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regulators to, maintain standards
in the workplace at the same level
as those maintained for the past
25 years. It can be estimated what
a given reduction in the worker ex-
posure limit would cost; and, thus,
what value these studies have had
for the consumer/taxpayer. For ex-
ample, a reduction of the annual
worker exposure limit from the
current 5 rem●/year to 0.5 rem/year
would cost the Government and
industry nearly $2 billion/year. In
both commercial and DOE facili-
ties, moreover, the increase in
number of work crews required to
reduce exposure times would, in
turn, increase cumulative ex-
posure because each worker
receives some fraction of his or
her exposure during the non-
productive time spent in removing
contaminated protective gear. The
greater the frequency of such
changes, the greater cumulative
exposure to perform the same
amount of work. For a 0.5-rem/year
limit, the Atomic Industrial Forum
estimates an increase of 5400
man-rems/year for the power-
reactor industry and an increase
of 2300 man-rems/year for DOE’s
various programs. While there is
substantial uncertainty in the
financial evaluation of increased
radiation exposure, the 7700 man-
rems/year increase is certainly
significant.

Because research supported by
DOE and its predecessor agencies
has put industrial radiation protec-
tion practices on a firmer scien-
tific basis, these practices can
readily be defended in legal ac-
tions taken against the United
States Government and its con-
tractors. OHER’S research does
not serve as part of Government
advocacy but, rather, provides a
scientific basis upon which claim-
ants’ injuries can be assessed and
equitable decisions can be
reached. One example involved a
claim against the DOW Chemical
Company, Rockwell International,
and the United States Government
for $200 million in damages al-
leged to have been caused by

●The amount of ionizing radiation re-
quired to produce the same biological
effect as one Roentgen of high-
penetration X-rays.

plutonium spilled at the Rocky
Flats nuclear weapons facility be-
tween 1959 and 1965. Small
amounts of plutonium were blown
by the wind into neighboring
lands. The claim, filed in 1975 in
District Court in Denver, Colorado,
was dismissed in May 1982
because the Government, and its
contractors were able to demon-
strate acceptably to al I parties
that the level of plutonium outside
of the Rocky Flats facility did not
represent a significant hazard.

Our understanding of the role of
dose rate in risk estimation was
significantly enhanced by the
animal studies. Studies on mice,
for example, demonstrated for the
first time that for the same cumu-
lative dose of radiation, fewer mu-
tations and cancers are produced
in animals receiving low dose rate
exposures than in those receiving
the same exposure at a high rate.
Furthermore, it was shown that
the same total amount of radiation
delivered in smaller increments to
mice was less damaging than
when delivered as a single ex-
posure. These data showed that
mammals other than man are
capable of repairing damage to
cells involved in transmitting the
genetic information from one
generation to the next. A careful
evaluation of the same endpoints
from the radiation exposures of
mice, dogs, and man has provided
a model for the scaling of radia-
tion effects between the species.
Animal studies are also providing
information on differences in
radiation sensitivity as a function
of the age when irradiated. The
positive contribution is to provide
sound scientific data that are
essentiai for those charged with
developing guidelines for the pro-
tection of human health.

The radiation biology research pro-
gram and the appiied studies in
radiation effects continue to hoid
great promise of a better under-
standing of biological processes
and of treatments and therapies
for a number of human diseases.
Research to date has led to a host
of theories on the possible causes
of genetic diseases, birth defects,
aging, and cancer, as well as to

advances in immunology and treat-
ment. Much of this research may
eventually resoive the question of
the existence of a threshoid for
radiation damage.

Simple discoveries, such as the
use of tritium-labeled thymidine as
a DNA precursor, were instrumen-
tal in helping characterize DNA
replication and recombination in
mammaiian ceiis, as well as the
properties of the different phases
of the cell cycle. A knowledge of
such phases is important not only
in the estimation of mutagenic
and carcinogenic risk, but aiso in
radiation therapy as weil.

Synthetic Fuels Human epidemio-
Iogical studies provide the most
direct information for developing
relationships between levels of ex-
posure and health risks. However,
these studies are rareiy avaiiabie
for industrial products not already
on the market, as is the case for
the products of such technologies
as oii shaie or synthetic oil from
coal. Thus, laboratory studies are
generally undertaken to provide
the needed information. These
usually begin with studies using
bacteria and mammalian cells in
cultures (see Fast Test for Cancer-
causing Chemicals in “Detection
and Measurement of Human Health
Effects”) and may progress to ex-
posures of whoie laboratory ani-
mals by skin painting, inhalation,
or ingestion. Because costs of
these studies increase markedly
with the level of complexity, most
elaborate life-span studies using
laboratory animais are undertaken
only when the less costly cell cul-
ture assays indicate a potentially
important human health concern.

Mathematical methods are aiso
being developed to combine the
resuits of short-term bioassay
tests, whole animal studies, and
human epidemiology to predict
the health risks associated with
new chemicai substances. With
these methods the toxic potential
of new substances is determined
through comparison with other
substances that act in simiiar
ways and for which human health
risks have been measured. Human
health risks can thus be estimated
per unit of exposure, providing the
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