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RADIATION CARCINOGENESIS IN EXPOSED HUMAN POPULATIONS 
The somatic e f f e c t s o f concern in human populations exposed 

to lov doses and lov dose r a t e s of i o n i z i n g rad ia t ions are those 
that may be induced by mutt ion in individual c e l l s , s i n g l y or in 
small numbers ( 1 ) . The most important o f these i s considered to 
be cancer induct ion. Current knovledge of the carcinogenic 
e f f e c t of rad ia t ion in man has been reviewed to two recent 
reports : the 1977 Report o f the united Nations S c i e n t i f i c Com
mittee on the Effects of Atomic Radiat ion, the 1977 UNSCEAR 
Report ( 2 ) , and the 1980 Report o f the National Academy of 
Sciences Committee on the B io log ica l Ef f ec t s of Ioniz ing Radia
t i o n s , the BEIR-III Report ( 1 ) . The epidemiologica l data anal 
yzed derive mainly from s tudies of the Japanese atomic bomb sur
v i v o r s in Hiroshima and Nagasaki, of pa t i ent s in England and 
Wales treated with X- irradia t ion for ankylosing s p o n d y l i t i s , and 
of several other groups of people irradiated from external or 
internal sources , e i t h e r for medical reasons or from occupation
al exposure. Both reports emphasize that cancers of the breast , 
thyroid, hematopoietic t i s s u e s , lung, and bone can be induced 
by rad ia t ion . Other cancers , including the stomach, pancreas, 
pharynx, lymphatic, and perhaps a l l t i s s u e s o f the body, may 
also be induced by r a d i a t i o n . IBoth reports c a l c u l a t e r i s k 
est imates in absolute and r e l a t i v e terms for low-dose, lov-LET 
whole-body exposure, and for leukemia, breast cancer, thyroid 
cancer, lung cancer, and other cancers . These est imates derive 
from exposure and cancer incidence data a t high doses ( frequent
l y greater than 0.5 Sv) and a t high dose r a t e s (most frequently 
greater than 0 .3 Sv per minute) ( 1 - 3 ) . There are no compelling 
s c i e n t i f i c reasons to apply these values of r i s k per cSv derived 
from high doses and high dose r a t e s to the very low doses and 
low dose ra tes of concern in human radia t ion pro tec t ion . In the 
absence of r e l i a b l e human data for c a l c u l a t i n g r i s k est imates 



at very low doses and low dose r a t e s , ne i ther the UNSCEAR nor 
BEIR Committees f e l t confident to predict the r e l i a b i l i t y o f 
such extrapolat ion ( 1 - 4 ) . 
DOSE-RESPONSE MODELS: EXTRAPOLATION FROM ANIMAL DATA TO MAN. 
Benign and malignant tumors of almost any type or s i t e may be 
induced by i rrad ia t ion in animals. S u s c e p t i b i l i t y to rad ia t ion 
carcinogenesis var ies widely among c e l l s , t i s s u e s , organs , and 
organisms, depending on the inf luences of s p e c i e s d i f f e r e n c e s , 
genet ic composit ion, age , s ex , phys io log ica l s t a t e , and other 
c o n s t i t u t i o n a l and environmental f a c t o r s . Although a l l i o n i z a 
t ion rad ia t ions appear q u a l i t a t i v e l y s imi lar in carcinogenic 
a c t i v i t y , they vary considerably in carcinogenic e f f e c t i v e n e s s 
per cSv, depending on the dose and on the d i s t r i b t i o n of the 
radiat ion in time and space ( 1 - 6 ) . 1 The dose- inc idence r e 
la t ionships for cancer induction in animals have not been char
acter i sed s u f f i c i e n t l y over a wide range of r a d i a t i o n doses , 
dose r a t e s , and LET to enable accurate r i s k es t imat ion at doses 
below 50 cSv. Wide var ia t ions occur in the shapes of the dose -
response curves for cancers for cancers o f d i f f e r e n t types and 
for cancers of the same type in d i f f erent animal s p e c i e s and in 
the same s p e c i e s , the incidence of tumors to be expected under 
determined exposure condit ions cannot be predicted conf ident ly 
by extrapolat ion from observations in animals or in man on other 
