levels, the

risk of these deleterious effects increases in the exposed human populations.
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TabIe 4
Health Effects of Low Levels

0f Ionizing Radiations (1)

. a) Carcinogenesis - one or a few cells

b) Teratogenesis - cells of embryo or
fetus

c) Mutagenesis - germ cells

. Any exposure carries some health risk

. As radiation doses increase, deleterious
health effects increase
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- It is these latter observations that have been central to public concern

about the possible health effects of low-level ionizing radiation, and the task
of determining standards for protection for the health of exposed populations.
Reports of expert advisory committees are in close agreement on_the broad

and substantive issues of such héa]th effects.

Based on careful statistica] ana]yses'of epidemiologica1 surveys of exposed
human populations, in ébnjunction Qith extensive research in laboratory animals
on (a) dose-response re]ationshipsvof carcinogenic, teratogenic and genetic
effects, and on (b) mechanisms of ée]] and tissue injury, a number of important
conclusions on the health effects of jonizing radiation has emerged (Table 5).

1. In'regard to radiation-induced cancer, the solid cancers arising in

the various organs and tissues, such.as the female breast and the thyroid
gland, rather than leukemia, are the principal late effeéts in individuals
exposed to radiation. 'The different organs and tissues vary greatly in their
reiative susceptibility to radiation-induced cancer. The qut frequently
occurring radiation-induced cancers in man include primarily in decreasing
brder of susceptibility, the female breast, the thyrbid gland, especially in
young children and females, the blood-forming organs (causing leukemia), the
1ung,}certain organs of the gastrointestinal tract, and the bones. There are
influences, however, of age at the time of irradiation, of sex, and.of the
radiation factors and types affecting the cancer risk.

2. The effects on growth and development of the embryo and fetus are

related to the stage at which exposure occurs. It would appear that a threshold
level of radiation dose may exist below which gross effects will not be
observed. However, these levels would vary greatly depending on theparticular

abnormality.
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Table 5
Health Effects of Low Levels

Of Ionizing Radiations

Solid cancers are principal late effects.

Tissues vary greatly in relative suscep-
tibility to radiation-induced cancer.

Susceptibility in decreasing order:
female breast, thyroid gland, blood-forming
organs, lung, gastrointestinal tract, bones.

Teratogenic effects in embryo and fetus
related to stage.

Threshold level for gross teratogenic
effects.

Mutagenic effects based on laboratory mouse
experiments. Risks increase linearly with
dose.

14
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3. The paucity of human data from exposed populations has made it necessary

to estimate genetic risks based mainly on laboratory mouse eXperiments. . Our

knowledge of fundamental mechanisms of radiation injury at the genetic Tevel
permits greater assurance for extrapolation from laboratory experiments to man.
Mutagenic effects are related linearly to radiation dose. With new information

of :the broad $pectrum and incidence of serious genetieally—related disease in man,
such as mental retardation and diabetes, the risk of radiation-induced mutations
affecting future generations takes on a new and special meaning.

However, there is still very much we do not know about the potential
health hazards of Tow-]eve1 ionizing radiation (Table 6).

1. We do‘not know what the health effects are at dose rates as low as
a few hundred millirem per year. It is probab]e.fhat if health effects do
occur, they w111 be masked by environmental or other factors that produce
similar effects.

2. :The epidemioiogieal data on exposed humen populations is highly
uncertain as regards’the forms of the dose—reeponse re1ationships for radiation-
induced cancer, and this is especially the case for low dose levels. Therefore,
ft has been necessary to estimate human cancer risk at low doses primarily from
observations-at‘re]atiyely high doses. To do this, the linear no-threshold
hypothesis has been frequently used, recognizing the lack of our scientific
understanding of fuhdamental mechanisms ofiradiation-induced cancer in man.

In considering the many forms of the dose- response relationships applied to
epidemiological data, the linear model has emerged as the simplest and the
most conservative, but not necessari]y the universally correct form. However,
it is not known whether the cancer incidence observed at high dose levels

applies also at low levels..
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- Table .6

What We Do Not Know About Health Effects

Of Low-Level Ionizing Radiations

Effects at very low levels (a few hundred

. mrem).

