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Radon, an imperceptible natural occurring radioactive noble gas, contributes as the largest single fraction to
radiation exposure from natural sources. For that reason, radon represents a major issue for radiation protection.
Nevertheless, radon is also applied for the therapy of inflammatory and degenerative diseases in galleries and
spas to many thousand patients a year. In either case, chronic environmental exposure or therapy, the effect of
radon on the organism exposed is still under investigation at all levels of interaction. This includes the physical
stage of diffusion and energy deposition by radioactive decay of radon and its progeny and the biological stage of

initiating and propagating a physiologic response or inducing cancer after chronic exposure.

Radon Exposure

| 1. Introduction

Radon is a naturally occurring, radioactive noble gas that contributes as the largest single fraction to radiation
exposure from natural sources . It is produced by various decay chains of uranium and thorium and has no stable
isotopes 2. However, there are three naturally occurring isotopes: 222Rn with a half-life of 3.825 days, originating
from the uranium series, 22°Rn (thoron, T1/2 = 55.6 s) derived from the thorium series and 21°Rn (actinon, T1/2 =
3.96 s) from the actinium series [2l. As these isotopes are noble gases, there are no known chemical interactions at

physiological temperatures 4!,

In 1899, Rutherford and Owens discovered radiation emanating from thorium oxide and uranium & In further
studies, Rutherford identified a radioactive substance, permanently emitted from thorium compounds, which turned
out to be 220Rn [8, |n parallel, Marie and Pierre Curie discovered the 222Rn isotope by studying the emanation from
radium, which stayed radioactive for several days due to the comparatively long half-life of this isotope 4. Based
on the work of Rutherford and Curie, Dorn confirmed their results with both uranium and thorium 8, while Debierne

discovered the isotope 21°Rn by measuring radioactive emanation from actinium 2!,

Due to their half-lives of 3.8 days and 55.6 s, respectively, 222Rn and 22°Rn isotopes are the only radon-nuclides
that exist long enough to emanate from natural rocks and soil where they are formed. Due to its short half-life,
220Rn has a shorter diffusion length than 222Rn. Nevertheless, if 22°Rn is present, it can contribute significantly to
the total inhalation dose and should not be neglected 9. Thus, both isotopes, 222Rn and 22°Rn, are the only
significant contributors to human radon exposure from natural sources . After emanation in ambient air, radon
isotopes accumulate indoors and represent the most important contributor to annual radiation dose of the

population 1112 However, the radon activity concentrations in homes highly depend on geological conditions such
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as the uranium versus thorium content and the gas permeability of the soil. In addition, anthropogenic factors such
as building materials, ventilation systems, or living habits play a significant role. Interestingly, some building
materials are not only sources for indoor 222Rn but also 22°Rn exposure W and its concentration varies
considerably with the distance from the wall and the airflow 22, All these facts together lead to large regional
differences [121415] and, in average, to higher radon concentration indoors than outdoors 8. Regions like Kerala
in India and cities like Yangjiang (China) or Ramsar (Iran) have particularly high radon concentrations in soil and
indoors 2. However, not only indoor accumulation, but also showering with radon-containing water releases radon
to moist air, which represents a substantial source of radon exposure 8. This fact is supported by measurements
of the radon activity concentration in spa treatment rooms during filling of the bathing tubes, enhancing radon
activity concentrations 12, Nevertheless, the level of radon daughter nuclides usually remains low during filling,
since they attach to vapor and are removed by ventilation and air circulation 2%, Intake of radon via drinking radon-

containing water represents a minor source of exposure compared to inhalation (211,

Both radon isotopes disintegrate into several unstable daughter nuclides, emitting different radiation types (see
Table 1).

Table 1. Decay scheme of 222Rn and 22°Rn [22],

ZZZRn ZZORn

Nuclide Half-Life Decay-Mode Nuclide Half-Life Decay-Mode
222Rn 3.825d a 220Rn 55 s a,y
218pg 3.05 min a 216pg 0.15s a
214pp 26.8 min B,y 212pp 10.64 h B,y
214Bj 19.9 min B,y 212gj 60.6 min a, B,y
214pg 164 ps a 212pg 304 ns a
210pp 223a B,y 208T] 3.05 min B,y
210p; 50d B,y 208pyp stable
210pg 138.4 d a
206pp stable

After decay in air, the nuclides react in less than one second with trace gases and air vapor, forming clusters of
0.5-5 nm size, also called the “unattached progeny”, which are positively charged and highly mobile 231241 within
100 s, those clusters may attach to aerosol particles by diffusion, described by gas kinetic laws. The parameter that
mostly influences the fraction of attached daughter nuclides is the number of aerosols 22! with the influence of
electrostatic forces considered to be negligible 231281 The formed particles build the “attached progeny” for which

diffusion coefficient measurements showed three distinct size ranges. These are called nucleation mode covering
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sizes from 10-100 nm, accumulation mode with particle sizes ranging from 100-450 nm and the coarse mode for
particles larger than 1 pm [1]. The size distribution is strongly influenced by the aerosol mixture in the air.
Accordingly, all studies show slightly different results but were consistent in the fact that the highest activity
originates from radon decay products bound to aerosols associated with the accumulation mode [L[23]27]
Moreover, measurements showed that over 90% of the activity is associated with the “attached progeny” while the
“unattached progeny” accounts for only 10% 21231 peing, in turn, three to five times more effective in dose

