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Fig. 1. U-238, U-235, and Th-232 decay series. showing the principal mode of decay of each radionuclides.
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AMCL : Alternative MCL

EPA : Environmental Protection Agency

MCL : Maximum Contaminant Level

MMM program : Multi-media Mitigation program
NPDWRs : National Primary Drinking Water Regulations
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SDWA : Safe Drinking Water Act

Fig. 2. Regulatory history of radon of drinking water in USA.
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Table 1. Proposed regulatory expectation for system that serve 10,000 or fewer people (small CWS)

Does State develop

Does CWS develop

CWS Complies with:

MMM program? MMM program?
Yes not needed AMCL : 4000 pCi/L’
No Yes AMCL : 4000 pCilL

*  Small system may elect to comply with MCL of 300 pCi/L
** Small system may elect to comply with MCL of 300 pCi/L,
instead of developing a local MMM program
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Table 2. Proposed regulatory expectation for system that serve more than 10,000 (large system)

Does State develop

Does CWS develop

CWS Complies with:

MMM program? MMM program?
Yes not needed AMCL : 4000 pCi/L’
No AMCL : 4000 pCi/L
No

MCL : 300 pCilL

* Large system may elect to comply with MCL of 300 pCi/L

State decides
whether to

NO with MCL or may elect

CWS shall comply

develop MMM
rogram plal

State prepares and
submits
MMM program plan

EPA
approves
MMM
program plan

CWS meets
AMCL and
MMM program
jmplemented

to prepare and
submit MMM
program plan

Y

State
approves
MMM
program plan

CWS meets
AMCL and
MMM program
mplemented

CWS complies
with MCL

EPA reviews State MMM program
every 5 years

A

State reviews CWS MMM program
every 5 years

KEY :

<> = Decision Point

D = Required Action

Fig. 3. Conceptual model for MCL, AMCL, and MMM program (Large systems)
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&3 AY MMM Z213 FE MCL 300 pCilLg& #H3)
sfof @t

32 FH-{Cib WHO

32.1. Fich

g4 e ANAZ A Golol BeF AR 4
g dolg EE 98dT7d] U 287t A gl 4Fo]
o, 53 FE A7AAE 3 4 gF sy
Fgoll 27 Ao dlsl HEAel He Aoz FEXR A
th. t&o] AulEridl EA3le GEFRNT EERH F
7] 308 @age BE 1-2% S $£FEOE, AYFY]

£ 53 gBEy =E2 HeE F BeEs 435ln F43
T AR 93 =&& AW FUREr] d&el, Avte
Hed £ gEd g Y485 E(maximum acceptable
concentration, MAC)E HAY Pa Ao gltke 428 U
Aok oA AdEY] 9 e 23S Fxe gv
FAAYY B¢ AYF FEE 800Bg/m’ (=21.6pCilL;
1Bq=27pCi)o.8 HA3HL, °] 7IEAE 2FHeAY &L
TER HES FFH3T U ste8S M T A
Aol At e 2AME AAE Utk whebA, )
Uteire deg F ghEdd Wik MAC7} of3 +3 3o
2 Fdso] A g Ao

322 WHO

HAXA7)F(World Health Organization, WHO)SA] &}
B & AEAYE B8 84 effective dose)S
AA ke o#eL 345 ot ole FEY EA o
ol ghEo) 7kaA BEAEAM B 3o g At 8
delr F7] o2 7] fid #HE Bl Ad
F7)1ete] QAR AelA M F oo 3, E& HFsd e
T AHEE Fu(d, 2% BY A5 TV FoE HE)
TS nEstdeol ok . ok = FAEQ &L
gy, Heo 72 ¥ FF 5 UHY FHo] A3,
ghult) theksly] W&ol WHOOA AnFEE A S
Re Aol Brlsd Aoz ¥z grk Uy RE 999
cziyg WAsHE HEY 3FE FY =E2FL 9
0.ImSvEA] o]AL AAHR] F Wits =FF9 o wkE
AR Fzoz By Jok” o3 ==l 0.1mSv
F1Fx & WS AT o BE Q8] F
AHog XL IrtAoz A HrlEolok 3, o]F
AaiMe BEHY HEHES B8 A X E 3=
£ 3t ok

o 4y

33 2% #y =271

33.1. 28

24dle] WA H $ AFA(Swedish Radiation Protection
Institute, SSD= EolAlg] glEo g Qg Wt =8 o
7t8he 71224 v NASe| dAwst 71+ AH3sicha
k. 294 AANA & F gESE A% YsxE
sty A% Aue AWFr] F BEL gl 3¢
Ho gyt dX3 REF Aoz, Fo A4 e
A3 Hrt Axg 471 AsME B A7 2988 A
olg} st

