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This is a review of certain low dose radiation effects, including

the BEIR Report's (1) risk estimates for radiation induction of cancer

and genetic effects, to provide some general perspective for this session.

In addition to cancerogenic and genetic effects, there are certain

radiosensitive systems in which low doses of radiation may cause degenera-

tive effects, namely gametogenic epithelium, lens of eyes and the develop-

ing embryo.

Spermatogenesis.

Although there have been occasional small epidemiological studies

(e.g., reference 2) suggesting deleterious effects of occupational radia-

tion exposure on human spermatogenesis, there have been no studies of

effects of long-extended very low-level irradiation on spermatogenesis

in man that have been sufficiently adequate epidemiologically, biomedical-

ly, radiobiologically, dosimetrically, or quantitatively, to qualify as

definitive for this problem. However, such studies do point up the pos-

sibility of such effects in the routine occupational exposure range.

In our 20-year experiment on Beagle dogs (3), involving brief daily

whole-body X-irradiation for life, from sexual maturity to death, with

daily exposures of 0.0, 0.06, 0.12 or 0.6 R, only the highest level caused

marked depression of spermatogenesis. The 0.12 R per day level may have

caused a slight depression, but this was statistically equivocal. The

0.06 R per day level caused no effect on spermatogenesis. Incidentally,

survival was excellent and similar in all groups, as were causes of death,

with possible slight, but equivocal, life span shortening at 0.6 Rper day

and possible slight, but equivocal, life span lengthening at 0.06 R per

day.



It is also interesting to note in this regard that in a much larger

experiment on mice by Grahn et al. (4) at Argonne National Laboratory,

a daily dose of 0.3 rad of gamma radiation caused only slight, equivocal,

life span shortening but a more definite increase in incidence of tumors

associated with a decrease in non-tumorous diseases which may have caused

death.

Ovogenesis (5).

In the ovary there is a limited supply of germ cells shortly after

birth, and this supply declines with increasing age. Radiation destruc-

tion of ovocytes causes a lasting reduction in the total lifetime repro-

ductive potential which, if severe, may result in a practical realization

of impaired fertility.

No definitive studies have been done to determine the effect of

long-extended low-level irradiation on the ovaries or fertility of women !

or large experimental animals. Most of the experimental work of this

kind has been done with mice, a species with much higher ovarian radio-

sensitivity than other mammalian species studied, including the human

species, in terms of sterilizing doses and susceptibility to induction

of ovarian tumors.

Exposure to 1 R per day of gamma radiation has considerable effect |

on the mouse ovary, but little or no detectable effect on other species •

studied. Experiments with mice have shown that 1 rad per day to the j

embryos and fetuses over a large part of the gestation period is the \

lowest level to cause deficient development of gonads. ;

It seems unlikely that extended exposure of human females with pro- j

tracted doses as low as a few rads per year would cause appreciable or j

detectable effect on fertility on the basis of destruction of gametogenic i
I

cells. j
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Lens Of Eye.

The human dose threshold for low-LET radiation induction of pro-

gressive cataracts severe enough to impair vision seems to vary between

200 and 500 rads (depending on age) for a single brief exposure, and

1000 rads or more for exposures fractionated over a period of months.

The fragmentary data for fission neutrons suggest a dose threshold for

such cataracts in the range of 75-100 rads, with less influence by dose

protraction or fractionation. Stationary small cataracts or plaques that

do not impair vision can be produced by smaller doses.

Minute, microscopically-detectable lens changes in the highly

radiosensitive lens of the mouse have been caused by brief 14 MeV neutron

doses as low as 12 rads (6).

For larger doses and effects, the mouse lens has been regarded as

about 16 times more sensitive than the human lens.

Development After Embryonic-Fetal Irradiation (1).

With brief, single, low-LET radiation exposures in experimental

animals (mice or rats), the lowest doses observed to cause effects on

development, growth, function or behavior range from a few rads to 50

rads, depending upon the stage of development at the time of irradiation

and the biologic endpoint. The incidence or severity of effects at these

low doses are usually very small.

A few rads kill occasional germ cells at certain stages in de-

velopment, with no detectable functional effects. Brief irradiation of

the mouse zygote in the early preimpiantation stage, with subsequent

examination 16 days later for relative embryo survival, has shown a

detectable effect on survival by less than 5 rads of neutrons, with an

exponential survival curve at higher doses (up to 20 rads). The RBE for



neutrons for this effect was about 4 compared with X-rays over this

dose range.

