RESTAL

couecrion MALKEY F1LEs

REPOSITORY

Lor &

80X No.

#2Z (PepPorrs £R,)

rower . § NMARSHALL Ese ZSLANDS

706751

PHYS. MED. BIOL., 1976, vor. 21, No. 6, 903-919. © 1976

The Observation and Analysis of Cancer Deaths
among Classified Radiation Workers

J. A. REISSLAND, pu.p., m.anst.P.,, P. KAY, PH.D., A.R.C.S. and
G. W. DOLPHIN, pH.D., D.SC.

National Radiological Protection Board, Harwell, Oxon, U.K. .
Received 29 March 1976, in final form 5 July 1976

AnsTrACT. The extent to which occupational radiation exposure contributes to cancer
mortality is an influence on future world energy policy. It is also a factor in deciding
the level of expenditure to reduce radiation levels experienced by workers. Here we
discuss some of the difficulties in analysing the situation and present the results of
some calculations which estimate the expected age-specific radiation mortalities from
all inducible cancers and also from leukaemia separately. Using a high value for the
average occupational exposure and a conservative estimate of the associated risk, we
find that a survey of mortality among radiation workers must run over many years
before sufficient data would be accumulated to resolve the effects of radiation-induced
neoplasms from those arising from other causes. We show the advisability of deter-
mining the cause of death both of persons who remain employed in the industry and all
persons who enter and subsequently leave the industry, perhaps being employed in it
for only a short time. Our estimates are based on maintenance of an occupationally
exposed dose of one rad per person per year during the period of the survey which may
extend over several decades. However, scaling of the estimates to any other exposure
rates is easily performed. .

We also give estimates of the lowest risk coefficients detectable in a given observa-
tion time. Since for a work force of 3000 these lowest detectable values are an order of
magnitude largor than those expected, it is clear that only a national or international
survey can produce data adequate for even modest objectives.

1. Introduction

The widespread use of radioactive isotopes, X-ray equipment, neutron
generators and the rate of expansion of the nuclear power industry has raised
questions about the carcinogenic effects of radiation at the levels experienced
by operational workers. We are not concerned in this paper with exposure
resulting from accidents, neither are we concerned with the mechanisms of
carcinogencsis. Our prime ohjectives here are to assess the prospects of drawing
any conclusions from a survey of causes of death of radiation workers; to
identify the factors which influence these prospects; to estimate the effects of
latency of radiation effects on the age-specific death rate; and to provide basic
information from which the relative magnitude of radiation-induced and
natural cancers can be estimated. All of these factors are relevant considera-
tions in the setting up of a survey. The ultimate value of a survey will be
determined by the information contained within the collected data. Before
establishing the data base it is prudent to attempt to anticipate the demands

which will be made on it. This paper reports such an attempt.
33
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In section 2 we describe the model we have used to represent a work force of
radiation workers and the way in which we have estimated their chances of
dying from an induced cancer. Section 3 discusses the time necessary to
achieve sufficient data to be able to draw conclusions with some specified level
of confidence. We also consider the magnitude of risk that is detectable in a
given time.

Results of calculations are presented and discussed in section 4 and we make
comments on possible conclusions in the final section.

2. The model

There are three aspects to be settled before any calculations can be carried
out:
(i) the age distribution of the work force and the rate at which workers leave,
(ii) the natural incidence of deaths from causes which may also be induced by
radiation, and
(iil) the risk of death due to exposure to radiation and how this risk is dis-
tributed in time.

2.1. The work force

Our calculations refer to a work force of 100 000 distributed in age as shown
in fig. 1. This distribution is based on the actual distribution at an established
nuclear energy site and does not differ greatly from any typical British industry.
We have assumed for simplicity that the annual percentage leaving radiation
work other than by death or retirement is the same for every age group.
Stability of the distribution is maintained by introducing new workers (with no
previous industrial radiation exposure) to replace those leaving any group by
death, resignation or retirement. The total number of ex-radiation workers is
dependent on the leaving rate. From the records of the National Radiological
Protection Board (NRPB) and from informal discussions with employers, we
have arrived at a figure of between 5 and 109, for the annual percentage of
workers who cease radiation work other than by death or retirement. We have
considered 5 and 109, which, under steady state conditions, lead respectively to
171000 and 330000 living ex-workers. We have assumed also that those
leaving radiation work do not return to it within the latent period of risk
following their last exposure.
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Fig. 1. The age distribution of the work force used throughout this paper.
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2.2. Natural death rates

