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Risk of lung cancer in animals following low exposures to Radon-222 progeny
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Owing to the facts that a) large uncertainties affect the epidemiology of radon progeny-induced lung cancer
in humans (especially at low exposures), and b) the rat is a good model for studying the carcinogenicity of radon
progeny in humans, fee risk of lung cancer following low exposures to low concentrations of radon progeny can
be estimated from data obtained in die laboratory on rats exposed under controlled conditions. From the limited
set of laboratory data on the induction of lung cancer in laboratory rats it appears that, at low exposures, the
risk of lung cancer decreases with decreasing concentration, and that exposures of the order of 25 WLM, at an
exposure rate of 2 WL do not produce any excess lung cancers. Since 20 WLM is a lifetime exposure
comparable to those expected in occupational or indoors conditions and 2 WL is an exposure rate about 20 times
higher than current occupational exposures rates and 100 times higher than ondoor ones, these observations may
be indicative of threshold exposure conditions for the induction of lung cancer by radon progeny.

Introduction

There is ample evidence that prolonged exposure to large concentrations of airborne of Rn-222 progeny is the
cause of an increased risk of lung cancer in man [1] and in animals [2]. At sufficiently high exposures, there
is a clear relationship between the cumulative exposure received by individual persons or animals in a given
cohort and the overall incidence of pulmonary cancers in that cohort. It is also clear that, at high exposures,
tfie risk of pulmonary cancer increases with increasing cumulative exposure. This leaves no doubts of a causal
relationship between exposure to Rn progeny and the risk of pulmonary cancer. However, a causal relationship
between exposure to Rn-22 progeny and pulmonary cancer is more difficult to establish at lower exposures.
From the examination of epidemiological data in underground miners, it appears that the confidence intervals
in the risk per unit exposure are so large that it is not possible to exclude harmful effects, the absence of an
effect, or even the existence of beneficial health effects at exposures lower than about 200 WLM. For this
reason, and for the purpose of this paper, exposures below 200 WLM are considered to be low, although 200
WLM is a very high exposure indeed in current occupational conditions, and even more so for indoor situations.
In animal experiments, uncertainties on the existence or magnitude of risk of lung cancer at low exposures still

exist but to a lesser extent, and they are not confounded by exposures to several potentially carcinogenic
substances.

Radon-induced cancer risk in man

The risk of lung cancer at low exposures to Rn-222 progeny is extrapolated from the risk observed in
underground miners at high exposures. However, depending on the specific mines in which they worked,
the miners have also inhaled several other potentially carcinogenic substances, such as diesel exhaust
products containing carcinogenic hydrocarbons, arsenic, mineral fibres, or haematite. In addition to Rn-222
decay products, uranium miners have inhaled mixtures of radioactive ore dust particles and/or Rn-220 decay
products, and they were exposed to the field of gamma radiation emitted from the ore body. These factors
may have acted synergistically with, or in complement to, the inhalation of Rn-222 progeny in the induction
of lung cancer. Furthermore, in most of the miner cohorts large, or even huge uncertainties exist concerning
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the exposure of Rn-222 progeny attributed to each worker Uncertainties in Rn-222 progeny exposures are
due to any combination of the following factors: absence of measurements when the workers were being
exposed, low sampling frequency, variability in time and space of the concentration of Rn-222 progeny, and
unrecorded employment in mines other than that for which exposure records exist. These factors,
compounded by the fact that, with few exceptions, all excess lung cancers are attributed to the exposure to
Rn-222 decay products alone (neglecting the possible role of other cocarcinogens) make it difficult to draw
firm conclusions concerning the influence of low exposures to Rn-222 progeny alone in the induction of lung
cancer in underground miners. Therefore, in order to have a better insight in the effects of low exposures
to Rn-222 progeny, it is necessary to rely on the data provided by well controlled animal experiments.

The rat model for the induction of lung cancer following low exposures to Rn-222 progeny.

