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Radiation exposure Is an occupational hazard at CRNL. The predicted health
effects of low levels of radiation are described and compared with other
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1. RADIATION RISKS AND RADIATION PROTECTION AT CRNL:
Text of 1985 Nov. 26 talk by D.K. Myers

This presentation on radiation risks and radiation protection at CRNL was
prepared with support from a number of people in Radiation and Industrial
Safety Branch, Medical Branch, Dosimetric Research Branch, the Director of
Health Sciences Division and our Site Head. The primary reasons for this talk
is to ensure that quantitative information on late effects of radiation
exposure is available to CRNL employees.
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CAUSES OF DEATH BETWEEN AGE 18 AND
AGE 65 IN THE CANADIAN POPULATION
IN 1983
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Fig. 1. The first slide deals with deaths from natural causes. About one in
five or 20% of all Canadians die from natural causes during a working lifetime
between age 18 and age 65. The percentage is somewhat higher for men than of
women. The three main causes of these deaths are cardiovascular diseases
(such as heart attack or stroke), cancer and accidents. The vast majority of
these deaths are not related to occupation.
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FATALITY RATES BY OCCUPATION

CANADA 1976-1980

HORIZONTAL ARROWS INDICATE DECREASE
PROM 197 I-1975 AVERAGE)

5 -0

FATALITIES PER 10 000 WORKERS PER YEAR

Fig. 2. The second slide is concerned with occupational deaths, most of
which are fatal accidents. From left to right we have a scale of increasing
hazard in terms of occupational fatalities per 10 000 workers per year. The
height to each vertical column represents the proportion of the total
work-force in each of these industries in Canada. About 80% of all Canadian
workers are employed in the cluster of industries at the left hand side of the
graph. In these Industries (for example, services, trade and manufacturing)
the average rate of fatal accidents does not exceed 1 per 10 000 workers per
year. These particular industries are called safe industries. Other
industries such as transportation, construction, mining, forestry and fishing
show increasing degrees of hazard up to ten or twenty times the average in
manufacturing. In most cases, occupational hazards are being reduced
gradually with time. The horizontal arrows show the extent of the reduction
which occured within a 5 year period of time in Canada.
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FOR MOST CANADIANS, OCCUPATIONAL HAZARDS
REPRESENT A SHALL FRACTION OF TOTAL

HAZARDS BETWEEN AGES 18 and 65

Z CHANCE OF
DEATH IN 47 TEARS
AT WORK

a) ALL NORMAL CAUSES 20.

b) OCCUPATIONAL FATALITIES PER
10 000 WORKERS PER TEAR:

0.2 0.1
0.4 0.2
1. 0.5

10. 5.

Fig. 3» The third slide is a combination of the two previous slides. For
most Canadians, occupational hazards represent a small fraction of the normal
hazards associated with living from, say, age 18 to age 65. The total chance
of death from all normal causes is about 20% as noted earlier. For persons
employed in safe industries, occupational accidents are responsible for a
very small portion of the normal chance of death before age 65. Occupational
accidents add appreciably to the normal risks only for workers in more
hazardous industries such as mining or forestry where the occupational
fatality rates are about 10 per 10 000 workers per year. It should be
pointed out that there were two fatal occupational accidents at CRNL during
the first 10 years of operation but there have been no_ occupational fatal
accidents to CRNL employees during the last 30 years of operations; fatal
accidents have also been zero during the operation of the nuclear generating
stations of Ontario Hydro. Considering the wide variety of activities at
CRNL, this record is a tribute to the awareness of employees here and to the
industrial safety programs at CRNL. In this particular aspect, the CRNL
record is as good as that for persons employed in banking or other financial
business where the fatality rates are about 0.2 per 10 000 workers per year.

RADIATION RISK: 1.25 FATAL CANCERS PER 10 000

WORKERS PER REM

OR ABOUT 0.013Z RISK PER REM.

(1 REM - 1000 MILLIREM - 10 HILLISIEVERT.)

Fig. 4. However, radiation exposure is an occupational hazard at CRNL. The
risk factor for fatal cancers shown here represents the internationally-
accepted value given by the International Commission on Radiological
Protection. This value was derived from the excess number of fatal cancers
observed in follow-up of the survivors of Hiroshima-Nagasaki and of various
other groups of persons exposed to high doses of X-rays or other sources of
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radiation in the past. For radiation protection purposes, the risk is assumed
to be directly proportional to the accumulated radiation dose. The
theoretical prediction is thus roughly 1 fatality for every 10 000 workers
exposed to 1 rem each. For lower average exposures, the predicted number is
correspondingly lower, and for higher exposures the predicted fatality rate is
proportionately higher. One rem is of course equivalent to 1 000 millirem or,
in the new units which are being introduced, to 10 millisievert. It should be
noted that radiation exposure may also result in non-fatal or curable cancers
such as skin cancer; these will not be considered in detail here since they
are generally regarded as less important than fatal cancers.
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2262 WORKERS (79%) RECEIVED DOSES
LESS THAN 0.2 rem

- 48 WORKERS (2%) WERE NOT EXPOSED.
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Fig. 5. Radiation doses received by CRNL workers in 1984 are shown in the
next graph. These occupational radiation doses include whole body exposures
from external gamma-radiation, as recorded on the dosimeters in individual
photo-badges, plus any occupational exposures to tritiated water. About 81%
of CRNL employees received less than 0.2 rem in the year and are not included
in this bar-graph. The graph shows the distribution of the annual dose
received by the remaining 19% of the employees. Roughly 200 workers or 7% of
all CRNL employees received more than 1 rem in the year.
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Z CHANCE
OF DEATH

a) ALL NORMAL CAUSES: 20
(age 18-65)

b) CANCER DEATHS DURING LIFE RESULTING
FROM 47 TEARS EMPLOYMENT AS
RADIATION NORKER:

0*2 rem per year 0.12
0.4 " " " 0.24
1. " " 0.6
5. " " 3.

Fig. 6. This slide is analogous to the third slide but now with data for
radiation hazards. For radiation workers receiving less than 1 rem per year,
the predicted risk of fatal cancer is low and equivalent to the risk of
occupational fatal accidents in safe industries. For the 7Z of CRNL employees
who receive more than 1 rem per year, the predicted risk approaches the
average for workers in the transportation or construction industries in
Canada.

EQUIVALENT HBAI.TH HAZARDS

(average North American values)

1 REM RADIATION EXPOSURE

SMOKING 3-5 PACKS CIGARETTES

CANOEING 4 HOURS

BICYCLING 700 KM

DRIVING 10 000 KM

WORKING 18 MONTHS IN MANUFACTURING

WORKING 4 MONTHS IN COKTWCTION

WORKING 1 TO 1.5 MONTIS IN MDRMC OR

Fig. 7. The various activities shown here all result in approximately the
same chance of premature death as does exposure to 1 rem of radiation. For
example, smoking 3-5 packs of cigarettes, canoeing for 4 hours, bicycling 700
km, driving 10 000 km, working 18 months in manufacturing, working 4 months in
construction or 1 to li months in mining or lumbering industries. It should
be emphasized that these are average risks in North America; the values for
cycling and driving may not be valid for a more rural area such as that around



Chalk River. We have had a number of fatal traffic accidents involving CRNL
employees over the past years but none of these had occured while driving to
and from work, even though the average North American statistics would have
predicted 4 or 5 deaths over the past 35 years for CRNL employees driving to
and from work. Certainly the CRNL bus drivers, many of whom have driven for
20 to 30 years with no accidents, are also to be complimented on their
excellent record.

