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I. The ICRP system of dose limitations for radiation workers is
based on the following requirement: The probability for the induc-
tion of fatal malignancies due to exposure to radiation should be
ljmited to a rate not exceeding the occupational fatality rates in
industries generally recognised as safe, i.e., to a rate less than
10"** cases per year, per person . Exposures to small "critical" groups
of the population are limited by the use of a similar approach with a
limiting risk rate lower than the above by an order of magnitude or
more.

This risk rate is generally comparable in Western societies with
the risk of immediate death from any of the following causes:
accidental drowning, poisoning, death in an air-crash or electrocution
and is lower than the societal risk of being murdered. Exposures of
the population at large should be evaluated by risk benefit analysis,
attributing a proper monetary value to a man-rem ($1000 in the U.S.)
or - indirectly - to a statistical life.

It is important to emphasise that these upper limits of risk
levels for late effects (assumed to be socially acceptable) are
established by comparison and adoption of actual immediate death rates
experienced and passively accepted by Western societies from
comparable causes.

Truly, the validity of the linking working assumption between
the exposures and their late effects, the linear dose-effect relation-
ship for low level low rate exposures is more and more questioned.
According to the generally evolving opinion the model overestimates
the effects for the considered range of exposures, but this matter is
beyond our consideration here.

The significant difference between immediate and late fatality is
noted in ICRP Publication 26, but is not explored there in detail.
Unfortunately in many presentations and evaluations no differentiation
is made between the two.

II. As every living creature is bound to die, the only open question
in this respect is the timing, i.e. the age at which the tiaath occurs-
in other words, the life span or life expectation. The effects of
exposure to low level radiation on the survival probability and life
expectation have been investigated, using the LDER assumption, the
risk rate per man-rem adopted by the ICRP and the competing risk
technique.

The 1977 vital statistics of Jewish males in Israel have been
used as baseline, mainly the data on normalized survival probability
and life expectation as functions of age. On these data, assumed
effects of exposure have been superposed and the net differences cal-
culated. The late effects of exposure have been assumed to be 10"^
deaths/man-rem in a flat distribution between 2.5 to 27-5 years
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after the exposure, i.e. 4xlO"6 deaths/man-rem,yr during the period in
which a given dose burden is considered as effective. It was further
assumed that the effects of an effective dose burden are lost with
death, including those from competing causes. In the mathematical
treatment the accumulated effective dose burden carried over from one
to the next period has been reduced in proportion to the survival
probability at the given age. For the purpose of calculations single
exposures of 10 rem at different ages and annual exposures of 5 rem/yr
and 0.5 rem/yr from age 20 to 65 have been taken as examples.

Fig. 1 shows the base data, i.e., the mortality rate and the
additional life expectancy for unexposed persons as a function of age,
for Jewish males in Israel, in 1977-

Fig. 2 shows the number of excess deaths resulting from single
exposures of 10 rem of 10^ persons as function of age and the age at
exposure under the quoted assumptions.

Fig. 3 shows the loss of life expectancy due to a single expo-
sure (in days per man-rem) as a function of age at exposure.

The following conclusions were reached:
. (a) The detrimental effects of exposure are proportional to the

assumed risk rate and the exposure;
(b) The number of excess fatalities over unexposed population is

calculated to be less at any time than the integral dose (man-rems)
times the risk factor. The maximal excess occurs 18-25 yrs after the
exposure and its value decreases sharply with the age at exposure (from
^0.95x10-^ excess dead/man-rem for exposure at 18 to^ 0.4x10"^ at 60).

(c) The loss of life expectancy per unit exposure varies even
more strongly with the age at exposure from approx. 1.2 days/man-rem
at 18 to about 0.16 days/man-rem at 60.

(d) The initial life expectancy of the Israeli male ( 72 yrs.)
is higher than of males in many other countries. The detriments of
exposure for populations with lower life expectancy are smaller than
the quoted values.

(e) Calculations for exposures of constant rates (I8-65) within
the MPD showed that the maximum number of excess fatalities occurs at
the age of 65 and its value is approximately 0.6x10-^ /man-rem, while
the averaged loss of life expectancy due to exposure is about 0.55
days/man-rem.

The presently available details of the vital statistics in Israel
are not sufficiently accurate to verify such small differences. Many
probably important factors, as will be noted in the following, are
missing and are not available for correlations. These factors are
relevant also to epidemiological studies of the late effects of other
potentially harmful agents.

