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ABSTRACT 

This report outlines the major publications between 1976 and 1981 
that have contributed to the evolution of the way in which radiation risks 
(cancer and hereditary birth defects) are assessed. The publications 
include the latest findings of the UNSCEAR, BEIR and ICRP committees, 
epidemiological studies at low doses and new assessments of the doses 
received by the Japanese A-bomb survivors. This report is not a detailed 
critique of those publications, but it highlights the impact of their 
major findings on risk assessment. 
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In the last five years, assessments of the biological 
effects of ionizing radiation have been affected by -
1) New reports of major international or U.S. committees; * 

2) Controversial epidemiological studies at low doses in 
the region of occupational exposures, and 

3) New information on the doses received at Hiroshima and 
Nagasaki. 
In this period the use of S.I. units has become widespread. 

The unit of absorbed dose is now 1 Gray =100 rads, while the 
rem is replaced by the Sievert (1 Sv = 100 rem). 
New Reports of Major Committees 
a) UNSCEAR (1977) 

The 1977 report of this U.N. committee, like its predecessors, 
includes a comprehensive review of all relevant data on genetic and 
cancer risks. For cancer it concentrates its risk estimates 
on available human data. The overall cancer risk assessment is 
little changed from the previous 1972 report. Risks for thyroid 
cancer and the female breast, however, are now thought to be 
considerably higher than most other organs, while the risk for 
the lung in men aged over 35 also appears elevated. Genetic effects seen 
in man remain statistically insignificant, and estimates are based 
mainly on mouse data. Two methods are used. One is a direct 
estimate of the actual rates/Sv for the induction of a variety 
of genetic mutations. The other, indirect measure uses an 
estimate of the dose required to double the mutation rate. This 
is then combined with known rates of naturally occurring genetic 
illness in man. The two methods give consistent results. Major 
new data include an increase from 4 to 10.5% in the naturally 
occurring incidence of genetically linked disease. New 
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information also suggests that an increase in risk previously 
suspected at extremely low dose rates does not occur. In spite 
of a large body of new data, the overall estimates of genetic 
risk are also little changed, 
b) BEIR III (1980) 

The U.S. Academy of Science and National Science Foundation 
fund a committee on the Biological Effects of Ionizing Radiation 
(BEIR). This committee, like UNSCEAR, reviews available information 
but its prime task is to provide guidance on the likely effects 
at low doses. Although it did not make recommendations, the 1972 
report has been extensively used as the basis of U.S. policy 
decisions involving low dose exposures. Unfortunately, unresolvable 
disagreements concerning the evaluation of cancer risks caused BEIR III 
to have a troubled history and a two year delay in publication. 
It remains to be seen how the controversy, which caused dissenting 
statements to accompany the main, compromise report, will affect 
the credibility of the BEIR III cancer estimates, 
i) The cancer estimate controversy 

The basis of the controversy is central to all estimates 
of risk due to X- or y-rays. Human data at doses above 
25-50 radare sparse but sufficient for there to be reasonable 
agreement on the risks involved. There are virtually no data at doses 
approaching background or occupational levels. Estimates at low 
doses are made by extrapolating back from the high dose region. 
This requires an assumption about the shape of the dose-response 
curve. The usual assumption is to assume a straight line between 
zero dose and the high dose data. This is a so-called linear 
hypothesis and was used by the 1972 report. It is practical and 
easily used to derive low dose risk estimates, but it implies that 
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risk increases in strict proportion to dose received (i.e., effect a 
Dose), with no threshold. Risk/Gy is constant at all doses. The main 

rivals to a linear assumption call for a contribution to risk 

from a dose-squared term. This means that the dose-response 

curve bends upward as the dose increases; the risk/Gy at low 

doses is less than at high doses. Some members of the BEIR III 

committee wanted the linear assumption to be retained as the 
2 basis of risk estimates. Others wanted a pure dose-squared (effect a (Dose) ) 

assumption to be used (in BEIR III the dose-squared assumption 

is called a quadratic assumption). Unfortunately the human data 

are so inadequate that neither assumption could be ruled out. 

