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EXECUTIVE SUMMARY 

In 1986, the Department of Defense (DOD) requested that the Committee On 
Interagency Radiation Research and Policy Coordination develop a coordinated Federal 
position on risk assessment for low levels of ionizing radiation. DOD proposed that an 
interagency approach be taken by CIRRPC to the use of authoritative review documents 
prepared by groups such as the National Academy of Sciences' Committee on the Biological 
Effects of Ionizing Radiations (BEIR). The Science Panel of the Committee on Interagency 
Radiation Research and Policy Coordination (CIRRPC) established the Subpanel on Ionizing 
Radiation Risk Assessment ("the Subpanel") to review the risk factors derived by the experts 
who compiled the BEIR IV' report on the risk of exposure to alpha-emitting radionuclides. 
This report of the Subpanel discusses the potential impact on Federal agencies and indicates 
individual risk factors that could be used by them in risk assessment. The approach used in 
this CIRRPC report was to consider the risk factors presented in BEIR IV for each 
radionuclide (or group of radioelements) and to make some judgments regarding their validity 
and/or the uncertainties involved. The coverage of Radon-222 and its progeny dominated 
the BEIR IV report and this Subpanel felt it was proper to devote more attention to this 
radionuclide family. The risk factor presented in BEIR IV for radon is 350 cancer deaths per 
million person-working level months (WLM) of exposure for a lifetime. There is a range of 
opinions on the conversion from WLM to absorbed dose. As discussed in the text, the use 
of the WLM concept makes it difficult or infeasible to compare the risk factor for radon with 
that of other radionuclides which are based on organ dose. 

An additional difficulty in applying the risk factor for radon to other radionuclides 
comes from the fact that the distribution of dose within the respiratory tract is assumed to 
be different for radon decay products than for long-lived radionuclides; for other 
radionuclides the whole lung mass is used for dose calculations and thus the risk factors are 
expressing a different dose-effect situation. This point is emphasized as some of the risk 
factors presented for other radionuclides (e.g., transuranics in the lung) in BEIR IV are 
seemingly based upon effects of radon and progeny, and this is a superficial and probably 
incorrect comparison. 

The Subpanel carefully reviewed all of the BEIR IV report attempting to extract the 
most appropriate values to publish as representative of the BEIR IV Committee's ("the 
Committee") in-depth analyses. Though many approaches and risk values from individual 
investigators are given throughout BEIR IV, the Subpanel has based this report on those 
chosen by the BEIR IV Committee. Limitations in their derivation or use are noted. The 

'"Health Risks of Radon and Other 
Biological Effects of Ionizing Radiations, 
Press, Washington, DC, 1988) 

Alpha-Emitters, BEIR IV", Committee on the 
National Research Council (National Academy 
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values presented below are as appropriate for use by Federal agencies as any available 
composite presentation taking into account the caveats by the BEIR IV Committee and 
understanding the large uncertainties in the tabulated risk estimates. 

e Radon Lung-350 deaths/million person-WLM (bronchial epithelium) 

e Polonium-210 No risk factor derived by the BEIR IV Committee; 

e Radium-224 Bone--200 cancer deaths/million person-rad (whole skeleton) ; 
Bone-30 cancer deaths/million person-rad (endosteal dose) 

e Radium-226 No risk factor derived by the BEIR IV Committee; 

e Thorium-232 All risk factors derived by the BEIR IV Committee were based 
upon Thorotrast injections; 

Liver-300 cancer deaths/million person-rad 

Bone--55-120 cancer deaths/million person-rad 

Leukemia--50-60 cancer deaths/million person rad; 

e Uranium No risk factor derived by the BEIR IV Committee; (for soluble U-238 
compounds risk based upon chemical toxicity); 

e Transuranic Elements 

Bone-300 cancer deaths/million person-rad (based on human radium 
and animal transuranium and radium data); 

Liver--300 cancer deaths/million person-rad (based on 
human Thorotrast data); 

Lung--700 cancer deaths/million person-rad (based upon radon using 0.5 
rad/WLM conversion). 

This report also includes a discussion of certain fundamental scientific and operational 
issues that may have decisive effect upon risk factor selection. These adjunct items are dealt 
with under separate headings and include discussions of threshold dose considerations, 
extrapolation to low doses, and age at exposure. 

Overall, BEIR IV enhances our understanding of the health risks of internally 
deposited alpha-emitters and radon in the decade since BEIR I11 was written. The questions, 
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though, are primarily the same now, e.g., what is the most plausible type of extrapolation to 
low doses. 

The Subpanel's conclusions were the following. 

The BEIR IV radon risk value does represent a basis for Federal agency 
agree men t . 

The risk estimates outlined above are acceptable for use by the Federal 
Agencies, but only with full knowledge that each may be applied only with 
some, as yet undetermined, margin of error and with the knowledge of how 
they were derived, as well as limitations in their use. (See discussion on 
Uranium I1 B4). 

BEIR IV is an authoritative reference which should be a necessary part of 
every agency's deliberations. 

Additional considerations that warrant future study by the Federal agencies in 
their attempt to unify risk assessments, e.g., endpoints, WLM etc., were 
identified. 

The type of interagency review conducted by the Subpanel should be continued 
for other resource documents such as BEIR V and UNSCEAR 1988. 

On February 1, 1991 the National Research Council announced completion of a study 
entitled "Comparative Dosimetry of Radon in Mines and Homes". The study was conducted 
by the Council's Panel on Dosimetric Assumptions Affecting the Application of Radon Risk 
Estimates, Board on Radiation Effects Research, Commission on Life Sciences. Comparing 
basic parameters of exposures to miners with those occurring in typical households, the study 
revises models of lung cancer deaths from radon exposures published in the Council's 1988 
BEIR IV report. The panel concludes "..that the dose of alpha energy per unit exposure 
delivered to target cells in the respiratory tract tends to be lower for the home environment - 
- by about 30% for adults of both sexes and by 20% or less for infants and children. Thus, 
direct extrapolation of risk estimates from the mining to the home environment may 
overestimate the numbers of radon caused lung cancer cases by these percentages." For a 
lifetime exposure, a 30% reduction in the BEIR Iv's lifetime risk of lung cancer mortality, 
the resulting home environment risk estimate is about 250 lung cancer deaths per 106 person 
WLM. 
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CIRRPC member agencies have had a desire for a more uniform use of resource 
documents, such as BEIR IV, in estimating radiation risks. To this end the Subpanel on 
Ionizing Radiation Risk Assessment was established by the CIRRPC Science Panel in July 
1987. The work statement for the Subpanel is given in Appendix A. This effort was 
considered as a pilot project and used BEIR IV as input with expectation that follow-up 
efforts would be undertaken by CIRRPC for future reference documents. The work 
statement calls for a report to examine "the potential for consistent use of BEIR IV in 
Federal risk assessment." The members of the Subpanel represent agencies that have 
recommendation, regulatory, or operational responsibilities. In conducting this task, Subpanel 
members reviewed assigned portions of BEIR IV and subsequently reviewed and commented 
on each other's input. The basic need in the process was to have knowledgeable Subpanel 
members willing to devote the time and effort to review the BEIR IV report in detail. 