HAEE F ¥ #3e FEE 9 1,000pCiL $Fo|H, E
& daFW A T JF FEE 270~8,100pCiL A
&, S HolM wHE £E9 AR+ 1,350~13,500pCi/L
A(AYEE 2,403,000pCi/L)E2 ZAME ©v} it

olFF HEeE F ZE BYE AsM 1978 FHAF
) A F=(National Food Administration)2 2,700pCi/Le] F
A X(Action LeveDZ APt ol FF FFAIAd
daiMe FAEE 22T, A FAA daiMe dn
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FF(advisory level) 224 HEHr} oo uwel 2,700pCi/L
olate] AhE AME 7Rsaht 2,700~27,000pCiLe)
=o] AZH HeEY A A FEE dAxslzy g,
27,000pCi/L o] AZAols AJL2L ZXdn Y= AR
ojck!™M w3 ol wBo] s FedMe Ay gBE
BEAE a4y A% #deE s gFsA st Q)
=, o7& E Fo BEL AdHoz F4AEY 27
W 7ol Ay IR HEEE AAZ QA u]"]k‘ 3
T2 HFHE T gE =&d vE 3] F HEE FY
& o oS 27] gRo|t.?

332 =2%0]

29 da ¥ ERFE T F Rl x=24gole A
S AA dFEY A AAFE FUeZ AMSSa
AeH, e 10% o]ate] 7Hguto] AstE ARE-skaL Sl
AR felA 7t HeEEY -0 4] gol =W
oF 25% A=} 718 wEQ] 2 Aa Sl 4904 A
HoR Qaf vid 100,000d AE9 A AJZte] SAHD
Atk FA7F AFEHUYeH, olg sdctr] AsiAM =24
o] ¥+ ANEFHT gro]l AW 59 Ho] YA
o8 F2 AgE A AL A de FAoth

weba m29oldME AFd] we}t s sl
G Ae AP A7 8 Fo dlon, 1 4% &
3] XztBglo}r] 3474et XA th(Precambrian granite)o A
2 FEE fhEo] vEhd gt itk olzjdt AHE| ZAbe}
fl=e]l g HejE ulgoez FX|(advisory leve)E
13,500pCI/LE BAste] dustm ot

333 1 2 #EXY =7}

4 $93)(European Commission)d|A] HeE 2 ZE
e FF FeAldel oid A F4 AdY A%

FOZHE #EY &3S YTV FOoRBH =i
A Ao FARE dEs fdvn Yz, §F4

fr o to

Table 3. Countries responding to the questionnaire.

g }S?H E% T% 33t 27,000pCi/lLe) 7153S A&
& A 13tk B3 giFsdA EE FHIE 3F
TF7 ’\]’5-4 AF 2R NE FeAE Y =5F%L
ZAPYHEA e U ZAE & § ql7] 9o UA)
7o fafskAl && AdH $£Eog FEE FFAsio
gotn gtk 2 dAx v 44 71FEo] AHEsof
2,700pCVLe] 7)EE H&8 A& ?3'7 }—Tl A