Table 1 shows the Registrar General’s figures (for 1972) on which we have
based our non-radiation-induced deaths. We have considered ‘all-cancers’
(ICD 140-239 inclusive) and leukaemias (ICD 204-207 inclusive) in our com-
parisons of natural incidence with radiation-induced incidence. A specific
group of workers would have a standardized mortality ratio (SMR) to account
for selectiveness of employment (e.g. a requirement to be medically fit) and this
may be accounted for as described in sections 2.3 and 3.1. The sMR is simply
the ratio of the death rate (from a given cause) in a specific group to that in the
whole population. .

Table 1. The Annual Death Statistics used in this work for comparison purposes
(Registrar General 1972)

94 deaths 9% deaths
9% deaths (all cancers) (leukaemias)
Age group  (all causes) (ICD 140-239) (ICD 204-207)

16-25 0-092 0-:0096 0-0023
26-35 0-096 0-0172 0-0021
36--45 0-227 0-0502 0-0030
46-55 0733 0-1899 0-0049
56-65 2-08 0-6094 0-0121
66-75 5-42 1-3624 0-0250
76-85 12-39 2:1569 0-0453
86-95 25-57 2-4963 0-0691

2.3. The risk of death from radiation

Three factors determine the radiation-induced death rate:
(i) the annual exposure,
(ii} the total risk per unit exposure, and
(iii) the latent period of the risk.

It is convenient to work with an exposure to each worker of 1 rad/year and
to apply a scaling factor to find the effects due to other average exposure levels
(see below).

The choice of data for factors (ii) and (iii) has required judgement based on
an assessment of other studies of populations exposed to radiation. These
studies indicate that the rate of radiation-induced cancer death varies con-
siderably with time after exposure. The largest group of people studied over a
long period are the 23979 Japanese survivors with exposures above 10rad
who are included in the life-span study of the Atomic Bomb Casualty Com-
mission (Jablon and Kato 1971). In this group the excess leukaemia rate has
decreased slowly with time since the mid 1950’s and it may be predicted that
all the radiation-induced leukaemias will have occurred by the mid 1970’s
{Goss 1974). This leads to a risk coefficient of 30 per 10®* manrad for radiation-
induced leukaemia death. Excess mortality from all other cancers (excluding
leukaemia) follows a different time pattern. After a very low rate during the
5-year period 1955-60, the mortality rose in the next two 5-year periods. From
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these data it is not possible to predict the eventual shape of the time distribu-
tion of the cancer rate. To estimate the absolute risk of radiation-induced
cancer death, Goss doubled the number of excess cancers which had occurred
up to 1970. This leads to a risk coefficient of 70 per 10 manrads and hence to a
total of 100 per 108 man rads for all cancers (including leukaemia). These figures
apply to gamma radiation.

Risk coefficients obtained from the study of other irradiated groups are not
easily related to the conditions of whole body exposure experienced by the
occupationally exposed workers of interest to us. For example, radiotherapy
patients such as ankylosing spondylitics (Court Brown and Doll 1965) and those
treated for metropathia haemorrhagica (Smith and Doll 1976) receive high and
localized exposures which are very dissimilar to those of our group and hence
may have a quite different excess cancer pattern. Also, those exposed are a
special group who may exhibit abnormal medical response to the exposure
whereas we are concerned with a predominantly healthy group. Studies of the
radiologists in the USA (Matanoski, Seltser, Sartwell, Diamond and Elliott
1975) are probably the most comparably exposed group to the classified
workers in our study, but unfortunately their doses are not recorded and so risk
coefficients cannot be deduced, ncither is it possible to extract the time pattern
of their excess cancers.

