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CH=0| HAL
1400's, = Schneeberg X|& 220 M Ato] H(Disease of
Mountain) ZfAH

1879, § & 20| A M XX 2Ol (Harting & Hesse)

1899, Pierre&Maire Curie 2t 282 H HAIE 7|4 282 2 A
1923, ICCE&IUPAC OA O] 7|HIE =22 HH

1920’s, Lorenser?} LudvigOf| 2|5t ZAHX| Y 2t= &4, 2t=0 9
ot H el 7tsd M7Z[(EOot= XX &3)

1950's, Peller - First Review of Mining Related Cancers

1970's, M| Z+20| 7t LY BHE ZAF MA|, 7t TZEMZO| o
50%7} 2t= (UNSCEAR)

— Studies of Underground Miners

1980-1990's, =722 f= FHO| BlE 5= AL ¢

— Residential Radon Studies, pooling studies

— 1999, NAS BEIR VI Report
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(Kim et al, 2011, Rad Prot Dosim)
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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 Ba/m*® (except for references [L4, P17] at 150 Bg/m*

the coresponding 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 50 WLM [L19], together with the estimated linear relative risk from the correlation study by
Cohen [C24]. Note that references [L4] and [C20] 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 S 7tE H| o] =71 E
(ERR) & 95% AIZ|LZF (H=x Y at=)

Restricted Exposure adjusted

Study Primary analysis analysis o U

[Darby et al, 2005; 0.084 0.094 0.16
European |- by et al, 2006
arby et al, 2006] | (.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
13

FE|Lter AKX Y 2f=af H Y
(KINS, 2010)

kY

Moran's I = 0.5731 Moran's I = 0.1911
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Moran's I=5.71 (p<0.001) Moran's 1=0.13 (p=0.89)
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FolLrer ATAS gr=d [P ES TS
(KINS, 2010)
== (Al 2/ ==) _réii: Che(H2) e 2 S

sE@Bq/m3)  xojs oo S e Sl
2|
uRR 95% Cl aRR1) 95% Cl aRR2) 95% Cl
Of R}
<50 77 1 1 (Z1&) 1 (71%) 1 1&)
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)
A
<50 77 0.96 1 (71&) 1 IF) 1 (71Z)
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)
15
=gl
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—
7|
0|2
H HS Ol . x
FHEAIEZ A2 (A1 : 10 mSv 7[F)
7} : 7,000 hrs —» < 300 Bg/m?3
X4 EF : 2,000 hrs = < 1,000 Bg/m3
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AL L
I—I)\H—IE—_I_I_

At

YA BE

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 04 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

Xternal gammas R OU 38 340 U
External cosmic rays 390 380 350 320 310
Grand total (rounded) 1520 1430 1350 1300 1070 Kendall et al, 2011
——— 19
—
7.|7<7(|O:| E|.E |-Q-|E O||:|H0:||:|=|
I 1= O
o .
d T
HEfSEA AL (128), 1w paNg
Country Type of leukaemia Number of units Direction of Significance
(number of cases) association
UK ALL (187) 22 counties = p = 001
Henshaw e al. ?  International L 13 countries + pe b2
Butland et al.® International L 7 countries - NS
Alexander eral.” UK ALL 22 counties + p < 0.005
Muirhead e al"” UK L 22 counties (459  + NS
districts)
LMY USA L (1194) Three groups (100 | p <005
counties)
Foreman et al™® UK L (245) Two groups (four & NS
counties)
Richardson et al."® UK L (6691) 402 districts - NS
Thorne et al.""? UK AML Two groups + pa 003
Kohli ef al." Sweden ALL (22) 13 municipalities = + p <005
(one county)
Evrard et al."? France ALL (3239) AML (697) 443 zones AL AME = ALL p= 040
i AML: p = 0.004
Evrard et al."” France ALL (4346) AML (912) 95 departements  ALL: + AML + ALl p=0&R
AML: p= 002
Raaschou-Nielsen O, et al., 2008 20

-16 -




AFAG Ef=1p 0 210| HEE

| I
- . —
D SEA-Of = A+ (67H)
Exposure contrast
Study Cases/controls  RR (95%Cl) evaluated
Studies of All*
Lubin et al.?
Matched analysis 281/281 —— >148 versus < 37Bgm™
Unmatched analysis 505/443 J—o— >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 e >0.89 versus < 0.26 10°Bqm 2 y*
Studies of ANLL®
Steinbuch et al.®? 173/254 e >100 versus < 37Bqm™
Raaschou-Nielsen et a/('®  150/300  —e—— >0.89 versus < 0.26 10° Bqm=y°
L 1 1 1 J