LIFETIME CANCER RISK (Canada 1983)

a) NORMAL LIFETIME RISK OF DYING OF
CANCER AFTER AGE 18: 25Z

b) RISK DOE TO OCCUPATIONAL
RADIATION EXPOSURE:

1 rea total 0.01Z
10 " " 0.13Z
100 " " 1.3Z

(1.3Z at 100 re» is 5Z of the normal risk.)

Fig. 8. At this point we might turn from annual radiation doses to lifetime
occupational exposures and lifetime cancer risks. Approximately 25% of all
deaths in Canada are due to cancer. Records of lifetime occupational
exposures since 1956 are kept at CRNL. The majority of employees will fall in
the category of less than 10 rem lifetime exposure. The theoretical increment
in normal cancer risk due to these exposures is very small, and it should be
noted that these doses are not exceptional when compared to the 20 rem which
most Canadians will have accumulated by age 65 from natural sources and from
the use of X-rays for the diagnosis of disease. However, a small proportion
of CRNL employees may accumulate as much as 100 rem during their working
lifetime. This will result in a predicted 1.3% risk of fatal cancer, which
corresponds to a 5% increase in the normal lifetime risk of cancer.

LIFETIME LEUKEMIA RISK (Canada 1983)

a) NORMAL LIFETIME RISK OF DTHB OF
LEUKEMIA AFTER AGE 18: 0.9Z

b) RISK DDE TO OCCUPATIONAL
RADIATION EXPOSURE:

1 rea total 0.002Z
10 " " 0.02X
100 * " 0.2Z

(0.2Z at 100 rot is 23Z of the nonal risk.)

Fig. 9. There are many different types of cancer. Leukemia Is one
particular type which is increased proportionately more by radiation exposure
than are most other types. Though the risk is relatively small even with an
accumulated lifetime dose of 100 rem, this represents a 23X increase in the
normal lifetime risk of fatal leukemia.
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PROBABLE CAUSE OF A FATAL
CANCER IN A PERSON WITH

100 REM TOTAL OCCUPATIONAL DOSE:

NORMAL RADIATION
CAUSES

CANCER 95Z SZ

LEUKEMIA 77S 23Z

Fig. 10. Although we know that high radiation doses can cause cancer in
humans, it is not possible to tell whether a particular cancer in a given
person was caused by radiation exposure. Radiation-induced cancers are not
distinguishable from those that occur normally in the general population. All
we can do is calculate the average probability that a known radiav on exposure
was responsible for or contributed to the development of a particular cancer
in a given person. For persons with a total occupational dose of 100 rem,
there is thus on average about 95% chance that a fatal cancer was due to
normal causes with a 5% contribution from the radiation exposure. If this
cancer happened to be a fatal leukemia, which is in itself fairly rare, 100
rem would be considered to have contributed as much as 23% to the development
of this cancer. For more refined calculations, the age of the person, sex and
time after radiation exposure are all taken into consideration.

TWO EMPLOYEES WITH HIGH LIFETIME DOSES
HERE RECOMMENDED TO W.C.B. BT A.E.C.L.
AND RECEIVED WORKERS' COMPENSATION:

A. 1980 80 - 140 REM LTMPHOID
+ ASBESTOS CANCER
EXPOSURE

B. 1981 90 - 110 REM FATAL
LEUKEMIA

(uncertainty in doses due to eaployaent prior to 1956.)

Fig. 11. Two CRNL employees with high lifetime doses in the region of 100 rem
were recommended to Labour Canada and the Workers' Compensation Board of
Ontario by AECL in 1980 and 1981. One case involved not only radiation but
also asbestos exposure, both of which could have contributed to the
development of this particular lymphoid cancer. A claim for compensation can
be made by the employer or employee or indeed anyone else. Compensation for
occupational injuries and disease is an employee's right, not a privilege. It
is the responsibility of the employer and Labour Canada to see that this right
is made available. However, the decision on whether or not a claim is
reasonable is made not by AECL, but by the provincial Workers' Compensation
Board with advice from its own medical experts. The two cases noted here both
received compensation.
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OBSERVED NUMBER OF DEATHS AS
A % OF EXPECTED NUMBER
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FOLLOW-UP OF THE MORTALITY OF ALL LONG-TERM AND
PENSIONED MALE CRNL EMPLOYEES 1966-1982 SHOWED FEWER
DEATHS THAN EXPECTED BY COMPARISON WITH PERSONS OF
THE SAME AGE IN THE GENERAL POPULATION OF ONTARIO

Fig. 12. Follow-up of the mortality of al l long-term and pensioned male CRNL
employees from 1966 to 1982 showed fewer deaths than expected by comparison
with men of the same age in the general population of Ontario. The total
number of deaths in each category i s indicated by the number on the left
inside of the bars on this graph. The horizontal lines on the right hand side
indicate the 95% confidence limits on the actual results obtained. Thus,
although the number of deaths from cancer and from cardiovascular diseases
(such as heart attack and stroke) i s slightly less than expected, the
difference i s not significant for these two categories.
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a) ONLY ONE LEUKEMIA DEATH HAS OBSEBVED
AMONG LONG-TERM CKML EMPLOYEES 1966-1982
WHEN 3.5 LEDKEMIA DEATHS WOULD HAVE
BEEN EXPECTED. (AECL-8183).

b) HOWEVER, CALCULATIONS BASED ON
INTERNATIONALLY-ACCEPTED BISK ESTIMATES
INDICATED ABOUT 3OZ PROBABILITY THAT
THIS PARTICULAR CASE OF LEUKEMIA COULD
HAVE BEEN DUE TO OCCUPATIONAL RADIATION
EXPOSURE. THIS PARTICULAR CASE HAS
THEREFORE REPORTED TO H.C.B.

Fig. 13. In this follow-up study, only one leukemia death was observed among
long-term CRNL employees when 3.5 leukemia deaths would have been expected on
the basis of comparison with the general population of Ontario. The
difference between this observed and expected number should not be given any
great weight; because of the small numbers involved, the difference is not
statistically significant. These data are given in the report numbered
AECL-8183 which is available through SDDO in Information Services Branch at
CRNL. However, the one person who died from leukemia in this follow-up had
received a lifetime dose in the region of 100 rem. Calculations based on the
internationally-accepted risk estimates indicated about 30% probability that
this particular case of leukemia could have been due to occupational radiation
exposure. This particular case was therefore reported to the Workers'
Compensation Board and compensation was awarded.

