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_LouvaiNn Mep. 113: 161-172, 1994.

Uranium - 238

4 510 millions d'années

Thorium - 234

24 jours

Protactinium - 234

1 minute

Uranium - 234
252 000 ans

Thorium - 230
76 000 ans

Radium - 226
1 »_622 ans

Radon - 222

Radon - 222 =ewsscsusmssenomereces

4 jours

Bismuth - 214

20 minutes

Polonium - 214

W 164 microsecondes

Plomb - 210

Bismuth - 210
5 jours

iyd

Polonium - 210
138 jours

Plomb - 206

Fg. 1

Décroissance radioactive de I'uranium-238. La chaine, qui commence avec Iuranium-238 et se termine avec le plomb-206, comporte
15 étapes au cours desquelles différents rad‘onucléides sont produits et parmi eux le radon. Pour chaque type de réacton, les paru-
cules émises (@ ou f) ainsi que la période sont indiquéss (8).
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Louvaix MeD. 113: 161-172, 1994, "
Radon- +- Thoron
1.6. mSv
(48,.8%)
//, = Terrestre
/ /—- 0.46 mSv
/[ e (14.0%)
A :
A ]
Y
\ <
Interne
Déchecs 0.372:Sv
0.002 mSv (11.2%)
( 0.1%)
e I d
Professionnelle Médicale Cosmique
0.009 mSv 0.5 mSv 0.31 mSv
\\\\ (0.3%) (15.3%) (9.6%)
£
Retombées Divers
0.0l mSv 0.011 mSv
(0.3%) (0.4%)

Fig.

Exposition annuelle aux radiadons ionisantes de la population de la Communauté Evropéeane en conditions normales (d'aprés (1))



TABLE 14.1. Annual Effective Dose in the US Population Circa 1980-1982

Thousands Average Annual Annual Average Annual
of Effective Dose Collective Effective Dose in
Persons in Exposed Effective Dose, US Population,
Source Exposed Population, mSv? person-Sv® mSv?
Natural sources
Radon 230,000 2.0 460,000 2.0
Other 230,000 1.0 230,000 1.0
Occupational 930¢ 2.3 2,000 0.009
Nuclear fuel cycle —_ — 136 0.0005
Consumer products
Tobacco? 50,000 — - -
Other 120,000 0.05-0.3 12,000-29,000 0.05-0.13
Miscellaneous ~25,000 0.006 160 0.0006
environmental sources
Medical
Diagnostic x-rays —e — 91,000 0.39
Nuclear medicine —f — 32,000 0.14
Rounded total 230,000 — 835,000 3.6

41 mSv = 100 mrem.
‘1 person-Sv = 100 person-rem.
‘Those nominally exposed total 1.68 x 10°,

°Effective dose equivalent difficult to determine; dose to a segment of bronchial epithelium estimated to be 0.16

Svly (16 rem/y).

“Number of persons exposed is not known. Number of examinations was 180 million and effective dose per ex-

amination 500 pSv.

Number of persons exposed is not known. Number of examinations was 7.4 million and effective dose per ex-

amination 4,300 uSv.

Data from National Council on Radiation Protection and Measurements: Exposure of the Population in the

United States to lonizing Radiation. Report No. 93. Bethesda, MD, NCRP, 1987.
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CONSUMER
PRODUCTS 3%

Mg, L OTHER <1%
Occupational 0.3%
Fallout <0.3%
Nuclear

Fuel Cycle 0.1%
Miscellaneous 0.1%

Figure 14.5. This pie diagram, which appeared in 1987, showed for the first time that the average
effective dose to the population of the United States is dominated by indoor radon daughter p_rod-
ucts. The effective dose, of course, is the dose in grays (or rads), multiplied by the radiatic_m weight-
ing factor, which is 20 for the o-particles emitted by radon daughter products, and multiplied by the
tissue weighting factor, which is about 0.12 for the lungs. The annual effective dose to the U.S. pop-
ulation is about 3.6 mSv (360 mrem). More than one half of this is a result of radon, and altogether
82% comes from natural sources. Medical x-rays contribute only 11% and nuclear medicine 4%.
(From National Council on Radiation Protection and Measurements: lonizing Radiation Exposure of
the Population of the United States. NCRP Report 93, Bethesda. MD, 1987.)
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CONVERSION FACTORS FOR RADON UNITS