In understanding what BEIR IV attempted to accomplish, it is important that users of 
this reference be familiar with what the BEIR IV Committee itself described in the Preface 
and Overview to the report, portions of which are included as Appendices B and C. The 
Committee noted that its focus and effort were strongly influenced by the need to address 
problems of indoor radon and that there were constraints on time and resources. Thus, the 
preliminary nature of their analyses and the many uncertainties inherent in the process were 
explicitly addressed. As noted by the Committee, the methods they introduced will help point 
the way to more detailed comparisons as additional data from epidemiological and animal 
studies become available. 

BEIR IV clearly does not contain risk values for all of the alpha-emitters examined. 
In some cases no values are given; often, various approaches are discussed as options. The 
report is, however, an informative reference that can be used as a beginning in the process 
of agreement among the agencies concerned. 
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11. BEIR IV REPORT 

Excerpts from BEIR IV addressing risk factors associated with various alpha-emitters 
are given for each radionuclide in the sections below, in addition to the Subpanel member's 
comments on the related report chapters. The coverage of Radon-222 and its progeny 
dominated the BEIR IV report and actually made up about 50% of the text. Thus, this 
Subpanel felt that it fitting to devote more attention to this radionuclide family than to any 
of the other radionuclides described in BEIR IV. 

A. RADON 

The BEIR IV risk model for indoor radon exposures was derived using "raw" data from 
four underground miner cohorts: Colorado Plateau, Eldorado (Saskatchewan), Ontario and 
Malmberget (Swedish). The Committee also sought the detailed original data on the Czech 
miners, but was refused. Another major cohort, the Newfoundland fluorspar miners, was 
omitted for reasons not explained. The data on each of the four cohorts have serious 
shortcomings and, in all cases, exposure estimates are rather unreliable. The Malmberget 
cohort is small and the exposures were relatively low. Consequently, the estimate of risk is 
associated with a high variance. The follow-up was short for the Ontario and Eldorado 
miners, with little information on the expression of risk over the whole life span. In 
particular, for the Ontario miners exposed to 20 WLM or more, only four lung cancer deaths 
were observed in miners aged 65 or older (three expected). For the Eldorado cohort, the 
comparable figures were six observed and two expected. Because of these limitations, the 
conclusions drawn by the Committee regarding variations in risk with age at expression and 
time after exposure must be regarded with caution. 

The following are excerpts from the BEIR IV Overview, Summary of Findings. 

Radon (From pages 6 and 7 in the BEIR IV report) 

By means of statistical regression techniques appropriate for 
survival-time data, the (BEIR IV) Committee found that the 
probability of dying of lung cancer at age a in the combined 
cohorts was best described by the following expression: 

r(a) = r,(a)[I + O.O25y(a)(W1 + OSWJ], 

where r(a) is the lung-cancer mortality rate at age a; r,(a) is the 
baseline lung-cancer mortality rate in the 1980-1984 U.S. 
population; y(a) is 1.2 for ages less than 55 yr, 1.0 for ages 55-64 
yr, and 0.4 for age 65 yr or greater; VI is the cumulative 
radiation exposure in WLM from 5 to 15 yr before age a; and W2 
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is the cumulative exposure, in WLM, 15 yr or more before age 
a. 

Lifetime exposure to 1 WLM/yr is estimated to increase the 
number of deaths due to lung cancer by a factor of about 1.5 
over the current rate for both males and females in a population 
having the current prevalence of cigarette smoking. 

Occupational exposure to 4 WLM/year from ages 20 to 40 is 
projected to increase male lung-cancer deaths by a factor of 1.6 
over the current rate in this age cohort in the general population. 

Six major sources of uncertainty were identified in the report: 

I .  Uncertainties in the Miner Data - More important than the sampling variation, 
perhaps, is the possible bias in and the arbitrary nature, of the exposure estimates. Most are 
based on extrapolations over time and space, rather than actual measurements. 

2. Gender - The analysis is based entirely on data from males, and it was assumed 
that the same model holds true for females (same relative risk). Female lung cancer rates, 
however, are actually lower than those for males, largely as a result of the differences in 
smoking patterns. For equal exposures, the model projects a substantially lower excess 
absolute risk for females. 

3. Age at Exposure - Age at exposure dependency was neglected in the BEIR IV 
model. The miner cohorts analyzed showed no effect of age at first exposure. However, the 
Committee noted evidence that atomic bomb survivors exposed before age 20 show an 
enhanced relative risk of radiogenic cancer. 

4. Cigarette Smoking - BEIR IV assumed a multiplicative interaction between 
smoking and radon exposure, based on an analysis of the Colorado Plateau and New Mexico 
miners. This conclusion, however, should be regarded with some caution because of the 
limited follow-up in smoking information for these miners, as well as other evidence which 
was suggestive of a submultiplicative interaction. 

5. Temporal Expression of Risk - The BEIR IV analysis indicated a decrease in 
relative risk with time after exposure and age at expression, especially after the age 65. The 
data pertinent to the question, however, is still rather sketchy. Thus, while some decrease in 
relative risk is strongly suggested by the data, the magnitude of the fall-off is highly uncertain, 
particularly since the Canadian cohorts were so young. For example, the fall-off estimated 
in BEIR IV differed substantially, depending on whether internal or external control groups 
were used in the respective cohort analyses. The internal cohort would have been more 
proper from a theoretical standpoint, but the sampling errors in this case are large. The 
Committee compromised by adopting parameters that were intermediate between what were 
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estimated for the internal and external analyses. Additional follow-up of the various cohorts, 
as well as updated smoking information on the Colorado miners, should shed further light on 
the question of temporal expression of risk. 

6. Extrapolation porn Mining to Indoor Environment - The largest uncertainties in 
extrapolating seem to relate to physical parameters of the airborne radon decay products, 
rather than to uncertainties over processes in the lung. The Committee projected results from 
mine to indoor environments with no correction for possible differences in doses per unit 
exposure in the two situations. This was reasonable since the current thinking is that average 
doses are similar, except for a somewhat higher dose to children, primarily due to differences 
in lung morphology. A new National Academy of Sciences (NAS) study on this question is 
underway. 

The risk factor presented in BEIR IV for radon is 350 cancer deaths per million 
person-working level months (WLM) of exposure for a lifetime (See Table I). There is a 
range of opinions on the conversion from WLM to absorbed dose to the bronchial epithelium, 
and this range is generally between 0.5 and 1.0 rad/WLM. The 350 deaths/million person- 
WLM risk factor would equate to between 350 and 700 cancer deaths per million person-rad 
to the bronchial epithelium. Although the use of WLM may be argued as archaic (expressing 
toxicity on the basis of exposure rather than on the absorbed dose to the target organ) it is 
a convenient unit of measurement that is directly related to the human data base. The use 
of WLM makes difficult any accurate comparison between the risk for radon and the risk for 
other radionuclides. The BEIR IV Committee chose to use a conversion factor of 0.5 
rad/WLM in applying the radon risk to the transuranic elements. 