CRNL, 1983 JAN. 1

2430 CURRENT EMPLOYEES
PLUS 900 RETIRED EMPLOYEES.

OF THIS TOTAL, 350 HAD TOTAL
LIFETIME DOSES ABOVE 20 REM.

Fig. 14. An appreciable fraction of long term CRNL employees have accumulated
lifetime occupational exposures of 20 rem or more since 1956. The number
alive at the beginning of 1983 was about 11% of the total CRNL staff including
retired employees. An additional 66 employees (all male) with lifetime doses
of 20 rem or more were known to have died. This group was selected for
special study.
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OBSERVED NUMBER OF DEATHS AS A
% OF EXPECTED NUMBER
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MORTALITY OF ALL CRNL EMPLOYEES WITH TOTAL
LIFETIME DOSE OF 20 rem OR MORE TO THE END
OF 1982

Fig< 15. Follow-up of all past employees with lifetime doses in excess of 20
rem since 1956 showed no excess of fatal cancers. The average recorded dose
for this group was 42 rem and their average length of employment was 24 years.
The results of the follow-up are reassuring but are not totally unexpected in
view of the predicted radiation effects that were discussed earlier.
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OBSERVED CANCER OEATHS AS A <M» OF EXPECTED
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259
ONTARIO URANIUM
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107 ROCKY FLATS PLUTONIUM
WORKERS 1952-1979

EXPECTED

Fig. ,16» Many studies of the mortality of radiation workers have been
reported in recent years and further studies are in progress. This slide
shows a representative sample of these studies; observed cancer deaths are
plotted as a percentage of the expected number. CRNL data are included at the
top. The data for plutonium workers at Rocky Flats in Colorado are shown at
the bottom. Many of us have heard a great deal about the lethal toxicity of
plutonium. The Rocky Flats data suggest that it is quite feasible to work
routinely with plutonium and remain at least as healthy or healthier than the
average person.
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26 MEH IN THEIR TWENTIES WORKING OH THE

MANHATTAN PROJECT 1944-45 III LOS ALAMOS

HERE REMOVED FROM FURTHER EXPOSURE BECAUSE

OF HIGH PLUTONIUM LEVELS IN THEIR URINE.

THIRTY-TWO TEARS LATER, 24 HERE ALIVE AMD NELL

(1 DEATH FROM HEART ATTACK, 1 FROM ACCIDENT).

HO EFFECTS OF THE PLUTONIUM WERE EVIDENT.

Fig. 17. A group of 26 men in their twenties working on the Manhattan project
in 1944-45 in Los Alamos were removed from further exposure because of high
Plutonium levels in their urine. Working conditions associated with some
aspects of development of the first atomic bombs in World War II did not
provide the same high degree of safety, shielding and containment that is
currently required for the handling of plutonium and similar radionuclides.
This particular group of. workers inhaled within one year amounts of plutonium
which were greatly in excess of currently accepted lifetime limits. No
deleterious health effects were observed in this group after 32 years of
follow-up.

GENETIC RISK

a) NORMAL RISK THAT CHILDREN WILL BE BORN WITH

A GENETIC OR PARTIALLY-GENETIC DISORDER: 1OZ

b) RISK TO CHILDREN DDE TO OCCUPATIONAL RADIATION

EXPOSURE OF EITHER PARENT:

1 rot total 0.002Z
10 " " 0.02Z

100 ' " 0.2Z

Fig. 18. Radiation doses received at any time prior to parenthood can also
increase the normal risk of genetic or partially-genetic disorders in the
children of radiation workers. The normal risk is about 10%; this will be
increased by a relatively small amount by radiation exposures of either
parent. The risk estimate for these radiation effects was derived by an
international scientific committee from the results of animal experiments.
There was no significant increase in the frequency of genetic disorders in the
children of the Hiroshima-Nagasaki survivors.
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a) RISKS OF INDUCING FATAL CANCERS AND/OR

GENETIC CHANGES ARE ESSENTIALLY THE SAME

FOR MALE AND FOR FEMALE RADIATION WORKERS.

b) HOWEVER, THERE IS AN ADDITIONAL RISK TO

THE DEVELOPING CHILD AS A RESULT OF

IRRADIATION DURING PREGNANCY.

Fig. 19. The risks of radiation-Induced fatal cancers and/or genetic changes
by exposure to low radiation doses are essentially the same for male and for
female radiation workers. However, there is an additional risk to the
developing child as a result of irradiation during pregnancy. For this
reason, radiation protection rules have in the past discriminated between men
and women. There has long been concern about possible radiation harm to the
fetus during pregnancy. In the original Canadian Atomic Energy Project at
Chalk River, it was recommended as early as 1945 that no women should be
employed in areas where there was any serious possibility of radiation hazard.
Since that time, regulations have evolved as further knowledge has been
acquired and as our social customs have changed.

ICRP RECOMMENDATIONS:

TOTAL RADIATION DOSE DURING PREGNANCY

SHOULD NOT EXCEED 2 REM.

CANADIAN REGULATIONS:

1969: FEMALES SHOULD RECEIVE LESS THAN

0.2 REM PER 2 WEEKS (WHICH EFFECTIVELY PROHIBITED

EMPLOYMENT OF WOMEN AS REACTOR OPERATORS).

1985: DISCRIMINATORY RESTRICTIONS ON

NON-PREGNANT FEMALES REMOVED.

Fig. 20. The International Commission on Radiological Protection recommended
that the total radiation dose during pregnancy should be less than 2 rem.
This recommendation was first published in 1965 and has remained essentially
unchanged to the present time. This recommendation was interpreted in
Canadian regulations to mean that female radiation workers were legally
restricted to less than 0.2 rem in any 2 weeks. This law essentially
prohibited employment of women as reactor operators in Canada, since it is
virtually impossible to guarantee doses well below 0.2 rem every 2 weeks of
the year for reactor operators, even though their average over the whole year
is less than this. These discriminatory restrictions on non-pregnant women
were removed by Atomic Energy Control Board in April 1985 after consultation
with medical and scientific advisers.
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FEMALE RADIATIOH WORKERS

1. MAXIMUM PERMISSIBLE DOSE 3 REM IN ANT

3 MONTH PERIOD OR 5 REM PER TEAR.

2. FEMALE WORKER MUST INFORM EMPLOTER

OF PREGNANCY.

3* EMPLOTER MOST THEN ENSURE THAT THE

TOTAL DOSE RECEIVED DURING REMAINDER

OF PREGNANCY IS LOW (LESS THAN 1 REM).

Fig. 21. The law governing employment of female radiation workers now has
three main points. The maximum permissible dose is 3 rem in any consecutive 3
month period or 5 rem per year. This restriction is identical for men and for
non-pregnant women. Secondly, the responsibility is placed on the female
worker to inform the employer of her pregnancy. This should be done as
promptly as possible especially if the person in question is working in areas
where high radiation fields exist. Thirdly, the employer is then legally
required to ensure that the total radiation dose received by this person
during the remainder of pregnancy is low (i.e. less than 1 rem).

