
N a more basic scientific level,
“esearch in molecular epidemiol-
ogy on understanding the molecu-
ar basis of predisposition toward
md resistance to damage by
‘adiation and toxic chemicals now
s extremely promising. The iden-
tification of populations that are
particularly susceptible or resist-
ant to certain types of insults is
not only of the greatest signifi-
~ance to medical sciences, but it
will have a major positive impact
m Federal regulatory activities by
providing data for setting health
standards that take into account
both variations in the population
md the doses to which human
~opulations are ordinarily
~xposed.

The study of atomic bomb surviv-
ors in Japan has provided the best
wailable estimates of the risk of
tarious types of cancer resulting
from exposure to external low-
energy radiation. Some of the char-
acteristics that make this study
particularly useful are as follows:

1. The survivors are the only large
population with a wide range of
whole-body exposures, or ex-
posure over the entire body.

2. The population was compara-
tively random with respect to
health and work history.

3. An elaborate dosimetry program
has yielded individual dose
estimates for major organs.

4. The family registration system
of Japan ensures 100 percent
followup on mortality.

Although intensive study has been
under way for over 30 years, the
past decade has seen the idem
tification of new potential cancer
sites and revisions of previous
estimates of risk. Most recently, a
reassessment of calculated gam-
ma and neutron dose received by
individuals has led to a major
change in the carcinogenic, or
cancer-producing, role assigned to
neutrons and to a modest revision
in estimates of gamma doses.

A series of epidemiological stud-
ies designed to detect genetic
effects among the offspring of
atomic bomb survivors has shown
no statistically significant differ-
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ence between them and the
~ffspring of groups not exposed
to the radiation. The genetic
studies have provided valuable
assurance that the use of animal
data (see section on “Animal
Studies’~ does not seriously
underestimate the effect on
human populations. The epidemi-
ological results are consistent
with the mouse data and also
allow us to confidently place an
upper bound on the level of
somatic effects in irradiated
humans.

Although the study of bomb sur-
vivors was the predominant factor
in developing a quantitative ‘esti-
mate of the effects of various
levels of exposure, i.e., a dose-
response relationship for radi-
at ion-induced cancer, it has in-
herent limitations, notably that the
data were compiled from a single
exposure at a high dose rate and
the population samples are not
large enough to define with any
confidence the risk of very low
dose rates. These factors made
questionable the extrapolation of
the dose-response curve to lower,
prolonged exposures without addi-
tional information. Moreover,
animal studies had shown that the
results of high doses of low
energy-transfer radiation (low
energy particles or gamma radia-
tion) received over a short period
of time are of far more conse-
quence than the same dose re-
ceived over a long period of time.
As a result, studies of industrial
workers were begun by the AEC
as early as 1964. The initia
studies of Hanford and other
DOE-contractor employees have
subsequently been expanded to
include naval shipyard workers
and soldiers present at nuclear
weapons tests in Nevada. The
results to date have reinforced
the low risk that would be
predicted for workplace external
exposures.

The AEC initiated a study of
radium-dial painters subjected to
radiation from internal radium
deposits accumulated in the era
before the health effects of radia-
tion exposure were generally
known. Radium emits high energy
alpha-particles and a gamma ray.
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rhese epidemiological studies
~ave provided the primafy basis
‘or setting all such standards fol
‘adium and for transuranic ele-
nents such as plutonium, which
Nso emit alpha-particles and gaf
na rays. Epiderniological r’esear[
m chronic internal exposure ha:
more recently been expanded to
nclude plutonium workers, at
several DOE facilities. Results o
[his ongoing work haive corrobo-
rated the adequacy of current
>tandards for these alpha
smitters.

dnhnal Studies Impcwtant infor-
mation about the risks from ex-
~osure to radiation has been
Serived from large-scale animal
~xperiments. These studies dete
mined the potential cancer or
genetic effects from internally
deposited radionuclides or from
sxternal radiation an~drevealed t
Importance of the rate with whit
the radiation is received, as well
M the relative biological effec-
tiveness of different types of
radiation.

Because there was minimi~l
human data on the effects of
long-term exposure to low level:
~f radiation, animal ciata ftad to
play a significant role in
estimating guidelines for
allowable human exposure to di
Ferent types of radiation. 13etwe[
1956 and 1966, three large studi~
on mammals were conducted to
determine (1) the latent effects [
plutonium exposure in dogs and
rodents, (2) the relative toKicity (
strontium-90 and radium-226
deposited in the skeletons of
humans and other mammals, an
(3) the genetic effects of exterm
radiation in mice. By 1974 ten m
jor animal experiments were in
place to determine tlhe uptake,
metabolism, dosimetry, and earl
and late effects of exposure to
most major fission products of
concern. There were also con-
cerns about the importance of
chemical forms of plutonium ad
ministered by different exposur(
routes and the importance of dc
(quantity and rate) of external
gamma ray or fission enetfgy
neutrons in the induction of Iatt
somatic or genetic effects.
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