In conclusion, the BEIR IV model provides a reasonable central estimate of the risk 
due to indoor radon exposures in light of the current epidemiological evidence, but there are 
numerous sources of uncertainty. Most important, perhaps, are those relating to age and time 
dependence of the risk and to the combined effects of smoking and radon, but the overall 
range is uncertain. This range in risk factors recommended over the years for radon is 
illustrated in Table 1, which was taken from Table 2-13 in the BEIR IV report. 
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Table 1. Lifetime Risk of Lung Cancer Mortality Due 
to Lifetime Exposure to Radon Progeny. 

Study Cancer Deaths Per One Million Person WLM 

BEIR IV (1988) 350 
BEIR 111 (1980 730 

NCRP Report 78 (1984) 130 
UNSCEAR (1977) 200-450 

B. OTHER ALPHA-EMITTERS 

1. Radium (page 11, BEIR IV) 
In the dose range in which bone tumors have occurred, the 

lifetime risk associated with radium-224 is estimated to be about 
2 x excess bone sarcomas per person Gy (200 per million 
person-rad) when a linear function is assumed and an apparent 
increase in risk with dose protraction is taken into account. 
However, analyses that take into account competing risks lead to 
the rejection of a linear dose response on statistical grounds, and 
the best fit to the data on children and adults is found to be 
linear-quadratic exponential. The lifetime probability of excess 
bone cancer induction per person Gy to bone is then estimated 
to be approximately (0.00SSD + 0.0017D2) exp -0.025D after an 
average skeletal dose of less than 1 Gy and a 25-yr expression 
period. 

For radium-226 and radium-228 bone sarcoma induction, a 
number of dose-response functions provide statistically acceptable 
fits to the data within the range of doses where tumors have been 
observed. All of these functions predict approximately the same 
risk for a given exposure, but not at lower doses where no tumors 
have been observed. 

Below an average skeletal dose of about 0.8 Gy, the chance 
of developing bone cancer from radium-226 and radium-228 
during a lifetime is extremely small-possibly zero. 

(Carcinomas in the paranasal sinuses and mastoid air cells.) 
A linear dose-response relationship describes the data either as 
a function of average skeletal dose or of radium-226 intake. In 
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terms of systemic intake, the risk coefficient for these 
carcinomas is estimated as 16 excess cancers per million person- 
yr at risk per pCi of intake. 

A potential point of confusion is that the risk estimate discussed above by BEIR 1V 
for radium-224, 2xlO-*/Gy, refers to an average skeletal dose. BEIR IV also discusses a 
dosimetric model which converts the estimate to one based on endosteal a, the resulting 
risk factor being 3~10-~/Gy.  The BEIR 111 Committee (BEIR 111, pp. 411-418) used an 
endosteal risk factor of 2.7~10-~/Gy as a basis for its linear model estimate of the risk of 
radiation-induced bone cancer from any alpha-emitter. Thus, when expressed in like units,  
there is no real difference between the radium-224 risk estimates in BEIR 111 and BEIR IV. 
However, it is important to emphasize that any extrapolation of risk estimates for bone 
sarcoma between radionuclides should be done on the basis of estimated endosteal a. 

Although the information on Ra-226 and 228 is of interest, there is no definitive risk 
factor given for these radionuclides. A practical threshold for bone cancer is discussed. 
Most of the chapter on radium points to a non-linear, but non-threshold, dose-response 
relationship. A linear analysis which may overpredict cancer incidence was done by Mays 
and Lloyd (Radiobiology of Plutonium, pp.409-430, 1972) who suggested a risk of 46 bone- 
cancers per one million person-rad (average skeletal dose) for Ra-226 and Ra-228. The 
effect upon organs other than bone is discussed from the viewpoint of radiation effects, 
including leukemia, but no risk factors are given. 

With the extensive study of the Ra-226 epidemiological population currently taking 
place, it was a surprise to some Subpanel members that no definitive risk data were given 
in BEIR IV for radium 226 and 228. The "Radium" chapter discusses some of the 
quantitative estimates of risk found in the literature but does not endorse any of these 
estimates. It is strongly suggested in the text that a linear non-threshold model overpredicts 
the risk at low doses, but the arguments for this position are not cogently developed. Mays 
et al. (Health Phys., 48:635-647, 1985) concluded that a linear dose response cannot be 
rejected based on the human data, although the risk coefficient may have to be reduced 
slightly from the value previously obtained by Mays and Lloyd. The arguments for a 
practical threshold advanced by Evans and Raabe are presented without any critical 
examination of published counterarguments. 

Much of the chapter is devoted to an explanation of the large uncertainties that arise 
as the dose-response functions for bone sarcomas are extrapolated to the low dose region. 
As noted in the Overview of BEIR IV on Radium, a variety of dose-response relationships 
are consistent with the human data. For bone sarcoma, and in the low-dose range in which 
no tumors have been observed, the uncertainty in the risk estimates increases monotonically 
with decreasing dose. The Subpanel members believe that this was one strength of BEIR 
IV because it attempts to treat the uncertainty quantitatively and rigorously. In attempting 
risk assessment in the low dose regions, we have to call on our experience with experimental 
data for extrapolation. Clearly, specific numerical risk estimates can be dealt with in a 
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straightforward manner; the incorporation of large uncertainties into the calculation provides 
ambiguous results. Attempts to use risk estimates, however, without an appreciation for their 
often gross imprecision can be delusive. 

I 

Finally, the literature survey on radium appears to have other significant gaps: e.g., 
the New Jersey dial painter study (W. Sharpe, Environ. Res., 8:243-383, 1974) and the 
extensive Beagle dog studies carried out at the University of Utah. 

2. PoZonium (page 10, BEIR IV) 
In laboratory animal experiments, the relative toxicity of 

polonium-210 is a function of duration of exposure and dose. At 
high doses, polonium is much more toxic than uranium, 
plutonium, radium, or the transplutonic elements. Because of its 
shorter half-life and its toxicity at longer times and lower doses, 
it is comparable with plutonium-239, i.e., about 5 times as 
effective as radium-226; at very low doses and very long times, its 
effectiveness approaches that of radium-226. 

BEIR IV notes that polonium is a "soft tissue seeker" and plutonium and radium are 
basically "skeletal seekers." In addition, with no good risk factors for radium-226, it is difficult 
to apply the data to polonium and derive a risk factor for Po-210 for very low doses and very 
long times. The report is disjointed in this regard. 

3. Thorium 

tumor induction after exposure of humans to thorium are the epidemiological studies 
of Thorotrast-exposed patients. The risk estimates provided by BEIR IV are therefore 
applicable only to intravascular Thorotrast exposure. Thorotrast is a 25% colloidal 
suspension of thorium dioxide and the physical-chemical form of such a suspension 
determines its deposition rather than its chemical properties. BEIR IV states, 
jherefore. that the dosirnet? of thorium in other forms will likelv be a u  ite different 
from the dose d istributions associated with Thorotrast aeereeates and the risk values 
will also be d ifferent. The only cancer risk coefficients for thorium provided by 
BEIR IV are for lifetime excess cancer risks from Thorotrast. The chapter concludes 
that the extent to which these risk numbers apply to other thorium isotopes and other 
forms is unknown. The chemical toxicity of thorium is not elaborated in BEIR IV but 
it should be considered since the half-life of Th-232 is extremely long. 