MAJOR RISKS TO FETUS

1. CHILDBOOD CANCER:

0.02Z PER REM DURING PREGNANCY.

2. MENTAL RETARDATION:

ZERO PER REM DURING FIRST 7 WEEKS
OF PREGNANCY (9 WEEKS AFTER
LAST MENSES).

0.4Z PER REM DURING 8 TO 15 WEEKS
OF PREGNANCY.

OR 0.1Z PER REM AVERAGED OVER
WHOLE OF PREGNANCT.

Fig. 22. The two most important risks to the fetus from radiation are
induction of childhood cancer and of severe mental retardation. About 1 In
every thousand children normally develop cancer before the age of ten. There
is some evidence that this risk is increased by exposure of the fetus to
radiation. Animal experiments suggest that the critical stage is in the later
stages of pregnancy and that cancer does not result from exposure to radiation
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during the first three months of pregnancy. The risk of childhood cancer
after radiation is relatively low but is still a matter of considerable
concern. The risk estimates for induction of severe mental retardation are
based on the 21 cases observed among 514 children born to mothers who were
exposed to high radiation doses during pregnancy at Hiroshima and Nagasaki in
1945. The data indicate close to zero risk during the first 7 weeks of
pregnancy, which represents 9 weeks after the last menses. The brain and
central nervous system in the fetus develop most rapidly during the 8th to
15th week of pregnancy; this particular stage of fetal development seems to be
most sensitive to induction of severe mental retardation by irradiation. The
risk at this stage is about 0.4% per rem, which is very high by comparison
with any of the other risk estimates we have mentioned earlier. Averaged over
the whole of pregnancy, the risk is about 0.1% or 1 in a 1000 chance per rem.
To put these risks into perspective, it should be noted that about 5% or one
in twenty of all children born in Canada suffer from some congenital
abnormality and/or die in early infancy. At radiation doses less than say 0.5
rem or 500 millirem per year, which would include most CRNL employees,
potential radiation risks to the fetus are thus very small compared to the
normal risks of an untoward outcome of pregnancy. At the maximum permissible
dose of 5 rem per year, the chance of an untoward outcome of pregnancy would
be increased from the normal value of one in every twenty children to one in
eighteen children if no restrictions on radiation exposure during pregnancy
were imposed. The intent of the Canadian regulations and of radiation
protection authorities at Chalk River is of course to ensure that exposure
during pregnancy are in fact restricted to much less than 5 rem per year.

RADIATION PROTECTION
MANUAL CRNL-356

SHIELDING AND CONTAINMENT !

PERSONAL AND AREA MONITORS.

PH0T0BAD6ES WITH PERMANENT DOSE RECORDS
(since 1956).

NOTIFICATION OF ANT DOSES ABOVE 0.02 REM
(20 aillirea) IN TOO WEEKS.

URINE ANALYSIS FOR INTERNAL RADIONDCLIDE
CONTAMINATION.

WHOLE BODY COUNTER

REMOVAL AND INVESTIGATION LEVEL AT ABOUT l/20th
OF MAXIMUM ANNUAL INTAKE

ETC.

Fig. 23. Finally, a reminder of some of the many measures available for
radiation protection at CRNL. Most of these are described in the radiation
protection manual designated as CRNL-356. Shielding and containment are of
course always the most important protective measures in working with any
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source of radiation. Personal and area radiation monitors are available in
all areas where any possibility of serious radiation hazard exists.
Individual photobadges with individual dosimeters play a crucial role in
ensuring that each individual knows the radiation dose to which he or she was
exposed. Permanent records of all doses received since 1956 are kept at CRNL.
Any person who receives a radiation exposure of more than 20 millirem in a two
week period receives a personal notification of this fact. Internal
contamination with radionuclides is monitored by urine analysis and by whole
body counting. Persons who receive more than about l/20th of the maximum
permissible annual intake of internal radionuclides are removed from further
work in that area and an investigation is held to determine the reason for
this occurrence. Many other protective measures are in place, as most of you
undoubtedly know. The purpose is to keep radiation exposures as low as
reasonably achievable and thus ensure that CRNL remains a relatively safe
place to work. It is to be hoped that our good safety record will not only be
maintained but perhaps even improved in the future.
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3. DISCUSSION

1. Question: Could you provide further information on progress with the
personal air samplers that were recently developed for use in
plutonium-handling facilities at CRNL?

J.R.A. Johnson: The personal air samplers (PAS) in use in the Recycled Fuel
Fabrication Laboratory (RFFL) are working very satisfactorily. The system of
PAS developed by F. Kalos is demonstrating that there are essentially no
exposures to the staff of the RFFL. No other available method could
demonstrate this with comparable sensitivity.

J.A. Bond: Implementation has been smooth and no significant problems have
been identified to date. Generically, the PAS system will be used at CRNL to
maintain compliance "exposure" information for workers potentially exposed to
radionuclides which cannot be monitored in vivo with confidence.

2. Question: There seems to be an inconsistency between the good health
record for plutonium workers in the Manhattan project and the accepted limit on
plutonium intake.

D.K. Myers: The ICRP limits on intake are intended to keep the probability of
potential health risks at a very low level. Only a relatively small group of
26 workers received appreciable contamination with plutonium during the
Manhattan project. Perhaps a significant level of adverse health effects might
have been detectable in a few persons if a very large group, say 10 000
workers, had been similarly contaminated in 1945; this fortunately did not
happen. Moreover, the models used by ICRP to calculate limits on intake are
fairly conservative.

J.R.A. Johnson: There are two main sources of this conservatism. The first
is the use of committed dose to control exposures to radionuclides with long
effective half-lives in the body, which results in the annual dose from an
intake equal to the annual limit on intake being well below the annual limit on
dose. The second is that the parameters of the metabolic models used to
calculate doses are chosen to be conservative.

3. Question: Why are the bioassay and whole body monitoring schedules
different at WNRE and CRNL?

J.R.A. Johnson: CRNL and WNRE have different monitoring needs and hence have
different monitoring schedules. WNRE monitors a core group of employees
routinely and selects other employees for monitoring using probabilistic
arguments. The number of employees who actually require monitoring at WNRE is
small. On the other hand, CRNL has a large number of employees (approximately
1200) that require monitoring because of the nature of their work, and there is
very little time available for monitoring employees in a "screening" program.
However, we are aware that some employees at CRNL who should be monitored, are
not, and some who shouldn't be, are. In this context, it should be made clear
that it is the line supervisor's responsibility, with advice from the R&IS
Branch, to determine who should or shouldn't be monitored.