BEIR III discusses at length experimental and theoretical 

evidence in favour of each of the theories. The main BEIR report 

eventually chose to use a compromise assumption for the X and y-ray 

dose-response relationship. This involved a dose response 

dependent upon both linear and dose-squared terms (it is called 

a linear-quadratic model). Its main advantage is that it gives 

estimates which lie between that of the other two assumptions, 

though it also has some experimental support. 

BEIR III calculates the risks associated with a single, 

moderate sized dose of 0.1 Gy and with a continuous, lOmGy/yr 

dose for the remainder of life at various ages. At still lower 

dose levels the errors associated with the estimates are considered 

too great to allow values to be quoted. Even for the doses 

quoted there is a large difference in the estimates derived by 

the three assumptions. The estimates for cancer deaths rise in 

the ratio 1:8:16 for the dose-squared, linear-quadratic 

and linear assumptions respectively. Thus the main estimate of 

the report would underestimate risks fo-fold if linearity was the 
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true dose response, or overestimate by 8-fold if dose-squared 
were correct. The differences are somewhat greater when data 
for cancer incidence rather than cancer deaths are considered, 
ii) The main cancer risk estimates -

The estimates for cancer mortality are lower than those 
of the 1972 report by 1.5-3.4 fold, depending upon the use of 
absolute or relative risk models, and whether exposure was continuous 
or a single event. There are two main reasons for the decrease. 
A linear-quadratic assumption was used, not a linear one, and 
childhood exposures are no longer regarded as a high risk through
out remaining life-span. A major recommendation of BEIR III is 
that cancer incidence should be given greater weight. This is 
because some important radiogenic tumours have a low mortality 
(e.g. thyroid) or occur in relatively high numbers (e.g. female 
breast). Incidence is then a better indicator of the cost to 
society. BEIR III also emphasizes that factors such as age, 
sex and tissue irradiated must be taken into account wherever 
possible. Like UNSCEAR, BEIR III points out data on the possible 
high susceptibility of the thyroid, female breast and the lung 
in males aged over 35. 
iii) Genetic risk estimates 

Estimates of genetic risk have been changed relatively 
little by the latest BEIR report. The dose required to double 
the mutation rates is now regarded as 0.5-2.5 Gy instead of 
0.2-2.0 Gy. This reduction in risk is offset by an increase in 
the diseases regarded as geneticafy based from 6% to 10.7%. 
A major improvement is the use of a direct estimate of hereditary, 
first-generation effects in the mouse skeleton. Information 
to convert the data to estimates for all organ systems in man are 
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also known. The estimates derived lie well within the range 
expected using methods which estimate the extra diseases expected 
at equilibrium following prolonged exposure to increased dose 
levels. 
ICRP 

The International Commission on Radiological Protection 
(ICRP) is an independent body founded in 1928. Its recommendations 
are the basis of regulations in most countries. In 1977 the 
commission released its latest recommendations on dose 
limitations as ICRP 26. ICRP 30 has also been issued which 
derives limits on intakes of most radionuclides based on the new 
recommendations and the latest information on the metabolism of the 
elements. 
i) ICRP 26 

ICRP adheres to the linear assumption as the most 
suitable model on which to base radiation protection against cancer 
and genetic effects. Thus ICRP maintain that all exposures 
above background entail some risk. The commission therefore 
recommend that no procedure involving radiation be adopted unless 
a worthwhile benefit can be shown, and that all exposures are kept 
as low as reasonably achievable. Social and economic factors can 
be taken into account. As a further safeguard to individuals, 
their exposure must not exceed prescribed limits. Compliance with 
the limits is insufficient to allow a breach of the other 
recommendations. 
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The main limit remains as in earlier recommendations. 
To guard against cancer and genetic damage, an individual 
radiation worker is limited to SOmSv to the whole body per annum. 
The limit for a member of the public is one-tenth of this. A 
change from earlier recommendations is the elimination of 
limits for large populations who, it is now thought, are 
adequately protected if individual limits are met. Previously, 
the rate at which the annual dose could be accumulated was also 
restricted to 30mSv/3 months. This restriction no longer applies. 