INTRODUCTION
The following conversion factors are useful for
converting between units commonly used for the
measurement of radon and radon decay products.
For some conversion factors the following
assumptions have been made and are indicated in
parentheses beside the units.
{a) the equilibnum ratio between radon progeny
and the parent radon is 0.5
(b) the dwelling occupancy factor is 100%
(c) the dose conversion coefficient is
1 x 10° mSv per Bq.h.m,? EER
(equilibrium equivalent radon concentration
- ICRP-50, sec. 3.3.)
(d) 1WLMis1WLfor 170 h
1 WLM = 6.3 x10° Bq.h.m.? EER
1 Bg.h.m3EER = 1.60 x 10 WLM
(ICRP-50, section A.5)

ACTIVITY
I becquere! (Bq) =1 disintegration per second (s}
{ cune (Ci) =3.7x 10" By

{ picocurie (pCi) =0.037  Bq
{ becquerel (Bq) =27 pCi

RADON CONCENTRATION
becquerel per cubic metre
1Bq.m? = 2.7 x10? pCil"
= 1.35x 10* WL (a)
= 0.5 Bq.m? EER (a)
picocunie per fitre
1pCil’ = 37 Bq.m?
= 5 x10° WL (a)
= 185 Bq.m? EER (a)
RADON PROGENY CONCENTRATION
Working Level
1 WL 74 x10° Bgqm? (@)

37 x10° Bqm?EER

20 x1® pCil? (a)

1.48x 10 Bqm? EER (a)
= 4 pCiL! (a)

becquerel per cubic metre, EER

1Bqm? EER

o ou on

0.02 WL

2 Bq.m?
54 x10? pCil"
2.7 x10* WL

B

POTENTIAL ALPHA ENERGY CONCENTRATION .

1 Working Level (WL)= 1.3 x10° MeV.L"

= 2.08x10° Jm?
1 WL corresponds to radon progeny concentration
in equilibrium with 100 pCi.L"' radon (3700 Bq.m?)

HRADON, RADON PROGENY EXPOSURE

Average of 1 becquerel per cubic metre Rn for a year
1 Bq.m.%y 4.38 x 102 mSv (a,b,c.d)
7.0 x 107 WM (ab,d)
8.76 x 10° Bg.h.m?

H

non

Average of 1 picocurie per litre radon for a year

1pCily = 1.62 mSv (a,b,c,d)
= (.26 WM (a.b.d)
= 3.24 x10° Bo.hum?
Average of one Worling Level for a year
1 WLy = 5153 WLM
6.48x 10’ Bg.h.m? (a,b,d)

3.24x 107 Bg.h.m®EER(a,b.d)
1.75x 1¢¢ pCih.L! (a,b.d)
=324 mSy {ab,c.0)

B 4

Average of 1 becquerel per cubic metre, equilibrium
equivalent Rn concentration for a year

1Bq.m3EERY = 8.76 x107 mSv (a,b,c,d)
= 1.4 x10? WLM {a,b,d)
= 1.75x10* Bq.h.m? (abd)

8.76x 10° Bq.h.m>EER (ab,d)
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effet (tableau 1). La participation & une analyse conjointe de 11 cohortes de mineurs, coordonnée par
le National Cancer Institute aux U.S.A. [Lubin 1994], a permis d'établir une estimation de risque plus
précise. Cette analyse conjointe, fondée sur 2 620 déces par cancer du poumon, a confirmé I’existence
d’une relation linéaire entre risque et exposition ; I'excés de risque relatif® obtenu est de 0,49 % par
unité d’exposition (WLM) avec un intervalle de confiance a 95% se situant entre 0,2 % et 1 %
(tableau 1). Cet exces de risque diminue en fonction de I'dge atteint et du temps écoulé depuis la fin de
I'exposition. Ainsi, il apparait que le risque associé & une exposition regue il y a plus de 30 ans est
quasiment nul.

L.e suivi de la cohorte des mineurs d’uranium frangais continue. Une nouvelle analyse a été effectuée
sur une cohorte élargie incluant plus de 5 000 mineurs, suivie jusqu’a fin 1994. Les résultats
confirment I’augmentation du risque de cancer du poumon, pour une exposition moyenne de la
cohorte égale a 37 WLM. L’exceés de risque relatif estimé est de 0,8% par WLM. L’analyse de ces
résultats est actuellement discutée dans le cadre d’un programme européen coordonné par le
laboratoire d’épidémiologie de I'IRSN, vise a réaliser une analyse sur plus de 10 000 mineurs
tchéques, frangais et allemands, ces mineurs ayant tous eu un suivi dosimétrique individuel de qualité.
Dans le méme programme sera également analysé I’ensemble des données d’expérimentations
animales en rapport avec le radon. La synthése de ces résultats permettra de discuter le modele de
cancérogenése sous-jacent et de réunir un maximum d’informations sur les effets associés a de faibles

expositions chroniques.