4. Question: Why are radiation exposures only reported to the worker when
the dose exceeds 20 millirem in two weeks?
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J.R.A. Johnson: This number was selected for historical reasons, as it was
the approximate limit of detection of the film dosimeters in use at CRNL up to
1972. (The TLD system in use now is considerably more sensitive.)
Coincidentally, if this dose is not exceeded in any two week period by an
individual, it is highly unlikely that the annual dose to that individual will
exceed the limit of 500 mrem set for members of the general public (i.e., for
non-radiation workers).

5. Question; Why are routine blood checks not carried out at CNRL, as
they are currently in France? Routine blood checks were carried out in earlier
years at CRNL.

D.K. Myers: Routine blood checks were probably a carryover from the early
days of radiation work when less was known of the biological effects of chronic
exposure to ionizing radiation or of the actual doses that might be received
during reactor operation. This was an additional safety precaution which was
taken in the 1940's. Now that many years of operating experience and
additional research knowledge has been accumulated, it has become obvious that
routine blood checks are of no value in determining the radiation exposures of
workers. The 1977 recommendations of the ICRP indicate that routine "medical
surveillance has no part to play in confirming the effectiveness of a radiation
protection program". The radiation doses which can be detected on our current
thermoluminescence dosimeters are about 10 000 times smaller than the radiation
doses which affect blood cell counts appreciably.

D.W.S. Evans: Non-specific screening tests applied to populations, typified
by the routine annual blood count, have long been recognized to be of dubious
value in that they are unproductive and uneconomic. For example, about 1% of
the bloods examined at CRNL show mild anaemia, mainly in young women, and only
rarely is significant disease found. On the other hand, selective and specific
screening of employee groups known to be exposed to harmful agents such as
toxic metals, solvents, asbestos, noise, etc., is of proven value. I have no
knowledge of the nature and content of the French blood checks in the nuclear
industry. Today, the practice of occupational health is undergoing rapid
evolution under the impact of technological advances in diagnosis, the
increased involvement of governments and organized labour, and the complex
socio-medical problems arising from the Canadian Human Rights Act. It is clear
that there are many issues (including research) involved in the biological
monitoring of employees exposed to potentially harmful agents in the working
environment.

6. Question: What are the chances that a pregnant woman is likely to
receive 1 rem or more at CRNL during the remainder of pregnancy after her
supervisor has been informed of pregnancy?

D.K. Myers: With the radiation protection arrangements which are ready to be
put into place, the chances should be zero under normal operating conditions.

J.A. Bond: Although we have not yet had the situation where a "true" atomic
radiation worker becomes pregnant, our plans are to make those arrang. >..:•;:.
necessary to ensure that the 1 rem limit is not exceeded. This would
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undoubtedly involve temporary changes in work assignments and/or work locations
for the remainder of pregnancy.

7. Question; Have health studies been carried out on persons living in
high background areas on the coast of India?

D.K. Myers: Approximately 80 000 people live on a coastal strip in Kerala,
India, where average annual doses are about 0.4 rem per year. Preliminary
health studies have been carried out but no conclusive evidence of any
deleterious health effects was observed. One author has estimated that an
intensive study of all of the Kerala inhabitants over a minimum of about forty
years would be required to demonstrate significant radiation effects if the
internationally-accepted estimates of radiation hazards are correct. Moreover,
although the life expectancy of people in India has increased rapidly in recent
years, the average life span of the population is still fairly low. Because
cancer is primarily a disease of old age, it has not yet assumed the same
importance as a cause of death in India as it has in more developed countries
such as Canada. Health studies have also been carried out on persons living in
other high background areas in Brazil, China and the U.S.A. for example but
again the results failed to show any significant health effects. It is
extremely difficult to detect any potential deleterious effects of radiation on
health even for a large population at average doses of 0.4 rem per year. The
additional health risks to any individual from these levels of exposure are
extremely small.

8. Question: According to recent newspaper reports, one author has
claimed that nuclear power in Ontario is responsible for several hundred deaths
each year. Could you comment?

D.K. Myers and J.R.A. Johnson: The author of this report is confusing dose
rate per year and the theoretical collective dose to all people who might be
living in the world over the next hundred million years. Relevant data can be
found in the tables on p 325-326 of the 1982 report of the United Nations
Scientific Committee on the Effects of Atomic Radiation. To convert these data
into effects of nuclear power production in Ontario specifically, one can
assume that Ontario Hydro has about ten gigawatt [GW(e)] of installed nuclear
power. The total radiation-induced fatalities from Ontario Hydro operations
would be about two within the first hundred years; this includes all stages of
the nuclear fuel cycle from uranium mining through fuel fabrication to reactor
operation to waste management. If, however, we try to estimate total potential
harm to all future generations of humans over the next hundred million years
(assuming there were still human beings living at that time), this adds up to
about 650 cases over 100 million years for each year of current production of
10 GW(e). Most of this total derives from possible long-term releases of
radioactive materials from uranium mine and mill tailings. These 650 cases are
calculated for a population of 10 billion people living for the next 100
million years; under these circumstances, the total number of deaths from other
causes during this period of time would be about 1016. There is almost
universal scientific distrust of the practical meaning of such calculations.
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The same 1982 United Nations report also includes data on average increase in
dose rate per year. Assuming there were about 10 000 GW of nuclear power in
the world by the year 2100 (or roughly 100 times more than at present), the
average dose rate from this source would be about 2 millirem per year, or 1% of
the radiation dose which we all receive every year from natural sources.

9. Question: Other recent reports (for example, in Occupational Safety &
Health News, Oct. 1985) have linked deaths from prostate cancer to tritium
exposure at atomic energy establishments in the U.K. Could you comment?

D.K. Myers and M.M. Werner: These reports derive from a study of the
mortality of employees of the U.K. Atomic Energy Authority which was published
by V. Beral and co-workers in the British Medical Journal, vol. 291, 17 August
1985. This is a well-organized study of a large group of workers. For men
with a radiation exposure record, the total number of deaths from cancer was
75% of that expected by comparison with the general population; for men without
any exposure record, the corresponding value was 84%. Internal comparisons on
the relationship between cumulative radiation dose and deaths from different
types of cancer (including leukemia) were also carried out. Among, these,
prostatic cancer was the only condition with a clearly increased mortality in
relation to radiation dose. Seven out of the 25 cases of fatal prostate cancer
occured in men with cumulative occupational doses above 10 rem. Six of these
cases occured in men who had also been monitored for exposure to tritium, where
only 0.7 cases would have been expected in this particular group. However, the
original report notes that radiation doses attributed to tritium were small and
that tritium is not known to be concentrated in the prostate. This result
seems puzzling.

