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BACKGROUND PAPER FOR REGULATIONS RELATED TO
TOE EXPOSURE OF URANIUM MINE AND MILL WORKERS

1) Introduction

The Atonic Energy Control Board (AECB) is modifying the Atonic Energy Control-
Regulations to include a maximm permissible exposure to radon daughters* for

- uranion mine and mill workers. The numerical changes will be included in Schedule
II of the revised Regulations and the text of the Regulations will also be
modified in many places to be consistent with a revised Schedule II.

In January, 1976, after consultation with the uranium producers, the United
Steelworkers of America Union and the various Federal and Provincial govemnent
regulatory bodies, the Atonic Energy Control Board issued a directive endorsing a
maximum permissible annual occupational exposure to radon daughters of 4 Working
Level Months (WLM).** This exposure limit was an interim guideline to be applied
for at least one year. Shortly thereafter, the report of the Royal Carmission on
the Health and Safety of Workers in Mines1 was published, providing an excellent
review of the hazards fron ionizing radiation in the mine environment. Moreover,
the Board staff and the members of the Mine Safety Advisory Camiittee have examined
available evidence on the excess risk of lung cancer owing to exposure to radon
daughters and have assessed the arguments for both raising and lowering the exposure
limit. The evidence is not conclusive, and further studies, particularly epidemiolo-
gical studies, (i.e. the study of the relationship between work history and disease)
are needed. Nevertheless, the Board considers that the interim guideline is acceptable
in the light of the present state of knowledge and that it should be incorporated
into the Regulations. This document explains why the Board has made this decision
and discusses a raxnber of related issues.

The new regulation refers only to the maximum permissible exposure to radon
daughters and does not specify the method for measuring it, the details of record
keeping, and other matters, that seme groups have suggested should be incorporated
into the Regulations. "The fact that such details are not specifically included in
the Regulations does not mean that they have been ignored or cannot be given legal
force. The Atonic Energy Control Regulations are written in very general teams
and enable the Board to issue licences, without limiting the type of information
required in the application or the conditions which may be specified in the licence.
The Board also issues guidelines which define ways and means for meeting the
Regulations but which give the applicant some flexibility in doing this. Although
these guidelines have no legal force themselves, issuance of a licence on the basis
of an application which meets the guidelines or a specific reference to them in the
conditions of the licence, would make them enforceable.

* Radon Daughters are the short-lived radioactive decay products of radon-222,
which are: polonium- 218 (radium A), lead-214 (radium B), bisnuth-214 (radivm C)
and poloniixn-214 (radiurts C ' ).

** One Working Level Month (WLM) is the exposure resulting frcm the inhalation of
air .containing one Working Level (WL) for one working month, where one working
month equals 170 working hours.

Working Level (WL) is the amount of any coribination of short-lived radioactive decay
products of radon-222 in one litre of air that will release 1.3 x 10s megaelectron
volts of alpha particle energy during their radioactive decay to lead-210 (radiun-D).
The short-lived radioactive decay products of radon-222 are listed in the footnote
above.
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There is no question that ionizing radiation is a carcinogenic agent, (i.e.,
very high doses of radiation have been observed to increase the risk of cancer),,
that it is present in uranium mining and milling operations, and that there is
no practical means to eliminate it completely, in the absence of proof to the
contrary, it is assumed that there is no absolutely safe level of exposure to
ionizing radiation. The issue therefore is what exposure is acceptable when
the risks are weighed against the benefits. The International Ccrmission on

• Radiological Protection (ICRP) has done considerable work in this area and has
reccnmended "maximum permissible" doses of ionizing radiation which have been
incorporated into legislation by many countries (Canada has adopted them in Schedule
II of the Atonic Energy Control Regulations). In the case of radon daughters,
there is great difficulty in relating a measurement of exposure to radon daughter
products to biological damage to the lung. The situation is complicated by smoking
and other agents (see part 7). Furthermore at exposures which are considered
acceptable by present standards it is difficult if not impossible to measure the
risk directly and therefore the risks are derived from evidence at much higher
exposures. These points <are discussed in ixire detail in parts 2 and 3.