The information on the carcinogenicity of Rn-222 progeny in the lung observed, in the laboratory, in
Sprague-Dawley or Wistar rats is more reliable than that obtained form human epidemiology, for four
reasons

- (1) at high exposures, the risk of lung cancer per unit exposure is comparable in man and rat, which
makes the rat a good model for Rn-induced lung cancer in man [3];

- (2) with the exception of oat-cell carcinomas which are common in man but not found in the rat, other
histological types of lung cancer induced in the rat, especially squamous cell (epidermoid) carcinoma and
adenocarcinoma, are very similar to those found in humans;

- (3) exposures received by laboratory animals are known with a much greater accuracy than those received
by miners; and

- (4) animal data are not blurred by confounders. When selected specific potential confounding factors are
used in animal experiments, the corresponding exposures are fully determined and quantified.

The body of information concerning the effects of low exposures to Rn-222 progeny is limited to the
experiments conducted at the CEA-COGEMA laboratory of Razes (France) [4] [5], and to those conducted
at the Pacific Northwest National Laboratories (PNNL) [6]. These two laboratories investigated
systematically the relationship between the exposure to Rn-222 progeny and the concomitant risk of lung
cancer. At PNNL, low exposure experiments were conducted in atmospheres containing Rn-222 progeny
and uranium ore dust (carnotite) at the concentration of 2.10"5 kg/m3 (20 mg/m3)- At the CEA-COGEMA
laboratory, low-exposure experiments were conducted with pure Rn-222 progeny. The range of exposure
conditions examined here spans from 20 to 200 WLM, with concentrations from 2 to 1200 WL for the CEA-
COGEMA experiments, and from 20 to 320 WLM, with concentrations from 10 to 100 WL for PNNL
experiments. Exposure conditions and corresponding cancer incidence are given in Table 1. In this Table,
it must noted that the lowest experimental exposures - 2 and 10 WLM - are comparable to those experienced
indoors, and that the whole exposure range is commensurable with the maximum occupational exposure
limits for today's uranium miners - 4 WLM per year over 30 years. On the other hand, experimental
exposure rates (concentrations), are about 20 times larger than those found in mines, and not comparable
at all - about 200 times larger - than indoor concentrations. These considerations must be kept in mind when
interpreting the decreasing effectiveness of Rn-222 progeny as a cause of lung cancer with decreasing dose
rate. As discussed in [5], Table 1 shows that dose rate alone (concentration) is a determining factor in the
induction of lung cancer by Rn-222 progeny, and that the risk of lung cancer decreases with decreasing
concentration of radon progeny, that is, decreasing dose rate. The decrease of risk with decreasing
concentration is also noted by Gilbert et al [6] but, in PNNL experiments, the risk does not disappear totally
as it does in the CEA-COGEMA experiments. This may be explained by the combined effects of relatively
high grade uranium ore in the air(the uranium ore used at PNNL contained about 2 to 4% uranium, and also
about 80% SiOJ [7] and higher radon progeny concentration (the lowest concentration in PNNL experiments
was 10 WL, which is about 100 times higher than today's mine concentration and 5 times higher than the
low concentration in the CEA-COGEMA experiment.
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Table 1. Cancer incidence and OR for lung cancer in Sprague-Dawley rats exposed to Rn-222 progeny only
(Ref: Cogema, 1994), and to Rn-222 progeny and uranium ore dust at PNNL (Gilbert et al, 1996)
* Effect of Rn-222 (radon gas) alone. Equilibrium factor - 0.01, Rn-222 concentration = 22 000 kBq/m3

Exposure
(WLM)

(CEA-Cogema)
Controls
=0.25
Exposed
25
25
25
50
50
200
200

(PNNL)
Controls
Exposed
20
40
80
80
160
320
320
320

Concentration
(Exposure rate)
(WL)

=0.007

2
100
150
100
115
60*
1200

540

100
100
10
100
100
10
100
100

No. of rats

1290

500
500
500
500
300
21
200

541
479
383
382
191
128
127
82

Type

Squamous
cell
(Epidermoid

2

1
3
5
8
5
1
1

of cancer

Mixt
carcin.

4

0
0
0
0
0
0
0

Adenocarcin.

0

1
5
4
9
3
0
19

Bronchio-
alveolar
carcin.