For the purposes of the present paper it is proposed to use a figure of 100
cancer deaths per 10 manrads (10~ per rad), based on the Japanese survivor
data corrected for gamma-ray exposure only. With the same justification
we use a risk coefficient of 30 per 10% manrads (3 x 10~5 per rad) for excess
leukaemias. These figures may be regarded as conservative estimates when
applied to the low doses received at low dose rates by radiation workers.
Biological repair mechanisms will act to reduce radiation damage to tissue to
below that expected from high dose rate observations. This may be taken into
account by a protraction factor but our knowledge of low dose rate effects is
inadequate to establish a value for this factor so it will be assumed that the risk
is linearly related to the dose for the range of doses accumulated by radiation
workers. So for example, 1 rad accumulated by each of 10° persons will lead
to the same number of cancer deaths as 100 rad to each of 10* persons.

The time variation of the number of excess cancer mortalities following
exposure i$ not clear from the currently available cvidence and so we have
made an arbitrary choice for our calculations. We have assumed that the risk
oceurs over a limited period rather than remaining at a high value for all times
after exposure. The Japanese data indicate an increased leukaemia risk lasting
about 30 years and a simple assumption is that the risk remains constant over
the period 5-30 years after exposure. For all cancers the risk appears to exist
for a longer time and it is assumed constant from 5 to 50 years. In order to test
the sensitivity of our results to the assumed form of the risk with time, we have
congidered three forms of risk-in-time following exposure:

A, a rectangular distribution,

B, a Gaussian distribution, and

C, a sharply peaked distribution—all the risk during the 11th year.



1014212

Cancer Deaths among Radiation Workers 907

Fig. 2 displays these time distributions. Calculations have been performed
with A and B spread over 50 years as well as 30 years as in the figure and these
are distinguished as A,y A, ete. This permits some estimate of the difference
between leukaemia deaths—all of which may be expected to have occurred
within 30 years—and other cancer deaths where the risk may spread over a
longer period following exposure.
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Fig. 2. The three risk-time relations Ag, B, and C;;. We also consider Aj, and By,
(i.e. the same form as A,, and By, but spread over 50 years).

Having established the three factors (i), (ii) and (iii) we may now calculate
the expected age-specific radiation-induced deaths in our work force. The
numbers of workers in each 10-year age group are shown in column B of tables 2
and 3 and the corresponding ‘non-radiation’ deaths in columns C, D and E.
Columns F and G are calculated by summing a man’s risk of dying in any
particular year arising from each year of exposure up to that time. Hence we
calculate the number of deaths in a group of the same age and exposure.
This is repeated for all age and exposure groups and the results summarized in
columns I and G. Both columns I and G (A;, and A, respectively) have been
evaluated with a risk coefficient of 10-* per rad so to find the expected number
of radiation-induced leukaemia deaths we must scale column I appropriately
(see eqn 1).

While the age-specific numbers of radiation-induced deaths shown in tables 2
and 3 are applicable to a population of 100000 workers each exposed to 1 rad/
year with an associated risk of 10-% per rad, we can deduce the corresponding
numbers for any other parameters from

£, R
M =mx 108 = To=4
where m is the number of deaths shown in the table, P, is the working popula-
tion, I is the risk per rad and D is the average annual dose per worker. This
simple scaling is possible because of the negligible cffect of radiation-induced
deaths on the population distribution.

The calculations described are for the steady state and it would take 50 years
for the exposure distribution to be reached. Since this is longer than the
nuclear power industry has been in existence, it is of interest to consider the
approach to the steady state situation. We have maintained the same work

x D = mP, RD|10 (1)
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foree but with no initial exposure and no ex-workers with radiation exposure.
The steady state exposure pattern and ex-worker distribution is built up by
calculating the annual number of radiation deaths for each year up to 50 years.
The results are summarized in fig. 3 and table 4.

1-0 —
— 7
um -y
S
~ ot , L
E'B, /’/ /// -
== Ve

04 /
// //
02 7 /,/

0 S 10 15 20 25 30 35 40 45 50
Time, t {years).

Fig. 3. The growth to steady state. Curve I represents the growth of the number of
ex-workers with radiation exposure. Curve II is the growth of the expected
number of radiation-induced cancer deaths among in-service workers and curve I1I
among ex-workers. N(#) is the number in year ¢t and N(co) the number in the steady
state as in table 2, column A.