A major change applies to partial body exposures. New 
procedures are laid down by which the risk to all tissues irradiated 
can be summed. The overall risk must not exceed the risk 
associated with 5QmSv/yr to the whole body. Previously it was 
only required to identify the most heavily irradiated tissue, which 
was then limited to 50mSv/yr. The new procedure involves the 
conversion of tissue doses to a risk, with the aid of conversion 
factors which vary with the tissue, age and sex. Some tissues 
are associated with a very low risk and under the summation procedure 
could be allowed a dose far in excess of 50mSv/yr. In practice such 
tissues receive no more than 500mSv (O.SSv) per yr, because this is the 
overriding limit on all tissues (0.3Sv per yr for the lens of the eye). 
The overriding limit is set to prevent tissue effects other than 
cancer or genetic effects. These are thought to have a threshold 
below which effects are neglible. Examples are cataract formation, 
hyperthyroidism and general tissue damage. 
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ii) ICRP 30 
Limits on radionuclides which could be taken in to the 

body were previously governed by maximum permissible con
centrations in air or water and maximum permissible body burdens. 
ICRP 30 derives Annual Limits of Intake (ALIs) either by 
ingestion or inhalation which will allow the general recommendations 
of ICRP 26 to be met. ALI values are derived wherever possible from 
the large data base now available on the metabolism of particular 
elements within the body (i.e. their uptake, retention, movement, 
localization and ultimate removal). New dosimetric models for 
exposure of the important cells in bone, respiratory passages and 
intestine are also used. Old and new limits cannot be compared 
directly. However, if the new ALIs are converted to air or water 
concentrations, it appears that the new limits are within a factor 
of 3 of the old values for about a half of the 250 radionuclides 
that can be compared, more restrictive for about a quarter and 
less restrictive for the remainder. Few limits involve changes 
of more than 10-20 fold. 
Comparison of Risk Estimates of Major Committees 

Tables1 and 2 compare present and previous estimates of risk 
for cancer and genetic damage by the three major committees. Note 
that to enable direct comparisons to be made, some of the values 
have had to be derived from the data as originally quoted. 
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TABLE 1: 
Cancer Mortality Estimates per 10" Gy (1 rad) per 10 
people exposed to X or y-irradiation. 

BEIR UNSCEAR ICRP 

Latest V&lue 77-226a 75-175 100 
Previous Value 117-621b 71-140 

88-440c 

a) Values for the linear quadratic model of the main report. 
Linear model gives values about 2 fold higher; dose squared model about 
8-fold lower. BEIR III also permits cancer incidence to be computed. 
Depending upon the assumptions used, incidence falls in the range 
91-1620 cases. 

b) Value derived from BEIR 1972 age-specific risk factors 
applied to the more recent life-tables used in BEIR III. 
c) Value derived from the summary of BEIR 1972. 

TABLE 2: 
Total Genetic Defects3 Estimated per 10"2Gy (1 rad) 
of parental exposure to X or y-ray irradiation per 
10 6 livebirths. 

BEIR UNSCEAR ICRP 
Latest Values 
First Generation 5-75 63 50 
Equilibrium/Eventual1* 60-1110 185 200 

Previous Values 
First Generation 12-200 6-15 
Equilibrium/Eventualb 60-1500 300 
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a) Each committee sub-divides genetic effects differently 
and it is convenient just to give the total numbers of serious 
disease quoted. 
b) The equilibrium value is the number of extra effects that 
will eventually occur in each generation if the increased 
parental exposure is experienced in every generation. It has 
the same value as the eventual number of effects found when 
summed to all succeeding generations after an exposure to a single 
generation of parents. 
Doses Received at Hiroshima and Nagasaki 