EF 2] ssid) o3 E 3 A7 ARE A
B fd AgdMe MRl e @ AuE F o
= A= 19983 15709 EU(Europe Union) 3}¢137},
17709} EU ®15 =71 10719 B§PZ71E oo g
= B HEd #3 HBEFALS YAt Table 3). 2
F8 Y& AFFINdwellings), 2 Hworkplaces), €&
F(drinking water)% H=o] 3 F I X|(reference levels)
9} A=A A (building materials) 5o th3t FAQ T A
bl gk Aol it

e FEs7t vRHEe A9 FAFTN
)3 @ar7]F(recommended level)S zra vk v
HEE F g dEide 9N AU I SN,
294, =29o)EE Tt BIE, A3, Fopel
2Alo}, 2 ul7)olte] & F ghEd Uidt FAIXE #n
AReH, 7709 w7k =elAolet Stk Table 4). 1
g1 HeE F e dig e FFFFAAY gis)
e 1,350~13,500pCi/lL, “NAFFAAAME 5,400~
27,000pCiL FFoIth. ol& ZI7tlAe iRE o
(crystalline bedrock)ell 7H& £ 88 v B8 AL
g led, thiFRe] 2ol Sety Fio] =& A
o2 BE $%7} 27,000pC/LE 2H3Hs Lo El~r
Asl Qom, dRgME 5400,000pCi/L o4 Hm=
AZHAY] Qo] HeE F P BYstan %Eil%
=gatA I

F7HE 7IEXE FAHLE HEY Adce FEF
FA A ek FAIXE 8,100pCI/LE ARMela glom, A

[

EU member states (15) Non-EU European countries (17) Non-European countries (10)
Austria Albania Canada
Belgium Belarus USA
Denmark Croatia Mexico
Finland Czech Republic
France Estonia Zimbabwe
Germany Hungary
Greece Latvia Israel
Ireland Lithuania Syria
Italy Normay
Luxembourg Poland Japan
The Netherlands Rumania Hong Kong
Portugal The Russian Federation
Spain Slovak Republic Australia
Sweden Slovenia New Zealand
United Kingdom Switzerland

Turkey

Fed. Repub. of Yugoslavia

=S8 etsE|x| H20H M2, 2004
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Table 4. Radon protection standards for drinking water.

EU Member States

Non-EU European Countries

Yes (2) Shall (3) Yes (4{1]) Shall (4)
Finland Austria Czech Republic Latvia
Sweden Germany Russia Slovenia
Greece Slovak Republic Turkey
Romania Yugoslavia
[Norway]
[ ]: advisory level

2o A% FEFFFAAEY TAXE 8,100pCI/LE, BILX
= 1,350pCiLE 73] H83ta Jom, A FFAE
of deide AT =X ¥ e 5400pCill %=
27,000pCi/L 2719 ARAE HE3la ok Aol o] &
e FEQO] ZE HeE F5A1 sl 3,240pCiLE
Fnx2 A% Yot £2uploke BE FFAAE O
A 1,350pCi/Le] Aaxlel 27,000pCi/Le] FAXE AA]
s 9o, Fuilols 5400pCi/Le] FAIXE AABFL
th EF gIe slol=elgle g A 2,700pCVLE 283}
T 9,15}.”)

34. 7{g} 27}
34.1. @AEM Yz|o}
22Efdaels] g FFAHC A e 24 A
g7t st A SA-EL JEd] mofsin A %
& AAolct. a8y HeBERE AUFEV|Ey Hold o}
2 AZRGA e Heg 5 ged gd Jes
2,700pCi/Lo.2 A3k ActsEE J4dozZ R
Eo] A 2 A, olF HAFNA AIdEHE A =
7} AZEe AL §93d Heg o8 AFHY wxd o
M Agdcty A8 Uk
gEd UF 1FEX 22 A YHeg F gee 9F
o Doig Fe A wF SJEEtA Yrle A Ay
27 F F=Y F49e ARUT AEAAojng B F
gEL BE 1 719x7) Wf doe Aotk xF E F
Radon in Drinking water(pCi/ L)
16,000 - -
14,000 13,500
12,000
10,000
8,000
6,000

5,400

4,000 3,240

: ; Lo |
Czech Finland Norway Romania
Republic

2,000

Russia Slovak Sweden

o] ghEo] F7|2e Ho] HlE&E HEF 10,000 : 124 A
¢t NFEAQ B F gE FE 2,700pCile 37 F &
0.27pCi/Lell 719§t ol =y 7te] kA7 2 3| (Natio-
nal Health & Medical Research Council, NHMRC)2] F-7]
F g B J1EA Y % s AFHE AL lE
A FEoXe Hed F gE 7t AWEUl F g
& 719 E A @& Aol #FAlsta ok

