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or their employment turnover rates, and few workers
have found it possible to express severities of expo-
sure in physical units translatable from one set of
circumstances to another, or to say how the popula-
tions they studied were distributed in terms of severity
of exposure.

Enterline and Kendrick (1967) gave the age distri-
bution of a population studied in the United States.
It was a younger population than that of the total
employed population in the United Kingdom
(Central Statistical Office, 1970), a difference partly
attributable to different national age profiles, but
also no doubt to the rapid growth in recent years of
the asbestos industry. For purposes of a simulation
study an intermediate distribution was chosen,
constructed in fact from two equal parts, the first
with Enterline and Kendrick’s distribution and the
second with that for the United Kingdom total.

Declaration of the employment turnover rate was
based upon a frank guess; no recorded data were
found which could be related to age and severity of
exposure in this industry. The value chosen was a
turnover rate of 10 % per annum overall and this was
partitioned to a rate of 159 per annum for the
younger age profile group and 59 per annum for
the older group. Because of the non-linear dose/
response relationship adopted, the effect of choosing
too low a value will be to underestimate subsequent
death rates; too high a choice will overestimate. It
was necessary also to be arbitrary in constructing a
distribution of levels of exposure. An annual expo-
sure rate of 0-02 was attributed to a severely exposed
group and a lower value, one-third of this, was
attached to a ‘moderately’ exposed group. Slight
exposures were ignored altogether so that results
must be regarded as referring to injuries per thousand
industrial population working in moderate to severe
grades of exposure (in Newhouse’s terms) and not
per thousand roral industrial population. For
purposes of the test the severely and moderately
exposed groups were supposed to be equal in size;
both the younger high turnover group and the older
low turnover group were divided into equal parts for
this purpose, resolving the total test population into
four sub-groups. It would follow that if, in a particu-
lar circumstance, the attributed ratio of severe to
moderate is grossly inaccurate, the outcome will have
to be modified.

One other point was taken into consideration.
Either age or accumulated previous exposure might
affect the latent interval; in the case of industrial
bladder cancer, for example, it has been noted that
workers with late first exposure tend to have short
latent intervals. One explanation there was that such
‘workers were given relatively responsible jobs with
high exposures but other explanations seem more
likely. It might be an artefact of limited opportunity
for follow-up or due to a differential truncation of

longer potential intervals by natural mortality.
Alternatively, it could arise from a genuine rise in
susceptibility or a change in the rate of development
of the pathological process with age. The latter
explanations of the finding might be transferable to
the asbestos hazard. In sympathy with these consi-
derations, but perhaps superfluously, the asbestos/
cancer model was modified by reducing the mean
latent interval of 25 years by one-tenth of the age at
exposure. Thus, for a man exposed at 20 years of age
a mean interval of 23 years is attributed to that
increment of exposure, and at 50 years of age a mean
interval of 20 years.

The results of the computation based upon the
above premises are given in Table 6. The overall
result was 10-37 deaths per annum in employees and
ex-employees per thousand current employees. This
is greater than the earlier result, for a zero turnover
population, all exposed at the ‘severe’ level for 50
years. It appears that with the dose/response rela-
tionships envisaged, a moderate turnover rate of
109 has an effect so serious that it more than com-
pensates for a two-thirds reduction in exposure in
one-half of the population. Only 14-1 % of the deaths
occurred in current employees, and even at pre-
retirement ages this figure was only 16:2%.