2) Radon Daughters and Lung Cancer

Radon daughters are natural radioactive substances produced by the radioactive
decay of radon gas (radon gas being one of the natural substanoes produced as a result
of the radioactive decay of uranium). They exist everywhere on earth, but their
concentration is generally higher in uranium mines than in other areas. There is
statistical evidence that exposure to radon daughters may result in lung cancer.
For example, of the 15,094 persons who worked one or more months in Ontario uranium
mines fran 1955 to 1974, 81 died of lung cancer whereas only 45 lung cancer deaths
would have been expected amongst this population had they not worked in uranium
mines. The 36 'extra' cases of lung cancer have been attributed to excessive
exposure to radon daughters, tost of the 'extra' deaths occurred amongst miners who
were exposed before 1958, when mine ventilation was much poorer, and consequently
radon daughter concentrations were much higher, than in today's mines.

The chance of contracting lung cancer fran exposure to radon daughters depends
on the concentration of radon daughters in inhaled air and on the exposure time:
the lower the concentration and the shorter the time spent in that concentration,
the lower the risk.

3) Choice of the Working Level hfanth as the Unit of Exposure

The exposure to radiation is usually expressed in terms of the amount of
radiation absorbed in body tissue, measured in rads, multiplied by a quality
factor to account for the greater biological effects of some radiations compared
to others, the product being expressed in rems. However, the amount of radiation
dose delivered to the lungs by inhaled radon daughters is very uncertain and therefore
the ran is not an appropriate unit for measuring exposure to radon daughters. Tte
reason for this uncertainty is that the radiation dose delivered to the lungs, due
to inhalation of a given concentration of radon daughters in air, depends on many
factors: the dustiness of the mine air, the length of time the air has circulated
in £he mine, the breathing rate of the exposed person, whether the person breathes
through his nose or mouth, the amount of mucus in the bronchial passages, the
physiology of the bronchial passages as affected by smoking or infection, the



- 3 -

part of the lungs on which most of the radon daughters happen to deposit, and on
the uncertainty in the biological effect of the alpha radiation fran radon
daughters compared to other types of radiation.

Many attempts have been made to calculate the lung dose due to inhalation of
a Jawwn amount of radon daughters, but the aforenentioned physical and biological .
factors vary so widely from person to person, from location to location in a none,
and fran time to time, that a dose estimate in rens is very uncertain. Hie AECB
therefore considers it preferable to express radon daughter exposures in terms of
measurements of radon daughter concentration multiplied by exposure time, without
trying to evaluate the resulting dose received by the lungs.

Two systems for limiting radon and radon daughter concentrations are generally
recognized. One system, based on the maximum permissible concentration (MPC) of
radon and daughters reoarcnended by the ICRP, depends on a theoretical lung model and
calculation of the dose to the lungs. The MPC formula assumes a certain degree of
equilibrium between radon and its daughter products (radioactive equilibrium) and
is dependent on the fraction of the first daughter, Ra A, that is not attached to
dust particles (the unattached fraction). On the basis of preliminary data, both
the degree of radioactive equilibrium and the unattached fraction vary widely in
operating mines, requiring more complicated measurements or the assumption of some
values. Unattached radon daughters behave differently in the lung than daughters
attached to dust particles and the ICRP formula gives greater biological significance
to the unattached fraction. There is sore disagreement on this question among
experts however, and the ICRP formula is under review.

The other system is based on the correlation of radon daughter exposure with
the incidence of lung cancer. The unit of exposure is the Working Level Month (WLM)
derived by multiplying the radon daughter concentration in Working Levels (WL) by
the exposure time. This system implicitely includes radiation exposure fran radon
gas which under normal circumstances is a small fraction of the total exposure.
However, radon exposure could be significant where filtered air is supplied and
this should be considered when estimating exposure.

An advantage of recording exposure in WLM's is that the information can be
compared with similar information in Czechoslovakia and the United States. Large
epidemiological studies have been done in these countries and provide a comparison
with Canadian studies. It must be noted that these studies have been based on high
exposure data, at rates which were much higher than those allowed under AEC Regulations,
namely 4 WLM per year. Indeed, under the Regulations, persons entering uranium
mining will not be allowed to acquire lifetime exposures as high as those which
formed the bases of the aforementioned epidemiological studies. It will, in fact,
require many years at low exposure rates to demonstrate any possible correlation of
statistical significance between radon daughter exposure and lung cancer. However,
until the mechanism of radon daughter deposition and the absorption of alpha particles
in the lungs are much better understood, epidemiological studies will remain the best
method available for determining the excess risk of lung cancer. Consequently, the
ABCB has adopted the WLM system in its Regulations.