neoplasms or other exposure condit ions ( 1 - 6 ) . 1 In s p i t e of 
these uncer ta int i e s in dose- incidence r e l a t i o n s h i p s for r a d i a 
tion-induced cancer in animal s t u d i e s , a number of important 
genera l izat ion have emerged from the e x t e n s i v e laboratory data 
a v a i l a b l e . The incidence of cancer i s increased by i r rad ia t ion ; 
the dose-response curve r i s e s with dose up to a cer ta in dose 
l e v e l , above which i t may reach a plateau and turn downward with 
further increase in dose. In the dose range over which the i n 
cidence increases with dose , low-LET rad ia t ions are usua l ly more 
e f f e c t i v e per cSv at high doses and high dose r a t e s than a t low 
doses and low dose r a t e s . In the same dose range , however, 
high-LET radia t ions are usual ly more e f f e c t i v e per cSv than low-
LET r a d i a t i o n s . For high-LET r a d i a t i o n s , the e f f e c t i v e n e s s i s 
influenced l e s s by dose and dose r a t e , and in some i n s t a n c e s , 
protraction may increase their e f f e c t i v e n e s s . The RBE of h i g h -
LET radiat ions tends to increase with decreasing dose and dose 
rate ( 1 - 7 ) . Because of wide spec ies d i f f erences in response in 
laboratory animals, the cancer dose- incidence response for any 
species cannot provide a r e l i a b l e bas i s for d i r e c t quant i ta t ive 
r i s k est imates for cancer-induction in man. Furthermore, v a r i a 
t ions in the shapes of dose- incidence curves for d i f f e r e n t rad
iat ion-induced neoplasms in laboratory animals confound extrapo
l a t i o n from one type of neoplasm to another, from any one s e t o f 
exposure condit ions to another, oi from any one animals s p e c i a l s 
to another, and part i cu lar ly to man. 1RBE may be defined as 
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the r a t i o of the rad ia t ion dose of a high-LET radiat ion which 
produces the same b i o l o g i c a l e f f e c t as that due to a dose of a 
low-LET radiat ion* In genera l , the larger the amount of radiant 
energy deposited in a c e l l , the greater i s the b i o l o g i c a l e f f e c t 
per unit dose; the pattern of energy deposi ted depends s trongly 
on the qual i ty o f r a d i a t i o n ( 7 , 8 ) . Di f ferent LET radiat ions are 
known to cause d i f f e r e n t nunbers of b i o l o g i c a l e f f e c t s for the 
same absorbed dose* Therefore, the microdosimetric d i s t r i b t i o n 
of energy absorption in a defined l o c a l i z e d volume within a v i 
t a l s t ructure , e g , DNA or ths nucleus o f the c e l l , becomes a 
very important f a c t o r . A mi.crodosimetric quant i ty may be a s 
signed to a t h e o r e t i c a l l inear-quadrat ic dose-response r e l a t i o n 
ship which r e l a t e s the microscopic d i s t r i b u t i o n of radiant energy 
or dose-absorption within a l o c a l i z e d volume within the c e l l to 
LET ( 7 , 8 ) . For low-LET r a d i a t i o n , t h i s quant i ty i s r e l a t i v e l y 
small* At low doses , the quadratic term i s unimportant. The 
l inear term may be expected to be dominant a t most doses for 
high-LET r a d i a t i o n . For high r a d i a t i o n d o s e s , the quadratic 
term i s dominant. When the RBE i s p lo t ted aga ins t radiat ion 
dose l e v e l s where theory and experimental data are interdepend
e n t , then the range of dose required to demonstrate both l inear 
and quadratic dependence i s extremely large ( 1 ) . The range of 
dose necessary to t e s t the theory would cover perhaps three 
orders of magnitude—a factor perhaps up to 1000* Few b i o l o g i 
cal studies and no epidemiological surveys have covered th i s 
wide dose range necessary for proving correspondence between 
theoret ica l and experimental observa t ions . Thus, enormous d i f 
f i c u l t i e s are to be expected in attempts to extrapolate over a 
very large dose range. 