. . Dose-response relationships for radiation

induced cancer.

Cannot estimate repair of injured cells and
tissues at low doses and dose rates.

Precise radiation doses absorbed.

Complete cancer incidence in irradiated
populations.

Role of competing host factors---biological,
chemical, or physical.

15A
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3. As yet, we have no reliable method of estimating the repair of injured
cells and tissues of the body exposed to very low doses and dose rates. And,
further; we cannot identify those persons who may be particularly susceptible
 to radiation injury;

4. From the epidemiological surveys of irradiated populations exposed
in the past, we have only limited information on the precise radiation doses
absorbed by the tissues and organs; and we do not know the complete cancerv
incidence in each population; since new cases of cancer continue to appear with
the passing of time. Thus, any estimation of risks to health based on such

limited dose-response information must be incomplete.
| 5. Finally, we do not know the role of competing environmental and other
host factors - bio]bgica], chemical or physical factors - existing at the
time of exposure, or following exposure, which may affect and influence the

carcinogenic, teratogenic, or genetic effects of Jow-Tevel ionizing radiation.

Should We Determine Radiation Risk Estimates?

Radiation is firmly-established as a technological activity of modern
man; there is no easy Way of assessing its worth in medicine, in industry,
and especially in energy, and in war and in peace (Table 7). But its potential
or real benefits do not necessarily outweigh the potential or real rj§5§_to
humaﬁ health and to the environment in every instance. What is needed is a
method for comparison of these risks and benefits for societal approbation
and guidance (1-3). It'is logical that to a 1arée extent such guidance and

regulation of population doses should be based on the quéntitative estimation

of risk (1). And here we have a quantitative approach. This concept was

introduced by the original 1955 BEAR Committee (5,6), and at that time, the
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Table 7

Should We Determine Radiation

Risk Estimates?

Risks versus benefits

Quantitative estimation of risks to
health

Dose-response re1ationships

a. Carcinogenesis

b. Teratogenesis

c. Mutagenesis
Radiation-induced cancer in man

Linear, no-threshold, dose-response
relationship

17
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basis of genétic risks was used. But, with the emergence of a large body of
scientifically convincing epidemiological data on radiation-induced cancer

in exposed human populations, the use of numgrica] risk eétimates, particularly
in official documents, begs the'question of how safe is appropriately safe for
those societal activities in which radiation exposure however small, is never-
theless unavoidable? Thus, it is not surprising that including numerical
estimates 6f serious risks to health in official documents will always prove

to be a controversial issue. This arises out of the most perplexing problem

of all, and about which.we know so 1ittle, that of the dose-response relationships

for radiation-induced human cancer at Tow levels of dose (18-20). Here,
there is a very large literature, but very little quantitative information on
human exposure to radiation with which fo work in order to make broad and
fundamental societal decisions.

A generé] hypothesis.for‘esfimating the excess eancer risk in irradiated
human populations, based on theoretical considerations, extensive experimental
animal studies and epidemiological sﬁrveys, suggests that a complex dose-
response re]qtionship exists between radiation dose and cancer incidence
(18-21). The most widely acceptéd model (Figure 1), based on the available
information and consistent with both knowledge and theory, takes the complex
Tinear-quadratic form I(D) = (aO + a]D + azDz) exp (—B1D-82D2), where I is
the cancer incidence in the irradiated population at dose D in rad, and
ags @7s Gos By and B, are non-negative constants. The multicomponent curve
contains an initial upward-curving linear and quadratic functions of dose
which represent the process of cancer induction, i.e., carcinogenesis. This
is modified by an exponential function of dose which represents the competing

effect of cell killing at high doses. The dose-response function illustrated
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| ﬁ Dose -response model for

radiation carcinogenesis

| R AR N2
1(D) =(ao+a|D+a202)‘e( BD-/20°)

W

Dose, D (rad)

XBL791-3029

Figure {
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in Figure 1 encompasses all these parameters and is necessarily complex,

but certain of the parameters can be theoretically determined. do, the

control or natural incidence of éancer'in the population, is the ordihate.intef-
cept at 0 dose of the dose response curve. o, is the initial slope at 0 dose,
defining the linear component in the low dose range. %y is the curvature near
0 dose at the upward-curvihg quadratic fun;tion of dose. B and B, are the
sTopes defining the cell killing fUnction, that is, the downward-curving
function in the region of high dose (21).