Tableau 1 : Radon et cancer du poumon dans 11 cohortes de mineurs d’aprés [Lubin 1997]

Localisation Type de Effectif Suivi Personnes Exposition Décés par Exces de Risque

mine moyen -années moyenne  cancer du Relatif moyen
(années) (WLM) poumon (% / WLM)

Chine Etain 13 649 10 135 357 277 936 0,16 [0,1 - 0,2]
Tchécoslovaquie Uranium 4 284 25 103 652 199 656 0,34 [0,2 - 0,6]
Colorado Uranium 3 347 25 75032 807 327 0,42 (0,3 - 0,7]
Ontario Uranium 21 346 18 319 701 31 282 0,89 [0,5 - L,5]
Terre Neuve Fluorine 1 751 23 35029 367 112 0,76 [0,4 - 1,3]
Suéde Fer 1 294 26 32452 81 79 0,95[0,1 - 4,1]
Nouveau Mexique | Uranium 3457 17 46 797 110 68 1,72 [0,6 - 6,7]
Beaverlodge (CA) | Uranium 6 895 14 68 040 17 - 56 2,21[0,9 - 5,6]
Port Radium (CA) | Uranium 1 420 25 31434 243 39 0,19 [0,1 - 0,6]
Radium Hill (AU) [ Uranium 1 457 22 25549 8 32 5,06 1,0 - 12,2]
France Uranium 1 769 25 39487 69 45 0,36 [0,0 — 1,3]
Total 60 570 17 908 983 162 2 620 0,49 [0,2 - 1,0]*

* Intervalle de confiance de 95%

2 Excés de risque relatif = part de risque ajoutée par rapport a celui de méme nature encouru par un individu non exposé ; un excés de risque
relatif de 100% signifie que le risque est doublé.




Tableau 2 : Radon et cancer du poumon : bilan des études cas-témoins publiées

Auteur Année Pays Population Effectifs Mesure de Risque Intervalie de

Pexposition Relatif”  conflance a 95%
Schoenberg 1990 USA (New Jersey) femmes 480 cas, 442 témoins 1 an 1,49 0.89-1,89
Blot 1990 Chine femmes 308 cas, 356 témoins 1an 0,95 Non défini-1,08
Pershagen 1992 Suéde fernmes 201 cas, 378 témoins 1an 1,16 0,89-1,92
Pershagen 1994 Suéde - 1281 cas, 2576 témoins 3 mois 1,10 1.01-1,22
Lagarde 1997 1,17 1,03-1,37
Letourneau 1994 Canada - 738 cas, 738 témoins 1 an 0,98 0,87-1,27
Alavanja 1994 USA (Missouri ) femmes, non 538 cas, 1183 témoins 1an 1,08 0,95-1,24
fumeuses
Auvinen 1996 Finlande 517 cas, 517 témoins 1 an 1,11 0,94-1,31
Ruosteenoja 1996 Finlande hommes 164 cas, 331 témoins 2 mois 1,80 0.90-3,50
Darby 1998 Grande Bretagne - 982 cas, 3185 1émoins 6 mois 1,08) 0,97-1,20
1,128 0,95-133
Alavanja 1999 USA (Missouri) femmes 247 cas, 299 témoins 1an o,as(‘.)’ 0,73-1,00
372 cas, 471 témoins 1,63 1,07-2,93
Field 2000 USA (lowa) femmes 413 cas, 614 témoins 1 an 1,24 0,95-1,92
Wichmann 2000 Allemagne (Est) 1053 cas, 1667 témoins 1an 1,04 0.96-1,12
Kreienbrock 2001 Allemagne (Ouest) - 1448 cas, 2297 témoins 1an 0,97“’ 0,82-1,14
1,09% 0,86-1.38
Pisa 2001 ltalie - 138 cas, 291 témoins I an 1.40 0.36.6
Lagarde 2001 Suéde non-fumeurs 436 cas, 1649 témoins 3 mois 110 0.96-1,38
Wang 2002 Chine - 768 cas, 1659 témoins 1 an 149 1,05-1,47
Barros-Dios 2002 Espagne - 159 cas, 237 témoins 90 jours min - -
Lagarde 2002 Suéde 110 cas, 231 témoins 3 mois 133 0.88-3.0
1,75 0,96-5,30