DOSE-RESPONSE MODELS: EXTRAPOLATION FROM HIGH-DOSE HUMAN DATA 
TO LOW DOSES. 1 Because of the d i f f i c u l t y of obtaining r e l i a b l e 
cancer-incidence data in laboratory animals and in humans fol
low-doses for purposes o f r i s k es t imat ion in exposed human popu
la t ions dose-response r e l a t i o n s h i p s observed a t high doses must 
necessar i ly be extrapolated into the low-dose r e g i o n , where hu
man epidemiological data are not a v a i l a b l e . I t i s impossible to 
ascertain the true shape of the d o s e - e f f e c t curve at low-dose 
l e v e l s , and therefore the mechanism of rad ia t ion act ion in the 
low-dose reg ion cannot be determined ( 1 ) . Consideration o f the 
spat ia l and temporal d i s t r i b u t i o n of i o n i z a t i o n s suggests that 
a t very low doses , the probabi l i ty of i n t e r a c t i o n of ioniz ing 
events i s n e g l i g i b l e . Here, the molecular and c e l l u l a r response 
to radiation a t very low doses must be l inear with dose, i r r e 
spect ive of the shape of the dose-response curve at higher doses . 
I t i s reasonable , as w e l l , that the dose-response re la t ionsh ip 
for cancer incidence at very low doses w i l l be l i n e a r , i r re spec 
t ive of the complexity of the carcinogenic process* 1 Because 
of uncertaint ies in epidemiological s t u d i e s , ser ious l imi ta t ions 
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e x i s t in obtaining r e l i a b l e and r e l e v a n t human data , p a r t i c u l a r 
ly for cancer induction i n human populations exposed over a wide 
range of radiat ion doses , dose r a t e s , and I£T. And, because of 
these l i m i t a t i o n s , experimental animal s t u d i e s must provide 
e s s e n t i a l information; however, human r i s k es t imat ion cannot be 
based d irec t ly on laboratory animal data. Never the le s s , the 
evidence suggests that mechanisms of cancer induction in man are 
s imilar to those in laboratory animals. I t f o l l o w s , there fore , 
that while experimental animal data are not q u a n t i t a t i v e l y or 
d i r e c t l y appl icable to man, dose-response r e l a t i o n s h i p s in an i 
mal studies msy be considered for appl i ca t ion to human popula
t ions exposed to low- leve l r a d i a t i o n ( 5 , 6 , 9 ) . 11n recent 
y e a r s , a general hypothesis for est imat ion of excess cancer r i sk 
in irradiated human populat ions , based on t h e o r e t i c a l cons idera
t i o n s , on extens ive laboratory animal s t u d i e s , and on l imited 
epidemiological surveys , suggests various and complex d o s e - r e 
sponse re la t ionsh ips between radia t ion dose and observed cancer 
incidence ( 5 , 9 , 1 0 ) . Among the most widely considered models for 
cancer-induction by r a d i a t i o n , based on the a v a i l a b l e informa
t ion and cons i s tent with both knowledge and theory, takes the 
complex quadratic form: 1(D) - (cio+^D+OVjD2) e x p C - f ^ D - ^ D 2 ) , where 
I i s the cancer incidence in the irradiated population a t r a d i a 
t ion dose D in cGy, and OQ, a^. c^, Pi a n a * 62 a r e non-negative 
constants . This multicomponent dose-response curve contains ( 1 ) 
i n i t i a l upward-curving l inear and quadratic functions of dose , 
which represent the process of cancer- induct ion by r a d i a t i o n , 
and a modifying exponential function of dose , which represents 
the competing e f f e c t of c e l l - k i l l i n g a t high d o s e s . O:Q i s the 
ordinate intercept a t 0 dose , and def ines the natural incidence 
of cancer in the population. C*i i s the i n i t i a l s lope of the curve 
at 0 dose, and defines the l inear component in the low-dose range. 
