
IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe, Prague. 8-12 September 1997

BIOLOGICAL INDICATORS OF EXPOSURE TO RADON

M. Beno
CZ9928456

Institute of Preventive and Clinical Medicine, Limbovd 14, SK-83301 Bratislava, Slovak Republic

1. Introduction

Biosphere consists of biological entities which may be observed and described at various levels. Bio-
logical indicators of exposure to ionizing radiation are, in other words, effects or symptoms reflecting
the biological response to this exposure at various levels of observation : molecular, cellular, tissue, in-
dividual organism and population. We categorize the effects in such a way because it is clear that dam-
aging a few molecules located within a cell with high probability does not damage the cell, killing few
cells does not appreciably damage any tissue and so on. At this staging we get to the level of an indi-
vidual human being and a philosophical question arises: what we are afraid of at the level of an indi-
vidual and at the population level? At answering this question I am obliged here to define the well
known aims of radiation protection which is defined as: to exclude the possibility of non-stochastic ef-
fects and to reduce the stochastic effects after irradiation to the level which is as low as reasonably
achievable. After low-level irradiation we expect only stochastic effect as are the mutagenesis and car-
cinogenesis - and these are the two effects we are afraid of.

In this review I would like to limit my reports to relevant findings observed at the molecular and cel-
lular level after the exposure of cells and organisms to alpha-particles which might originate from ra-
don and its daughter-products or other alpha-sources. I would like to draw your attention to a well
written review of Jostes R.F. (1996) which has got to my hands after my review was already on the
programme of this meeting. So I will limit myself only to most important items which Jostes men-
tioned and to items which appeared and were available to my hands after that date.

2. Mutagenesis after alpha irradiation

Generally, the effects of alpha particles on the entities staged previously are the same as after irradia-
tion by other radiation qualities (beta, gamma) but the physical properties of alpha particles, especially
the short track and high LET complicate the experimental work and its interpretation from the point of
view of application to human individuals or human population, as well. The techical difficulties
emerging at the irradiation by alpha particles caused that less radiobiological experimental work which
would follow the effects of alpha radiation has been done than in following the effects of other types of
radiations.

Recently, Hei et al. (1997) using a microbeam of alpha-particles showed the high efficiency of mutant
production by alpha particles. They irradiated single cells by single alpha particles and showed that if
every cell is irradiated by a single alpha particle 20% of the population dies and in the surviving frac-
tion the proportion of mutations doubles in comparing with the background mutation rate. It should be
noted that they found still about 15% surviving cells able to form colonies after traversal of 8 alpha
particles.

The two effects - mutagenesis and carcinogenesis exert themselves primarily after damaging the DNA
molecule so that mutagenesis precedes carcinogenesis. The evidence that cancerogenesis requires
more than one mutation step is rising permanently. Miller (1997) reviewed the evidence of this and
found at least six typical chromosomal aberration-types in chromosomal segments containing tumor-
suppressor genes which could be found in lung cancer. As was shown in the review of Miller et al.
(1997), the p53 tumor supressor gene is often inactivated in lung cancer. Vahakangas et al.(1992),
Taylor et al. (1994), Hollstein et al.(1997), Hussain et al. (1997) have found more point mutations at
this locus but a search for specific radon-induced mutation at the p53 gene did not show an unequivo-
cal result.
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Some mutations may be inborn, and, some may result after various chemical and physical influences
so that radiation is only one of the mutagenic factors encountered in the environment. The degree of
damage causing a mutated DNA molecule may attain various grades. It may be small, for example a
point mutation in one or a few DNA bases within the base sequence - such damage predominates in in-
herited, or spontaneous mutations. On the other side it may involve large parts of the DNA molecule
up to deletions of thousands of base-pairs or even whole genes - such damage predominates after envi-
ronmental influences. Nevertheless, the degree of damage does not influence its result, which expresses
itself in inactivating the gene involved.

The number of mutations increases with the absorbed dose after alpha irradiation by radon progeny as
was experimentally proved by Jostes et al.(1994) in in vitro experiments on CHO (chinese hamster
ovary cells). The mutation rate was about 1.4 x 10"4 per cell per gray and consisted by 70% of
HPRT(hypoxantine-guanine phosphoribosiltransferase) gene deletions. The proportions of the types of
mutations did not significantly differ from proportions obtained after x-ray irradiation.