The modal value for age at death was 50 years and
the mean age 53-1 years, and these values afford
some independent validation of the simulation. They
correspond well with Buchanan’s (1965) estimate of
55-2 years for men with lung cancer following asbes-
tos exposure. For women his mean age was 446,
which might reflect a younger age distribution at

TABLE 6
SIMULATED DISTRIBUTION OF ASBESTOS CANCER
DEeATHSs
In other Percentage
Age In current | employment| Total | in current
(yr) employment | or retired employment
-25 0-01 0-01 0-01 45-8
-30 0-02 0-03 0-06 346
—-35 0-08 0-21 0-29 263
—40 017 0-68 0-85 19-8
—45 0-24 1-32 1-56 15-6
—50 0-26 1-71 1-98 133
—-55 0-25 1-64 1-90 132
—-60 0-23 1-21 1-44 160
—65 0-21 0-76 0-97 217
Sub total 1-47 7-57 9-04 16-2
—170 0 0-64 0-64 0
-75 0 043 043 0
—80 0 0-21 0-21 0
Over 80 0 0-06 0-06 0
Total 1-47 890 10-37 141
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exposure, although he does not say so. Hueper (1965)
assembled mean ages from reports published from
several countries. The values were 50 years in the
United States of America, 57 years in Canada, 54
years in England, and 53 years in Germany.

Discussion and conclusions

The simulation approach is in some ways the inverse
of standard analytic practice. Conclusions are de-
rived by iteration of premises and comparison of
consequences with observations, rather than com-
puted directly from the observations themselves.
This is difficult to present sequentially within the
standard format of an analytic scientific report and
is reflected in some untidiness of conclusion. The
main function of a reasonably validated simulation
system is to predict, and where the predictions are
long-term the usefulness of the approach is difficult
to justify in terms of immediate result. However, the
main conclusions of the present application are as
follows:

(1) Many apparently various sequences of expo-
sure to industrial hazard, and the subsequent events,
can in fact be accommodated within a general frame-
work of not too forbidding complexity. The relation-
ships of the sequence, and the premises which need
to be declared, can be defined exactly.

(2) Ambiguities in the common usages of certain
terms and concepts were revealed by this process of
definition. In particular, the meaning of ‘latent
interval’ has been interpreted in several different
ways. The idea of a ‘model’ or ‘biological’ latent
interval is distinguished in the present context as a
general concept, which of its nature is not capable of
direct computation. All values based on observa-
tions and described as latent intervals are to be
regarded as special and inherently biased estimates.

(3) Schematic inputs to the general model demon-
strated the relative effects of variation in each of the
main factors. Quantitative estimates were made of
discrepancies between ‘model’ and ‘measured’ latent
intervals, and a simple approximate mathematical
relationship was suggested between latent interval,
employment turnover rate, and the proportion of
injuries occurring during current employment. The
limits and circumstances of possible success with
personnel engineering policies were also demon-
strated.

(4) Literature searches revealed few industrial
situations documented to the extent necessary for
exact simulation. Insofar as prediction was shown to
depend upon information not commonly available,
we can conclude that few current industrial hygiene
policies can bebothcomprehensiveand soundly based.

(5) The hazards of asbestos dust exposure are
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documented better than many industrial hazards, and
while simulation of the asbestos cancer problem still
encountered data deficiencies, they did not prevent
the construction of a reasonable simulation study.
The main conclusions here were:

(a) The biological latent interval from exposure to
death from asbestos cancer is about 25 years.
Results from a range of studies with different
computed mean intervals can be explained by
supposing an approximately symmetrical distri-
bution of the latent interval with a coefficient of
variation of 259%,.

(b) Exposure at the most severe levels recently
reported is equivalent to an accumulating risk
of 0-02 lethal unit per annum with respect to
asbestos cancer. This value applies to exposures
lasting around four years, but the risk in relation
to duration is higher for shorter exposures and
less for longer ones.

(¢) Exposure for a working lifetime at severe levels
results in a 409 risk of death from asbestos
cancer. A probable non-linear relationship be-
tween intensity and duration of exposure on the
one hand and consequences on the other implies
that the extended dose-sharing effected by labour
turnover is harmful to the population as a whole.
A mobile industrial population exposed to mean
dustlevels much less than the worst could readily
accumulate more deaths in the long run than a
population universally exposed at the worst
levels, but with a zero labour turnover rate.
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