3.4.2. A =(New Zealand)

wEAUEE YeE F UFA7Y A¥age] He 58
o2 Yehe WAHERY FEE AstnAl e 53
og 71X HNE-EZ(Maximum Acceptable Values,
MAVs)& AtatAl Stk MAVsE & A4 £330 7%
o] PAFS 2 ES A6 ARAAAN FAE A7
9] ¥ YA & Aozt BzAEe Hed F L4
A g =2 A=, 1998 WHOS Heg +
A 7}o) =249 (Guidelines for Drinking-Water Quality)”o] 7]
23} ZFE ) MAVsE 2,700pCilLE E&5 Yt

35. 2t =71 2hEel J|EX(of gt vl

AFHA g8 Z7PE JeE F oged g 1Ex ¢
Fud tatd 7lxdtgon, ol Wee JFPos A
gatd e ZriFig. 4). ¥]F EPAE 19999 H+E
% kel dig 71EXE MCL 300pCVLE A t3lgion,
AUF7) F ey AsE 2eiste] old tid Aze A

D Enforced level
[T Advisory ievel

AMCL
4,000
2,700

300
— No MAC

USA Canada Aust-
raiia

2,700

New
Zealand

2,700
1350

Republic

Fig. 4. Comparison of MCLs or reference values for radon in various countries.
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A8l 74$, & MMM(multi-media mitigation) T=Z 738
AAERE Afolls AMCL?] 4,000pCilLE HEE 4 =
E At B =71 3 299 FI3FFAA0 tis)
A 2,700pCVLE, xEdgolt 13,500pCiLE, HA=E
8,100pCi/LE Aetsly lon, e~edU)ols} FANE
= 2,700pCi/LE 71X 2 Akt 9o
4. SALSEE 2|
U=k EPAE T3 3 M(public water systems)e] HE
o Wt ZE FEE FAE AL Adsln glom,
R A H(private welholl thalM= FASHA] a1 et
Yy GRME AAFFALAAME & F B3E 558
=248 Ae AR At
TS F AlM(Water systems)ol| 4] gl &4 Fxvt
A 71EA FEA ZIvd AldAle 1 ARE
AHAE ZRFERT oel oz A wAR +
U

e FYA AHBIFSE B 1M, 5 Bl
5%, T | AT APSAACE B9, B

T oA QHAE TR, AR & AMESE #FTdx])
of tialA dejol gk oW RIuAe HA Mg oiol
aha, $HolY Ay BRE B3 ¢ £x Ut

AUE7] F ghEol dEiM= @A oust 74|K(regu-
lations)& LA, AWF7] F 2R =7t 4pCillo]dol
g TE S {3 oud =X|[E E Bkt
W (Active Soil Depressurization, ASD)o|i} 37| 93
H(fan) AA]E HY A& IAFSt =8 ZE FHED
3% o3t ol E)E SEFEE A, tlREe] 713
AX 2 FEE 2pCiLolEE 7HAATI7E AR89
th B3 1FE AEX YA AFHe A5 gE YA
& (radon-resistant) 0.8 AT E 331 ¢t}

2 9oz g 7S s YoiFE(rental house)el]
fax e BHRFolu tE, Alg A 59 ZAFHQ o]
£ FAY, ofd AR =FE F Folut FE3E AT
HYAH o2 ARIEE o 2FF 222 HES AP
(self-help mitigation)3t=& A= Fedstn Yot

offt o Ju x

& HlFelMe =9 vt ada 4dEA Y7 9E
o] BEY YA HASEE AAFs dol o] JsF
g B EE ¥y 9 JRE 383l AEFHA AEE
Az FPFo ek E3 Al FASLES 43
a7lell kA 4 tiFEdA BlEo] FAUR], ofd
< PIAeAE ¢E1, ey 34 A7 F9F f=
stazt &br] Y8 FON) EH2 s B AEHE 93y

ZEo] gig fElE Ftn ok
24de 19979 HeE 5 ogeEdd Ui 7]EX)(action
leveDE FE3 F 199837 1999d 23 ZQF 2FFS