Bridges et al. (1991) studied the frequency of mutations in the HPRT gene in human peripheral lym-
phocytes in subjects with known domestic radon concentrations and found a significant association
between log mutant frequency and radon concentration. Cole et al.(1996) after increasing the number
of probands in the same study as Bridges et al.(1991) could not find an association between the number
of gene mutations at the HPRT locus and at the BCL-2 locus on one side, and, the dose from radon and
its daughters in homes on the other side.

Wones et al. (1995) studied the mutagenic damage by HPRT, glycophorin A (loss of M and N allele in
erythrocytes) assays in a human population sample living near an uranium processing site. Although
the assays did reveal significant relations of mutation frequencies to age and smoking, they did not re-
veal relation to the time of exposure to uranium emmissions. No quantitative estimate of the exposure
to radiation was used in this study. A summary of the results gained by five laboratories
[Aghamohammadi et al. (1992) Jostes et al. (1994), Schwartz et al. (1994), Chen et al. (1992), Metting
et al. (1993), and Bao et al. (1995)] was made by Jostes (1996) and the results show that the mutation
spectrum caused by radiation is different from the spectrum of the "spontaneous" (background) muta-
tions. Much more total deletions of genes are caused by irradiation in comparing with spontaneous
mutations. The effect of alpha irradiation seems to be expressed more intensively than after
x-irradiation, as total deletions of the hprt gene comprises about 50% of all mutations and after
x-irradiation the yield is about 40%, respectively. These yields are much higher than in spontaneous
mutations where only about 15% mutations belong to the category of total deletions.

3. Chromosomal aberrations after alpha irradiation

At the cellular level the chromosomal aberrations represent a visible expression of changes in genetic
material and are considered as somatic mutations. Few in vitro alpha dose-chromosomal aberration re-
sponse relations were published (see Schmid et al. 1996, Simmons et al.1996) and showed consider-
able variability in the slopes of dose-aberration response curves made experimentally on cells of vari-
ous provenience.

Recently Schmid et al. (1996a and 1996b) published dose-response curves for the chromosomal aber-
rations and sister chromatid exchanges (SCE) in human lymphocytes after in vitro alpha irradiation by
Am-241 resulting in absorbed doses up to 1.0 Gy. The dose-response relation for dicentrics was linear
with a yield of 0.27 dicentrics per cell/Gy. The dose response of SCE was linear, with a yield of 3.4
SCE per cell/Gy Underdispersion was found for the cell-to-cell variance of the number of SCE.

The first study of potentially alpha dose-response relations in vivo which I have had available was by
Brandom et al. (1978). They showed an increasing number of chromosomal aberrations in blood lym-
phocytes at increased underground exposures in uranium miners and at increasing body burden of
Pu-239 in plutonium workers, as well. By simple calculation of pooled yields of aberrations they found
0.0004 complex aberrations per 100 cells/WLM (working level month) in uranium miners and 0.026
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aberrations per 100 cells/nCi of Pu-239 incorporated in the body. No attempt was made to analyze the
influence of smoking, or other factors which might have confounded the results . This work showed
that alpha emitters after professional internal contamination may cause considerable clastogenic harm
which might be detectable analyzing blood lymphocytes. However, this was done at high exposure lev-
els.

The question of low level cytogenetic effects of radon was started to be answered by Pohl-Rueling.
She published an impressive dose-response relation for spa-workers in Bad-Gastein, but, the accompa-
nying table did not exclude considerable gamma contribution (Pohl-Rueling 1990).

Bauchinger, M. et al.(1994) counted chromosomal aberrations in blood lymphocytes of 25 subjects
continuously living in houses with indoor radon (Rn-222) concentrations 210-3000 Bq nr3 exceeding
the German average of 50 Bq nr3. The mean frequency of cells containing dicentrics and ring chromo-
somes (1.3 S.D. 0.3 per 1000 cells) and the incidence of dicentrics and ring chromosomes per cell (1.5
S.D. 0.4 per 1000 cells) were significantly increased compared to the control levels (0.54 S.D. 0.11 per
1000 cells for both endpoints). Cumulative radon exposures for last ten years before the time of blood
sampling were between 700 and 6300 Bq nr3 a. They found a tendency for an exposure-effect relation-
ship after grouping the subjects according to the mean weighted cumulative radon exposure above and
below 1800 Bqnr3 a.

The study continued by counting translocations in FISH-painted chromosomes (fluorescence in situ
hybridization) (Bauchinger, M. et al.1996). Compared to a control group, the mean frequency of sym-
metrical translocations of the radon group was slightly but not significantly (p < 0.10) increased. A
similar tendency became apparent for a comparison of two groups of subjects with cumulative radon
exposures above and below 2800 Bq nr3 y. It was concluded that the observed relative increase (1.5-
fold) of the translocation frequency in blood lymphocytes is too small to discriminate chronic radon
exposure from background.