(e) analyse fondée sur des mesures sur des objeis en verre
(b) aprés prise en compte des erreurs de mesure (0 ensemble de la région d'étude, période 5-15 années avant Iinclusion dans I'étude
(c) aprés prise en compte des erreurs de mesure (9) régions a fort potentiel d'exhalation de radon, période 5-15 années avant inclusion dans

(d) analyse fondée sur des dosimétres traditionnels I'étude

(@) pour une exposition & 100 Bq/m®

A I’échelle européenne, une analyse conjointe portant sur prés de 10 000 cas de cancer du poumon et
un nombre équivalent de témoins est actuellement en cours de réalisation, sous la direction de
Puniversité d’Oxford. Elle apporte une plus grande puissance statistique & I’estimation de la pente de
la relation dose-effet. Cette analyse conjointe étudiera également les interactions entre radon et tabac :
en effet, les résultats relatifs aux mineurs sont plutét en faveur d’une action synergique, multiplicative
des deux cancérigénes ; en d’autres termes, le fait d’inhaler la fumée de tabac et les descendants du

radon produirait des effets plus qu’additifs.

3. Risques autres que le cancer du poumon

Les études sur les mineurs d’uranium n’ont pas montré d'augmentation de risque en fonction de
I'exposition cumulée au radon pour des cancers autres que le cancer du poumon [Darby 1995]. Depuis
les années 1990, plusieurs auteurs ont estimé qu'une partie de I'irradiation due 4 l'inhalation de radon
peut étre délivrée au niveau de la moelle osseuse hématopoiétique. L'hypothése a été émise que cette
irradiation pourrait entrainer un risque accru de leucémie chez I'homme. Une telle association est
supportée par les résultats de certaines études écologiques. Néanmoins, les études de cohortes sur les
mineurs d’uranium ou les études cas-témoins qui ont été réalisées n’ont pas confirmé ’existence d’une
relation entre I’exposition au radon et le risque de leucémie. Une revue critique de la littérature
scientifique a été effectué récemment par I'IRSN [Laurier 2001]. Elle conclut que l'ensemble des
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Radon in homes and risk of lung cancer: collaborative analysis of
individual data from 13 European case-control studies

S Darby, D Hill, A Auvinen, ] M Barros-Dios, H Baysson, F Bochicchio, H Deo, R Falk, F Forastiere, M Hakama, I Heid,
L Kreienbrock, M Kreuzer, F Lagarde, I Mikeldinen, C Muirhead, W Oberaigner, G Pershagen, A Ruano-Ravina, '
E Ruosteenoja, A Schaffrath Rosario, M Tirmarche, L Tomd3ek, E Whitley, H E Wichmann, R Doll )

Abstract

Objective To determine the risk of lung cancer assodiated with
exposure at home to the radioactive disintegration products of
naturally occurring radon gas «-

Design Collaborative analysis of individual data from 13
case-control studies of residential radon and lung cancer.
Setting Nine European countries.

Subjects 7148 cases of lung cancer and 14 208 controls.

Main outcome measures Relative risks of lung cancer and
radon gas concentrations in homes inhabited during the
previous 5-34 years measured in becquerels (radon
disintegrations per second) per cubic metre (Bg/m”) of
household air.

Results The mean measured radon concentration in homes of
people in the control group was 97 Bq/m’, with 11% measuring
>200 and 4% measuring >400 Bq/m”’. For cases of lung
cancer the mean concentration was 104 Bq/m’. The risk of lung
cancer increased by 8.4% (95% confidence interval 3.0% to
15.8%) per 100 Bq/m’ increase in measured radon (P=0.0007).
This corresponds to an increase of 16% (5% to 31%) per 100
Bg/m’ increase in usual radon—that is, after correction for the
dilution caused by random uncertainties in measuring radon
concentrations. The dose-response relation seemed to be linear
with no threshold and remained significant (P=0.04) in
analyses limited to individuals from homes with measured
radon <200 Bg/m’. The proportionate excess risk did not
differ significantly with study, age, sex, or smoking. In the
absence of other causes of death, the absolute risks of lung
cancer by age 75 years at usual radon concentrations of 0, 100,
and 400 Bg/m’ would be about 0.4%, 0.5%, and 0.7%,
respectively, for lifelong non-smokers, and about 25 times
greater (10%, 12%, and 16%) for cigarette smokers.
Conclusions Collectvely, though not separately, these studies
show appreciable hazards from residential radon, particularly
for smokers and Técent ex-smokers, and indicate that it is

~ responsible for about 2% of all deaths from cancer in Europe.