As BEIR IV states, the primary sources for determining the risks for 

The following information was given and may be used as the concluding value for 
thorium risk factors: 
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Thorium (page 13, BEIR IV) 
Risk estimates for thorium-232-induced liver cancer, bone cancer, and 

leukemia have been calculated on the basis of Thorotrast patients who received 
injections of colloidal [u2Th] thorium dioxide and its progeny. 

For liver cancer, a lifetime risk is estimated to be about 3 x per 
person-Gy (300 excess liver cancers per million person-rad). 

For bone sarcomas, the lifetime risk is estimated to be about (0.55- 
1.2) x excess bone sarcomas per person-Gy (55-120 per million person-rad), 
where the dose is to the skeleton without bone marrow. (This is about twice 
the risk factor for radium in dogs). 

For leukemia, a lifetime risk of about (0.5-0.6) x lo-* per person-Gy (50-60 
excess leukemia cases per million person-rad) is estimated (using bone to 
marrow). 

As stated, the BEIR IV report does not provide risk estimates for the alpha-emitting 
thorium isotopes other than for the special case for which there is some epidemiologic 
evidence, namely intravenous injection of Thorotrast. There have been numerous laboratory 
experiments on the toxicity of thorium compounds, however, administered in both soluble and 
insoluble forms. The report does not attempt to address quantitative risk estimates for the 
different thorium isotopes, and does not address the chemical toxicity of thorium. 

4. Uranium 
The most likely radiation-induced effect from chronic exposure to soluble uranium is 

bone sarcoma; the risk is exceedingly low even if a linear dose-response relationship is 
postulated. When a quadratic dose-response relationship is used virtually no detectable effect 
is expected. The BEIR IV report references a paper by Mays et al? in which a risk 
coefficient is derived by assuming a linear relationship. Assuming a constant ineestion of 5 
pCi/day they estimate the risk of bone sarcoma induction over a lifetime to be 1.5 per million 
persons. The BEIR IV Committee erred in attributing the estimated bone sarcoma risk to 
an ingestion of 1 pCi/day rather than the correct 5 pCi/day (page 298 of the BEIR IV 
report). The calculated average lifetime incidence of 1.5 bone sarcomas/million persons may 
be compared to the 750 that naturally occur in the population. The radiation dose to bone 
was not calculated for the 1.5 cancers so no risk factor was reported. 

This chapter directly points out that one must distinguish between two separate risks 
due to uranium exposure: the chemical effects which may produce nephrotoxicity and the 
effects due to the alpha radiation. The chapter concludes that although there have been a 

~ ~~ 

'C.W. Mays, R.E. Rowland, and A.F. Stehney, 1985: Cancer risk of the lifetime intake 
of radium and uranium isotopes. Health Physics, Vol. 48, pp. 65-647. 
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3See previous discussion. 
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number of animal studies to demonstrate the nephrotoxicity of uranium, at present there is 
little convincing human epidemiological evidence that serious renal disease has occurred as 
a result of chronic low level exposure, and therefore it is premature to attempt a risk estimate 
for the probability of developing renal damage. However, for soluble U-238 compounds renal 
toxicity is the limiting factor for occupational exposure. 

Uranium (page 14, BEIR IV) 

If the dose-response relationship is quadratic, virtually no 
effect is expected at environmental natural uranium 
concentrations. 

If a linear dose-response relationship is chosen, it has been 
estimated that ingestion in water or food at an environmental 
rate of 1 pCi/day could be associated with a lifetime risk of 1.5 
bone sarcomas per million  person^.^ 

It is concluded, on the basis of present evidence, that the 
general population risk associated with natural uranium is very 
low and might be negligible. 

Higher risks could be associated with higher uranium 
concentrations in local water supplies. 

The problem stressed here is again one of uncertainty in risk evaluation at such low 
exposure doses. To deal with risk assessment at these low doses it is necessary to rely upon 
extrapolation and often using higher exposure level animal data as starting points. Such 
extrapolation is speculative and therefore leads to considerable imprecision in the results. 

5. Transuranic Elements 
Chapter 7 of BEIR IV discusses transuranic elements. Most of the chapter is devoted 

to qualitative description of disposition of transuranic elements that enter the body and the 
biological effects that might result. A fairly good summary of animal experimental studies 
is also given. 

The following human risk estimates are presented: 

Transuranic Elements (page 337, BEIR IV) 

Therefore, estimates of risk for transuranic elements cannot 
be derived from human epidemiological studies. Although risk 



estimates have been derived from experimental animal studies, 
they cannot readily be extrapolated to humans. Until problems 
associated with this extrapolation are resolved, the only 
acceptable alternative is to apply risk estimates derived from 
studies of human populations exposed to other alpha-emitting 
radionuclides. For lung cancer the risk estimate is 700 lung- 
cancer deaths/ million person-rad, based on the estimate for 
radon and its progeny. This value is about one-third larger than 
those that can be derived from current incomplete studies of 
plutonium in dogs. For bone cancer, the risk estimate is 80 to 
1,100 bone cancer deaths/million person-rad from Bayesian 
analysis of human radium and animal transuranic and radium 
data. For liver, the risk estimate is 300 cancer deaths/million 
person-rad, based on human Thorotrast data. In applying these 
risk estimates to transuranic elements, their origin as well as the 
great uncertainties associated with their calculation should be 
remembered. 

It can be assumed that the absorbed doses in the above risk estimates refer to average 
doses to the whole organs, since this issue is not explicitly addressed in the report. Careful 
reading of the chapter on transuranic elements casts doubt on the applicability of these risk 
estimates to assessment of risk from occupational and environmental exposure to transuranic 
elements. The chapter concludes with a caution, "In applying these risk estimates to 
transuranic elements, their origin as well as the great uncertainties associated with their 
calculation should be remembered." 

Although risk coefficients for the principal organs at risk (lung, bone, liver) from 
internally deposited transuranic elements are presented, their validity and applicability to risk 
assessment are questionable. Dosimetric and metabolic models considered in derivation of 
the risk coefficients and applicable to transuranic elements are not identified. Although it 
is stated repeatedly in the chapter that the distribution of transuranic elements is highly 
nonuniform within organs and therefore certain sites (for example: endosteum) might be 
more prone to neoplastic changes, this is not considered in the risk coefficients. 

C. SUMMARY OF RISK VALUES 

In the release of the BEIR IV report in January 1989 the National Research Council 
noted in regard to alpha-emitters other than radon that "The health effects of radium, 
thorium and uranium were not found to be significantly different than previously thought" and 
that "for the transuranic elements ... sufficient human data are not available to provide 
accurate risk assessments for exposure ...'I Overall, BEIR IV is an excellent reference source 
for data on the hazards associated with exposure to the alpha-emitting radionuclides. As is 
the case in many such reports, BEIR IV did not provide an exhaustive analysis of existing 
data. 

I 
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To generalize from the above summary of risk factors reported in BEIR IV is difficult 
because of the obvious caution exercised by the authors in their remarks. The risk factors 
discussed above are as follows, expressed in terms of dosage to the specific organ listed: 

Radon 
- Lung = 350 cancer deaths/million person-WLM. 