1
0.0 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
FE|Liet eh=ar 2| A Y
(KINS, 2012)
<3k 2040 Tk>
3R J=F g o
ZE ¥=Bogm’) HE JYE  95% ALFR Hm Y= 95% ARF3H
40w g+ 1 - 1 -
40~60m] gk 0.96 0.88 - 1.05 1.01 0.91 - 1.13
60~-30m] 7t 0.91 0.78 - 1.06 1.31 1.10 - 1.57
809] 4 0.82 0.56 - 1.16 1.55 1.06 - 2.24
<TH 2I+t>
40w gt 1 - 1 -
10~60w)gk 0.97 0.92 - 1.02 1.05 0.99 - 1.11
60~307) gk 1.05 0.97 - 1.13 1.22 1.12 - 1.34
30e] 4+ 1.01 0.88 - 1.16 1.36 1.17 - 1.39

-17 -




AKX Y 2=t O 2l0] HE g, &

Z=OF
o O

« 2920 ZZE HF (Kollerud and
Claussen, BJC, 2014)
e 0-15A| Of2l0|, 712,674 (1967-20094

=d)

. 437 HHY 427 |5

Yo} . (®)
. EE: BRI gl

- HJY AR Tt AN weld 8l8)
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AT G 2t=1F o{2l0] HHY, L
@)

© 2000 AKX AA0 &
|-

o} d}F o >
A &L 2 =4

¢ A9IA TO0) M 45000 XK FHE 2AE £EXEE 2
22st0] = Z 7|

+ 9970 2I0] QERLM, B}E F7H(77.78g/m3) O|EHS 7
O 2 90%0|a 1= (139.9 Bg/m3)Xto| UL E MEZA

« MAHQ 0.93 (0.74-1.16), MAN|ui=Hd&H 0.95(0.63-1.43), = &}
T/duisd g 0.90(0.56-1.43)

« Z|Z Y 1.05(0.68-1.61)
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All leukemia ALL

2.00 2.00
150 150 ,|,
o 100 & " + o 100 * I
= t = T
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Bg/m® (Ref) By/m? Bgy/m® Bg/m? (Ref) Bym® Bg/m?

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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FEtsde EF0M Z=>27|A ™

- FHLICH HEEte Retedi FRIASE
O JL(Zablotska et al., 2014,ER)

»+ 1932-1980 of XHE =l HEF

- I 100.2 WLM, 52.2mSV E+X 2ot

=2k
= o
« 101(AFR), 160H ()0 = 7| A =tX}
» OHE obtd EAH(CLL), = X[ZI—H(HL),
0| S X|7IB(NHL) o] 18 B7HEAN S
oye gig)
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AKX G 2=t 2| T

Hofd A E A (Brauner et al., 2015, Plos
One)

57,053 (1993-19970]| 2 Z!), 2009 2771 K| bErd
FHEZRAL 121F9| k| S A2tA} L =tOl
1971-20097]} K| Q| HZ=X| ZASHY 7|=0| &H
EEES HFX| Y EY S IRE

GIS 7|#e= &, /ol =5 AE

o= =2 74 40.5 Bg/m3

LS5 2

— 100Bg/m3 S 7}% 1.96 (95%CL: 1.07-3.58)

27

SsEARE 7|8F XpOIEEARA up Of 20| B H H o
215E b XF-CH R A (Kendall et al, 2013, Leukemia)
zl

27,4478 A H2EXH1980-2006H 0| RITHQE BHA| = Cf

OF7| A AIAlel AOte| AFX| 2f= 5L X[z Ok
=2 7| 58E A=2E KGR 2 FO B2 E O
2.

SO, H M T4

— =X ZtopM =2k ImSv 7} ERR 0.12 (95%Cl: 3, 22),
— 2}F=L2 0.03 (-4, 11)Z Q9|8}X| aL.
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2t E 2} T2 Y

—

QFo| ASEXEES 0|S e MEHSE AT

O o~

(Benedict et al., 2012, Epidemiology)

2000-2004H 2| southwest England 2877{ X| Y CH
Ab

Malignant melanoma, basal cell carcinoma,
squamous cell carcinoma X|<¥g M =1} 7= LY
2HE 50| XY Was7h BElY BA
Squamous cell carcinoma 2|& &7}

— (230+ vs 0-39Bg/m3)

— RR=1.76 (95%CI, 1.46-2.11)

29

ch=1t Y

—

ozt IS E AHAS(Auvien et al, 2005, IJO)

A+ S0 2HE =51 YAY 24

1967-19810|| =x=3d5= TAl X AME I E T A
2 4,500% =53}0] MH S HZZO2, 0| 7|7HE Lakst 9

Ol-g|-x|-'— 88El=|

2280 5& 53

_ HA=5 : 2HE (130Bg/L), 2H5-226 (0.007-0.01Bg/L), Sats
(0.07Bq/L)