4) i Choice of Maximum Permissible Exposure in WLM

As mentioned in the introduction, the ABCB has seen no convincing evidence to
change the interim guideline of 4 WLM announced in January 1976, despite hearing
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advocates for both raising and lowering this limit. The same limit is in use in
other uranium-producing countries.

There has been sane criticism of the M E B for not setting its limit at 3.6
WLM, which some persons claim conforms to an ICRP recommendation. The IORP has
recommended a maximum permissible concentration of radon and radon daughters of
30 pCi/1, which is equivalent to 0.3 WL. Multiplying this by 12 months per year
yields 3.6 WIM per year, which must be rounded off to 4 WLM in accord with the
one significant figure in 0.3 WL which was used in its derivation. Although the
epidemiological data is variable and embodies considerable uncertainty, it is
good enough to give assurance that 4 WLM is a reasonable though perhaps conser-
vative limit. The risk associated with an annual limit of 4 WLM is thought to be
no greater, perhaps even substantially less, than the risk associated with the ICKP
basic limit of 5 rems per year for irradiation of the whole body. Although the
epidemiological data is good enough to support 4 WLM as a reasonable annual limit,
it is not good enough to warrant a 10% refinement of the limit from 4 to 3.6 KLM.

The changes to the Atonic Energy Control Regulations include two points that
require some explanation. For the reasons given in part 3, the relation between
W M and rems is variable, depending on the biological assumptions made and on the
exposure circumstances. For exposures to radon daughters the maximum permissible
exposures (in WLM) apply instead of the maximum permissible doses for the lungs
(in rsns) and this does not necessarily imply equivalence. The new regulation
also includes a quarterly limit, equal to half the maximum permissible annual
exposure, to conform with the other limits in Schedule II of the Atomic Energy
Control 'Regulations.

5) Cumulative lifetime Exposure

The AECB has seen no convincing evidence for a limitation on cumulative life-
time exposure provided the average exposure reoeived during a working life does
not exceed 4 WLM per year. The risk of lung cancer associated with an exposure
of 4 WLM per year over a normal working life is considered to be acceptably small
canpared to the risk of death associated with other industries with a high standard
of safety.

For persons previously exposed to radon daughters at higher average rates
and who continue to be exposed, the AECB will review their individual situations
taking account of previous exposure, state of health, age and expected additional
exposure.

6) Other Sources of Radiation in Uranium Mines

Although radon daughters are usually the predominant radiological hazard in
uranium mines, many other sources of radiation are present as well: radon gas,
uranium, thorium and radium dust, thoron and thoron daughters (which are similar
to radon and radon daughters but generally not as hazardous) and beta and gamna
radiation fields.

The use of epidemiological studies as the basis for an exposure standard
implies that all of these radiation sources were present in previous environments
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in approximately the same proportion as they exist today. By defining the standard
in terms of the dominant hazard, radon daughters, a certain amount of radiation,
exposure from other sources is implied. In some operations such as open-pit mining
or underground mining of high grade ore the dominant hazard may be external ganina
radiation and therefore the AECB will require estimation of ganina exposures in
such operations. Garnna radiation irradiates the whole body and, therefore, is
subject to the limits for whole body exposure in Schedule II of the Regulations.
Ihese limits apply in addition to the exposure limits for radon daughters.