AT FHQ FHAAE 2fA A 71ER 249E A A
A WE vES B2 f8 AAAA LS 3

Atk olw FTF FFAAY AP A4 HE 100% B
T A 2E 5 URY W, Al &FAY ASde 4

=8 ste|x| H20H 25, 2004

8 Hl§2| 50%, Hoi 5,000SEK(33} 60vH)AEE =9
S 4 ik

AdE7 F e dEire RxFe gy Ag A
#E T AR U AAAL Moz A7 ug
©] 50%, Hoh 1,700EUR(3H3} 2045Hg); 1EUR=1,2009)7}
| REEE AFstn Aok 4AE AEC o AlE)
F FEC e EX 7128 54pCILE 3o glon, #ls
FE7b 7IERQ] 108pCILE He dFE 717 daire
AREAE it FEE ATAEE o gk [zt
ZAE A gevhy, B s Feos 3HE 5
dom AfAeA AL BraeE 2oy 4+ gk
08 #H9 IUe F oldd=g A A w49
50%2 Hu] 800EUR(3E 96T+)74A] REFS AFétn
Ak =290le Ffole AP wge 50%E Huy
L80OEUR(SHs} 2165ty 712 H2FE AFstn gon,
AQ Hgo] 3600EUR(3IE 432m)e Zalshe AL
7,200EUR(EHE} 8640r)7hA) Wdsm Qluh. A92E A
T ZAHAATL glom, 2dE i stpdAMe gE
F%7} 27pCiLE Z731H A7tAL B9 30%FE
Bz AFsty, ek gy A8 FF Ay 71 H
24, i F)olTHd 80%7tA HEFE AFde 5 AR
g 53 Az U AF4 Ade Pt Yok’
L2EH Yol HeE T A ED e £3 7)
F& ARCANAYD Aol ol ©A FAIBe) IHE
7Fedh #EQ1A BR8] % eHez M HEstn ok
T2 G ZUHHLS AHEF9 FSE v 53, A
e AfE W 2dnit dha Yo v1EE 29 A
£ 9 2AF 4I5S 3tz g

FARCE HeEE F MMAER FE7F MAVs
{Maximum Acceptable Values)9] Hurg X33l AL &
FAEE 20 J19de A ER S BAEc} s, =Y
WAL A4 (National Radiation Laboratory, NRL)o) 2}3)
o] tig HrHg ool 3tk NRLE HEgo dig #
A AE, AR ERY AR Muls 58 99 e
7)1Be. g wHeF alpha-radioactivity(2FE-222 A 9])7} 2.7pCi/
& 23@pd, Pu, YU, PRaol e B4 AN
WAMGel digk HAE Faslor itk T3 WAAIER
ek MAVsE 233 A9, NRLE  oekid7Abea
(Medical Officer of Health)3} & FTFAolA 3713
A7 229 g3) BRIFEE 3tu gk

N

AR Q5o e F FEd Ue #EVE 5 2
25%e 1Es & 23 74 Ve £E d1AE A

B £4 9 FA9 ASHA 2AdTel B8 A
g Edz 299 2H FPSAG wosd gee &
F AT 53, MFANY BB e Bl

ig

B glold ERFoZ wg WoEHL sn Mo
He AsE ZwWe 1P
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Aol g AMCL =902 oS ©@34e v Huth
Z Bo 9% @& Mo e 2HE 53, duE
7l 9% S weld ¥4 o FastA gFn dsE
2+ AT
, F8F AL FAVE AR FAGz 2R
Ane} old oizh WA AE/EY ASHY 94
% 5o vla - BAE o FHSL, A8 Fo 2
AGel thate] ZHle AZFE BRI ¢AF &9 A
P77 9T WPz A&Hog AP Heks

al

o
i

ol

N

2 4
Y

A}

et

Rt e R
@ 5

32
£ o

oMy YRSl PAHEA F 53 e B
o 29¢ T ANeH, ANE A% EAATE A
ST 9ee ¢ & ANUTh HerA FhelAE 4dne] 2
AQTE ofn] GO} FTUSANA HEEE o83}
Asie) AT A4S Fuskn FREY o4
o B3l gate] A&Hoz AR B
For, $ehel EAQTAE WAL i BAE o]
WEge olgalt skl et ek BEHA A
424 BE 99 o) YR Y oz wew.
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