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Figure XVII. Risk estimates from residential radon studies [B29].
Shown are the summary relative risks for exposure at a radon concentration of 100 Bg/m?® (except for references [L4, P17] at 150 Bg/m®
the comesponding 95% confidence intervals.
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Figure XV. Risk estimates of lung cancer from exposure to radon (adapted from reference [L4]).

Shown are the summary relative risks from meta-analysis of eight indoor radon studies and from the pooled analysis of underground miner
studies, restricted to RDP exposures of less than b0 WLM [L19], together with the estimated linear relative risk from the correlation study by
Cohen [C24]. Note that references [L4] and [CZ20] both show Cohen’s data extrapolated to beyond where they were actually analysed, about
200 Bg/m?. The figure has been adjusted to reflect this.
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2= 100Bg/m3 S71E I 9| FIIQE T

(ERR) &

95% AZ[FLE 7{Fx

|9 2t=)

Stud Primary analvsis Restricted Exposure adjusted
y y y analysis for uncertainty
[Darby et al, 2005; 0.084 0.094 0.16
European |5 by et al, 2006]
arby et at, (0.03, 0.158) (0.034, 0.175)a (0.05, 0.31)c
[Krewski et al, 200 0.11 0.18
North America |5; Krewski et al, 20
06] (0.00, 0.28) (0.02, 0.43)a
0.133 0.319
Chinese [Lubin et al, 2004]
(0.01, 0.36) (0.07, 0.91)b
0.093 0.11
Combined
(0.04, 0.15) (0.05, 0.19)

a Only one or two residences and at least 20 years of coverage.

b Only one residence with complete coverage.
¢ Correction for measurement uncertainty.

UNSCEAR 2006
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o | |- |. -|7< |O:| |-E_I|- |OI-I=II-AHO|'5-|
+elbier ATAIS =4 O=oTlo
(KINS, 2010)
= A g Cl2x ~ HIEFX| A ~
gh= (Al/2/5) B Che=(H[ 2 78) LEX EY CAl =X 55
sE(a/m3y) A GEE olsic SN e
= O
uRR 95% Cl aRR1) 95% ClI aRR2) 95% Cl
of X}
<50 77 1 1 (Z1&) 1 Z1&) 1 (Z1&)
50-<100 122 1.02 0.99 (0.94,1.03) 0.99 (0.95,1.03) 0.99 (0.95,1.04)
>100 21 1.04 0.98  (0.91,1.06) 0.99  (0.91,1.07) 1 (0.92,1.08)
per 10 increase 1 (0.99,1.01) 1 (0.99,1.01) 1 (0.99,1.01)
iR
<50 77 0.96 1 (Z1&) 1 (Z1&) 1 (Z1&)
50-<100 122 1.14 1.07  (1.03,1.12) 1.08  (1.03,1.13)  1.08 (1.03,1.12)
>100 21 1.23 1.12 (1.04,1.20) 1.1 (1.04,1.20) 1.1 (1.03,1.20)
per 10 increase 1.01 (1.01,1.02) 1.01 (1.00,1.02) 1.01 (1.00,1.02)
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Committed equivalent dose RBM dose. ;Sv, from exposure at age, y:

Radionuclide 1 5 10 15 Adult
Carbon-14 8.3 10.4 10.1 7.9 8.5
Potassium-40 130 140 150 130 130
Rubidium-87 3 3 3 3 3
Lead-210 167.9 142.5 141.9 155.1 78
Polonium-210 224.2 172.8 110.8 74.3 88.1
Radium-226 8.4 10.4 16.7 33 8.2
Radium-228 60.3 70.9 92.1 142.9 20.8
Thorium-228 0.5 0.6 0.4 0.3 0.4
Thorium-230 0.7 1.0 0.8 0.7 0.7
Thorium-232 0.3 0.5 0.4 0.4 0.4
Uranium-234 0.2 0.2 0.2 0.3 0.2
Uranium-235 0 0 0 0 0
Uranium-238 0.2 0.2 0.2 0.2 0.2
Total 604 552 527 548 338
Radon-220 21 19 17 12 12
Radon-222 80 80 80 80 80
— External gammas I20 400 380 340 330
External cosmic rays 390 380 350 320 310

Grand total (rounded) 1520 1430 1350 1300 1070 Kendall et al., 2011
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CHERSHY At (12H), 1w #adg
Reference Country Type of leukaemia Number of units Direction of Significance
(number of cases) association