Radium 
- Bone- 

Ra-224 = 200 cancer deaths/million person rad (average skeletal dose) 

Ra-226 = No risk factors were derived. 
= 30 cancer deaths/million person rad (endosteal dose) 

Polonium 
- No risk factors were derived. 

Thorium (Thorotrast) 
- Liver = 300 cancer deaths/million person rad 
- Bone = 55-120 cancer deaths/million person rad 
- Leukemia = 50-60 cancer deaths/million person rad. 

Uranium 
- No risk factors were derived 

(for soluble U-238 compounds risk based upon chemical toxicity) 

Transuranic Elements 
- Bone = 300 cancer deaths/million person rad (80-1100, calculated 

- Liver = 300 cancer deaths/million person rad (from 

- Lung = 700 cancer deaths/million person rad (based on radon using 

from animal and human sources), 

Thorotrast), 

a 0.5 rad/WLM conversion factor). 
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111. ADDITIONAL CONSIDERATIONS 

There are certain scientific and philosophical issues that were raised in analyzing the 
BEIR IV report. The experts who compiled BEIR IV were fully aware of these issues, but 
their charter did not call for in-depth discussions of them. It behooves this Subpanel, 
however, to include some of these issues because they involve areas where Federal agencies 
need to spend some thought and effort in unifying risk assessment. The regulatory agencies 
also need to delve into the background of the risk assessment schemes, which they might 
make use of to be certain that the resulting regulations will hold up under detailed scrutiny. 
Once a dose limitation has been expressed as a standard, it is difficult to change. 

The points discussed below are important in this multiagency report, for those 
reviewing similar references in the future, to show where some of the weaknesses and 
strengths exist. 

A. RESPIRATORY TRACT DOSIMETRY 

One must be extremely careful in applying the quoted risk factors for radon to ani 
other inhaled radionuclide for a given effect such as cancer. Some of the calculations for 
radon have become very sophisticated and speculative. This means that the times of 
residence for daughter products in respiratory tract are included, along with the usual 
deposition sites and fractions, clearance mechanisms and transport kinetics. Most 
importantly, the alpha particle energy is assumed to be localized within a finite fraction of 
the bronchial epithelium at a certain depth of tissue. For other radionuclides, this degree of 
precision has not been attempted; that is, the weight of the entire lung is still used as the 
target tissue for calculating radiation dose from inhaled plutonium, thorium, polonium, etc. 
for protection and risk assessment purposes. The common method of calculation that brings 
each inhaled particulate radionuclide to the same base is the one in which the mass of the 
entire lung is used. 

To compare the radon lung doses with those from other alpha particle emitters, an 
adjustment would be needed to place them on a common base, either by using the total lung 
mass or the mass of the affected tissue. For instance, the plutonium dose could perhaps be 
estimated by using only the alveolar cells and their estimated mass rather than using the mass 
of the entire lung. 

This report has not attempted to quantify the differences illustrated above, but they 
should be kept in mind in making any comparisons among the alpha-emitters being discussed. 
We note, for example, that BEIR IV uses an NCRP estimate of 1 WLM equivalent to 0.7 rad 
to localized lung tissue for radon exposures in other than uranium mines. 
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B. ENDPOINTS AND AGE AT EXPOSURE 

One of the most important endpoints, radiation-induced cancer, does not become 
manifested until a significant fraction of the post-exposure lifespan (10-20%) has passed. The 
maximum incidence of leukemia cases in Hiroshima and Nagasaki was not realized until a 
few years post-explosion. Studies of laboratory animals subjected to protracted radiation 
exposures also show a latent period. 

Many radiation-induced endpoints are used in extrapolating from experimental animal 
and epidemiological data. Extrapolation to given endpoints (e.g., cancer) is necessary to 
derive dose limits for many radionuclides as no demonstrable effects occur at background or 
occupational exposure levels. From the radiation protection and control standpoint, however, 
there is still a need to mathematically describe the potential radiobiological effects that might 
occur near normal background radiation levels. 

In studying the chapter on radium, there are several factors which, at best, are 
confusing. For instance, which endpoint should be used as the baseline focus. Should one 
use "percent tumor cumulative incidence," or should one use "bone sarcomas per person 
year"? A second factor of concern is the selection of a consistent independent variable. 
Specifically, what dose should really be used by the assessor? Should it be lifetime skeletal 
dose, average skeletal dose, total systemic intake or other? In the BEIR IV report, all of 
these dose measures are used in relationship to biological endpoints. Ultimately, the risk 
assessor must set limits on an external environment. If skeletal damage is the best endpoint 
to use in relation to some risk-related dose, what is the best model, or models, for estimating 
that dose from an environmental exposure? 

Another important consideration is threshold dose. The discussions regarding a 
threshold dose concept in BEIR IV center on presentations of bone cancer incidence in the 
radium dial painters in which data are expressed in several statistically acceptable ways with 
their accompanying mathematical descriptors. In two models, practical thresholds are 
presented, and in the third, a linear extrapolation to the origin has been made. Obviously 
there is a difference of opinion concerning the approach taken to analyze the same data. 

Age at exposure may also play a manifold role in the interpretation of risk assessment 
data: a) sensitivity to radiation may be higher or lower during the period from birth to 
puberty, depending upon the effect being observed; b) for early age exposures, there are more 
years of life available for the risk to express itself, making the lifetime risk larger; c) 
radionuclide behavior in the body following exposure at a young age changes with age and 
the initial organ-specific activity is diluted by organ growth, thus decreasing the original dose 
projection. Many other less quantitative differences due to age are applicable to risk 
assessment. With radionuclides entering the body at an early age, one must match the 
elimination rate from an organ system with the growth of that organ (dilution factor) to the 
potentially greater sensitivity of the tissue in its growing state. The risk of exposure at 
geriatric ages is not often discussed because long term effects do not have sufficient remaining 
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lifespan in which to occur; the "normal" rate of carcinogenesis increases at the more advanced 
ages. 

C. GENERAL ISSUES 

Aside from the problems mentioned above, other limitations in BEIR Iv's usefulness 
to Federal agencies were also noted. For example, in some cases, the Subpanel had difficulty 
agreeing on conclusions due to the lack of specific recommendations by the BEIR IV 
Committee. Although the absoluteness of any risk factors is arguable, there are certainly 
ranges that encompass a "most probable" value that would be sufficient in assisting a Federal 
agency in meeting its risk assessment needs. 

0 Polonium-210 has been investigated extensively from its biological and physical- 
chemical aspects, and a large amount of information is available on animal- 
related research. The Committee, however, did not find sufficient data upon 
which to derive a risk factor for humans. 

0 The amount of data from humans exposed to Ra-226 is extensive, and yet there 
was no risk factor recommended in the report for radium-induced bone 
sarcomas except for Ra-224. There is a value of 46 bone sarcoma 
deaths/million person-rads calculated but this did not appear as a 
recommendation. It is of interest that one of the Subpanel members (Dr. 
Albanese) applied all equations used in the radium calculations, but in no case 
did he find a risk factor above the value of 46 bone cancers/million individual- 
rads. The lack of a recommendation for a risk factor for Ra-226 was 
perplexing to some members of the Subpanel. An alternative view was that the 
radium dial painter data are unsuitable as a basis for risk assessment and that 
Ra-226 risk should be evaluated based on Ra-224 data, with adjustments for 
differences in dosimetry. 