Review of a large number of the available dose-incidence curves for
carcinogenesis in irradiated populations has demonstrated that for different
radiation-induced cancers, whether in man or in animals, the extent of
variations in the shapes of the curves does not permit determination of any
of these values with precision, or of assuming their values, or of assuming
any fixed relationship between two or more of these parameters. In the case
of the available epidemiological data on irradiated populations, this
genera] dose-response mathematical form cannot be universally applied. It
has become necessary to simplify the model by reducing the number of parameters
or by eliminating those parameters which will have the least effect on the form
of the curve in the dose range at low levels of radiation. Such simpler models
with increasing complexity are illustrated in Figure 2, e.g., linear, quadratic,
linear-quadratic, and finally, the linear-quadratic form witH an exponential
modifier due to the effects of cell killing similar to the general form in
Figure 1.

There has been much concern among radiation scientists centering on
one particular form of radiation-dose cancer-incidence relationship, generally

a linear, no threshold dose-response relationship, that is, where the effect




Fabrikant 21

¢ordi-clol laR ¢ 941104
(poJ) g ‘esoq (pos4) g ‘esoq
il . -
(.a%d-glg-P (20%P +0'? +02) ()] _ piodsoinaN .
rA ) suoljojnw 3
. (@] —-
nlu.. Q
® 3
o O
@ (4]
T $9}0NUd}4D . | —
buifiy 1199 /° dlpaponb-Joaul 21}D4poNb-4D8 U]
¢p o +Op -
DIJUDISAPDI| e 2d°P+ QP+ @1l
Suol}DiNUs J1}DWOS '
(po4) @ “3sog (pos4) Q ‘8soQ
e — ,
D1}UDISAPOAL SUO1}0yNWL
SUO1}D118GD BWOSOWOIYD | M 19)soboupjaw oj1ydosoiQ 5
. . O
o1}paponb a Aoaul| Q
(¢} : ()
,0'0 +00=(Q)1f 3 a'n +% =(Q)1 3
| ® o @
| | v

-~/

S3AYND 3SNOdS3Y 3S0d 340 S3dVHS



Fabrikant 22

observed isliinear1y related to dose (Figure 2) (18-20). There is no réason"
to assume that the linear form, or any form of dose-response relationship, is
the inflexibly correct, or the appropriate function either for cells in tissue
culture, or}for animalé in cages, or for man in his society, to warrant universal
application in determihing public health policy on radiation protettion
standards. The lack of our understanding of the fundamental mechanisms of

radiation-induced cancer in man, and the recognition that the dose-response

information from human data is highly uncertain, particularly at low levels of
dose, does not relieve decision-makers of the responsibility for determining
public health policy based on radiation protection standards. What has emerged
from the committee rooms is that estimates of risk, particularly at low doses,
must depend more on what is assumed about the shape of the mathematical form
of the dose-response function than on the.avaflab1e epidemiological data.

In considering the many mathematical functions of increasing complexity, the
Tinear form has emerged by default as the simplest, but not hecesSari]y the
correct form. We are aware of experimental and theoretical considerations
which suggest that various and different mathematical forms of dose-repsonse
relationships may exist for different radiation-induced cancers in exposed
human populations, indeed for different somatic ahd genetic mutations (18-21).
It is therefore essential that very precise explanations and qualifications of
the assumptions and procedures involved in determining such risk estimates |
are provided, and this has been done explicitly in the BEIR Committee Report
containing the estimates of risk. Thus, given all the 1imitations, it appears
that radiation risk estimates for cancer induction by radiation based on
linearity are not necessarily spurious, but are estimates only--based solely