Table 4. Showing the accumulated number of radiation-induced deaths in 5-year

intervals following time zero when radiation exposure began. Also shown is the

number of people involved for our standard 100 000 workers exposed to 1 rad/
year each and for 3000 workers exposed to § rad/year each

Timo (years)

30

[
Ct

10 15 20

Working population 100 000
(1 rad/year)
Total workers 150 861 175749 197 542 216 279 231 905
IN + EX
Accumulated r1 4 17 38 67 103
deaths A,

Working population 3000
(% rad/year)
Total workers 4526 5272 5926
IN + BX
Accumulated Rr1 0-06 0-25 0-57 1-0 1
deaths Ay,

6 488 6 957

[}

3. Observation time
'3.1. Time required for a survey

We are interested in an estimate of the number of years over which cancer
deaths among radiation workers must be observed to show a significant
difference between them and a corresponding group of non-radiation workers.
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We will assume that we can find an appropriate control population and that
it is identical to the radiation work force except that it is not occupationally
exposed to radiation. In practice it will probably be necessary to draw the
control group from among those radiation workers with the lowest exposures.
In this way we can be sure that the control and the exposed populations have
been subjected to the same selection procedures.

We must consider the confidence that we will be able to place on the rejection
of the null hypothesis (that there is no risk involved in exposure to radiation
and consequently that the mean numbers of cancer deaths will be equal in the
control and exposed groups). This is normally assessed as a significance level
«, defined such that « is the probability that we will reject the null hypothesis
when it is {rue. The corresponding confidence limit is expressed as a percentage
and is (1 —a) x 100.

We must also consider the power of the test we apply to the acceptance or
rejection of the null hypothesis. The power (1—B) of a test is defined such that
B is the probability that we will accept the null hypothesis when it is false.

Formulating the significance level and the power of the test as in Armitage
(1971), we find that the observed mean number of excess cancer deaths (8Z) is
significant at the P9, level (P = 100q) if

8% > Uy, 0 {(2/n) (2)

where U, is the standardized normal deviate exceeded in the positive direction
with probability «, o is the standard deviation of the population mean (taken
to be the same in exposed and control groups) and = is the number of observa-
tions which, in our case, is the number of years, since there is one ‘observation’
per year. A difference in the number of cancer deaths between the two groups
will be detected with a probability 1— g if the true mean difference (Su) satisfies

3> (Un+ Upg) 0(2/n). ' &)
If we now put 8 = m, the true number of radiation-induced cancers, and

rearrange eqn (3) we have an expression for the time required for a survey to
have probability 1 — 8 of rejecting the null hypothesis at the « significance level:

7> 2Uyy+ Uy )2 02 fm2. : (4)

In these expressions o2 (the variance) has been taken to be equal to the mean
number of non-radiation-induced cancer deaths; that is, we have assumed a
Poisson distribution.

Table 5 has been compiled to show values of n for o = 0-05 and 02, § = 05
and m as given in table 2, column IF; that is, the times necessary to have a 509%,
chance of showing a positive radiation risk at the 5% and 209 significance
levels. The values in this table may be interpreted another way. Rearranging
eqn (2) with n on the left hand side, we see that, if after n years the observed
mean excess cancer deaths are as in table 2, column F, the survey shows
positive radiation risk at the 5%, (or 20%,) level. This is an appropriate inter-
pretation onece the survey is running since we will then have an observed mean
difference and will ask what is its significance.
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The number of years (N) required to show a positive contribution of radiation
exposure to cancer death rates for a specific population, risk level and dose rate
may be found by scaling the appropriate n in table 5 using eqn (5) (which
includes the sMR value so that the effect of known variations in natural death
rates on N may be estimated).

108 1 10° #nxSMR

[ = X X = e % 1073 ) 5
N = 1 X SMR X 7 X e X 7.~ WDP, x 10~2 years (5)
3.2. Risk coefficients detectable in a given time
Rearranging eqn (5) we see that
n SMR x 1078\%
= |- ———-— . 6
E (N DF, ) (®)

Thus, using the values of # from table 5 and putting & years as the observa-
tion time, the lowest detectable risk coefficients may be found and some
examples of these are shown in table 6.

There is a one t0 one correspondence between the true number of excess
cancer deaths and the radiation risk coefficient. However, since the observed
excess cancers are the difference of two statistically fluctuating variables the
corresponding risk coefficient can only be established to lie within a range of
values. To give some indication of the magnitude involved in trying to establish
risk coefficients we have shown, in the four right hand columns of table 6, the
959, confidence interval of the risk coefficients which corresponds to observed
radiation cancer deaths equal to those predicted in table 3. We should empha-
size that columns 2-5 in table 6 are independent of our calculated number of
radiation-induced cancer deaths while columns 6-9 are based on our predicted
values.

