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As a practising Occupational. Health Physician of
over thirty years standing, I have al\\rays believed and
have said on many occasions, that occupational exposure
to ionising radiations should be regarded in the same way
as any other occupational hazard. Unfortunately, because
the nuclear age was born in a spectacular way at the end
of World War II, ionising radiation is imbued emotionally
with almost magical and evil qualities. Half a century
before the explosions at Hiroshima and Nagasaki the
discoveries of Roentgen and Marie Curie were hailed as
major advances. These discoveries have universally
benefited mankind and I feel that we should keep
emphasising this, rather than the association with the
bomb. The emotional impact of releases of radioactive
material can be totally disproportional to their real
effect; this again was well illustrated in the United
States when the incident at the Three Mile Island plant
caused widespread anxiety, despite the fact that its
effect in terms of physical detriment to the environment
and the local population was nil. At the same time
in Florida 6 people died, 3^ were hospitalised and 2,500
were evacuated following a release of chlorine after a
freight train accident. This hardly merited mention
even though it was the second such accident in the U.S.A.
in 48 hours.

I am not advocating a relaxation of standards, but
we do need to keep in perspective the relative risk of
nuclear power in comparison with other sources of power
and other industrial processes. My task this afternoon
is to bring together some views and thoughts about
occupational hygiene and health physics, or radiation
hygiene which, I think, is a better .term. Health
physics is really a specialized part of occupational
hygiene, but because health physics developed behind a
powerful security screen in most countries, there was
little if any contact or exchange between occupational
hygienists and health physicists in the early days.

The major difference between occupational hygiene
and health physics is the high level of concern of
radiation protection for the general as well as the
occupational environment. This is due partly to the all
pervading existence of radiation exposure in our daily-
lives from natural background and also from routine
medical investigative procedures. The long term effects
of ionising radiation are limited to an increase in the
incidence of cancer and the possibility of an increase in
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the incidence of hereditary disease.
It is apparent that the principles of protection are

identical, viz. the control of exposure to acceptable
limits and the monitoring of the exposed individuals to
ensure the efficiency of the safety procedures adopted.
Whenever possible alternative less hazardous materials
are substituted e.g. man-made mineral fibres for asbestos
and tritium based luminising paint for radium based
luminisers.

For the purpose of the conference I propose to
confine my remarks to the working environment, with only
passing reference to the general environment since this
will probably be dealt with at a number of the other
sessions.

Occupational hygiene is concerned with the assessment
of the relationship between the health of occupational
groups and their exposure to chemical, physical and
biological agents; the study of dose response relation-
ships and the promulgation of dose limits referred to as
threshold limit values (TLV). T L V s are defined as time
weighted average air concentrations which if not exceeded
over an 8 hour period can be expected not to cause
unacceptable or permanent adverse effects on the health
of the majority of persons exposed. Leaving aside acute
effects the philosophy adopted for the protection of
workers exposed to such chemical and physical agents are
the same as for radiation protection. In many instances
the relationship between exposure and disease is specific
e.g. lead poisoning; cadmium poisoning or pneumoconiosis•
The problem of understanding the dose response relation-
ship so far as the induction of cancer by chemical
carcinogens is concerned is similar to that of the
induction of cancer by ionising radiation.

For the purpose of discussion I propose to consider
asbestos and bladder carcinogens with ionising radiations,
since a number of points of interest will become evident.

ASBESTOS

Asbestos is a generic term for all fibrous silicates.
Exposure to asbestos dust in sufficiently large quantities
will give rise to asbestosis. A disease characterised by
progressive fibrosis of the lungs. In the U.K. 60-70%
of persons diagnosed as suffering from ..asbestosis die
from bronchogenic carcinoma (lung cancer), this high
incidence is almost certainly associated with concurrent
cigarette smoking.