on what is known. For low LET radiations, such as x-rays-and gamma rays, at
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Tow doses, risk estimatés based on linearity could be high, and thus regarded
as an upper limit. For high LET radiétions, such as neutrons and alpha
'pérticles, at low doses, risk values may be overestimates or underestimates.
Whatever the case may be made for a particular mathematical form chosen
for a dose-response relationship'at very low doses, the inclusion of risk
estimates thus derived appears not only appropriate, but essential, if the
deliberations of the BEIR Committee are to be used for determining public
health po]icy; Until much more information is available on the mechéhisms
of radiation carcinogenesis, however, the epidemiological data alone do not
help fn estimating the precise risk at Tow doses from déta obtained at high
doses. The problem, therefore, which‘must face évery expert advfsory |
committee on radiatioﬁ; is not whether it shou]d‘include numerical risk estimates,
however crude and imprecise, for official documentation, but how it should
improve the accuracy of the numerical risk eétimates based on epidemiological
surveys and 1aboratory experiments. This is paFticu]ar]y important, since it
is now very well known that no matter how carefully the imprecise risk estimates
are to be qualified iﬁ the text of any officia]ﬁcommittee report, these
numbers are invariably used ahd quoted by other§ in and out of context. In
such matters of responsible scientific policy, tﬁe governmental agencies, the
legislative bodies, fhe regulatory bodies, the radiation-related industries,
the consumer advocaté groups, and the pub]ic»meéia, do not necessarily enjoy
the privf}ege to actlirresponsib1y, as may be accorded the average uninformed,
but concerned, citizén. In spite of these inevitab]e consequénces, neverthe-
less, the 1979 BEIR Report accepted the responsﬁbi]ity to assess the'need'to_
establish the most reliable estimate of range of health effects possib]e in

human populations tdfexposure,Of‘]ow levels of ionizing radiation, in the light
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of all avai]ab]e knowledge. This decisioﬁ was necessary, and mainly because
certain‘numeric51 risk estimates will be used freely in arguments and counter-
arguments, and often used irresponsibly, in the public forum. |
From the dose-response relationships used, and if it is assumed that
there is no appreciable effect of dose rate:or fractionation of dose, an
estimate can be made of the absolute risk of radiation-induced cancer, the
major risk of radiation to man. The overall figure derived is about one to
five excess cancer cases per mijlion exposed peréons per year per rad, depending
on the organ or tissue site, with evidence of age-, sex-, and timeidependencies.
There are no good reasons to assume, in the determination of risks to health,
that each exposed human population is identical, and' thus, the risks estimated
derived should be the same. Each cohort population in the human experience has
a widely identifiable set of variables; there are no identical control popula-
tions. In the case of the human epidemiological surveys on cancer induction

by radiation, such b1o1og1ca1 and phys1ca1 factors as 1n1t1at1ng and promot1ng

mechanisms, damage to vital biologically-active macromo]ecu]es, hormona] and

immunological imbalances, cellular proliferation, genetically-selected susceptible

subpopulations, dose, dose-rate, duration of exposure, physical factors of

radiation quality to name just a few, all interact to result in a clinical

entity in man which we call cancer (Table 8). The margin for error is large
in every case, primarily because of the uncertaih nature of the limited data
ayai1ab1e. Thus, in the estimation of such radiation risks for man, it follows
that comparisons of all populations should be made, but only with those .

data that are considered reliable, and not apt to change significantly over
the coming years. However, any generalized summing-up to.arrive at a total

numerical index of harm based on such limited epidemiological and experimental
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Table 8

Human Radiation Carcinogenesis

Some Uncontrolled Variables

. Initiating and promoting mechanisms

Damage to DNA
Cé1lu1ar proliferation

Hormonal and immunological imbalance

.'-Genética]]y-predetermined susceptibi11ty

. “Radiation dose and dose rate

Duration of exposure

Physical factors of radiation quality

~Lack of controls -
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information without eXercising cautious judgement can compound errors inappro-
priately, and destroy the credibility of the limited interpretatibn of the

reliable epidemiological data thét are available.

How Should We Quantifaté Our Radiation—lnduced Cancer Risk Estimates?