Subtle but permanent morphologic changes and deletions of cells

of the nervous system, with some permanent disorganization of the tissues

they compose, are caused by brief doses of 10-20 rads at some stages of

development, but no obvious changes in behavior have been detected un-

equivocally below about 25 rads given at sensitive prenatal stages.

There have been some reports of subtle behavioral changes detected

by complex test systems after one or a few rads, but these are still in

need of confirmation.

In animal experimentss 1 rad per day over a large part of the

gestation period has been shown to be the lowest level of extended ir-

radiation to cause detectable effects, namely, some life shortening and

deficient development of gonads and some other organs.

Similar data for man at low radiation levels are not available,

but observations on developmental effects of in utero irradiation of

Japanese A-bomb survivors would indicate that the minimal doses for de-

tectable effects on head size and mental retardation may be between 25

and 50 rads. However, these data are complicated by the neutron compo-

nent of the radiation in Hiroshima which, if assigned an adequate value

for RBE, would probably increase the gamma radiation dose required for

these effects. On the other hand, the methods available for measuring

these effects were not very sensitive.

Genetic Effects.

Despite extensive investigation of genetic effects, including

chromosomal effects, neither the amount of change that will be caused

by very low levels of irradiation nor the degree of associated detriment



is known. This is owing to the great difficulty in detecting the relevant

rare events at low radiation levels against a high "noise" background in-

volving mutations from other causes and variable influences which are

not yet understood adequately.

In the BEIR REport (1), the Genetics Subcommittee assumed that the

experimental mouse data at the lower doses and dose rates were more ap-

propriate than the data at the higher doses and dose rates for the kinds

of radiation exposure that most of the human population would experience,

and based their risk estimates on the lower dose, lower dose rate mouse

data. They indicated that the calculations of genetic risks for low doses

should be made on the assumption that the relationship between the lowest

accurate measurements of effect and zero induced effect at zero dose is

linear. This had the effect of giving a lower slope to their assumed

linear relationship than would have been the case had they used the data

for larger, more intense exposures.

The mutation doubling dose for low dose, low dose rate irradiation

was taken to be between 20 and 200 rem, based almost entirely on the ex-

perimental mouse data, with some support from experimental data on

Drosophila and observations of offspring of Japanese A-bomb survivors.

The Genetics Subcommittee assessed the genetic risk from irradia-

tion on four bases (in decreasing order of confidence), going from a

firm basis to little more than an informed guess, as follows:

1. First, in terms of risk relative to natural background radia-

tion. Exposure to man-made radiation at levels below the

level of background radiation would produce additional genetic

effects that are less in quantity and no different in kind than

those which man has experienced and tolerated throughout his

history.



2. Second, in terms of risk estimates for specific genetic condi-

tions. The effect of 170 millirem per year (i.e., 5 rem per

30-year reproductive generation) was calculated to cause be-

tween 100 and 18Q0 cases of serious dominant or X-linked dis-

eases and defects per year in the U.S.A. in the first genera-

tion of descendants, assuming 3.6 million births annually.

This is an incidence of 0.003% to 0.05%. At equilibrium,

after several generations, the number of cases would be about

5 timos greater, or 0.015 to 0.25%. In addition, a smaller

number of cases would be caused by chromosomal defects and

recessive diseases.

3. Third, in terms of risk relative to current prevalence of

serious disabilities. In addition to the specific genetic con-

ditions just mentioned, which are caused by single gene defects

and chromosomal aberrations, are the congenital abnormalities

and the constitutional diseases which are partly genetic. The

Genetics Subcommittee estimated that the total incidence from

all of these, including the specific genetic conditions mention-

ed above, would be between 1100 and 27,000 per year at equilib-

rium in the U.S.A. (again, based on 3.6 million births annually).

This would be an incidence of 0.03% to 0.75% at equilibrium, and

0.02% to 0.1% in the first generation.

4. Fourth, the risk in terms of overall ill-health. This is probably

the most tangible measure of total genetic damage, and it includes

but is not limited to, the previous categories of genetic conditions

mentioned above. The Genetics Subcommittee thought that between

5% and 50% of ill-health is proportional to the mutation rate.