All estimates of human cancer risk rely most heavily 
on the data from the survivors of the A-bomb attacks at Hiroshima 
and Nagasaki. Previous estimates relied on tentative doses 
published in 1965 (T65D/. These were based on the absorbed 
dose in a small tissue volume free in air at the position of the 
survivor. Two new lines of work have affected these estimates. 
First, the T65D estimates have been converted to true organ 

2 doses. Attenuation through the body and the shielding afforded 
to internal organs by the body have been allowed for. This 
improvement to the usefulness of the A-bomb data was used in 
BEIR III, but has not led to large changes in the risk estimates. 
Second, the declassification of much of the information on the 
composition of the bombs and newer computer techniques has 
allowed fresh estimates of the doses to be made. These show 
substantial differences compared to T65D estimates, especially 
at Hiroshima. They have not been fully published yet, so only 
a preliminary evaluation from articles in Science can be made. 
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The doses received comprised neutron and gamma ray 
components. At Nagasaki the neutron component was thought 
to be negligible, but at Hiroshima it was believed significant. 
Neutrons were thought to account for the greater cancer mortality 
at Hiroshima, since neutrons are more effective than y-rays as a 
carcinogen. A major controversy in risk estimation has always 
been the factor to be used for this greater effectiveness. It now 
appears that at Hiroshima the neutron dose was over-estimated and 

the Y-ray dose underestimated in the T65D estimates. The doses at 
Nagasaki remain about as before. The reduced neutron dose at Hiroshima 
is still greater than that at Nagasaki. Evaluation of the new data 
may lead to a reappraisal of the relative effectiveness of neutrons 
and yrays particularly at low doses. However, since the decrease 
in neutron dose estimate is accompanied by an increase in the X-ray 
dose, there may be little change in the overall cancer risk 
estimate. 
Epidemiological Studies of Groups Exposed to Low Doses 

Several studies have claimed to show that at low exposure 
levels the cancer risks are far higher than expected from 
conventional estimates. The most important involve studies of 
deceased, former workers at the Hanford Works, Washington, USA. 

4 Mancuso, Stewart and Kneale published papers in 1977 and 1978. 
The earlier paper primarily concerned 3520 male employees who 
died prior to 1972. It claimed to show an association between 
radiation exposure and total cancer mortality and several sub
categories of the disease. Doses necessary to double cancer 
rates were also calculated as 122 mGy for all cancers and 8, 74 
and61 mGy for multiple myeloma plus myeloid leukaemia, pancreatic 
and lung cancer respectively. The second paper on 4694 male 
employees who died up to 1977 confirmed the radiation association 



-11-

for these three latter categories, but raised their doubling 
doses to 36, 156 and 137 mGy. For all male cancers the doubling 
dose was raised from 122 to 337 mGy. The claims were immediately 
controversial since even the later, lower estimates of risk 
considerably exceed conventional estimates. 

Criticisms of the studies have been wide and almost 
5-9 universal, but Mancuso, Stewart and Kneale consistently argue 

against the criticisms. These criticisms have been partially qualitative. 
The findings of Wancuso et al., viz, that multiple myeloma and cancer of the 

pancreas are radiation associated and the deficit founri for myeloid 
leukaemia, has been contrasted with the opposite experience of 
other groups exposed to higher radiation doses. In the earlier 
report especially, the very low doubling doses imply that most 
spontaneous cancers are due to natural background radiation. 
Finally no account has been taken of other contributing factors 
such as the internal dose received by inhalation/ingestion, 
exposure to chemical toxicity and smoking habits. 

More substantial criticisms relate to the statistical 
methods used by Mancuso et al. They used a 'proportional mortality' 
study of cancer and non-cancer deaths, which were related to 
the mean doses accumulated in either group. There is a general 
concensus that the studies did not properly control for age and 
year of death. For example, the basis of the observed versus 
expected ratios was the cancer rate in the U.S. at 1960. This has 
altered for several cancers between 1960 and 1977. When properly 
controlled in a standardised mortality ratio study, the 
association of radiation with cancer deaths was retained only 
for multiple myeloma and pancreatic cancer. There is a reasonable 
expectation that one of these asspciations could appear by chance. 
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A standardised mortality treatment also invalidated a claim con

