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We read with interest the article by Axelsson et al. [1]

about the potential risk of lung cancer due to inhalation of

radioactive radon gas. Indeed, this has been the subject of

many scientific papers around the world for years without

clarification of whether there is risk or there is no risk when

the radon concentration is low.

The paper by Axelsson et al. [1] states that ‘‘residential

exposure to radon is considered to be the second cause of

lung cancer after smoking.’’ The authors cite the publica-

tions of many well-known radon experts, especially the

analysis of 13 European case–control studies by Darby

et al. [2]. They underscore their basic argument that in

Sweden, there is a 16 % increase in the risk of radon-

induced lung cancer per 100 Bq/m3. However, there appear

to be logical mistakes in their reasoning, which are pre-

sented below.

The first mistake concerns their chosen dose–response

model. They determine the 16 % increase in risk per

100 Bq/m3 by using the linear no-threshold (LNT)

hypothesis. According to this hypothesis, the excess risk

increases linearly versus Bq/m3 (or vs. mSv effective dose)

from zero to the maximum. There are no data that support

the validity of this hypothesis over the whole range of

doses. All existing studies are subject to a number of

limitations. Moreover, there is a huge scatter in the results,

so it is impossible to reach a coherent conclusion [3]. In

fact, the LNT hypothesis has been criticized fundamentally

in many independent studies [4].

The second fallacy—the ‘‘zero radon environment’’—is

related to the previous one. The authors [1] widely invoke

the value ‘‘0 Bq/m3,’’ which makes no sense from both the
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physical and the epidemiological point of view. There is no

place on earth without a concentration of radon, and epi-

demiological data with ‘‘zero’’ dose from radon do not exist.

That prohibits empirical confirmation of any extrapolation

from high doses or concentrations down to zero radon level.

All assumptions based on 0 Bq/m3 make no sense.

The third mistake also pertains to the use of the LNT

model. The authors of the analysis of the 13 European

case–control studies [2] state at the beginning of their

paper, ‘‘Firstly, a model was fitted in which the risk of lung

cancer was proportional to (1 ? bx), where x is measured

radon concentration and b the proportionate increase in risk

per unit increase in measured radon.’’ Finally, they repor-

ted their results as ‘‘the risk of lung cancer increased by

8.4 % (…) per 100 Bq/m3 increase in measured radon

concentration’’ [2]. The authors selected a linear model to

process the data, which are very uncertain, and then

showed that the data fit the linear model that they assumed.

There are also other models that would equally well fit the

widely scattered data.

Finally, the results presented by Axelsson et al. [1] are

just statistical calculations based on the LNT model. They

calculate the number of hypothetical, prevented cancer

cases based on selected assumptions. However, the authors

did not consider many studies that show no correlation or

even a negative correlation between lung cancer and low

radon concentration [3, 5–8]. Moreover, the radon levels in

Sweden are rather low, and there is no evidence of any

statistically, let alone clinically, significant increase in

cancer risk that could be related to Swedish conditions.

The examples of effects opposite to those claimed in the

Axelsson et al. paper [1] can be divided into various types,

e.g., the case–control study by Thompson et al. [5] or the

well-known ecological US study by Cohen [6]. Also,

investigations on animals that serve as good models for

humans, like beagle dogs, following inhalation of alpha-

radioactive 239PuO2 [9]—analogous to radon inhalation—

fail to show a linear increase in risk versus cumulative

dose, but rather demonstrate the presence of a threshold

effect. Additionally, Cuttler and Feinendegen [10] esti-

mated that a radon concentration of 1000 Bq/m3 gives a

cumulative lung dose after 91 years of 100 cGy in humans,

the apparent threshold for increased risk.

All of the existing radon studies can be easily analyzed

together as one meta-study, leading to the conclusion that

there is no evidence for excess lung cancer risk below

800 Bq/m3 [3]. The conclusion remains the same even

when the pro-hormesis studies are excluded from the

analysis [11].

The final and general conclusion of this letter is that

excess risk of lung cancer due to low concentrations of

radon has been neither empirically detected nor theoreti-

cally demonstrated, while the opposite has, in fact, been

supported by voluminous evidence. The putative increase

in lung cancer risk due to low concentrations of radon is

not a real effect; it is an assumption only.
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3. Fornalski KW, Dobrzyński L (2011) Pooled Bayesian analysis of

twenty-eight studies on radon induced lung cancers. Health Phys

101(3):265–273

4. Sanders CL (2010) Radiation hormesis and the linear-no-thresh-

old assumption. Springer, Heidelberg

5. Thompson RE, Nelson DF, Popkin JH, Popkin Z (2008) Case-

control study of lung cancer risk from residential radon exposure

in Worcester County, Massachusetts. Health Phys 94(3):228–241

6. Cohen BL (1995) Test of the linear no-threshold theory of radi-

ation carcinogenesis for inhaled radon decay products. Health

Phys 68(2):157–174

7. Conrady J, Martin K (1996) Weniger Modelle—spezifischere

analytische Studien zum Radonrisiko in Wohnungen sind not-

wendig. Bundesgesundheitsblatt 19:106–110 (in German)
8. Becker K (2003) Health effects of high radon environments in

Central Europe: another test for the LNT hypothesis? Nonlin-

earity Biol Toxicol Med 1(1):3–35

9. Fisher DR, Weller RE (2010) Carcinogenesis from inhaled in

beagles: evidence for radiation homeostasis at low doses? Health

Phys 99(3):357–362

10. Cuttler JM, Feinendegen LE (2015) Commentary on inhaled
239PuO2 in dogs—a prophylaxis against lung cancer? In Pro-

ceeding of 35th annual conference of the Canadian nuclear

society. Saint John NB. 2015 May 31–June 3. http://radiatio

neffects.org/wp-content/uploads/2015/03/Cuttler-Feinendegen_

CNS-2015-Inhaled-Pu-in-dogs.pdf
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