Lucie UK ALL (187) 22 counties + p <001
Henshaw et al. ”  International L 13 countries - p <0.02
Butland et al.® International L 7 countries - NS
Alexander eral.” UK ALL 22 counties + p <0.005
Muirhead et al'” UK L 22 counties (459  + NS

districts)
Collman et al.""? USA L (1194) Three groups (100 + p <0.05

counties)
Foreman et al''? UK L (245) Two groups (four - NS

counties)
Richardson et al."? UK L (6691) 402 districts - NS
Thorne et ul.‘_”’ UK AML Two groups - p <0.05
Kohli et al."™ Sweden ALL (22) 13 municipalities =~ + p<0.05

(one county)
Evrard et al.'? France ALL (3239) AML (697) 443 zones ALL: + AML: + ALL:p=049

AML: p=0.004
Evrard et al.""” France ALL (4346) AML (912) 95 departements = ALL: + AML: + ALL: p=0.88
AML: p=0.02

Raaschou-Nielsen O, et al.,

2008

20



— 1 =
L SEA-C = At (64H)
Exposure contrast
Study Cases/controls  RR (95%Cl) evaluated
Studies of All*
Lubin et al.*%
Matched analysis 281/281 R >148 versus < 37Bqm™
Unmatched analysis 505/443 e >148 versus < 37Bqm™
Kaletsch et al.®") 82/209 . >70 versus < 37Bqm™
Maged et al.®® 50/110 > >90 versus < 40Bqm™
UK Childhood Cancer Study 805/1306 - >30 versus < 8Bqm™
Investigators.®¥
Raaschou-Nielsen et al"®  860/1720 ——— >0.89 versus <0.26 10°Bqm™ y°
Studies of ANLL"
Steinbuch et al.®? 173/254 e >100 versus < 37Bqm™
Raaschou-Nielsen etal'"®  150/300 -1~ >0.89 versus <0.26 10° Bqm™y°
| | 1 1 1 )

00 1.0 20 3.0 40 50 6.0

a Kaletsch et al. included all acute leukaemias, the majority of which would be ALL
b Steinbuch et al. included only AML, which constitue the majority of ANLL.

¢ For a 5-y-old child, this contrast in cumulated exposure would correspond to>178 versus<52 BQ m':"

Raaschou-Nielsen O, et al.,, 2008 21
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(KINS, 2012)

H2A 4=F

gE ¥=(By/m’) HE S¥E  95% ALFR  Hm A¥E 95% AT
40w 5t 1 - 1 -
10~60m) gt 96 0.88 - 1.05 1.01 0.91 - 1.13
60~30m)%k 0.78 - 1.06 1.31 1.10 - 1.57
30| % 82 0.56 - 1.16 1.55 1.06 - 2.24
<TH 2+t>
40w gt — 1 -
10-60=] 7 7 0.92 - 1.02 1.05 0.99 - 1.11
60~80m] %k 1.05 0.97 - 1.13 22 1.12 - 1.34
30e] 4 1.01 0.88 - 1.16 1.36 1.17 - 1.39
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results from a cohort study in Norway
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All EHP content is accessible to individuals with disabilities. A fully accessible (Section 508-compliant) R h
HTML version of this article is available at http://dx.dei.org/10.128%/ehp.1306500. esearc

Domestic Radon Exposure and Risk of Childhood Cancer: A Prospective
Census-Based Cohort Study

Dimitri Hauri,"2 Ben Spycher,® Anke Huss,* Frank Zimmermann,® Michael Grotzer,® Nicolas von der Weid,”
Damien Weber,? Adrian Spoerri,? Claudia E. Kuehni,?® and Martin Réésli,2 for the Swiss National Cohort and
the Swiss Paediatric Oncology Group (SPOG)

1Swiss Tropical and Public Health Institute, Basel, Switzerland; 2University of Basel, Basel, Switzerland; 3Institute of Social and
Preventive Medicine, Bern, Switzerland; 4Institute for Risk Assessment Sciences, University of Utrecht, the Netherlands; 5Department
of Radiation Oncology, University Hospital Basel, Basel, Switzerland; ®Department of Oncology, University Children’s Hospital Zurich,
Zurich, Switzerland; "Pediatric Hematology and Oncology, University Children’s Hospital Basel (UKBB), Basel, Switzerland; BRadiation
Oncology Department, Geneva University Hospital, Geneva, Switzerland

RS 22T} 0f 20| WY, 1 FY

o AQA NMotM SEXt7 7|H S E HF(Hauri et al.,, 2013, EHP)
+ 20004 ST AQA0 41 Ui 1608 0{210], 2008 ALTHA|