cerning the variation of risk with age. The Hanford proportional 

mortality study was also poorly placed to account for the 

lower number of chronically ill in a working population. When 

deaths alone are considered, working groups have feuer deaths 

due to chronic diseases (e.g. bronchitis) and, therefore, a high 

proportion of deaths due to cancer or heart disease. The Mancuso 

study values of doubling doses are also regarded as highly 

suspect since they were based on the mean dose accumulated in 

various death categories. Use of the mean dose obscures the 

fact that many of the cancer deaths were associated with doses well 

above the average. Of 11 myeloma deaths, for example, three 

at 350,290 and 200 mGy accounted for 98% of the total accumulated 

dose. Gilbert anc Marks suggest that the correlation for 

myeloiiia and pancreatic cancer with radiation hinges entirely on a few 

deaths at doses above 150 mGy, when the overall mean dose is only 

about 10 mGy. 

In summary, there is evidence of an elevated risk of 

contracting myeloma or pancreatic cancer in Hanford radiation 

workers, which could be associated with low doses. However, 

other plausible causes of the excess have not been eliminated. 

The findings do not warrant the conclusion that cancer risk may 

be 10-fold higher than generally thought. 

Considerable attention has been given to studies of 

leukaemia incidence in naval shipyard workers servicing nuclear 

powered vessels and in adults or children exposed 

diagnostically.12 The latter was a new-style analysis of 



-13-

leukaemia data from three states in the U.S. Both are new discredited. 

In neither were actual dose measurements available to the 

authors at the time of publication. Unless an increase in 

cancer can be related to an increase in dose, a causal 

relationship is hard to prove or disprove. The study of leukaemia in 

those exposed diagnostically was used to support a concept that people 

could be classified as either susceptible or non-susceptible. Though 

possibly valid, it is considered that this concept was imposed 

on the data in such a way as to invalidate the claims made for 

high radiation risks (see BEIR III, 1980, p. 458-461). Of the 

shipyard workers, only 1/3 of those who died were traced. They 

were assigned as either exposed or not exposed based on the 

recollection of next-of-kin concerning their status as a 

radiation worker or the wearing of a film badge. A later, full 
13 examination of dosage records and subsequent medical history of 

all workers from 1952-77 revealed no association between dose and 

elevated cancer incidence. 

Another topic which has surfaced on several occasions is 

the possibility of high cancer incidences in areas of Nevada-

Utah subjected to fallout from bomb tests. No categorical state * 

ment can be made at this time. Once more,no dosimetry is 
14 available. In one study, Utah was divided into high and low 

fallout counties, and within the former children were assigned 

to high or low exposure groups on the basis of their age during 

the testing period. The high exposure group in the high fallout 

counties had a 2.44 times higher (951 limits 1.18-5.02) leukaemia 
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rate than the low exposure group. This rate was higher than 

the average for the entire U.S. The apparent link with 

radiation is weakened, however, by the fact that the high 

leukaemia rate is only very slightly above the average for 

Utah as a whole. An increase of 2.44 arises because of the 

unusually low rate in the low exposure group in the high fallout 

counties, which is well below average rates for the state 

and for the U.S. as a whole. Hence it becomes hard to assign 

the increase in the high exposure group to a particular cause. 

As always, in relatively small populations large deviations from 

the average found for far larger populations are bound to occur. 

The best evidence for high cancer rates after low doses 

of radiation remains the childhood cancers observed after 

diagnostic irradiation detected in the Oxford survey between 
15 1953-67. This evidence is still generally accepted, and quoted 

in reports such as BEIR III and UNSCEAR 1977. Points of 

contention concern how long a high risk remains and the size of 

the risk. In 1972 BEIR projected the elevated risk into the 

whole of the remaining lifespan. BEIR III (1980) chose to substi

tute the lower ri sk factors for ages 10-19 for those irradiated 

at an earlier age. It was felt that theprevious approach, which 

accounted for half the deaths estimated by the relative risk 

method, put too much emphasis on very uncertain data. Although 

an association between prenatal-exposure and childhood cancers 

is accepted, a recent study has restated an old suggestion that 

the association is an indirect one. The suggestion is that the 

cancer group is a selected population, with the mothers of this group 

being more likely to be x-rayed than the mothers of controls because of 

inherent medical characteristics. 
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Three Mile Island Accident 