Introduction

In many countries exposure in the home to short lived radioac-
tive disintegration products of the chemically inert gas
radon-222 is responsible for about half of all non-medical expo-
sure to ionising radiation.' Radon-222 arises naturally from the
decay of uranium-238, which is present throughout the earth’s
crust It has a half life of four days, allowing it to diffuse through
soil and into the air before decaying by emission of an a particle
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into a series of short lived radioactive progeny. Two of these,
polonium-218 and polonium-214, also decay by emitting a par-
ticles. If inhaled, radon itself is mostly exhaled immediately. Its
short lived progeny, however, which are solid, tend to be depos-
ited on the bronchial epithelium, thus exposing cells to a irradia-

" tion.

Air pollution by radon is ubiquitous. Concentrations are low
outdoors but can build up indoors, especially in homes, where
most exposure of the general population occurs. The highest
concentratons to which workers have been routinely exposed
occur underground, particularly in uranium mines Studies of
exposed miners have consistently found associations between
radon and lung cancer.*® Extrapolation from these studies
suggests that in many countries residential radon, which
involves lower exposure in much larger numbers of people,
could cause a substantial minority of all lung cancers. This is of
practical relevance because radon concentrations in existing
buildings can usually be reduced at moderate cost—for example,
by increasing underfloor-ventilation—while low concentrations
can usually be ensured at reasonable or low cost in new
buildings—for example, by installing a radon proof barrier at
ground level. These extrapolations, however, depend on
uncertain assumptions because the levels of exposure in miners
that produced evident risk were usually much higher, lasted
only a few years, and took place under different particulate air
and other conditions."”> Moreover, history on smoking is often
lacking, or limited, in the studies of miners and some
miners were also exposed to other lung carcinogens such as
arsenic.

Studies to estimate directly the risk of lung cancer associated
with residential radon exposure over several decades have becn
conducted in many European countries. Individually these
studies have not been large enough to assess moderate risks
reliably. Greater statistical power can be achieved by combining
information from several studies, but this cannot be done satis- .
factorily from published information. Urban areas tend to have .
lower radon concentrations than rural ones as the underlying
rock is usually sedimentary and more people live upstairs in
apartments. Urban areas also usually have a higher prevalence
of smoking. Hence, radon concentrations in homes tend to be
negatively correlated with smoking,*® and a large dataset is
needed to correct for this reliably. We therefore brought
together and reanalysed individual data from all European
studies of residential radon and lung cancer that satsfied
certain criteria.
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Abstract

Objective To determine the risk of lung cancer assodiated with
exposure at home to the radioactive disintegration products of
naturally occurring radon gas '

Design Collaborative analysis of individual data from 13
case-control studies of residential radon and lung cancer.
Setting Nine European countries.

Subjects 7148 cases of lung cancer and 14 208 controls.

Main outcome measures Relative risks of lung cancer and
radon gas concentrations in homes inhabited during the
previous 5-34 years measured in becquerels (radon
disintegrations per second) per cubic metre (Bq/m®) of
household air.

Results The mean measured radon concentration in homes of
people in the control group was 97 Bq/m’, with 11% measuring
>200 and 4% measuring >400 Bq/m”. For cases of lung
cancer the mean concentration was 104 Bq/m”. The risk of lung
cancer increased by 8.4% (95% confidence interval 3.0% to
15.8%) per 100 Bq/m’ increase in measured radon (P=0.0007).
This corresponds to an increase of 16% (5% to 31%) per 100
Bg/m’ increase in usual radon—that is, after correction for the
dilution caused by random uncertainties in measuring radon
concentrations. The dose-response relation seemed to be linear
with no threshold and remained significant (P=0.04) in
analyses limited to individuals from homes with measured
radon <200 Bq/m’. The proportionate excess risk did not
differ significantly with study, age, sex, or smoking. In the
absence of other causes of death, the absolute risks of lung
cancer by age 75 years at usual radon concentrations of 0, 100,
and 400 Bg/m’ would be about 0.4%, 0.5%, and 0.7%,
respectively, for lifelong non-smokers, and about 25 times
greater (10%, 12%, and 16%) for cigarette smokers.
Conclusions Collectively, though not separately, these studies
show appreciable hazards from residential radon, particularly
for smokers and recent ex-smokers, and indicate that it is
responsible for about 2% of all deaths from cancer in Europe.
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Fig 1 Relative risk of lung cancer according to measured residential radon
qcncentration and usual residential radon concentration, with best fitting straight
lines (risks are relative to that at 0 By/m’)
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Table 2 Relative risk of lung cancer by radon concentration (Bg/m’) in homes 5-34 years previously