The other large-scale study of reactor workers was carried out at Hanford in
the U.S.A. In the Hanford group, there was a total of 49 deaths from prostate
cancer but none of these occured in workers with cumulative occupational doses
above 5 rem. The smaller study carried out here at CRNL does not show any
excess of fatal prostate cancers in workers with cumulative doses of 20 rem or
more. The Hanford study, in contrast to the UKAEA study, suggested that
multiple myeloma rather than prostate cancer might be correlated with
occupational radiation dose. A letter from three eminent epidemiologists in
the British Medical Journal, 7 Sept. 1985, notes that when the data from the
UKAEA and the Hanford studies are combined, there is no significant correlation
between radiation dose and either prostate cancer or multiple myeloma. The
apparent correlations in the separate studies may therefore both be due to
chance. It is also perhaps of interest to note that the incidence of fatal
prostate cancer happens to vary considerably from one local population to
another. Prostate cancer accounts for 0.8% to 1.4% of all male deaths in the
general populations used as controls for the CRNL, Hanford and UKAEA studies,
but this particular value ranges even more widely in other populations from
about 0.2% in Japan to 7% in U.S. blacks. The reasons for this wide variation
are still unknown, but are certainly not due to differences in radiation
exposure.
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10. Question: I believe that cigarette smoking increases the radiation
hazard from radon daughters to a high degree. Could you comment?

D.K. Myers: Studies on U.S. uranium miners, who were exposed to high
concentrations of radon daughters in the past, certainly suggest an abnormally
high incidence of lung cancers specifically in those uranium miners who were
also cigarette smokers. However, the answer to this question remains uncertain
because similar effects were not observed in separate studies on smaller groups
of Newfoundland miners and Swedish miners. Further information on this topic
may become available from a study of a very large number of Ontario miners
(which will be reported in the near future). If the Ontario data support the
U.S. data, two factors may contribute to this result. First, continued
cigarette smoking by itself is known to cause drastic changes in the normal
healthy structure of the lining of the lungs and respiratory tract; the actual
radiation doses to the living cells in the lungs and respiratory tract may be
quite different per unit of radioactivity inhaled by smokers and by
non-smokers. Second, cigarette smoke contains a variety of irritant chemicals
which promote the development of cancers initiated by other agents. For
example, a study on rats at CRNL some years ago showed that the number of skin
tumors produced by radiation alone could be increased considerably by
subsequent applications of the tar from cigarette smoke. Whatever the final
conclusions related to this particular question may be, it should be emphasized
first, that cigarette smoking alone is highly deleterious to health and second,
that cigarette smoking in combination with exposure to inhaled asbestos is
known to be a particularly lethal combination.

11. Question: Are low tar cigarettes less hazardous than normal ones? Is
there much of a dose-response relationship with regard to cancer? What are the
chances of getting a fatal cancer by smoking 35 4-mg cigarettes per day? What
would my chances be if I did not smoke? Term life insurance premiums for
smokers are just under twice the premiums for non-smokers; is the ratio of
premiums an accurate reflection of the risk involved?

D.K. Myers: The probability of developing fatal lung cancer is known to be
directly proportional to the number of cigarettes smoked per day. This fact
was first published in 1952 and was confirmed by other studies since that time.
As a rough rule of thumb, the probability of developing lung cancer can be
taken to be increased about ten-fold by smoking 20 standard cigarettes per day
continuously from age 17 on. (This risk decreases gradually on cessation of
smoking and approaches the normal risk of lung cancer for non-smokers within
about ten years after stopping cigarette smoking). Lung cancer is the most
common form of fatal cancer in males and accounted for 8% of all deaths of
Canadian men, or about 20% of all deaths of cigarette-smoking men, in 1983.
Lung cancer, although increasing, is still less common in females than in males
but 1986 is expected to be the year in which lung cancer becomes the leading
cause of cancer deaths in American women. Most of these lung cancer deaths,
both in men and women, are due to cigarette smoking. (As it happens, lung
cancer rates are higher in women than in men in certain local areas of the
world where the women cooked over smoky fires in confined spaces for many
years.) However, this is only part of the story. An additional number of
fatal cancers of the mouth, bladder and other sites, can probably be attributed
to cigarette smoking; the total number of these other cancers is thought to be
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about half the number of lung cancers caused by the same habit. Moreover,
there is an additional risk of premature death from cardiovascular diseases;
this risk (much of which is probably attributable to the effects of nicotine)
is roughly equal to the risk of developing lung cancer as a result of cigarette
smoking. Insurance premiums are, I believe, based on risk of death from any
cause before a given age. As a rough rule of thumb, the average life
expectancy of cigarette smokers is probably about six years less than that of
non-smokers.

D.W.S. Evans: The yield of tar and nicotine for the average cigarette smoked
by the American population has declined from a tar yield of 37 mg in 1954 to
less than 14 mg in 1982. This decline has not been matched by a proportionate
drop in disease risks of smoking these cigarettes, perhaps because smokers may
compensate for the decline by increasing the number smoked per day or by
inhaling more deeply. In other words, the tar content of a cigarette may have
little bearing upon the ultimate risk of smoking cigarettes. One might note
also that a wide variety of flavouring and other additives are used by
manufacturers to compensate for the decline in tobacco content. Such are
considered trade secrets and are added without informing the public and without
any review for toxic effects (Cecil's Textbook of Medicine). The safety of
"low tar" cigarettes is probably illusory and the implied lower toxicity would
seem to be of greater benefit to the manufacturer than to the unfortunate
addict.

12. Question; The data presented by 0. Gollnick in "Basic Radiation
Protection Technology" show a lung radiation dose of 8 rem per year as related
to smoking of one and a half packs of cigarettes per day. Presumably this risk
is additional to the risks caused by other toxic substances found in tobacco.
Is there any other data source to substantiate this finding? What are the
legal implications, if any, with respect to maximum permitted dose to members
of the general public? Are the producers and distributors of tobacco products
aware of the radiological hazards that their products contain? In my opinion,
it would be beneficial for all persons to be aware of the radiological hazard
contained in tobacco in all its forms.

D.K. Myers: It has been known for some years that tobacco leaves accumulate
small amounts of lead-210 from natural sources; when the tobacco combustion
products are inhaled into the lungs, as is the usual custom with cigarette
smoking, radiation from this radionuclide and its daughter polonium-210 can
deliver appreciable doses to the lung. There has been considerable discussion
of the actual radiation dose from this source. After inspecting the wide range
of suggested doses given in the 1977 report of the United Nations Scientific
Committee on the Effects of Atomic Radiation, the particular value quoted by
Gollnick would seem to be a reasonable compromise. However, this radiation
dose to the lung would still account for only a small portion (perhaps 1 or 2%)
of the fatal health hazards caused by continued cigarette smoking. There has
in the past been no legal restriction on public exposures to radiation from
natural sources.

D.W.S. Evans: The questioner will find additional and relevant information
on the radioactivity of cigarette smoke in the New Eng. J. of Med. 1982,
307(5)309-313.
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13. Question: You mentioned the case of 26 men working on the Manhattan
project in Los Alamos who were removed from further exposure because of high
plutonium levels in their urine. Since most of the data used to set the
regulation seem to come from statistics on the effects of the Hiroshima and
Nagasaki explosions (as well as experiments on animals and atomic workers
statistics after this time, 1945), what regulation applied then? More
generally I am interested to know more about the changes of regulation (ICRP)
over the years and what caused the changes.