0 Thorium risk factors were entirely based on exposure to thorotrast, and all 
recommended risk factors were based upon this. This is hardly acceptable, 
since there are other data available from humans and from animal 
experimentation. 

0 The transuranic elements had a summarized recommendation of 80-1,100 
cancer deaths/million person-rad calculated from human and animal radium 
and transuranium data. This range covers most of the listed risk factors for all 
radionuclides and target organs. 
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L- 
o The use of intake activity or exposure (WLM), rather than dose to a specific 

organ, not only makes comparisons of alpha-emitter risks diffimlt, but increases 
the likelihood of Federal agencies differing in how they might express such 
risks. 
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IV. POTENTIAL OPPORTUNITIES FOR AGREEMENT 

The consistent use of BEIR IV risk estimates is both a policy and a scientific issue. 
The risk estimates presented in BEIR IV do not differ dramatically from risk estimates 
developed by other consensus groups prior to BEIR IV. Except for radon, no new risk 
analysis was done by the BEIR IV Committee. In the case of polonium and uranium, no risk 
values are available and must be inferred from other alpha-emitters. Even in the case of 
radon, where an independent analysis was done, the risk values developed by the BEIR IV 
Committee fall near the center of the range of values published elsewhere. 

There are constraints on agencies that may inhibit the consistent use of BEIR IV risk 
factors for assessments. For example, the EPA Radiation Advisory Committee recommended 
that EPA also make use of ICRP-50. Other agencies may have similar advisory groups to 
which they must be responsive. Legislation administered by agencies may not always permit 
risk-based analyses for setting regulatory standards. Some laws require limits to be set, based 
on feasibility of control (Drinking Water Act, Occupational Safety and Health Act and the 
Mine Safety and Health Act). Therefore, the role of risk assessment in risk management 
varies according to different legislative mandates and practical circumstances. This report, 
however, addresses only the scientific aspects of the risk factors presented in BEIR IV, and 
any boundaries manifested by the various agencies represented on the Subpanel were not to 
have interfered with this scientific assessment. 

BEIR IV can help Federal agencies respond more consistently to public and 
congressional inquiries regarding risks from alpha- emitters. However, recognition must be 
given to the limitations and uncertainties in the data used to derive the risk estimates. BEIR 
IV provides a comprehensive evaluation and discussion of many of the available data for each 
of the alpha emitters important to human health. 

Agencies must apply risk values consistent with the legislation that directs the agency 
actions. Therefore, different agencies may use BEIR IV risk factors, and their application 
may result in differences in regulatory or advisory actions. BEIR IV, as a NAS publication, 
brings more expertise and public credibility to risk assessments than any one agency alone can 
provide. It also provides a means for reexamining the scientific basis for costly remedial and 
protection programs and regulations established to control exposures. The Subpanel believes 
that agencies can and should endorse BEIR IV as an authoritative reference in its programs. 
Although later information may change both the conclusions of BEIR IV and agency 
positions, this should not preclude clear endorsement of BEIR IV as a valuable reference for 
risk assessment. 
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The advances made by BEIR IV in the analyses of radon risks may help bring new 
dimensions to their understanding. Endorsement of the BEIR IV analysis does not preclude 
an agency from looking to other sources for additional input. However, the Subpanel feels 
that agencies can come to agreement at this time on the reasonableness of the radon analysis 
from BEIR IV. 
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V. FEDERAL PROGRAMS AFFECTED 

In its deliberations, the Subpanel compiled a list of programs that would be affected 
by BEIR IV. While any of the multitude of programs in the Federal agencies could be 
affected at any time (for example, the need to examine the risk due to an event or 
programmatic options), it is clear that the impact on indoor radon programs is paramount. 
The degree to which BEIR IV is used in developing occupational exposure standards in 
mining and those for exposures of the public to indoor radon is most important. 

Another program potentially involving enormous sums of money, is the cleanup and 
decommissioning of DOE and DOD nuclear facilities. Very small differences in estimation 
of risks of alpha-emitters could be translated into correspondingly large cost estimates. The 
agencies concerned will have to address the question of which of these alpha-emitters should 
be the key to this process. BEIR IV should be a part of this process. 
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VI. CONCLUDING REMARKS 

The conclusion of the Subpanel is that, while BEIR IV is not the definitive document 
originally planned, it is a vital resource. Portions of the report offer the potential for 
consistent use in Federal risk assessments. The benefits of BEIR IV as a compilation of our 
knowledge of the health effects and the uncertainties make it a necessary part of every 
Agency’s deliberations. To be useful in coming to common ground in risk assessment, it is 
first necessary that Federal agencies understand the extent to which each does or does not 
intend to use BEIR IV. 

The Subpanel in reviewing BEIR IV has noted in Section 111, ADDITIONAL 
CONSIDERATIONS, a number of inferences that were brought to the forefront. The 
Subpanel notes that these subjects can have major implications in establishing Federal 
programs and should be addressed in future reviews. 

This Subpanel believes the dialogue begun here on BEIR IV should be continued in 
review of future resource documents. Our recommendation is that this pilot study be 
considered as a first step in the development of a process for the review of BEIR V, 
UNSCEAR 1988 and future documents. 

22 



APPENDIX A 

WORK STATEMENT FOR 
SUBPANEL ON IONIZING RADIATION RISK ASSESSMENT 

July 17,1987 

Introduction 

Federal activities in ionizing radiation risk assessment and the programs to manage 
these risks derive from a complex array of legislative authorities and requirements that often 
are based on different philosophical approaches, even when the level of risk may appear 
similar. However, all Federal agencies draw from the same basic scientific information on 
the health effects and exposures of low level ionizing radiation, and this information is in a 
constant state of expansion and evaluation. There is a need for a deliberative process by 
which the Federal agencies can achieve a mutual understanding of various views on the 
information and can examine the potential for its consistent use, within the constraints of the 
different Federal responsibilities. 

This initiative will explore the usefulness of Federal-wide discussions on the analyses 
assembled by authoritative scientific organizations. The objective is to conduct these 
discussions early after the availability of the analyses in a thoughtful environment, and then 
to make the findings available to the appropriate Federal agencies. It is expected that these 
collective discussions will contribute to more consistent risk assessments for input into the 
diverse Federal risk management efforts. 
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Several authoritative scientific resource documents, available or expected through 1989, 

Genetic and Somatic Effects of Ionizing Radiation - published by UNSCEAR 
in 1986. 

Developmental Effects of Irradiation on the Brain of the Embryo and Fetus - 
published by ICRP in late 1986. 

The Effects on Populations of Internally Deposited Alpha-Emitting 
Radionuclides: 1987 - from NAS (BEIR IV) in 1987. 

Exposure of the Population in the United States to Ionizing Radiation - from 
NCRP in late 1987 or early 1988. 