Asbestos is also associated with a rare tumour of
the pleura and peritoneum called mesothelioma;
mesotheliomata are highly malignant and invariably fatal.
This cancer is associated with exposure to croccidolite
(blue asbestos) and to a lesser extent amosite (brown
asbestos). Mesothelioma may follow transient exposure
to asbestos and there is frequently a latent interval
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of 'iO years or more.
Mesothelioma of the pleura is rare in the absence of

documented asbestos exposure, the association of disease
with exposure to a specific substance eases the problem
of deciding whether or not an exposure is significant.
Unfortunately the extent of the exposure and in
particular the 'dose1 to the affected tissue cannot even
be estimated. Whilst blue asbestos is no longer
imported into the U.K. other forms of asbestos continue
to be used in some specific situations, e.g. in brake
linings for automobile brakes or lift hoists where there
is no alternative to asbestos. Discussions of acceptable
risk and cost-benefit analysis are therefore just as
important as those concerned with radiation risks.
These risk assessments are also valid for general public
exposures.

CHEMICAL CARCINOGENESIS OF THE BLADDER

A number of chemical substances used in the dyestuffs
and rubber industry, <X and (3 naphthylamine and benzidine
have the capacity to cause cancer of the bladder even
following exposure to low concentrations of the chemicals
and with an accompanying long latent interval. The
recognition of the disease and its association with
exposure to these chemical substances merits further
consideration because of similarities to the problem of
assessing the significance of low level radiation
exposure.

Carcinoma of the bladder has been increasing in
frequency in the U.K. over the last thirty years.

In common with many cancers, bladder cancer shows a
marked regional variation within the national pattern in
the U.K. The figures show that deaths from bladder
cancer in U.K. males were increased from 2,000 in 1958 to
26O8 in I968, an annual increase of 30% in 10 years.
Within this increasing 'background' of bladder cancer,
epidemiological studies in England and in the U.S.A. were
able to demonstrate that appreciable numbers of those
who died from bladder cancer had an occupational history
that warranted further investigation (Veys 1973)*

The recognition of the association of bladder tumours
with occupational exposure to specific chemicals in a
situation when cancer of the bladder was increasing in
frequency demonstrate the important role of epidemiolog-
ical analysis of exposed populations. I believe this
emphasizes the need for obtaining basic epidemiological
information about occupationally exposed groups of
radiation workers. There is no other way of testing the
validity of the current dose limits propounded by ICRP.
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IONISING RADIATION

The problem of ionising radiation is that of
assessing the association of radiation dose with the
development of malignant disease and possible harm to the
descendants of those persons exposed. The mechanism of
cancer production by asbestos (mesothelioma) and bladder
cancer from the chemicals mentioned, appear to be similar
to that of ionising radiation, i.e. the probability of
the development of the disease is associated with the
level of exposure. A "stochastic" effect since once the
disease process has started it is totally independent of
the "dose" of carcinogen.

Unlike the problems associated with the occupational
hygiene of the situations discussed above, workers are
exposed to radiation the whole time, from natural back-
ground, from potassium 1̂0, from medical procedures and
from the small additions due to world wide fall-out from
bomb testing in the atmosphere.

If we now consider the significance of continued
exposure to low level radiation i.e. at doses of about
the ICRP recommended limit of 5 rem per annum, and how
this limit was arrived at, there are a number of immediate
and obvious differences between radiation dose limits and
TLV ' s.

The ICRP dose limit assumes a linear dose response
relationship derived from studies of populations exposed
to large single doses of radiation at high dose rate.
From these data risk factorj have been calculated relating
the probability of cancer arising in individual tissues
with exposure to units of radiation dose in those tissues.
This has been possible bec~u.se reasonably accurate
estimates of the acute dose is possible, unlike any
retrospective study of asbestos exposure described
previously. It is immedicitely apparent that these risk
factors are probably pessimistic since no account can be
taken of the modifying effects of dose rate or dose
fractionation.

Radiation exposure is also assumed to have no thresh-
old effect, but in these dose response relationships no
account is taken of the effect of the level of dose on
the latent period between exposure and the appearance of
any disease. It could well be that each rem of dose
has an effect, but if it takes 200 years to develop the
relationship becomes rather academic.

There is one other factor in radiation control which
I would like to mention and that is the sensitivity of
the measuring instruments and their specificity.
Because accurate measurement of a few molecules of radio
active substances or photons of energy can be made it is
a great temptation to ascribe some effect to these
measurable quantities.
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DISCUSSION

Since exposure to ionising radiation causes an
increase in the incidence of cancer, and the radiation
induced cancer is indistinguishable from cancer due to
natural or other causes, a number of obvious practical
difficulties present themselves.