A major event associated with exposures to low radiation 

doses in the past five years involved the release of activity at 

tho Three Mile Island nuclear power plant. No immediate fatalities 

occurred. There is general agreement that the doses received 

will not lead to a detectable number of additional cancers or genetic 
17 defects. An estimate is for less than 1 extra cancer in the 2 million 

population within 50 miles of the plant. In the same area there 

will be less than one extra case of genetic disease per million 

liveborn. The major health effect was psychological stress, and 

demoralisation particularly in the plant employees. 

REFERENCES 

General 

United Nations Scientific Committee on the Effects 

of Atomic Radiations (UNSCEAR). Reports to the General 

Assembly in 1977 (Sources and Effects of Ionising 

Radiation) and in 1972 (Ionising Radiation : Levels and Effects. 

NAS-NRC Committee on the Biological Fffects 
of Ionising Radiation (BEIR) : The Effects on 

Populations of Exposure to Low Levels of Ionising 

Radiation, published 1972 (BEIR I) and 1980 (BEIR III). 

International Commission on Radiological Protection (ICRP). 

Recommendations, Publication No. 26 (1977) and Limits on 

Intakes of Radionuclides, Publication No. 30 (1979, 1980, 

in several parts and supplements). 



-16-

Other References 

1. J.A.Auxier. J. Radiation Res. (Tokyo) 16 

(Suppl.) 1-(1975). 

2. G. D. Kerr. Health Phys. 32 487 (1979). 

3. Science : 212_ 900 (1981): ibid. 213 6,8 (1981). 

4. T.F. Mancuso, A. Stewart and G. Kneale, Health 

Phys. 33 369 (1977) : G.N. Kneale, A.M. Stewart 

and T.F. Mancuso. Late Biological Effects of Ionising 

Radiation. Vol.1. IAEA (Vienna) p.387 (1978). 

5. T.W. Anderson. Health Phys. 35 743 (1978). 

6. E.S.Gilbert and S.Marks. Radiation Res. 79 122 

(1979); S. fjarks, F..S. Gilbert 

and B.D. Breitenstein. Late Effects of Ionising 

Radiation Vol. 1. IAEA (Vienna) p. 369 (1978). 

7. G.B. Hutchinson, B. MacMahon, S. Jab Ion and C. E.Land. 

Health Phys. 37 207 (1979). 

8. Health Phys. series of letters to editor since 

publication of ref. 4.. 

9. J.A. Reissland. NRPB-R79 (1978). 

10. A.Stewart, G.Kneale and T. Mancuso. Ambio 9_ 66 (1980); 

G.Kneale, A.M. Stewart and T. Mancuso. Health Phys. 35 

431 (1979). 

11. T. Najarian and T. Colton. Lancet i : 1018 (1978). 

12. I.D.J. Bross, M. Ball and S. Falen. Amer. J. Public 

Health 69 130 (1979); I.D.J.Bross and N. Natarajan. 

N. Engl. J. Med. 287 107 (1972). 

13. R.A. Rinsky and 7 others. Lancet i : 231 (1981). 

14. J.L.Lyon, M. R. Klauber, J.D. Gardner and K.S. Udall. 

N.Engl. J. Med. 300 397 (1979). 



-17-

A. Stewart and G. Kneale. Lancet i : 104 (1968). 

ibid i : 1185 (1970). 

J.R. Totter and H.G.MacPherson. Health Phys. 40 

511 (1981). 

Report of the Public Health and Safety Task Force. 

Report to the President's Commission on the Accident at 

Three Mile Island. U.S. Govt. Printing Office, 

Washington D.C. (1979). 