3.3. Other influences

The risk values detectable and the times required for a survey to yield a
positive identification of radiation risk as presented in this paper are subject to
variations not covered by our statistical analysis. Systematic differences
between the control and the exposed group or from one year to another can be
incorporated in the sMR (see section 2.2) but it is unlikely that these are known.
The effect is an additional spread on the natural cancer deaths and hence an
increase in the required observation time. Another factor is the classification
of a cancer death as in-service or ex-service (for example, if the cancer has
influenced retirement). This suggests the desirability of not diseriminating and
supports the argument for full follow-up studies.

The effects of exposure to radiation for medical diagnostics or therapy must
be omitted from the study because of the practical difficulties involved. Dose
measurements of exposure to radiation for medical purposes are not made
routinely and if they were they would be treated as sensitive confidentist
information. Even if a satisfactory assessment of doses were available, because
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they are localized it would be difficult to relate them to the uniform whole body
doses experienced occupationally. Furthermore, individuals would be reluctant
to cooperate in a survey which collected information which could prejudice their

-employment prospects. Medical exposures have to be considered as background

and we must presume some cancellation since they are equally probable in
exposed and control groups. Over a very long survey time, the presumed cancel-
lation of all background effects becomes more acceptable.

4. Results and discussion

In table 2 we have shown the number of radiation-induced cancer deaths that
would occur in the population (columns A and B) if the risk was 10~ per rad
distributed in time as Ay, (column F) or Ay, (column G). The longer latent
period permits a greater influence of the normal death rate and results in a
smaller number of radiation-attributed deaths. Since there is no striking dis-
tinction to be drawn between the effects of using A,;, B, or C;; we have not
reproduced the details here. Corresponding to the 7-7 total radiation-induced
cancer deaths in column F for A,,, we calculated 8:23 for By, and 9-11 for C,;.
The increase through Ay, By, and Cy; is due to the concentration of the risk into
a shorter period hence allowing radiation-induced death instead of ‘natural’
death slightly more often.

Comparing columns I and F we see that the 7-7 radiation cancer deaths are
against a background of 1406 other cancer deaths and this is a clear indication
of the detection difficulties to be faced. A 30-year latent period is appropriate
for leukaemia while death from all other forms of cancer may occur up to
50 years following exposure. Thus to find the number of radiation-induced
leukaemia deaths expected we should scale the figures in column I using
R (leukaemia) = 3-0 x 10~5 (see section 2.3). IFor example, how many deaths
from leukaemias compared to all-cancers would we expect in a particular
industry employing 3000 radiation workers each receiving an average dose of
0-5rad/year? Using eqn (1) and table 2, we predict that the number of
leukaemia deaths per year is 0-034 (distributed among 3000 workers and 5149
ex-workers) compared with 0-93 expected naturally; correspondingly there
would be 0-08 cancer deaths compared with 42 naturally. Thus in a period of
25 years we would expect in the industry 24 leukaemia deaths (3 in-service) of
which 0-8 (0-3 in-service) would be radiation-induced; in the same time period
we would expect 1056 (105 in-service) cancer deaths of which 2 (0-6 in-service)
would be radiation-induced.

Probably the most significant feature of table 2 is the balance of deaths
between in-service and ex-workers. Any long time effects will be lost unless
adequate provision for follow-up exists. For A, risk 629, of all radiation-
induced deaths will be among ex-workers.

‘Table 3 shows all the quantities described in table 2 but for a leaving rate of
10%, instead of 5%,. Comparison of the corresponding columns in tables 2 and
3 show the same number of age-specific radiation-induced deaths but dis-
tributed more heavily towards the ex-workers in the 10%, case; for A,y 819%
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of all radiation-induced deaths will be among ex-workers. More significantly,
we see that in table 3 we have a background of all-cancers of 2462 which
seriously reduces the chance of detecting the effect of radiation on the death
rate. In our estimates of the time necessary for the survey, we optimistically
work with table 2, that is assuming a 3%, leaving rate. In the nuclear power
industry at least, this is a realistic figure.