commitment due to its smaller size [28],

Once built, solid daughter nuclei deposit on surfaces such as walls and furniture by different mechanisms
(sedimentation, impaction, interception and diffusion), resulting in a lower activity concentration of the decay
products in indoor-air than expected from equilibrium with radon 2327, This and other removal processes reduce
the concentration of radon decay products, depending on a number of interlinked parameters such as the loss by

radioactive decay, ventilation or the aforementioned deposition on room surfaces 22,

| 2. Radon as a Therapeutic Agent

In spite of the aforementioned risk associated with radon exposure, it is used as a therapeutic agent. In ancient
history, applications of “hot bathes” as well as inhalation were basic medical principles applied for treatment of
inflammatory diseases. At the beginning of the 20th century radon was found to be a therapeutic agent in several
thermal springs BB, Therefore, the rise of so-called radon spas started and the application of radon for relief of
pain caused by chronic degenerative diseases became popular. Although there was only clinical experience, the

results of several recent trials suggest a positive effect of radon treatment related to pain reduction BE1I32][33]

At present, the main application of radon for therapy is inhalation at former mines or bathing in radon-containing
water. As the application procedures and indications for treatments expanded, the EURADON (European
Association Radon Spas e.V.) was founded and started to define the indications for radon application, i.e.,

musculoskeletal and chronic pain diseases as well as pulmonary and gynaecological diseases (see Table 2).

Table 2. List of recommended indications for radon treatment 34,

Musculoskeletal disorders and chronic pain Ankylosing spondylitis and other spondylarthropathies (AS)
diseases
Chronic polyarthritis (rheumatoid arthritis, RA)
Chronic arthritis urica
Psoriasis arthropathy

Polymyalgia rheumatic

Arthrosis and osteoarthritis (OA)
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Cutaneous disorders and diseases

Degenerative diseases of the spinal column

Aukxiliary treatment consecutive to intervertebral disc
operations

Osteoporosis

Non-inflammatory soft tissue rheumatism (e.g.,
fibromyalgia)

Chronic consequences of casualty or sporting injuries
Auxiliary treatment consecutive to orthopedic operations
Neuralgia, neuritis, polyneuropathy
Multiple Sclerosis (MS)

Insufficiently healing wounds (e.g., ulcus cruris)
Atopic dermatitis (neurodermatitis)

Psoriasis
Scleroderma

Low grade circulatory problems of the skin

Pulmonary diseases

Asthma bronchiale
Chronic-obstructive pulmonary diseases (COPD)
Rhinitis allergica
Chronic sinusitis

Praeclimacteric and climacteric disorders

| 3. Conclusions

Pelvipethia spastica

In summary, experimental research on the effects of radon exposure is needed on multiple levels. For risk

assessment related to different exposure scenarios including therapeutic application, the estimations of organ

doses and mechanisms of intake and elimination of radon and its progeny have to be underpinned with more solid

experimental measurements. The clinical applications have to be further analyzed in high quality and placebo-

controlled trials, accompanied by biomedical investigations, to increase the level of evidence of the therapy as well
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as for assessment of potential side effects. This will help not only the patients directly in enhancing their mobility,

but also might have a positive socioeconomic effect for an aging population.

References

1.

10.

11.

12.

ICRP. Occupational intake of radionuclides: Part 3. ICRP Publication 137. Ann. ICRP 2017, 46, 1—
486.

. Avrorin, V.V.; Krasikova, R.N.; Nefedov, V.D.; Toropova, M.A. The chemistry of radon. Russ.

Chem. Rev. 1982, 51, 12-20.

. Lederer, C.M.; Shirley, V.S. Table of Isotopes, 7th ed.; John Wiley & Sons: New York, NY, USA,

1978.

. Seilnacht, T.; Binder, H. Lexikon der Chemischen Elemente; Hirzel Verlag: Stuttgart/Leipzig,

Germany, 1999.

. Rutherford, E.; Owens, R.B. Thorium and uranium radiation. Trans. R. Soc. Can. 1899, 2, 9-12.

. Rutherford, E. A radioactive substabce emitted from thorium compounds. Philos. Mag. 1900, 5, 1-

14.

. Curie, P.; Curie, M. Sur La Radioactivité Provoquée Par Les Rayons De Becquerel; Comptes

Rendus Hebdomadaires des Séances de I'’Académie des Sciences; Gauthier-Villars: Paris,
France, 1899; pp. 714-716.

. Dorn, E. Uber die von radioaktiven Substanzen ausgesandte Emanation. Abhandel Naturforsch.

Ges. 1901, 23, 1-15.

. Debierne, A. Sur La Radioactivité Induite Provoquée Par Les Sels D’actinium; Comptes Rendus

Hebdomadaires des Séances de I’Académie des Sciences; Gauthier-Villars: Paris, France, 1903;
pp. 446—-449.