Range of measured Mean (Bg/m’)

values , Measured values Estimated usual values No of lung cancer cases/controls Relative risk (95% floated Cl)
<25 17 21 566/1474 ; 1.00 (0.87t01.15)
25-49 39 42 1999/3905 1.06 (0.98t01.15)
50-99 4l 69 2618/5033 1.03 (0.96 t0 1.10)
100-199 . 136 119 . 129602247 1.20 (1.08t0 1.32)
200-399 273 236 434/936 1.18 (0.99t0 1.42)
400-799 542 : 433 169/498 1.43 (1.06101.92)
2800 1204 678 66/115 2.02 (1.24103.31)
Total 104/97* 90/86* 7148/14 208 ‘ —

*Cases/controls. Weighted average for controls, with weights proportional to study specific numbers of cases. Note that as random variation in measured values is approximately logarithmic (so
measurement twice as big as usual value is about as likely as measurement half as big as usual value), means of measured values slightly exceed means of estimated usual values.
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. What is already known on this topic . -+ . =

Exposure to the natural radioactive gas radon and its
disintegration products can cause lung cancer

Exposure to radon gas in the home accounts for about half
of all non-medical exposure to ionising radiation

High radon concentrations can be reduced in existing
houses at moderate cost, and low concentrations can usually
be ensured in new buildings at reasonable or low cost

- What this study adds

After detailed stratification for smoking, there was strong
evidence of an association between the radon concentration
at home and lung cancer

The dose-response relation seemed to be linear, with no
evidence of a threshold dose, and there was a significant

dose-response relation even below currently recommended
action levels '

The absolute risk to smokers and recent ex-smokers was
much greater than to lifelong non-smokers -

Radon in the home accounts for about 9% of deaths from
lung cancer and about 2% of all deaths from cancer in
Europe
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Détecteur 2 traces pour la mesure de la concentration du radon dans les habitations

La cellule se présente comme un petit pot en matiére plastique. Sous le couvercle est disposé un filtre ¢n fibre de verre qui est perméable
au radon mais qui redent la poussiére et empéche le passage d’une grande parde du thoron et des produits de filiadon du radon et
du thoron. Un film sensible (Makrofol 300 pm) est placé dans le fond de Iz cellule. Le passage d’une particule fortement ionisante
donne naissance 3 une trace microscopique dans le film. Les traces ont un diamére de 5 & 10 nanoméres ; elles peuvent érre ren-
dues visibles grice 3 un traitement chimique qui ataque spécifiquementles zones touchées du film. Le nombre de traces est propor-
tonnel 4 la concenzradon moyenne du radon pendant la durée de I'exposicon. Les détecteurs 1 traces sont exposés dans les habita-
tons durant une période de quelques mois (habituellement six mois) (5, 6).

Fig. 4

La figure présente les principales voies de péndtration du radon  I'intérieur des maisons :
(1) fissures dans le sol

(2) joints non éranches enwe le sol et les murs

(3) fissures dans les murs des caves

(4) vides vendlés

(5) fissures dans les murs

(6) manque d’étanchéité autour des tuyaux et canalisadons

(7) vides vendlés dars les murs (10).
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Méshode pour réduire la concenmcion de radon dans les mzs

obruradon des fissures et onﬁc*s

v dans uz mur en conaact avec le sol. Il peur
2 sol des caves et les murs, les rous au m've:ulz
<5 orifices consdtue souvent une étape préli-
elles e radon consditue un probleme mar-
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éceure des parp.nnos de béton. Lcunche.rc:.:on ds
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5 et expérimentés (9).
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- Le ventilateur extérieur aspire le radon hors de la maison

Le tuyau pourrait également sortir par le toit _
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= C':_L ez évacué loin de la maison. Ce'tr:
2des pius largement udlisézs. Elle estp
¢ ou sur un sol trés perméable (9

Le '\h:c:‘e'c:\_ niveau le plus bas de nombreuses maisons (qm a'on:
terre ou sur une couche de pierres concassées (agrégar). Le racor.
Le::m.cu peutréduire. le taux de radon al intérieur dc la maison &2
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