Since the nuclear power industry is only 25 years old—i.e. less than the
latent period—we are not yet in the steady state situation. IFig. 3 shows the
growth period of the effect of radiation, the number of induced deaths reaching
the steady state value after 30 years because of the use of Ay, The-ex-worker
numbers require 80 years to reach steady state. In table 4 we see the accumu-
lated number of radiation-induced deaths at 5-year intervals following the
start of radiation work. We have included in this the corresponding figures for
a working population of 3000 and also the total number (1IN and BX) of workers
at that time. So we see that in the first 25 years we would expect considerably
less than the 2 radiation-induced cancer deaths predicted in a 3000 work force—
table 4 shows 1 death but that is for A,—taking a 50-year latent period (A,)
we would expect 0-6 deaths due to radiation in the first 25 years. Since we are
interested in conservative estimates we shall restrict further discussion to the
steady state situation.

Table 5 shows how many years arc necessary before a survey on our work
force has a 509%, chance of confirming a positive risk from radiation exposure
to the 5 and 209, significance levels. It is clear from tables 2 and 3 that follow-
up studies are essential and while table 5 gives emphasis to this it also clarifies
the relative merits of looking at specific groups. The most obvious deduction
from table 5 is that the analysis of the survey data should be restricted to those
workers and ex-workers below retirement age. The large background of
natural cancer deaths above the age of 65 serves only to spoil the resolution.
The optimuwm on these figures is an analysis of 16-55 for which the time required
is 11 years (209, significance) and 44 years (59, significance); however, the
influence of the assumed latent period becomes important and 16-65 is probably
safer.

Comparing A, and By, in table 5 we see only marginal differences overall
and although C;; requires significantly shorter survey times for the lower age
groups it is not a realistic form for the risk-time relation.

In table 6 we show the magnitude that the risk coefficient must be before it
can be detected as positive against statistical fluctuations. The second part of
table 6 shows the range of risk coefficients compatible with the observed mean
annual number of radiation-induced deaths being those predicted in column F
of table 2. Until the observation time is greater than that in table 5, a negative
risk is compatible with the obscrvation and since we do not permit this pos-
sibility, we show the residual probability that the risk is not positive (expressed
as a percentage).

Tables 5 and 6 taken together demonstrate the difficultics to be faced in
analysing the results of a survey of the causes of death of occupationally
exposed radiation workers.
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5. Conclusions

The proportions of induced cancer deaths shown by tables 2 and 3 show
clearly the need for follow-up studies of the causes of death of ex-radiation
workers to supplement the records of actual workers. Moreover, we consider
the proportions shown in these tables to be a lower limit as systematic factors
will tend to bias towards ex-workers deaths through a greater concentration of
ill-health among those leaving. Since these factors are unquantifiable it seems
wise to concentrate on the total (age-specific) deaths in any analysis. We see
also (particularly from table 5) that the exclusion of the over 65’s enhances the
possibility of drawing conclusions. So we suggest that the analysis shéuld
concentrate on all radiation workers and ex-radiation workers between 16 and
65 although all included in the survey would be followed until death.

This paper shows that if a large survey (100 000) on occupational exposure is
made the first conclusions would not be expected for at least 20 years. How-
ever, if total exposures are much less than 100 000 man rad/year or if the risk
is less than 100 per 10% man rads—the time required to prove a positive effect
of radiation on the incidence of deaths from cancer becomes very high and with
little prospect of making statistically valid intermediate statements.

Although these prospects seem discouraging a survey has valuable contribu-
tions to make. Firstly, if the risk levels for low dose exposures are much higher
than those anticipated, this will become evident at a much earlier stage than
suggested in table 5. For example, a factor of 3 increase in the risk reduces the
time required by a factor of 9 (see eqn 4) so the effects of radiation would be
detectable at the 59%, significance level in under 10 years (and within 2 years at
the 209, level). Although it is most unlikely that the actual risk is higher than
the expected risk, the establishment of a reliable base of data will provide the
means to refute or ultimately to justify current estimations of levels of risk.
Secondly, a national survey may identify a rare form of cancer which can be
radiation induced but which would be insignificant in data relating to small
groups of radiation workers. While such cancers would acecount for a very
small number of deaths, if they existed it would indicate environments where
the working procedures should be reviewed. Analysis of any cancers which have
low natural incidence would also provide an index against which the significance
of the incidence of the cancer in particular industries may be assessed. Finally,
any overall reduction in life expectancy for radiation workers may be in-
vestigated when sufficient data have been collected.