The tissues and organs involved in fadiation—induced cancer in man about’
which we have the most reliable epidémio]ogiéal data from a variety of sources
from which corroborative risk estimates have been obtained include the bone
marrow (16,22-28), the thyroid (22,23,28;30), the breast (22,23,28,31-39),
and the lung (22,40-42). The data on bone (22,28,43-46) and the digéstive
organs (22,23,25-27) are, at best, preliminary, and do not approach the pre-
cision of the others. In several of these tissues and organs, risk'estimates
ére obtained from very different epidemioiogica] surveys, some followed for
over 25 years, and with adequate control groups. There ié fmpressive agreement
when one considers the lack of precision inherent in the statistical analyses
of the caseufindfhg and .cohort studyepopukations, variability in ascertainment
and clinical periods of observation, age, sex and racial structure, and different
dose levels, and constraints on data from‘contro]lgfoups.

By far, the most reliable and consistent data have been those of the risk
of leukemia, which come from the Japanese A-bomb survivors (22,42), the
ankylosing spondylitis patients treated with x-ray therapy in England and Wales
(25-27,47,48), the metropathia patients treated with radiotherapy for benign
uterine bleeding (51-53), and the tinea capitis patients treated with radia-
tion for ringworm of the scé]p (30,49,50) (Table 9). There is evidence of an
age-dependence and a dose-dependence, a relatively short latent period of a

matter of a few years, and a relatively short period of expression, some 10 yéars;
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The lifetime risk is of the order of 19 tov28 excess leukemia cases per
million exposed persons per rad This cancer is uhiformly fatal (1,9,22,27,28,55).

The data available on thyroid cancer are more complex; the surveys 1nc1ude

the large series of children treated to the neck and mediastinum for enTarged
thymus (28,29), children treated to the scalp for tinea capitis (30,49,50),
and the Japanese A-bomb survivors (22) and Marshall Islanders (54) exposed to
nuclear explosions (Table 9). Here; there is an age-dependence and sex-
dependence--children and females are mofe sensitive. The lifetime risk is
approximately 55 to 162 excess thyroid neoplasms per million exposed persons
per rad. Although the induction rate is high, the latent period is relatively
short, and it is probable that no increased risk will be found in future follow-
up. In additioh, most tumors are either thyroid»nodu1es, or benign or
treatable tumors, and only about 5 percent of the radiation—inducéd thyroid
tumors are fatal (55).

In very recent years, much information has become available on rédiation-
induced breast cancer in women (22,31-39) (Table 10). The surveys include
primarily women with tuberculosis who received frequent fluoroscopic examina-
tions for artificial pneumothorax, post-partum mastitis patients treated with
radiotherapy, and the Japanese'A-bomb survivors in Hiroshima and Nagasaki.

Here, there is an age- and dose-dependency, as well as a sex-dependency,
and the latent period is long, some 20 to 30 years. The estimated lifetime
induction rate is abouf 141 excess cancers per million women exposed

per rad. Perhaps about half of these neoplasms are fafa] (20,22,27;28,55).

Another relatively sensitive tissue, and a complex one as regards radia-
tion dose involving barameters of the special physical and biological

characteristics of the radiation quality, is the epithelial tissue of the
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bronchus and lung (Table 10) The information from the Japanese A-bomb survivors
(22-24,42), and uranium miners in the United States and Canada (40-41), and the
ankylosing spondy]itis patients in England and Wales (25-27) provide a risk estimate
of lung cancer of approximately 39 to 45 excess cancers per mi]]ion persons exposed
per rad. There is some evidence of age—dependeﬁce ffom the Japanese experience
ahd a relatively long latent beriod. This cancer is uniformly fatal (1,9,22,27,28,55).

The lifetime risk of radiation-induced bone sarcdmé (Table ]0), based primarily
on radium and thorium patients whd had received the radioactive substances for
medical treatment, or ingested them in the course of their occupations (43-46) is
low, possibly only 0.05 excess cancer deaths per million exposed persons per rad.
For all other tumors arising in various organs and tissues of the body, va]ues-are
extremely crude and preliminary estimates and probab]y less than 10 to'20 excess
cancers per million exposed persons per rad (Table 11).