Sources and effects of Ionizing Radiation - from UNSCEAR in 1988. 

The Effects on Populations of Exposure to Low Levels of Ionizing Radiation - 
from NAS (BEIR V) in 1989. 



PIan of Actioq 

As an initial action, the Subpanel will conduct a pilot project concerning the soon to 
be released report from the National Academy of Sciences/National Research Council, 'The 
Effects on Populations of Internally Deposited Alpha-Emitting Radionuclides: 1987," also 
known as BEIR IV. 

The Subpanel will review the BEIR IV report and explore the potential for a Federal- 
To assist in these wide approach to application of the BEIR IV scientific analysis. 

discussions, the Subpanel will: 

(1) Evaluate the impact of the uncertainties identified in the BEIR IV report on 
its application to Federal risk assessments; 

(2) Identify the Federal radiation activities to which the BEIR IV scientific analysis 
might be applied, and describe the radiation sources and populations involved; 

(3) Identify, among the Federal radiation activities in (2) above, those that have 
common characteristics and those that have unique features; 

(4) Provide the Science Panel with a report on the potential for consistent use of 
BEIR IV in Federal risk assessments. 

Should the pilot project on BEIR IV demonstrate a helpful approach to the transfer 
of authoritative scientific analyses to Federal risk assessments, the Science Panel would 
consider undertaking similar efforts for additional documents. 



APPENDIX B 
BEIR IV - PREFACE 

Backmound 

In June 1984, the Environmental Protection Agency (EPA) and the Nuclear Regulatory 
Commission (NRC) asked the National Academy of Sciences,to submit a proposal in response 
to EPA Solicitation DU-84-Cl65 for a study of the "biological effects of internally deposited 
alpha-emitting radionuclides and their decay products." The proposal constituted an extension 
of the work of the National Research Council's Committees on the Biological Effects of 
Ionizing Radiations (BEIR), which began in the early 1970s and most recently culminated in 
the report The Effects on Populations of Exposure to Low Levels of Ionizing Radiation: 1980. 
That report, the so-called BEIR 111 report, dealt mainly with the effects of radiation of low 
linear energy transfer (low LET), primarily external x rays and gamma rays. 

At the time of the BEIR I11 deliberations, the human and animal studies on high-LET 
radiation effects were limited, and epidemiological surveys were only beginning to provide 
reliable data on potential health effects. The reported epidemiological and laboratory animal 
studies pointed to a need to extend the series of BEIR reports, to appraise the state of 
scientific knowledge concerning the biological and health effects of alpha radiation (internally 
deposited alpha-emitting radionuclides and their decay products). This will enable government 
officials and the public to make decisions about the potential community and workplace 
health hazards associated with exposure to internal alpha-emitters, such as those from indoor 
radon and uranium mining. 

The task before the current BEIR committee was specified in detail in the contract 
agreement between the National Academy of Sciences and the EPA and NRC signed on 
October 1, 1984. 

Charpe to the Committee 

In response to the EPA and NRC request, the Committee on the Biological Effects 
of Ionizing Radiations was established within the National Research Council's Commission 
on Life Sciences. This committee, the fourth in a series originally established in 1969, was 
asked for a comprehensive assessment of available knowledge of the risks associated with 
internally deposited alpha-emitters. Radiobiological and animal data were to be reviewed, but 
relevant epidemiological data were also to be used to the greatest possible extent in 
estimating the risks. 

The first phase of the study was to be a review of current knowledge of the somatic 
and genetic effects of internal alpha-emitters, including clinical and epidemiological 



evidence of human effects, results of animal studies, alpha-particle damage at the cellular 
level, metabolic pathways for internal alpha-emitters, dosimetry and microdosimetry of 
alpha-emitters deposited in specific tissues, and the possible chemical toxicity of 
low-specific-activity alpha-emitters. The committee was also asked to review the evidence 
of dependence of the biological effects on age, sex, route of entry, dose, dose rate, 
physical and chemical properties of the radioactive materials, and similar factors. 

During the second phase of the study, the committee was requested to suggest methods 
for estimating the risks to human health, with their related uncertainties, associated with 
internally deposited alpha-emitters and then to apply the methods to the principal alpha- 
emitters in the environment. This phase was to include the provision of formulas and 
coefficients to estimate individual and population risks associated with single and chronic 
exposure to internal alphaemitters and, where appropriate, threshold formulas and coefficients 
for nonstochastic effects. This information was to be applied to estimating numbers of genetic 
effects, risks to unborn children, and risks of carcinogenic effects. The committee was asked 
to describe the metabolic models they used and provide examples of the methods to be used 
in applying their risk estimates to exposed populations. Finally, the committee was asked to 
discuss the uncertainty in their risk estimates and provide recommendations for further 
research based on the limitations in the data available for assessing the risks which the 
committee identified. 

The third phase of the committee’s work was preparation and submission of a report 
covering the results and findings of the first two phases. 

The committee’s review and evaluation of the current epidemiological and basic 
research involved not only an assessment of the relevant research data and their analyses in 
the scientific literature, but also an independent evaluation and analysis of relevant epidemi- 
ological data considered essential to the committee’s charge. The committee critically 
reviewed the scientific literature on the biological and health effects of internally deposited 
alpha-emitting radionuclides, relying wherever possible on original scientific publications and 
on current data that were generously provided by investigators in the United States, Canada, 
Western Europe, and Japan. 

m n i z a t i o n  of the Study 

To carry out the charge, the NRC appointed a committee of scientists experienced in 
radiation epidemiology, radiobiology, genetics, biostatistics, metabolism and pharmacokinetics, 
pathology, radiation dosimetry, inhalation physics, chemistry, biology, radiology and nuclear 
medicine, and mathematical modeling and risk assessment. The study was conducted under 
the general guidance of the Board on Radiation Effects Research of the Commission on Life 
Sciences. 

To facilitate its work and to augment its expertise so as to encompass a wider spectrum 
of scientific subjects, the committee solicited specific contributions from a number of scientific 
experts other than its own members. These experts participated in the committee’s 
deliberations throughout the course of its work. 



The committee held eight meetings over a period of 24 months; six in Washington, 
D.C., one in Berkeley, California, and one in Woods Hole, Massachusetts. The second 
meeting, on May 15, 1985, included a public meeting, at which open discussion and contribu- 
tions from interested scientists and the public at large were invited. Several additional 
meetings of subgroups of the committee were held, to plan and outline specific work 
assignments. 

The committee organized its work according to the main objectives of the charge and 
divided the study into the following main categories: 

Genetic, teratogenic, and fetal effects of internally deposited 
alpha-emitting radionuclides. 

Carcinogenic and other health effects of radon, radium, thorium, 
polonium, uranium, and the transuranic radionuclides. 

The scientific basis and mechanisms underlying the biological and 
health effects, including the relevant physics and dosimetry, 
radiobiology, anatomy and physiology, and method of risk 
analysis. 

The structure, composition, and expertise of the committee, including its invited 
participants, permitted considerable overlapping of assignments among the different 
categories, ensuring the interaction of scientific disciplines. 