It is generaJJybelieved that some 70% of all cancers
are environmental in origin, but less than h% aru duo to
occupational causes. Where a specific disease is caused
by a particular substance such as mesothelioma and asbestos
exposure then it can be assumed "with some confidence that
if exposure to asbestos can be established then cause and
effect is apparent.

Again, using experience gained from studying the
effects of asbestos, when over 60% of people suffering
from asbestosis develop lung cancer, if any individual
asbestotic develops this disease, it is reasonable to
assume a direct relationship. The fact that the
individual has contributed to the disease by smoking
cigarettes is an additional consideration.

The level of risk which is acceptable will I feel
sure be widely discussed at this conference, but what
should be done about the radiation worker who develops
cancer, but who has not accrued a dose in excess of the
dose limits. Is it necessary to accept that all cancers
in an occupationally exposed group of radiation workers
are related to radiation exposure? Should ICRP risk
factors be used to determine the relationship?

It is vital to establish the validity of the ICRP
dose limits and it is only by the study of occupationally
exposed workers that this can be achieved.

If an excess of cancer is demonstrated in a group of
workers whose exposure to radiation is known and is
within the ICRP dose limits, then morally any individual
suffering from cancer should be accepted as having a
radiation induced disease. Care should be taken to
ensure that only radiation workers who are exposed to
radiation are included in the group. By the same token
if no excess cancers are demonstrable in such a group no
individual suffering from cancer should be accepted as a
case of radiation induced cancer.

Such an approach has the added merit of being the
; accepted practice in the assessment of the incidence of

cancer in fields other than radiation, and also of course
v for assessing the acceptability of other occupational
V hazards such as the dust concentration for the control of
t pneumoconiosis.
f It is apparent that radiation protection practices
[' have influenced occupational hygiene by emphasising the
\. need for control of gaseous and liquid effluents to the
r general environment, by studies on lung aerodynamics which
| hitherto had always been concerned with mass inhalation
j: of concentrations of dust in the study of pneumoconiosis
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rather than the behaviour of dust particles in the lung.
It is appropriate for those concerned with radiation

protection to look at the practice of their colleagues in
thp safety and hygiene fields. The significance of
environmental measurements is tested by epidemiological
studies of the exposed population. I would therefore
suggest that good epidemiological data are required for
assessing the relationship of low level radiation exposure
and possible effects on the health of those exposed. It
is apparent from the studies of bladder cancer in the
rubber and chemical industries that an excess of a
particular cancer can be recognised even in the presence
of an increasing incidence of bladder cancer generally.
Attempts are currently under way in the U.K. to assess
radiation exposure levels where the large employing
organisations are co-operating with the. National
Radiological Protection Board to establish a national
register for radiation workers.

The desirability of such a requirement was discussed
at the IAEA Symposium on The Late Biological Effects of
Radiation in March 1978 but there is a danger of
attempting to collect too much information.

At the end of the day the significance of environ-
mental measurement in relation to the health of an
exposed population must be assessed. It is not enough
to calculate artificial relationships based upon
mathematical extrapolations, it is vital to obtain good
epidemiological studies. It is not necessary to wait
20 years or more. If the present dose limits are
unacceptably high then this will become evident in a much
shorter period of time during the course of a properly
designed epidemiological study.

In summary, it is apparent that radiation protection
practices have contributed a great deal to the practice
of occupational medicine and occupational hygiene. This
is particularly the case in the development of philoso-
phies of protection and in stimulating accurate studies
in a number of biological systems. It is suggested that
it is now time for those of us who have l'esponsibilities
for the radiation protection of workers to accept the
desirability for accurate epidemiological assessment of
persons exposed at or below the recommended dose limits
for radiation.

REFERENCE

Veys, C.A., (1973) : Proceedings of the Symposium on the
Assessment of Exposure and Risk, Society of Occupational
Medicine, London (July 1973)

N.B. This paper represents the personal views of the
author.

388