YT AR S7totX| BE

— 2= 0.68(0.29-1.59)
— 2t5-226 0.69(0.33-1.47)
- 225 0.76(0.48-1.21)
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E A F(Kreuzer et
A (Nusinovici

ERR/WLN=0.0003%
RR/WLM=0.001%
=3

EH)

2}
SIW

=N REts
et al., 2010,

« 58,987HO| &5 (1946-1989H 11.8)9| At
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14%

WHO, Radon Handbook, 2009
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O Radon Industry
Address Financing &
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Value of Radon Risk Reduction
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v A QOIS 1)X| A 2} (organize), 2) &~ E(communicate), 3) &7

(assessment), 4) A=l =El(plan), 5) =&l (Act), 6)E 7}(Evaluation)Z K| A|
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for Success with Everyone
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Evaluate @ B g Assess
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|
Act Plan
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AHAALE 385t A3 AGAAE 36t A
A Mg e 5= A . e 5=
7t 2545 ASEE0l 7t 2245 A8EEl
133 Hi=
ol¢ AAAL 24 L A%
=l 12, é%‘ 7E:|J-|_I‘0'" [[I'E 2.|A|'7E=I°'|2| S E (2 : radon measurement in schools, EPA)
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(Federal Radon Action Plan)
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SAMPLE DEVICE PLACEMENT LOG Page_1 of_1 SAMPLE FLOOR PLAN
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2 227 38 AM i =|."." .
= — T e Ea { SCHOOL:__Oitoun High Schol
% ms0 . 33 AM 460 P00 |
0543 ' | 735 MM ;) PRI | | K
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eher 2021 40 A 4:51 P04 bt )
1 stove sheb, « | 7454 | asarw - WeoaF
‘ aom Gatd 0 | ara )
116 ! Xwul L) 3 _—‘U AM S
bockahet 52 AM
[ - SR — AN
3 0 AM 102 104 106 108 10 112 114 116
LA 02 AM B T | B
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— e =& ] -
67809 a2 AW | 15 T TR Central Hallway
| _22» | L2 | | S 101 103 105 107 109 m 13 115
4w el 65617 3 17 AM v =5 0 0
C ) Av
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a8 13, 2tE E™E 2 18t ME H|X] S(xt2 : radon measurement in schools, EPA)
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(Federal Radon Action Plan)
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(Federal Radon Action Plan)

v TV, 2IE[O, MP3, &I E, X § 03] g4z SEARE HS

o 11—

Archived Radon Media Campaigns

Consumer Education: What is Radon?

Surgeon General's Warning Radon PSA Campaign

som
(WMV. 0:4:35. 46.4 M MP4. 0:0:30. 3 M) Also available in Spanish
Find MP2, MP4, WMV and FLV versions of this video at Order TV, Radio, Print (Newspaper. Magazine and Real
www. epapsa.com/campaigns/epu EXIT Disclaimer

Estate) from www.epapsa.com/campaigns/surgeongeneral
EXIT Disclaimer
Emmy Award® Winning Radon PSA "The Man on the Street”
National Campaign "People on the Street™

3

we
SR A
———— ——
(MPC. 0:0:20. 3.1 M) Also available in Spanish MPC. 0:0:30. 26 M
Find TV and Radio spots at www_epapsa.com/campaigns/peopleonstreet/ [EXIT Disclaimer
www._epapsa.com/campaigns/manonstreet/ [EXIT Disclaimer
Radon PSA "Rooftops™
"Take the National Radon Test™
The
National
Racon
Test
is about
to begin.
MPC. 0:0:30. 2.6M
MEG: 0:0:30, 26 M Find TV and Radio spots at
Find two other Test Clip www_epapsa.com/campaigns/rooftops/ [EXIT Bisclaimer
at www._epapsa.com/campaigns/radontest/ [EXIT Disclaimer

O3 14. 0|=o] O|C|of ZHE| QI (k=2 : EPA, 2015)

0|2 et BHE Ma 7|
(Federal Radon Action Plan)

cl= M O

v HIC|R ZACi] &Al: Y &&=

O o

Ral

v 013 2E X9l 9~144 St Th4

1st Place 2nd Place
Second Cause of Lung Cancer

Eddie's Story by Benjamin Schultz and
Michael Gentilini

Radon: Eddie's Story

Nicole, Age 12 of Kapolei, HI

Maison, Age 13 of Provo, UT

2l 15. ‘0fic|2| O]OF7|" 2014'A £=AFEF epa, 2015 13l 16. O|= 2= EZAEH

ALl 3] 2014'H L S5EHE (xt2 : EPA, 2015)
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