The committee also conducted two informal workshops that focused on radon. These 
workshops were designed to review with a number of investigators the current scientific 
knowledge with respect to uranium-miner epidemiology, lung modeling and dosimetry, and 
risk estimation. 

JACOB I. FABRICANT 
Chaimtan 
Committee on the Biological Effects 

of Ionizing Radiations 



APPENDIX C 
BEIR IV - OVERVIEW (Excerpt) 

Introduction 

This report addresses demonstrated and potential health effects of exposure of human 
populations to internally deposited alphaemitting radionuclides and their decay products. 
It emphasizes carcinogenic effects and, where possible, presents quantitative risk estimates 
for cancer induction. The largest part of the report deals with health effects of exposure to 
radon and its progeny, primarily because of a need to characterize the lung-cancer risk 
associated with exposure to radon and its short-lived daughters in indoor domestic 
environments. The report also addresses health effects of exposure to other groups of 
radionuclides and their progeny that emit alpha particles-the isotopes of polonium, 
radium, thorium, uranium, and the transuranic elements. 

Several alpha-emitting radionuclides occur naturally in our environment; others are 
produced for industrial, military, and medical applications. Recent attention has focused 
on the alpha-emitting radioisotopes because of their presence in drinking water, in indoor 
air in buildings, and in mines and because of their potential release into the environment 
from the nuclear fuel cycle (including radioactive waste disposal) and from accidents 
during space exploration. The radionuclides of concern are mainly radon-222 and 
radium-226 and their alpha-emitting daughter products and the transuranic elements 
plutonium-238 and -239. 

Alpha-emitting radionuclides can be absorbed into the tissues of the body and irradiate 
adjacent cells after inhalation or ingestion, after entry through a wound in the skin, or 
after injection for diagnostic or therapeutic purposes. Radiation effects depend not only on 
the physical properties of emitted radiation, but also on the physiology and biochemistry 
of the exposed person and the physical and chemical characteristics of the radionuclides, 
which control their deposition, transport, metabolism, excretion, and reuse in the body. 
The health effects of radiation in humans include cancer induction, genetic disease, 
teratogenesis (induction of developmental abnormalities), and degenerative changes. The 
most important target tissues for cancer induction and degenerative changes are the 
respiratory tract, bone, liver, and the reticuloendothelium system. 

Both natural and man-made alpha-emitting radionuclides in our environment can pose a 
risk to human health, but the natural sources currently make the largest contribution to 
human exposure. Among the natural sources, inhaled radon and radon decay products 
indoors are the largest contributors to population exposure and might be responsible for a 



large number of lung-cancer deaths each year. That has led to recommendations, now 
being implemented, for national studies to assess the magnitude of the problem, for 
adopting remedial action levels of radon progeny in the indoor environment, and for 
introducing mitigation procedures to take effect at or below such levels to reduce 
population exposures from this source. 

For estimation of risks associated with exposure to the alpha-emitting radionuclides, the 
most important human populations examined are the underground miners who are 
exposed to widely differing concentrations of radon-222 progeny, the American 
radium-dial workers who ingested various amounts of long-lived radium-226 and 
radium-228, the German patients who received injections of shortlived radium-224 with 
different activities, and the German patients who received injections of graded volumes of 
Thorotrast (colloidal thorium-232 dioxide). Human data on cancer induction by alpha- 
particle irradiation are sparse, but preliminary risk estimates have been calculated for 
some sites and tissues-lung, bone, head sinus and mastoid, and liver. 

All of these epidemiological surveys are presently in progress, none is completed, and the 
person-years of follow-up are still relatively small, so that the lifetime carcinogenic risks of 
alpha-radiation exposure remain uncertain. Sufficient human data are not available for 
assessing the late health effects of the transuranic elements, e.g., 
plutonium-239; and here it has been necessary to estimate risks from these internally 
deposited alpha-emitters in humans by simplified mathematical and dosimetric models or 
from comparison of effects with other radionuclides, where both direct experimental 
observation in laboratory animals and knowledge of radiation effects in humans are available. 
Complications arise in evaluating such comparisons because of such factors as different time 
patterns of deposition and resorption of the various radionuclides, e.g., radium vis a vis Pluto- 
nium in bone. 

This report attempts to respond to a broad range of scientific questions related to current 
public health issues. Not all the questions can be addressed directly. There is considerable 
variation in the amount of data on each radionuclide from epidemiological studies and animal 
investigations. Epidemiological data are available on some alpha-emitting radionuclides, such 
as radon and its daughters, radium, and thorium. Little human information is available, how- 
ever, on the transuranic elements, so dependence must be placed on animal experiments. As 
in all experimental animal studies, the extent to which the results can be extrapolated to 
humans and the confidence that can be placed on such extrapolation are uncertain. Even 
when human data were available, the committee has tried to rely on its own studies using 
newly developed methods for the analysis of occupational cohort data rather than relying 
solely on published information. The committee has also used novel statistical methods to 
analyze interspecies comparisons of the risks associated with different radionuclides when 
human data were insufficient. The committee recognizes that these analyses are preliminary 
and that large uncertainties are inherent in such extrapolations. Nevertheless, the committee 
believes that the methods introduced here will help to point the way to more detailed 
comparisons as additional data from epidemiological and animal studies become available. 



-- 

This report consists of eight chapters and eight appendixes. The remainder of this chapter 
presents a summary of the committee’s findings and its recommendations for future research. 
The next six chapters review the epidemiological and experimental evidence of the biological 
and health effects of the internally deposited alphaemitting radionuclides and their daughter 
products. Chapter 8 summarizes the scientific evidence on genetic and fetal effects. The eight 
appendixes provide much of the scientific basis for the committee’s conclusions, dealing 
primarily with radon and its progeny and with molecular and cellular radiobiology. 
Throughout the committee’s deliberations, the sources of uncertainty that should be 
recognized in connection with radiation risk estimation are discussed; they are particularly 
important with regard to the effects of radon and its progeny. 

The committee found it necessary, because of constraints on time and resources, to narrow 
its charge to an examination only of alphaemitting radionuclides known to induce health 
effects in exposed human populations and to concentrate its efforts on specific subjects in 
each case. The committee’s focus and efforts were strongly influenced by the need to address 
the health effects of inhaled radon progeny, because of the concern over lung-cancer risk 
associated with increased indoor concentrations of radon. When results of epidemiological 
surveys were available (e.g., on radon, radium, and thorium), analysis of human data was 
preferred to analysis of laboratory animal data (e.g., on polonium, uranium, and the 
transuranic elements) for quantitative human risk estimation. 

As in earlier reports from the Committee on the Biological Effects of Ionizing Radiations, 
the so-called BEIR reports, the committee cautions that the risk estimates derived from 
epidemiological and experimental animal data should not be considered precise. They are 
derived from analyses of incomplete data and involve numerous uncertainties. The risk 
estimates presented here will change as new information and analytical methods become 
available. 

Finally, the committee notes that it assumes no responsibility to address the subject of 
regulatory guidance on exposure levels or societal cost-benefit issues that involve the 
radionuclides of concern. Clearly, such issues are beyond the scope of the committee’s task 
and beyond its expertise. 
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