=1 o O =X
Egl T T _I_I_I

« AR|A HY0|A 45000 X|EHOA SHE 2tE 2 ARE BREHE
St ==%7}

. 9970{ZI0| QUSIXILIM, BLE =7+ZH(77.7Bg/m3) O|BtS 7|Z=0 2
90%0| At T - Z(139.9 Bg/m3)Ato| QS C 2 MZEH A

. FH|Q 0.93 (0.74-1.16), K|S 0.95(0.63-1.43), 2A Amt 1A
HH S 5 0.90(0.56-1.43)

. L= 1.05(0.68-1.61)
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Figure 2. HRs and 95% Cls for associations between domestic radon concentrations at baseline and all
leukemias, ALL, CNS tumors, and all cancers diagnosed among Swiss children during 2000-2008. Ref, ref-
erence. Models are adjusted for child sex, birth order, socioeconomic status of the parents, environmental

gamma radiation, and period effects, in addition to using age as the underlying time scale.
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Leukemia, lymphoma and multiple myeloma mortality (1950-1999)

—r
O - o .
E_|-E _lll' xl O:I 7 ‘ 7:” I' a?.c.lalncmence (1969-1999) in the Eldorado uranium workers cohort

Zablotska, LB.® B, Lane, R.3.0.°, Frost S E®, Thompson, P.A &

States

FLICH et QEHEEA AR ASEAR
(Zablotska et al., 2014,ER)

1932-1980 Of Ajg= 2=

7 100.2 WLM, 52.2mSV & =X Ztot - =2k
101(AFE), 160H(E-d) o =& 7| A et}

O Jop g M H(CLL), 2 X[ZIH(HL), H| =2 X]
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Residential Radon and Brain Tumour Incidence in a

7—| _7|<_X‘ @ Danish Cohort

Elvira V. Brauner'?, Zorana J. Andersen’>, Claus E. Andersen?, Camilla Pedersen’, Peter Gravesen®,

E LI I_ I ‘ x O I: Kaare Ulbak® Ole Hertel”, Steffen Loft?, Ole Raaschou-Nielsen'*
i i i ction and Health, Danish Building Research Institute, Aalborg

1Diet, Genes and Environment, Danish Cancer Society Research Centre, Copenhagen, Denmark, 2 Constru
o University, Aalborg, Denmark, 3Depar‘tm t of Public Health, Faculty of Health Sci , Copenhagen University, Copenhagen, Denmark, 4 Center for Nudear
Technologies, Technical University of Denmark, Roskilde, Denmark, 5 Geological Survey of Denmark and Greenland, Copenhagen, Denmark, 6 National Institute of
Radiation Protection, Herlev, Denmark, 7 Department of Environmental Science, Aarhus University, Aarhus, Denmark
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Leukemia

Leukemia (5 June 2012) | doi:10.1038/|e0.2012.151

=, K| ZEZE0FQF  anone
| H

—r
H O:I H:I A record-based case-control study of natural
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background radiation and the incidence of
childhood leukaemia and other cancers in
Great Britain during 1980-2006

G M Kendall, M P Little, R Wakeford, K 1 Bunch, J C H Miles, T 1 Vincent, JR
Meara and M F G Murphy

SO SEAE 7|8 AFAYARM DL O ZIO[BH A —H O 2t =t

AH-CH = A7 (Kendall et al, 2013, Leukemia)
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49/, KA B4

— 5 40 = =3 ImSv S7+E ERR 0.12 (95%CI: 3, 22),
— E}%% 0.03 (-4, 11)E F2|oIX| A4S

28



Epidemiology:
January 2012 - Volume 23 - Issue 1 - p 44-52
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Radon and Skin Cancer in Southwest England: An Ecologic Study

Wheeler, Benedict W.; Allen, James; Depledge, Michael H.; Curnow, Alison

. QIRO| UHEEXIZE 0|RSH AEfSHRE o1

OO o O - O 1 "1 L=

(Benedict et al,, 2012, Epidemiology)
« 2000-2004E 2| southwest England 2877{] X| L

A
« Malignant melanoma, basal cell carcinoma,
squamous cell carcinoma X|¥ 2=t 7132 L}
PtE 520 X WaisZt MY BA
« Squamous cell carcinoma & &7}
— (230+ vs 0-39Bg/m3)

— RR=1.76 (95%C(I, 1.46-2.11)
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d|_ i ' |_ O ‘ O I- Radon and other natural radionuclides in drinking water and risk of stomach cancer:

D A case-cohort study in Finland

Anssi Auvinen'?*, Laina Salonen', Juha Pekkanen’, Eero Pukkala®, Taina Ilus' and Piivi Kurttio'
'Research and Environmental Surveillance, STUK—Radiation and Nuclear Safety Authority, Helsinki, Finland
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