#2 i s the curvature near 0 dose , and def ines the upward-curving 
quadratic function of dose . $i and $2 a r e t n e s lopes of the 
downward-curving function in the high-dose range , and define the 
c e l l - k i l l i n g funct ion. Analysis of a number od dose- incidence 
curves for cancer-induction in irradiated populat ions , both in 
animals and in humans, has demonstrated that for d i f f eren t rad
iation-induced cancers only cer ta in of the parameter values of 
these constants can be t h e o r e t i c a l l y determined. Therefore, i t 
has become necessary to s impl i fy the model by reducing the num
ber of parameters which would have the l e a s t e f f e c t on the form 
of the dose-response r e l a t i o n s h i p in the dose range of low-
l e v e l rad ia t ion . Such simpler models, with increas ing complexi
t y , include the l i n e a r , the pure quadrat ic , the quadratic (qua
d r a t i c function with a l inear term in the low-dose r e g i o n ) , and 
f i n a l l y , the multicomponent quadratic form with a l inear term 
and with an exponential modifier ( 1 , 5 , 6 , 9 , 1 0 ) * 
RISK PROJECTION MODELS. Insofar as the cancer incidences and 
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the radiat ion dotes in exposed human populations are concerned, 
every e f f o r t has been made to a s c e r t a i n these with the grea te s t 
r e l i a b i l i t y in human epidemiological surveys . But problems 
a r i s e , part icu lar ly in attempts to recons truct the events o f e x 
posure occurring many years p r e v i o u s l y . The matter of the long 
latent periods for cancer induction in man complicates our un
derstanding of how to project i n t o the future the r i s k of cancer 
induced in indiv iduals exposed in the past or a t the present 
time—that i s , the r i sk project ion model appropriate to use for 
quant i tat ing how the induced cancers w i l l express themselves in 
time fol lowing exposure. 1 Two r i s k project ion models, among 
many, are used by rad ia t ion e p i d e m i o l o g i s t s ; both were used in 
the 1980 BE1R-III Report (1) and the 1977 UNSCEAR Report (2) — 
the absolute r i s k model and the r e l a t i v e r i s k model. The ab
so lute r i sk i s the expression of e x c e s s cancer r i s k due to rad
ia t ion exposure as the ar i thmet ic d i f f e r e n c e between the r i s k 
among those exposed and that occurring in the absence of expo
sure Ci v . The absolute r i s k projec t ion model takes i n t o account 
the fact that the expression of radiat ion- induced cancers in the 
exposed population begins at some time a f t e r exposure, i e , a f ter 
the minimum l a t e n t period, and cont inues a t an excess rate for a 
further period, the period of e x p r e s s i o n . For leukemia, the 
minimal l a t e n t period may be taken as 2-3 y e a r s , and the period 
of expression as 25 years . For s o l i d tumors the minimal l a t e n t 
period may be 10-15 years , and the period of express ion i s the 
duration o f l i f e ( 1 ) . The absolute l i f e t i m e r i s k c o e f f i c i e n t 
may be expressed as the t o t a l number of excess cancer cases in 
the exposed population per unit dose of per c o l l e c t i v e dose . 
The r e l a t i v e r i sk i s the express ion of cancer r i sk due to expo

sure as the r a t i o of the r i s k among the exposed population to 
that occurring in the absence o f exposure ( 1 ) . The r e l a t i v e 
r i sk projection model expresses the excess o f radiat ion- induced 
cancers as a r a t i o or mult iple o f the natural or spontaneous 
cancer ra te . Therefore, the e x c e s s r i s k i s a mul t ip le o f the 
natural age - spec i f i c cancer rate in that study or cohort popu
l a t i o n . The greater the spontaneous r a t e of cancer incidence in 
a population, as in an aging populat ion , the greater w i l l be the 
s u s c e p t i b i l i t y of the indiv iduals comprising that population to 
cancer-induction by r a d i a t i o n . Hit must be remembered that no 
major epidemiological study of exposed human populations i s as 
yet complete, and w i l l not be u n t i l a l l members of the study 
population eventual ly die of natural or other causes . Only 
then can the complete cancer inc idence in the i rradiated and 
control populations be ascertained with reasonable accuracy. 
Thus, the d i s t i n c t i o n between the absolute and r e l a t i v e r i sk 
projection models becomes extremely important when the fol low-up 
observation period i s considered. When the observat ion periods 
are incomplete, there can be a t any one period of fol low-up very 
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vide di f ference* in r i s k e s t imat ion . However, when the fo l low-
up period i s complete, and no more cancers occur in the study 
population, both he absolute and r e l a t i v e project ion aodel* 
should lead to the same numerical est imate for l i f e t i m e excess 
cancer r i s k , but the r i sk may be d i f f e r e n t l y d i s t r ibuted in the 
exposed populat ion. The two r i s k project ion models g ive d i f f e r 
ent r e s u l t s when project ions are made beyond the period of f o l 
low-up or observat ion. There i s now s u f f i c i e n t epidemiological 
evidence ava i lab le which ind ica te s t h a t , in genera l , most adult 
populations i rradiated a t older ages are a t greater r i s k of 
cancer- induct ion. This age-dependence may be due to a higher 
induction ra te or a shorter l a t e n t period, or both , but there 
are except ions . Eg, i t i s not known how t h i s a f f e c t s exposure 
of chi ldren or the fe tus in utero ( 1 ) . f The epidemiological 
evidence does not favor one r i s k projection-model acre than 
another; however, the age-dependence of cancer-induction by 
radiat ion favors the r e l a t i v e r i s k project ion model somewhat 
more. The epidemiological data are i n s u f f i c i e n t to determine 
whether the excess cancer r i s k , once expressed in the exposed 
population, project ions in to the future e i ther as a r e l a t i v e 
r i sk or an absolute r i s k . The assumptions in the ca l cu la t ions 
of l i f e t ime r i s k c o e f f i c i e n t s o f radiat ion-induced cancer must 
take into account addit ional confounding f a c t o r s , including 
s e n s i t i v e genet ic subgroups, and exposure to other p o t e n t i a l l y 
carcinogenic agent s . These factors are important when cons ider
ing di f ferences between the absolute and r e l a t i v e project ion 
models for est imation of r i s k . I t may very we l l be that ne i ther 
r i s k projection model i s v a l i d or appropriate for r a d i a t i o n -
induced cancer in man. 