REsumME

L’observation et I'analyse des décés par tumeurs cancéreuses parmi les techniciens exposés
aux radiations

La politique énergétique mondiale future dépend dans une certaine mesure de l’effet qu’a sur
la mortalité cancéreuse le degré d’irradiation auquel les techniciens sont exposés. De Ia dépend
aussi la décision prise sur les dépenses & prévoir pour réduire les niveaux d’irradiation éprouvés
par les techniciens. L’exposé discute certaines difficultés d’analyse de la situation et il présente
les résultats de calculs estimant les mortalités par irradiation auxquelles on peut s’attendre pour
chaque groupe d’dges particulier, de toutes les tumeurs cancéreuses induites ainsi que, séparément,
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de la leucémie. Eu utilisant une forte valeur pour I'irradiation professionnelle moyeune, et une
estimation prudente du risque connexe, nous trouvons gu'il faut étudier pendant de nombreuses
années la mortalité parmi les techniciens d’irradiation avant d’accumuler assez de données pour
différencier les effets des néoplasmes induits par les rayonnements de ceux provenant d’autres
causes. Nous montrons qu’il est judicieux de déterminer la cause des décés de personnes restant
employées dans P'industrie aussi bien que de toutes celles qui 8’y engagent et la quittent par la
suite, aprés une courte durée éventuelle d’emploi. Nos évaluations sont basées sur le maintien
d’une dose d’irradiation professionnelle déterminée par personne et par an au cours d'une période
d’étude pouvent s’étendre sur plusicurs décennies. Cependant il est facile de ramener & une
échelle comrmune tout autre taux d'irradiation.

L’exposé donne aussi des évaluations des plus faibles coéfficients do risque pouvant étre
détectés pendant une durée donnée d’observation. Comme, pour un effectif de 3000 ces plus
faibles valeurs détectables sont d’un plus grand ordre de grandeur que ceux. auxquels on
s'attendait, il est clair que seule une étude nationale ou internationale peut donner assez de
renseignements pour atteindre méme les plus modestes objectifs.

ZUSAMMENFASSUNG

Beobachtung und Analyse tédlicher Krebsfille unter Arbeitern, die berufsmissig
der Strahlengefahr ausgesetzt sind

Das Ausmass, in dem Strahlungsgefahr am Arbeitsplatz zu tédlichen Krobsfallen beitragt,
beecinflusst die kiinftige Weltenergiepolitik. Es bildet ebenfalls einen Faktor bei der Entschiedung
uber die Kosten, die zur Reduzierung der Strahlenmenge am Arbeitsplatz aufgewandt werden
sollten. In diesem Rahmen erdrtern wir einige der Schwierigkeiten bei der Situationsanalyse und
stellen die Ergebnisse von anndhernden Berechnungen tiber die zu erwartende, altersbedingte
Strahlungssterblichkeit aufgrund aller induzierter Krebsarten bzw. Leukamie. Unter Verwendung
eines hohen Faktors fiir die berufsbedingte Exposition und einer zuriickhaltenden Einschétzung
des damit verbundenen Risikos kommen wir zu dem Ergebnis, dass sich eine Untersuchung der
Sterblichkeit von strahlungsexponierten Arbeitern tber lange Jahre erstrecken muss, da erst
dann geniigend Daten zur Verfiigung stehen, um festzustellen, welche Neoplasmen durch
Strahleneinwirkung oder andere Ursachen gebildet werden. Wir belegen die Ratsamlkeit, nicht
nur die Todesursache solcher Arbeiter festzustellen, die in der Industrie geblieben sind, sondern
auch derer, die nur voriibergehend—wic kurz auch immer—in der Industrie beschiaftigt waren.
Unscre Berechnungen basieren auf der Aufrechterhaltung der berufsmiissig bedingten
Bestrahlungsdosis pro Person und Jahr iiber den Zeitraum der Untersuchung, die sich iiber
mehrere Jahrzehnto erstrecken kounte. Allerdings lasst sich eine Umrechnung der oventuett
veranderten Dosis leicht durchfiihren.