Assuming a value of 20% of ill-health as being proportional to

the mutation rate, and assuming a doubling dose of 20 rem, they

calculated that 5 rem per generation would lead eventually to

an increase of 5% in the ill-health of the population.

Cancerogenic Effects.

At the low doses or dose rates with which we are here concerned,

there is no unequivocal information on cancerogenic effects in man or

experimental animals. The effects are inferred on the basis of data at

higher doses and dose rates and on the basis of theory and assumptions

concerning dose-incidence relationships and mechanisms.

The BEIR Committee (1), in estimating risks for radiation induction

of cancers at the low doses and dose rates to which populations are ex-

posed, chose to base the estimates exclusively on available human data

at high dose and/or dose rate, but with adknowledgement of the data and

principles and theories derived from experiments on animals.

The Committee assumed the linear (proportional) hypothesis for

extrapolating from the observed data at high dose and/or dose rate to

zero dose, zero effect, using data on A-bomb survivors in Japan, certain

groups of patients irradiated for medical reasons, and certain groups

occupationally exposed.

These risk estimates involved extrapolations by factors greater

than 1,000 in dose and from 100 million to a billion in dose rate.

The body of the Beir Report indicates the factors that might in-

validate this linear extrapolation, but justified the approach on

pragmatic grounds.

The Committee cited the -ogent radiobiological reasons, both theo-

retical and factual, for doubting that the dose-incidence relationship

remains constant despite changes in dose, dose rate and population at risk.
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The Committee recognized that, at least for low-LET radiation, the

cancerogenic effectiveness probably decreases with decreasing dose and

dose rate, that there may be a linear component at low dose and/or

dose rate, and that the slope of that linear component would probably

be lower than the overall linear slope employed for extrapolation from

high dose-high dose rate data.

The Committee also recognized in their Report that their treatment

of the neutron component in the data from the Hiroshima A-bomb studies

which are a major basis for the Committee's risk estimates, might serious-

ly underestimate the neutron RBE and overestimate the gamma radiation

cancer induction risk at low doses and dose rates, but stated that

firm data enabling other approaches were lacking.

The Committee concluded that it was impractical at the time to use

other than the linear hypothesis for estimating risks in support of public

policy on radiation protection.

The linear hypothesis permits the grouping and averaging of various

individual doses, the integration of partial organ doses over the whole

organ, and the neglect of dose rate. It should be noted, however, that

such practices may tend to impose linearity on the data to some extant

in the process of preparing them for analysis.

The Committee recognized that estimates of risks at low doses and

dose rates based on linear extrapolation from observed effects at high doses

and dose rates in the range of rapidly rising incidence, i.e., before

the curve reaches the very high doses at which there is a decline in

cancerogenic effectiveness attributable to excessive cell killing, may

well be overestimates of risks for low LET radiation, and stated that,

therefore, these estimates should be considered as upper limits of risk



for low LET radiation at low levels of exposure, where the lower limit

could be considerably smaller (zero not excluded by the data).

The Committee's overall risk estimates for various specific

malignancies, in terms of cancer deaths (or cases for thyroid cancer)

per 10^ persons exposed, per year, per rem, were approximately as follows:

1 - 2 for leukemia.

2.5 - 9.3 cases for thyroid cancers in irradiated children, with

lesser risk in irradiated adults.

1 for lung cancer

3 for breast cancer in women.

0.2 for cancer of th.» Keleton.

1 for ct.ncer of the gastrointestinal tract.

and possibly 1 for cancers at other sites combined.

These rates were based on the periods of time after irradiation

during which an excess of the incidence of the neoplasms has been evident.

The BEIT Committea estimated that the overall excess mortality from

cancer (including leukemia) in irradiated populations can be largely ac-

counted for by the specific types of neoplasms for which risk estimates

were given. In the Japanese atomic bomb survivors, this excess mortality

at high doses and dose rates approximates 2.5 deaths/10 exposed persons/

yr./rem, averaged over the period in which the excess has been observed.

5ome stucies of diagnostic in utero irradiation effects have

suggested that prenatal irradiation might increase the overall juvenile

cancer mortality at the rate of 50 cases/10 /yr./rem, averaged over the

first 10 years of life. The committee has pointed out, however, that a

possibility still exists that the excess incidence observed in these

studies may be dependent on factors other than radiation.
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The BEIR Committee has pointed out that to estimate the actual risk

of cancer attributable to a particular increase in the level of exposure

of the general population to radiation, would require systematic informa-

tion on the effects of lifelong, low-dose irradiation that is not available.