THE BEIR III REPORT. Radiobiological theory and laboratory a n i 
mal experiments now suggest a v a r i e t y of dose-response r e l a t i o n 
ships for cancer- induct ion, most having p o s i t i v e curvature for 
low-LET radiat ion at low doses , frequently with a small l inear 
component and a larger quadratic component with increas ing dose . 
I t was this general dose-response curve—the l inear-quadrat ic 
function with an exponential modifier in the c e l l - k i l l i n g dose 
range—that emerged as the bas i s for the BEIR-III Committee's 
cancer r isk ana lyses . Since the e f f e c t of c e l l - k i l l i n g was not 
indicated by any of the epidemiological data re levant to whole-
body exposure to low-LET r a d i a t i o n , the data were f i t t e d to a 
l imited family of quadratic curves , from the l i n e a r , the l i n e a r -
quadratic , and the pure quadratic dose-response models ( 1 ) . 

In general , the majority of the Committee preferred l i n e a r -
quadratic dose-respnse r e l a t i o n s h i p s for cancer-induction in 
human populations exposed to low-dose, low-LET, whole-body i r 
r a d i a t i o n . These are be l ieved to be perhaps the bes t d e s c r i p 
tion for most, but not a l l , s o l i d tumors induced by r a d i a t i o n . 
However, because of the numerous u n c e r t a i n t i e s , the Committee 
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provided a range or envelope of r i sk e s t i m a t e s , derived from 
l inear the l inear-quadrat ic and the pure quadratic dose-response 
r e l a t i o n s h i p s , c a l c u l a t i n g s ex , age , and d o s e - s p e c i f i c r i s k s for 
the three dose-response r e l a t i o n s h i p s , and for both the absolute 
and r e l a t i v e r i sk project ion models. H n i t s f ina l a n a l y s e s , 
the majority of the members of the Committee preferred to empha
s i z e that some experimental and hyman data , as w e l l as t h e o r e t 
i c a l cons iderat ions , suggest that for exposure to low-LET r a d i a 
t i o n , such as X-rays and gamma r a y s , a t low doses , the l inear 
model probably leads to overest imates of the r i s k of most 
radiation-induced cancers in man, but that the model can be used 
to define the upper l i m i t s of r i s k ( 1 ) . S imi lar ly , a majority 
of the members of the Committee be l ieved that the pure quadra" 
t i c model may be used to define the lower l i m i t s of r i s k from 
low-dose, low-LET radiat ion ( 1 ) . The Committee general ly . 
agreed, for exposure to high-LET r a d i a t i o n , such as neutrons 
and alpha p a r t i c l e s , l inear r i sk es t imates for low doses are 
l e s s l i k e l y to overest imate the r i s k and may, in f a c t , under
estimate the r i sk ( 1 ) . Furthermore, the Committee, emphasized 
that the c o l l e c t i v e inf luence of the many uncer ta in t i e s in e s t i 
mation of the carcinogenic r i s k in man of low- leve l rad ia t ion 
was such as to deny great c r e d i b i l i t y to any est imates o f human 
cancer r isk that can be made for low-dose, low-LET r a d i a t i o n , 
and that emphasis should be placed on the approach to the method 
of r i sk c o e f f i c i e n t es t imat ion rather than any numerical va lues 
derived thereby ( 1 ) . fThus , we must conclude that numerical 
est imation of the r i sk of radiat ion- induced cancer in man must 
neces sar i ly be based primarily on human dose- incidence data ob
tained from epidemiological surveys- However, r i sk est imation 
at very low doses and dose ra tes at present must a l s o necessar 
i l y depend on extrapolat ion from observations at higher doses 
and higher dose r a t e s , based on assumptions about the dose-
incidence r e l a t i o n s h i p s and the mechanisms of carc inogenes i s . 