7) Influence of Other Agents on the Carcinogenic Effect of Radon Daughters

Uranium mine environments include many noxious agents in addition to radon
and radon daughters such as dusts (non-radioactive and radioactive), diesel emissions,
fumes and particulates from explosives and beta and gamma radiation directly from
the ore body. The possible combined effects of these agents is not well known but
there is strong evidence that smoking (either on the job or otherwise) enhances the
risk of lung cancer among uranium miners.2 Moreover, the latent period for the
appearance of lung cancer among miners exposed to radon daughters appears to be six
or seven years less for smokers than for non-smokers.3»4

In general, noxious agents are an intrinsic part of the mine environment and
cannot be eliminated completely. Every effort should be made to reduce the concen-
tration of these agents by ventilation, dust control techniques, filtration, etc. On
the other hand, smoking is entirely within the control of the individual and every
effort should be made to make miners aware of the possible synergistic effect of
smoking and exposure to radon daughters (i.e. a combined effect that would exceed
the sum of the individual effects of the two agents) and to discourage the habit,
both at the workplace and elsewhere.

At the present time, the AECB has decided not to include in the AET Regulations
a prohibition on smoking in uranium mines, despite the acknowledged enhanced risk
of lung cancer. Such risks are deemed to be voluntary on the part of the individual
miner. However, in agreement with the position taken by the Ham Catmission,1 the
AECB strongly discourages uranium miners from smoking and supports the position taken
by sane of the provincial authorities who have banned smoking in mines within their
jurisdictions.

8) Determination of Exposure

In Canadian uranium mines the exposure of individual miners is calculated by
combining spot measurements of the radon daughter concentration with estimates of the
time spent at each location. The result is subject to errors in both factors. Given
the variability of the radon daughter concentration, a practical solution at the
present time is to increase the frequency of spot measurements until the statistical
confidenoe in the average concentration is within acceptable limits. The AECB intends
to publish a guideline on acceptable limits of error and means of keeping within then.

An alternative method of estimating exposure would be the use of an integrating
device, the so-called personal dosimeter, carried by the miner at all times. At
present, various models of these devices are available but are generally undergoing
further improvements and field testing to improve their reliability and accuracy.
She use of a reliable personal dosimeter for radon daughters could make a significant
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improvement in the reliability of exposure estimation in the mines, but would not
eliminate the need for area monitoring. Area monitoring remains the principal method
for monitoring the concentrations of radon ets a tool for operational control of
ventilation.

Mine operators will be required by the ABCB to maintain radiation exposure
records of all their personnel and to submit these periodically to the Board. Such
records serve to inform the Board (and the individual miners concerned) of the
miners' exposures acquired during the reporting period and the cumulative exposure
with that employer. This type of reporting, in turn, helps ensure that no one will
receive exposures in excess of the limits set by ABC Regulations. These exposures
may then be linked with those incurred with any previous employer. They also serve
as valuable input to the National Dose Registry where complete information on
exposure to radiation and other information on occupational health will be maintained
for every uranium mine worker in Canada. This central repository of information ensures
continuity of a miner's records, even if he moves from one mining company to another
or fran one provincial jurisdiction to another, and will provide information for
epidemiological studies on a national basis.

9) Enforcement

Most employees of uranium mines and mills will likely have to be designated as
"atonic radiation workers" within the meaning of section 2 of the Atomic Energy
Control Regulations. As specified in section 17 of the Regulations, this has
important implications for both the employer and the employee and the ABCB will
ensure that the conditions of section 17 are carried out.

The hiSCB intends to improve the inspection in the uranium and thorium mining
industries by using its own staff in addition to inspectors from other federal and
provincial regulatory agencies appointed under the ABC Regulations. The inspection
will concentrate mainly on auditing the health and safety aspects of the operating
practices and procedures used by the operators of the facilities. The AECB will
ensure coordination of its regulatory activities with those of other concerned
federal and provincial agencies. The ultimate purpose of the Board's inspection
is to ensure health, safety and security of workers and members of the public and
to minimize the impact of the facility on the environment as it affects the health
and safety of the general public.

In order to help keep radiation exposures as low as reasonably achievable, action
levels for radon daughter concentrations in the atmosphere of the working place will
be established at which corrective action can be taken. Because of the variability
of conditions from one mine to another, action levels will be established on a case-
by-case basis, after evaluation of the designed or actual ventilation system and
other factors. The ABCB will require that an applicant for a licence submit proposed
action levels for the mine and mill or parts thereof, together with a justification
of these levels and actions which would be adopted should such levels be reached.
The purpose of these action levels would be to help establish and maintain the best
reasonably achievable working environment, considering the specific conditions of
the given facility.
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