6

1
3
5
2
3
1
9

Total

12

3
11
14
19
11
2
28

Odds ratio
(C.I.)

0.65(0.18-2.3)
2.4(1.05-5.5)
3.1(1.4-6.7)
4.2 (2.0-8.7)
4.0(1.8-9.3)
11.2
17.0(8.7-35.0)

9
9
8
15
6
19
8
2

1.5
1.7
1.9
3.6
2.9
15
6
2.2



Interpretations

The disappearance of lung cancer risk in animals, at the exposure of 25 WLM, when the exposure rate is
decreased from 100 to 2 WL, illustrates the role played by dose rate in the induction of lung cancer by alpha
emitters. This observation is in line with the fact that the inverse dose rate effect seen at exposures of
several hundreds WLM disappears when the cumulated exposure decreases [6]. Furthermore, apparent
thresholds in the induction of lung cancer have been observed following low doses of alpha radiation in
animals [8][9], and in man, in radium dial painters [10]) and Thorotrast-exposed patients [11]. Taking these
observations together with the fact that the risk of lung cancer due to radon progeny exposure in underground
miners is overestimated by neglecting the effect of other potentially cocarcinogenic exposures, it is
reasonable to suggest that the risk of lung cancer due to low exposures and very low concentrations of Rn-
222 progeny may not have any detrimental health effect, and that regulatory requirements should reflect
these converging factual observations.

References

[I] Lubin J.H., Boice J.D., Edling C , Hornung R.W., Howe G., Kunz E., Kusiak R.A., Morrisson
H.I., Radford E.P., Samet J.M., Tirmarche M., Woodward A., Xiang Y. S., Pierce D.A. Radon
and Lung Cancer Risk: A joint analysis of 11 underground miners studies. US Department of Health
and Human Services, National Institute of Health, National Cancer Institute, NIH Publication no.
94-3644, 1994.

[2] Monchaux G., Morlier J.P., Morin M., Chameaud J., Lafuma J.( Masse R. Carcinogenic and
cocarcinogenic effetcs of radon and radon daughters in rats. Envir. Health Perspectives, 102,No.
1, 1994.

[3] NCRP - National Council on Radiological Protection and Measurements. Evaluation of
occupational and environmental exposures to radon and radon daughters in the United States, NCRP
Report no. 78, 1978.

[4] COGEMA - Radon - Trente ans de recherches sur les effets biologiques a doses elevens (compiled
by J.P. Morlier).COGEMA - Branche Uranium - Direction des Exploitations, 2-4 rue Paul Dautier,
78141 V61izy-Villacoublay Cedex France, 1994.

[5] Morlier J.P., Morin M., Chameaud J., Masse R., Bottard S., Lafuma J., Importance du rdle du
d6bit de dose sur 1'apparition des cancers chez le rat apres inhalation de radon. CR Acad. Sci.
Ser.3315:463-466, 1992.

[6] Gilbert E.S., Cross F.T., Dagle G.E. Analysis of lung tumor risk in rats exposed to radon.
Radiation Research, 145:350-360, 1996.

[7] Cross F.T. Radon inhalation studies in animals. Literaure Survey Series, U.S. Department of
Energy, Office of Health and Environmental Research, DOE/ER 0396, 1988.

[8] Sanders C.L., McDonald K.E., Mahafey J.A. Lung tumour response to inhaled Pu and its
implications for radiation protection. Health Physics 55:455-462, 1988.

[9] White R.G., Raabe O.G., Culbertson M.R., Parks N.J., Samuel S.J., Rosenblatt L.S. Bone
sarcoma characteristics and distribution in beagles injected with radium-226. Radiation Res.
137:137-370, 1994.

[10] Rowlands R.E. Bone sarcoma in humans induced by radium: a threshold response? Proceedings
of the 27th Annual Meeting of the European Society for Radiation Biology, Radioprotection -
colloques, 32,Cl:331-338, 1997.

II1] Andersson M., Storm H.H. Cancer incidence among Danish Thorotrast-exposed patients. J. Of
the National Cancer Institute, 84:1318-1325, 1992.

234