D.K. Myers: There have been reconunendations and regulations governing
exposure of workers to X-or gamma-radiation since the early 1930's. The war
effort, and in particular the Manhattan project, operated using a "tolerance
dose" of 0.1 roentgen per day or 0.5 roentgen per week. This was (and still
is) agreed to be well below the level at which any harmful health effects could
be observed directly. The other accepted limit at this time was a maximum of
0.1 microcurie of fixed radium-226 in the bone. This latter value was derived
from an epidemiological follow-up of about 2000 dial painters and other persons
in the U.S.A. who ingested appreciable quantities of radium-226; no excess of
fatal bone cancers was observed in persons with less than 1.0 microcurie radium
fixed in the body. Applying a ten-fold safety factor, the limit of 0.1
microcurie radium in bone was therefore recommended by the U.S. National Bureau
of Standards in 1941. These tolerance levels were set on the basis of whether
or not effects could be observed, a common approach to similar problems for all
other toxicological agents at that time. Calculations of maximum permissible
exposures for new radioactive materials such as plutonium were initially based
strictly on these two accepted tolerance levels, that is to say, it was
intended that the radiation from any internal contamination with these
radionuclides should not exceed the equivalent of 0.5 roentgen per week to the
whole body or of 0.1 microcurie radium-226 in the bone. Information on
internal metabolism of the radioactive materials in question was largely
derived at that time from quick experiments on animals.

The Chalk River facility seems to have operated on a recommended maximum of
0.05 roentgen per day or 15 roentgen equivalents (i.e., rem) per year since
1945 because the health scientists involved were concerned about the possible
implications of the linear dose-response relationship observed for genetic
changes induced in fruit-flies by exposure to X-rays. These biologists further
suggested at that time that induction of cancer by radiation might also be
linearly related to total accumulated radiation dose. These two theoretical
considerations were ultimately responsible for the ICRP recommendation in 1959
that the maximum permissible dose for radiation workers should be reduced to 5
rem per year. (AECL actually adopted the 5 rem annual limit towards the end of
1956.) There was still very little quantitative information on the effects of
chronic irradiation on humans in 1959. Although radiation protection has
become more sophisticated since that time, the 5 rem annual limit has not been
changed since 1959 and the latest recommendations of ICRP on annual limits of
intake for radium-226 still result in a maximum value close to 0.1 microcurie
in bone. A great deal of quantitative information on the effects of
irradiation has, however, become available since 1959 and it is this type of
information which we attempted to summarize in the above presentation.

14. Question; With respect to the Manhattan project that you referred to
in your presentation, have there been any follow-up studies on the military
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personnel that also were involved. Also, some time ago I read an article in
"Equinox" that outlined some of the changes that have occurred in both the
people and livestock in surrounding towns near the test site in the Utah desert
(i.e., increases in the number of people with cancer as compared to the natural
average and the article specifically mentioned the diseases and cancers found
in the sheep population). Have there been any studies done on these towns near
the test site?

D.K. Myers and M.M. Werner: Military personnel who observed the atomic bomb
tests in the Nevada desert in the 1950's and who in some cases participated in
practice exercises over the nearby terrain immediately after the explosions
have been studied by epidemiologists from the Centre for Disease Control,
Atlanta. Military participants (3 500) in the tests which were code-named
Smoky showed an excess of 5 leukemia deaths in a total of 320 deaths; there was
no excess of deaths from any other cause. An independent study of the larger
group of military personnel (46 000) involved in various series of atomic bomb
tests in Nevada has been carried out by Robinette and co-workers. The results
confirmed the conclusions of the first report on participants in the Smoky
tests, but failed to find excess deaths from leukemia or any other cause among
the military personnel involved in the other series of bomb tests. The excess
leukemias associated with the Smoky tests may have been a matter of chance or
possibly some other unknown factors (other than the measured doses from
external gamma radiation) may have been involved.

There were no towns in the immediate vicinity of the bomb tests in Nevada.
However, radioactive fallout from these tests was carried over populated areas
in southern Utah. Study of the frequency of thyroid tumors that might have
been induced in children by radioactive iodines in the fallout showed no
detectable effect. A later report suggested an increased probability of
leukemia in people who lived in areas of Utah which the authors believed at
that time to have received the highest amounts of fallout. This report was
viewed sceptically by other epidemiologists who were concerned about the
accuracy with which cases of leukemia were reported in different parts of Utah.
However, convincing evidence that the initial report was probably wrong came
from a 1983 publication in Science on levels of radioactive materials from
fallout that were measured in the soil in different parts of Utah. It turned
out that the areas where apparently higher incidence of leukemia had been
reported received the lowest amounts of radioactive fallout from these tests
while the areas with apparently lower rates of leukemia had received the higher
amounts of fallout. The amounts of radioactive fallout which reached the
populated areas of Utah were apparently much too small to cause any measurable
health effects. Epidemiological studies on potential health effects of low
radiation doses are fraught with many pitfalls.

However, the effects of high radiation doses from fallout are well documented.
Some sheep grazing in the open in some sparsely-populated areas near the test
site did apparently collect sufficient radioactive fallout to cause the
expected type of short-term effects of high radiation doses; I am not aware of
any authenticated reports on cancers developing in these sheep at a later date.
Reliable data are available for the effects of massive fallout from one of the
early H-bomb tests on the Bikini atoll in 1954. Due to a miscalculation in the
weather forecast and other factors, 244 people living in the Marshall Islands
some 200 km away were exposed to large amounts of radioactive iodines from
fallout resulting from this H-bomb explosion. About 30 of these persons later
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developed thyroid tumors which were attributed to this radioactive iodine; all
of these thyroid tumors were treated promptly by U.S. authorities and none
proved fatal. In addition, 23 Japanese fishermen on a boat called the Lucky
Dragon were unwittingly exposed to high doses of radiation from the fallout
which descended upon them in the form of visible dust. By the time they
returned to port about a week later, their estimated whole body doses had
reached a few hundred rem. Most of these unfortunate persons displayed the
expected short term effects of high radiation doses, notably nausea, temporary
decrease in blood cell counts and a temporary reduction in sperm counts; they
also suffered from loss of hair and radiation burns on exposed areas, notably
the back of the neck, where the radioactive dust had settled directly on their
skin. To date, none of them has developed a cancer which could be attributed
to their radiation exposure in 1954.

15. Question: Your Figure 16 is very useful but I believe studies on some
of these groups, e.g., Hanford, contradict Fig. 16. What are the contradictory
reports on these various studies? Does % of expected mean according to
national averages or does it take into account the radiation doses received?
Can you give me a reference to the Rocky Flats data?