Maes et al.(1996) did not find a significant difference in comparing control counts of lymphocyte
chromosomal aberrations with those of a group of twelve persons living in houses where the concetra-
tions of radon were measured for 6 months.

The professional exposure of miners to radon is our interst so I have reviewed papers in relation with
that theme. Recently Zaire et al. (1996,1997) observed significantly elevated counts of chromosomal
aberrations in lymphocytes of 16 miners of a Namibian open-pit uranium mine in comparing with a
control group of non-exposed persons. No precise dosimetric results were published. The average ef-
fective dose was 1.8 mSv/year with the highest dose being 5 mSv/year. In another study, Agostini et
al. (1996) found elevated counts of chromosmal aberrations and micronuclei in Brazilian underground
coal miners. No radon exposure has been mentioned in this study.

4. Conclusions

1) much work in searching of a specific biological indicator of response to high and low doses of alpha
particles, including of those of radon on the molecular and cellular level was done but no such bio-
logical indicator has been found up to this time;

2) in following the effects of radon at both, the molecular and cellular levels there is a need for ex-
perimental work which would elucidate the influence of factors confounding the effects (smoking,
chemical mutagens) by exact methods. This would require extensive experiments with application
od various dosages of the most common environmental noxae combined with radon inhalation;

3) the low dose effects of radon have a probabilistic character. In studying such effects there is a need
for a careful biometric approach;

4) there still exist studies in the field of occupational health which, despite of importance to the people
concerned, do not contain sufficient data about exposure to radon.

Session 2



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

5. References

Aghamohammadi, S.Z. et al. Mutation Res.,269,1-7,1992.

Agostini, J.M.S.et al. Brazilian Journal of Genetics, 1996;19: 641-646.

Bao, C.Y.et al. Mutation Res., 1995;326:1-15.

Bauchinger, M.etal. Mutation Res.,1994;310: 1, 135-142.

Bauchinger, M.et al. Internal J. Radiat. Biol., 1996;70: 657-663.

Brandom, W. F.et al. Proc. Symp. on Late Biological Effects of Ionizing Radiation, Vol.1., IAEA Vi-
enna 1978, pp.507-517.

Bridges, B. A. et al. Lancet, 1991; 337: 1187-1189.

Chen, D.J.et al. Proc. 29th Hanford Symp. on Health and the Environment- Indoor Radon and Lung
Cancer: Reality or Myth? Pt.2, F.T.Cross ed. Battelle press, Columbus, OH.pp.569-580.

Cole, J. Radiat. Res., 1996 Jan; 145(1): 61-69.

Hei, T. K. et al. Proc. Nat. Acad. Sci. USA, 1997; 94: 3765-3770.

Hollstein, M.et al. Carcinogenesis, 1997; 18:511-516

Hussain, S. P.etal. Carcinogenesis. 1997 Jan; 18(1): 121-125.

Jostes, R. F.et al. Proc. 29th Hanford Symp. on Health and the Environment- Indoor Radon and Lung
Cancer: Reality or Myth? Pt.2, Battelle press, Columbus, OH.pp.555-568.

Jostes, R. F.et al. Radiat. Res., 1994; 137: 371-379.

Jostes R.F. Mutation Research 1996;340:125-139.

Maes, A.et al. Health Phys.,1996;71:641-64.

Metting, N.Fet al. Radiat. Res., 1992;132:339-345.

Miller, Y.E.et al. Hematol. Oncol. Clin. of N. America, 1997; 11: 215-234.

Pohl-Rueling, J. Adv. Mutagen. Res.,2, Obe G. ed., Springer Berlin,Heidelberg,New York; 1990,
pp.155-191.

Schmid, E.et al. Radiat. Environ. Biophys., 1996;35:179-184.

Schmid, E. et al.Radiat. Environ. Biophys., 1996;35:311-314.

Schwartz, J.L.et al. Mutagenesis 1994;9:537-540.

Simmons, J. A.etal. Lancet, 1994;343;86-87.

Vahakangas, K.H.et al. Lancet 1992;399:576-580.

Watson, G.E.et al. Internat. J. Radiat. Biol.,1997;71:497-503

Wones, R.etal. Mutat. Res., 1995; 335: 171-184.

Zaire, R.etal. Radiat. Res.,1997;47:579-584.

Zaire, R.et al. Mutat. Res. - Genet. Toxicol., 1996;371:109-113.

90 Session 2