III. It was found that mortality among the employees of the IAEC was
significantly lower (by approx. *»0-r50&) than the statistically
expected value according to their age distribution and the correspon-
ding death rates in Israel. Possibly several factors contribute to
this, including:

(a) The high level of occupational safety maintained within IAEC.
(b) The exceptional medical care given to the employees.
(c) . Employee selection procedures including preemployment health

examination.
'I (d) Some cases of early retirement due to failing health.
i
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(e) The somewhat different cultural, social and ethnic structure
of the group from the average of the Israeli society.

(f) The higher than ave-age income of the group resulting in
generally above average living standards and conditions.

The exploration of such factors could provide valuable insights.
Calculation shows that even a marginal reduction of the natural

death rates among radiation workers is sufficient to balance the
assumed harmful stochastic effects of low level exposures. Fîg. h
shows the required reduction of death rate to balance such effects due
to continuous exposure at a rate of 1 rem/year. For a typical age
distribution of workers less than 1 lifesaving per 10^ workers per
year is the breakeven value. According to the available crude informa-
tion probably more than this is achieved.

If we attribute a modest 10 percent of the previously mentioned
reduction of the natural death rates among the IAEC employees to the
instant availability of medical aid and to the existence of particular
medical care which includes periodic medical and laboratory examina-
tions (general and bioassays), early detection and treatment of health
irregularities and diseases, we find that this service compensates
several-fold for any possible harm from exposure to ionizing radiation.

Similar statement can be made with regard to the effects of
maintaining high-level occupational safety, although here the gain is
probably smal1er.

A corresponding phenomenon can be revealed from vital statistics
data for the past three decades in Israel. There was a significant
improvement in the medical care, partly due to the developments in the
medical science and profession and partly due to organizational
improvements. These improvements have been accompanied by a corres-
ponding decrease in the death rates and increase of life expectancy.
In parallel the relative and absolute incidence of malignant neoplasms
increased, mainly on the account of more easily curable diseases.

IV. In this context it is worthwhile to note that as malignant
cancers are the cause of~20% of the deaths, every life saved from
death due to other causes will generate in the future •*• 0.2 additional
cancer deaths. If studied detached from other data of vital statis-
tics, every improvement in the general health care will virtually
worsen the cancer statistics. If the excess cancer cases are attribu-
ted to radiation effects, then, using the ICRP assumptions, every life
saved could imply the stochastic effects of-^2000 man-rems. If the
establishment of a nuclear installation is accompanied by improved
material well-being of the neighbouring population, leading among
other changes to better medical care and the resulting changes in
causes of death, this could falsely imply the existence of stochastic
radiation effects from very low level exposures or exaggerate their
magni tude.

CONCLUSIONS

I. The realistic late effects of exposure to radiation are generally
less than calculated by multiplying the collective dose by the risk
factor. The effects are strongly age-dependent, decreasing sharply
with the age at a single exposure and with the starting age of
continuous exposure. A good estimate of the assumed harm is an age-
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dependent function of expected life shortening per unit exposure,
values of this function may range from 1.25 to 0.15 days/man-rem.

The

II. A possibility to account for this age dependent effect in
radiation protection could be the use of a stochastic harm index,
defined as the product of the effective dose equivalent index and a
weighing factor derived from the above function. This weighing factor
can be either an age dependent normalizing factor or the estimated
lost life expectancy in terms of days/rem. In the second case the new
index has the dimensions of time. Such a magnitude is easy to compre-
hend, to integrate over years or populations and easy to use in
comparative studies of different risks.

III. The assumed harm due to exposure to radiation can be more than
balanced by improvements in medical care, industrial and home safety,
increase in the standard of living, etc. The assessment of the health
and safety of exposed populations (for example, radiation workers)
should be based on total balances and not on the segregated explora-
tion and use of single factors.

IV. Cancer-statistics detached from the general vital statistics is
misleading when used for the establishment of risk factors for
exposure on epidemiological basis. The accuracy and the information
recorded in vital statistics should be improved to allow its proper
use in the epidemiological evaluations of stochastic effects of
radiation or other agents.

V. Medical follow-up of exposed populations is intrinsically
accompanied by improved medical care and affects the results in the
direction of a decreased mortality but an increased cancer incidence.
These effects should be accounted for.
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