Wir liefern dariiberhinaus Berechnungen der Minimalrisiko-Koeffizienten, sowoeit sie sich in
einer vorgegebenen Beobachtungszeit feststellen lassen. In Anbetracht der Tatsache, dass bei
einer Arbeiterzahl von 3000 diese geringsten, messbaren Werto von einer Grossenordnung waren,
die die IErwartungen iibertraf, ist klar, dass nur eine nationale oder internationalo Untersuchung
die Daten produzicren kann, dic selbst geringen Anspriichen Geniige tun.

Pesrome

HabnioneHust 1 aHaJIn3 CMEPTEH OT PaKa cpeaq MepcoHana, paboTaloUIEro B CEKPETHBIX
YCIOBUAX C paanauuci

Ta cTenexs, B KOTopoit Bo3neHCTBHE PAAHALMH B YCIOBHAX PaboTel, cniocobCTBYET CMEPTHOCTH
OT paka BUseT Ha 6yayLIee IHEPreTHYECKOE Pa3BHTHE BCero Mupa. OHa TaKkKe ANBAETCA (PaKTOPOM,
OTIPENIENAIOIINM PACXO/bl, HANPABNEHHbIE HA COKpAlIEHHE YPOBHEH pamuauuM, XOTOpOH noasep-
raeTcs nepcoHal. B 3Tol CTaThe Mbl PACCMATPUBACM HEKOTOPbIE TPYAHOCTH B aHAIM3C CHTYyaLUH
W NPEACTABNAEM pPE3Y/bTAThL PACHETOB, AAIOLUMX OLUEHKY NPEANORaraeMoi CMEPTHOCTH OT BO3-
pacTacteunduyeckoll paauanuu IIs BCEX CNy4aen BbI3BAHHOTO paka M GesoKpoBust OTHAC/IBHO.
B3siB BLICOKOE 3HAYEHUE CPCAHETO BO3ACHCTBHS PAANALUK HA TIEPCOHAT M 3AIMKEHHYIO OHEHKY
CBA3AHHOIO PUCKA, Mbl OGHAPYXH/M, HTO Aif cOOpa MOMHBIX AAHHLIX, ONPCAENMIOUIMX BO3HKK-
HOBGHHE HEOINA3M, BBI3LIBAEMbBIX PAfHALMNE WK APYTUMU NIPHYNHAMM, NOTPEOYETCK MHOTORETHHUH
0630p CMEPTHOCTH Cpeu PabOTHUKOB, CBA3AHHLIX C paaxauneii. Mbl nokasanu, YTG KenaTenbHo
OMPeRENATh NPHYMNY CMEPTHM KAk Ans paBotuuko, npomomkasuinX pabortaTe B 3ToH 0bnacTw,
TaK ¥ nis paGoOTHUKOB, MOKHIYBIIKX 3TY 0Bnacth, NpopaboTas B Hell BOIMOKHO NULLL KOPOTKOE
ppemst. Haluy OLEHKH OCHOBAHBI HA ITOJUICPKANHH 1035 PAAHALMHK B PAJaX HA ONHOTO YENOBEKA B
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FOL B TCYEHHE NEpHOAA NPOBEIeHHA HAOIFOACHHH, KOTOPBII MOXET NPOROIKATBCS HECKOJBKO
necaTunernit. Oanako MacmTab 3THX OLEHOK MOXET ObITh JIETKO U3MEHEH IR 060t APYTroi No3bl.
Mebl Takxke onpencnaeM KOI(Q(hHUIHEHTH HAMMEHBUIETO PHCKA, BLIBEASHHBIE 3a OINPENENICHHO
BpeMa Habmonenus. [ockonbKy ans mepcoHana B 3000 YeNOBEK 3TH HAMMEHBILUHE BbIBEICHHBIC
3HAUEHHUS BO MHOTO pa3 NMPEeBbIAIOT MPEANONAraeMple, ACHO, YTO TOJIBKO FOCYHNAPCTBEHHBIH WM
MEXAYHAPOAHBIH 0030p MOXET YCTAHOBHTH HAHHLIC, JOCTATOYHBIE NaXe JJisl CKPOMHBIX Leneli.
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