D.K. Myers and M.M. Werner: The data in Fig. 16 represent all observed
cancer deaths as a percent of the number of cancer deaths expected over the
same period of time for persons of the same age and same sex in the general
population. Different studies in different parts of the world have used
different local populations for comparison. For example, in the CRNL study we
used the population of Ontario (though the average vital statistics for Canada
are very similar to those for the province of Ontario). There is general
agreement by everyone that the value given in Fig. 16 for the Hanford workers
is correct. No corrections have been made in these data for any possible
confounding effects of, for example, social class, radiation exposure, the
healthy worker effect, or exposure to other cancer-causing agents. Problems
arise when one tries to introduce various corrections of this sort; these
problems stimulated a lively discussion in the scientific literature of the
meaning of some of the details of the Hanford data. There appears now to be a
general consensus that the best way to explore possible effects of radiation
exposure is to group workers according to their total accumulated radiation
dose. For example, the groups might include workers with zero dose, those with
0 to 1 rem, those with 1 to 5 ram, those with 5 to 10 rem, and so on. If there
is any measurable effect of radiation, this should be evident as a trend
towards relatively more deaths from a given cause at the higher doses than at
the lower doses• This has also been done for most of the studies shown in Fig.
16 (and will be done for AECL data within the next few years). The results of
this particular type of analysis (which does not involve use of any data for
the general population in the local area) are sometimes surprising. As noted
earlier, fatal prostate cancers appear to be associated with increasing
radiation dose in the U.K. but not at Hanford, while multiple myeloma appears
to be associated with increasing radiation dose at Hanford but not in the U.K.
This might suggest that these are chance occurrences. If one analyses any
particular set of data for a large number of different causes of death, it is
quite possible for such correlations to occur by chance; however, one can be
certain that considerable scientific effort will be devoted to attempts to
determine whether these particular correlations in the U.K. and Hanford data
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have any other explanation. A basic principle in epidemiology, as indeed in
any other type of scientific research, is that the results must be reproducible
from one study to another before they can be considered reliable.

The data on plutonium workers at Rocky Flats are published by Voelz and
co-workers in Health Physics, vol. 44, supplement 1, pp.493-503 (1983). A
further report in the Journal of Occupational Medicine, vol. 26, pp 721-724
(1984) describes the results of a case-control study of some of these workers.

16. Question: You mentioned that two AECL employees with high lifetime
doses had received workers' compensation for their cancers, (a) Is workers'
compensation a fine paid by AECL to these employees due to negligence on the
part of the company? (b) Where do the funds for workers' compensation come
from? Must all industries obtain insurance coverage against such claims?

G.E. Crispin: (a) No, workers' compensation is not a fine. Compensation is
generally awarded without regard to the negligence of the employer or the
worker. There is no recourse to the courts for either the employee or the
employer.

AECL employees are covered by the Government Employees Compensation Act rather
than by the Workers' Compensation Act of the province. The Government
Employees Compensation Act states, however, that "an employee who is caused
personal injury by an accident arising out of and in the course of his
employment, or is disabled by reason of an industrial disease due to the nature
his employment, and the dependants of an employee whose death results from such
accident or industrial disease, are notwithstanding the nature or class of such
employment, entitled to receive compensation at the same rate and under the
same conditions as are provided under the law of the province where the
employee is usually employed respecting compensation for workmen and the
dependents of deceased workmen....". Labour Canada administers the Government
Employees Compensation Act on behalf of the Federal Government.

(b) AECL being a Federal Crown Corporation is in Schedule II
and pays the full costs of compensation as they arise or as they are invoiced
through Labour Canada. There is no insurance type payment made by AECL to
cover compensation costs. The four major segments of compensation costs are:

1. Compensation - payment of compensation to cover loss of wages or salary as
is appropriate. This is generally paid directly to employees by AECL.
2. Pensions - these result from permanent disabilities caused by work-related
injuries or illnesses.
3. Health Care Benefits - these include doctors' bills, hospital bills, the
cost of medication and prosthesis.
4. Administration Costs - this is a Workers' Compensation Board (WCB) charge
for adjudicating claims on behalf of Labour Canada.
Payment of Items (2) and (3) is made initially by the WCB who adds item (4) and
invoices Labour Canada. Labour Canada in turn invoices AECL for the cost of
these items.
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Most industries in the province are in Schedule I and are assessed by the WCB a
rate per $100 of payroll to cover compensation costs. These assessments are
pooled as insurance money and are used by the WCB to cover the compensation
costs of those who contribute.

D.W.S. Evans: It should be recognized that the actions of AECL and the
Workers1 Compensation Board cannot be construed as being necessarily supportive
scientifically of a causal relationship between the cancers and occupational
radiation exposures — there were statutory, jurisdictional, political and
other considerations involved.

17. Question; Will (or have) similar studies be done on other hazards
found in the laboratory? There is a distinct "chemical" odour in certain areas
of our building when one arrives each morning. Does this represent as great a
hazard as ionizing radiation and/or radionuclide contamination?

D.K. Myers: The personnel in Radiation Biology Branch have no_ plans to do
special epidemiological studies on potential chemical hazards at CRNL; the
epidemiological studies that we have carried out on past CRNL employees should
provide some clues as to the possible adverse health effects of total
occupational hazards (whether from radiation, chemicals, fatal accidents or any
other source) of employment at CRNL. Part of our Branch effort is allocated to
basic research on the comparative effects of radiation and of certain
potentially toxic chemicals which are used in the treatment of cancer; for this
reason, we have cooperated closely with Radiation & Industrial Safety Branch in
ensuring the health protection of persons working with these particular agents.
The R.&I.S. Branch has long been concerned with all industrial hazards
including those from chemical agents and will be producing additional
guidelines in the near future for the safe handling of suspected cancer-causing
chemicals. Many of these potentially hazardous chemicals cannot be detected by
their odour. I have no idea whether or not the particular chemical odour which
you have noticed represents an appreciable health hazard, but would suggest
that you or anyone else in this situation bring this matter to the attention of
both your supervisor and of responsible personnel in R.&I.S. Branch for their
consideration. Additional expertise is available from the Medical Branch.
There have been many studies on occupational hazards from various chemical
agents and the physicians in the Medical Branch have paid close attention to
the results of these studies. These physicians are continuously on the
look-out for symptoms of any unusual disease which might be related to
occupation at CRNL. I believe that one of their major concerns is past
exposures to asbestos at CRNL, a health hazard which is now carefully
controlled.

18. Question: There seems to be considerable fear among the general public
concerning health effects of radiation. If these fears are unfounded, should
we not be trying to correct this misunderstanding?

D.K. Myers: The purpose of this presentation was to try to provide
up-to-date, quantitative information to CRNL employees on health effects of low
radiation doses. This was not intended to be a public relations effort.
However, many of the research scientists at CRNL have tried to assist Public
Affairs Branch by talking to various non-AECL groups about the health effects
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of radiation and about some of the highly interesting research that is being
carried out by the AECL Research Company. Hal Tracey indicated that a major
problem is trying to convey to non-AECL audiences an understanding of the
difference between the theoretical health effects of controlled, low radiation
exposures and the known effects of very high radiation doses.
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