Improvements in our knowledge of the carcinogenic e f f e c t i v e n e s s 
of ion iz ing rad ia t ions w i l l depend on the e luc ida t ion of mech
anisms of carc inogenes i s , e s p e c i a l l y at the very e a r l i e s t 
s tages of malignant transformation, cind on the provis ion of 
empirical dose- incidence data for low doses both in human 
populations and in laboratory animal experiments insofar as 
th i s i s p o s s i b l e . 

IMPLICATIONS FOR RADIATION PROTECTION AND PUBLIC POLICY. Two 
main questions confronted the BEIR-III Committee from the outse t 
( 1 ) . Both deal t i n d i r e c t l y with matters of rad ia t ion protect ion 
philosophy and the system of dose l i m i t a t i o n (11) present ly 
employed, and both had the ir genes is in the BEIR-I Committee's 
de l iberat ions ( 3 ) . 1iFirst, in the considerat ion of members 
low- leve l rad ia t ion exposure of members of the public snd public 
p o l i c y , w i l l rad ia t ion hea l th e f f e c t s be expected to occur a t 
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dose l e v e l s occurring fro* annual exposure o f a few m i l l i s i e -
ver t s in addit ion to natural background and medical exposure? 
At the present t i n * , there i s no c l e a r answer, but the BEIR-III 
Committee concluded that in most c a s e s , l inear ex trapo la t ion 
front high-dose data leads to overest imation of r i sk froa low-
dose, low-LET r a d i a t i o n . The l inear model i s not l i k e l y to 
overestimate the e f f e c t s of high-LET r a d i a t i o n , and may, i n 
f a c t , underestimate them when high-dose data are in the c e l l -
k i l l i n g dose reg ion* 1 Second, for the rad ia t ion worker popu
la t ion exposed to l o w - l e v e l rad ia t ion in industry and medicine, 
w i l l delayed or l a t e health e f f e c t s occur a t l e v e l s of annual e x 
posure in the range o f 5 to 50 mSv? Here the BEIR-III Commit-
tee concluded delayed hea l th e f f e c t s could occur in those r a d i a 
t ions workers with l i f e t i m e occupational exposures which amy be 
accumulated by cont inuously working c l o s e to the recoaaended 
dose l i a i t s , i e , to the asxiaua permiss ib le dose . 1 These two 
important ques t ions and the ir answers coapel three iaportant 
conclusions on r i s k percept ion , dec i s ion-ask ing and public 
p o l i c y . F i r s t , the BEIR-III Report ( 1 ) r e f l e c t s the s t a t e o f 
our s c i e n t i f i c knowledge on rad ia t ion and hea l th and i t s l i m i t a 
t i o n s . It i s j u s t not poss ib le to provide a s i n g l e numerical 
estimate to define r a d i a t i o n r i s k , and t h i s i s confounded in the 
low-dose region of pract i ca l concern where no hunan epidemiolog
ica l evidence i s a v a i l a b l e . Second, the BEIR-III Report (1) 
does not s e t r a d i a t i o n protect ion standards. Thus, the Report 
(1) does not seek sweeping s i m p l i f i c a t i o n s of complex rad ia t ion 
protection problems, and i t recognizes that current rad ia t ion 
protection philosophy o f dose l i m i t a t i o n does not n e c e s s a r i l y 
depend on accurate or prec i se d e f i n i t i o n of r i s k . F i n a l l y , and 
perhaps most i iaportant, on the b a s i s o f the range of the r a d i a 
t ion risk es t imates der ived, any lack of numerical prec i s ion 
does not minimize e i ther the need for s e t t i n g respons ib le public 
heal th policy in rad ia t ion p r o t e c t i o n , nor the conclusion that 
such risks are extremely small when compared with those a v a i l 
able of a l t e r n a t i v e o p t i o n s , and those normally accepted by 
soc i e ty as the hazards of every day l i f e . 
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