There is now a large amoUnt of epidemio1ogica1 1nformation from various
comprehensive surveys from a variety of sources, the most extens1ve, perhaps,
include the Japanese A-bomb survivors (22), the pat1ents treated to the
spine for ankylosing spondylitis (25-27,47-78), the metropathia patients
(51,52), and the ear]y'radiologists (56,57). These data indicate that
Teukemia is now no Tonger the major cancer induced by radiation, and that
solid cancers are excéeding the relative incidence of radiation leukemia
by a factor as high as five (55). That is, in view of the long latent periods
for certain solid cancers to become manifest, 1t can be estimated that perhaps
~after some 30 years fol]owing radiation exposure, the risk of excess solid
cancers may prove to be some five times the risk of excess leukemia. This does
not necessarily imp]y:that we can readi]y sum up all the radiation malignancies

of the body and neglect the obvious lack of preéiéion of certain of the
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epidemiological studies, particularly as regards radiation dose distribution,
ascertainment, latency periods, and othervimportant physical and biological
parameters. The BEIR (1,3), the UNSCEAR (8,9) and the ICRP (10-13) Reports
have done this in different ways and based pfiméri]y on the studies of the
Japanese A-bomb survivors (22), and to a much lesser extent, from data on

the anky]dsing spondylitis patients (25-27), the metropathia patients (51,52),
the tinea patients (30,49,50), andbsimi1ar epidemiological surveys carefully
followed, many of which now have adequate control study populations, a very
crude figure of the total lifetime excess absolute riskofradiation-induced cancer
deaths can be derived (+75 to 125 excess cancer deaths/loﬁlrad). This figure
for all malignancies from low LET radiation, i.e., x-rays and gamma rays,
delivered at low doses would be a considerable overestimate of the true risk,
and the more accurate value would be less than 100. The actual figure may be
as low as 70 excess céncer cases per million persons eXposed per rad total
lifetime risk, a large fraction of which would not necessarily be fatal (55).
This estimated figure remains very unreliable, but it does provide a very
rough figure for comparison with other estimates of avofdab]e risks, or

voluntary risks, encountered in everyday life.

What Can We Conclude?

The present scientific evidence and the interpretation of available
data can draw very few firm conclusions on which to base scientific public
health policy for radiation protection standards. The setting of any
permissible radiation level or guide remains essentially an arbitrary pro-
cedure (60,61). Based on the radiation risk estimates derived, any lack of

precision does not minimize either the need for setting public health policies
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nor the conclusion that suéh risks are extremely small when compared with
those available of a]ternatiVe options, and those normally accepted by

society as the haéards of everyday life (2,55,60;62). When compared with

the benefits that'society has established as goals derived from the necessary
activities of energy production and medical care, it is apparent that society
must establish appfopriate standards and seek appropriate controlling pro-
cedures which continue to aésurefthat its needs and services are being met
with the lowest possible risks (2,55,63); This implies continuing decision-
making processes in which risk-benefit and cost-effectiveness assessments must
be faken,into account (2,58,61,62).

Thevgap between our scientific knowledge and our societal needs appears
to be continually widehing. In a third of a century of inquiry, embodying
among the most extensive and comprehensive scientific efforts on the health
effects of anvenvironhentalgagent, much of the practical information necessary
for determination of radiation protéction standards for public health policy
is still lacking. It‘is now assumed that any exposure to radiation at low
levels of dose carrieé some risk of deleterious effects. However, how Tow
this level may be, or the probabi]ity, or magnitude of the risk, still are
not known. Radiation and the public health, when it involves the public
heaTth, becomes a broad societal problem and not solely a scientific one,
and to be decided by society, most often by men and women of Taw and government.
It is not an exerciée in statistical theory or Taws of chance. Our best A
scientific knowledge and our best scientific advice are essential for the
protection of the public health, for the effective application of new tech-
nologies in medicine and industry, and for guidance in the production of

nuclear energy. Unless man wishes to dispense with those activities which
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inevitably 1nvo1ve exposure to low 1eve1s}of jonizing radiations, he must
recognize that some degree of risk to health, however small; exists. 1In the
evaluation of such risks from radiation,.it'isAnecessary to 1imit the radia-
tion exposure to a level at which the risk is acceptable both to the individual
and to society. A phagmatic éppraisa1 of how man wishes to continue to derive
the benefits of health and happiness from such activities involving jonizing
radiation in times of evercﬁahging conditions and public attitudes in our
resource-1imited society is the task which lies béfore each expert advisory
committee on the biological effects of ionizing radiation, now and in future

years.
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