However, the Committee made an approximate calculation at the level

of mortality on the basis of the data from the 25-year follow-up studies

on A-bomb survivors and on patients treated with intensive spinal ir-

radiation for ankylosing spondylitis. The rates of radiation-induced

excess mortality from all forms of malignancy were extrapolated linearly

to low dose and dose rate levels. Exposure of the U.S. population of

about 200 million persons to, for example, 100 mrem during one year could

be expected to cause 1350-3300 deaths fn-m cancer during the 25 years

after irradiation, or about 50-130 deaths per year in the U.S. Continued

exposure of the population to an additional 100 mrem per year could be

expected ultimately to cause 1350-3300 deaths annually, provided the

effect of a given increment of dose did not persist beyond 25 years after

exposure. The rate per million persons on this basis would be about 7-17

at 100 mrem per year, or about 40-100 at 600 mrem per year (a level of

interest here).

An estimation of the complete cumulative experience of an entire

population requires more specific attention to age at exposure, duration

of latency, size and duration of effect, age and sex distribution in the

population, age specific mortality from the various malignancies and

other factors influencing the effect. Because of these influential

factors, the BEIR Committee considered it advisable to illustrate the

great uncertainty that necessarily characterizes its estimates of the

effect of a particular level of low dose and dose rate radiation exposure

on the entire population. The Committee chose a range of values for each
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parameter entering into such estimates. The estimates based on these

ranges of selected values ior each parameter, for the annual number of

cancer deaths associated with an increase in radiation exposure of the

whole U.S. population by 100 mrem/yr., ranges from about 2,000-9,000.

Much weight was given to these estimates Dy the l.ign risk estimates for

juvenile cancer mortality from prenatal irradiation, based on the sug-

gested risk from epidemiological studies of prenatal diagnostic ir-

radiation, which are still questionable as to the contribution of radia-

tion to the effect and which has not been confirmed in studies of the

Japanese A-bomb populations.

The Committee considered that the most likely estimate from this

approach (still using the linear extrapolation) is about 3,000-4,000

cancer deaths or roughly about 1% of the annual cancer death rate in the

U.S. population.

The rate per million persons exposed on this basis would be about

15-20 at 100 mrem per year, or about 9D-120 at 600 mrem per year. The

rate for 5,000 persons exposed at 600 mrem per year would be about

0.5-0.6.

Comments on Future Studies in the Area.

Even the best of epidemiological studies and estimates of cancer-

ogenic (or genetic) risks of radiation exposure in human populations,

even at high dose and dose rate levels, are beset by many difficulties

and formidable requirements in terms of population size, adequate controls,

dosimetry, duration of follow-up, and biomedical ascertainment of effects

and extraneous or co-acting variables, etc. Many of these difficulties

and requirements have already been discussed beginning with Dr. Albert

and Dr. Pochin, and by others here. The requirements and difficulties

of such studies of risks at low levels of radiation exposure are enorm-

ously increased, even for valid testing of the BEIR Committee estimates
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of upper limits of risk, unless there is some special feature of the pop-

ulation, with respect to cancer or genetic condition that is so advanta-

geous as to reduce the level of other requirements. The possibility of

such advantages might well be approached by exploratory feasibility study.

It seems unlikely that the levels of radiation exposure in this

vicinity would have any effects on fertility, on the lens of the eye,

or on development that could be detected and distinguished from other

influences, unless, of course, there were some particular characteristics

in the potential study population that might enhance sensitivity.

It seems possible that a large effort in cytogenetics, with as-

sociated individual dosimetry and a carefully selected control population,

involving analysis of large numbers of lymphocytes from substantial

numbers of people periodically, would be useful and worth considering

in terms of more detailed feasibility study. Dr. Barcinski will undoubted-

ly shed some light on this. Finally, a possibility of coordinating efforts of

of various investigators in a radioecological study, perhaps including

man in the chain, seems worthwhile to subject to a detailed feasibility

studyv

I think it would be desirable to utilize the advantages of the high radia-

tion and population circumstances and the interested scientific personnel

to do whatever studies can be done validly. I would recommend more detailed

feasibility studies for this purpose, including exploraticn of potential

study populations for special biologic characteristics advantageous for

study,and exploration of the most sensitive techniques of study.
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