Ramola, R.C.; Prasad, M.; Kandari, T.; Pant, P.; Bossew, P.; Mishra, R.; Tokonami, S. Dose
estimation derived from the exposure to radon, thoron and their progeny in the indoor
environment. Sci. Rep. 2016, 6, 31061.

Committee on the Biological Effects of lonizing Radiation (BEIR V). Health Effects of Exposure to
Low Levels of lonizing Radiation: BEIR V; Acadamies Press: Washington, DC, USA, 1990;
Volume 5.

Tollefsen, T.; Cinelli, G.; Bossew, P.; Gruber, V.; De Cort, M. From the European indoor radon map
towards an atlas of natural radiation. Radiat. Prot. Dosim. 2014, 162, 129-134.

https://encyclopedia.pub/entry/6509 5/7



Radon Exposure | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Doi, K.; Tokonami, S.; Yonehara, H.; Yoshinaga, S. A simulation study of radon and thoron
discrimination problem in case-control studies. J. Radiat. Res. 2009, 50, 495-506.

World Health Organization. WHO Handbook on Indoor Radon: A Public Health Perspective; World
Health Organization: Geneva, Switzerland, 2009.

United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). Sources and
Effects of lonizing Radiation: Sources; United Nations Publications: New York, NY, USA, 2000;
Volume 1.

Harley, J.H. Radioactive emissions and radon. Bull. N. Y. Acad. Med. 1981, 57, 883.

Amanat, B.; Kardan, M.; Faghihi, R.; Pooya, S.H. Comparative Measurements of Radon
Concentration in Soil Using Passive and Active Methods in High Level Natural Radiation Area
(HLNRA) of Ramsar. J. Biomed. Phys. Eng. 2013, 3, 139.

Andelman, J.B. Human exposures to volatile halogenated organic chemicals in indoor and
outdoor air. Environ. Health Perspect. 1985, 62, 313.

Vogiannis, E.; Niaounakis, M.; Halvadakis, C. Contribution of 222 Rn-bearing water to the
occupational exposure in thermal baths. Environ. Int. 2004, 30, 621-629.

Lettner, H.; Hubmer, A.; Rolle, R.; Steinhausler, F. Occupational exposure to radon in treatment
facilities of the radon-spa Badgastein, Austria. Environ. Int. 1996, 22, 399-407.

Council, N.R. Risk Assessment of Radon in Drinking Water; National Academies Press:
Washington, DC, USA, 1999.

Sarenio, O. Leitfaden zur Messung von Radon, Thoron und ihren Zerfallsprodukten,
Veroffentlichungen der Strahlenschutzkommission. Bundesminist. fir Umw. Nat. Reakt. 2002.
Available online:
https://lwww.ssk.de/SharedDocs/Publikationen/VeroeffentlichungenderSSK/Band_47.html
(accessed on 23 October 2020).

Porstendorfer, J.; Reineking, A. Indoor behaviour and characteristics of radon progeny. Radiat.
Prot. Dosim. 1992, 45, 303-311.

Castleman, A., Jr. Consideration of the chemistry of radon progeny. Environ. Sci. Technol. 1991,
25, 730-735.

Porstendorfer, J. Physical parameters and dose factors of the radon and thoron decay products.
Radiat. Prot. Dosim. 2001, 94, 365-373.

Porstendorfer, J.; Robig, G.; Ahmed, A. Experimental determination of the attachment coefficients
of atoms and ions on monodisperse aerosols. J. Aerosol Sci. 1979, 10, 21-28.

https://encyclopedia.pub/entry/6509 6/7



Radon Exposure | Encyclopedia.pub

27.

28.

29.

30.

31.
32.

33.
34.

Smerajec, M.; Vaupoti¢, J. Nanoaerosols including radon decay products in outdoor and indoor air
at a suburban site. J. Toxicol. 2012, 2012, 510876.

Kendall, G.; Smith, T. Doses to organs and tissues from radon and its decay products. J. Radiol.
Prot. 2002, 22, 389.

Islam, G.; Mazumdar, S.; Ashraf, M. Influence of various room parameters upon radon daughter
equilibrium indoors. Radiat. Meas. 1996, 26, 193-201.

Deetjen, P.; Falkenbach, A.; Harder, D.; Jockel, H.; Kaul, A.; von Philippsborn, H. Radon as a
Medicine; Verlag Dr. Kovac: Hamburg, Germany, 2014.

Becker, K. One century of radon therapy. Int. J. Low Radiat. 2004, 1, 333-357.

Santos, |.; Cantista, P.; Vasconcelos, C. Balneotherapy in rheumatoid arthritis—A systematic
review. Int. J. Biometeorol. 2016, 60, 1287-1301.

Zdrojewicz, Z.; Strzelczyk, J. Radon treatment controversy. Dose Response 2006, 4, 106-118.

EURADON. Indikationsliste/Konsensusliste der Badearzte des Vereins EURADON. Available
online: https://www.euradon.de/fragen/indikationsliste-der-arge (accessed on 15 June 2020).

Retrieved from https://encyclopedia.pub/entry/history/show/15487

https://encyclopedia.pub/entry/6509 717



