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ABSTRACT

At present, the health risks associated with the natural radionuclides of ground water have become a concern

as potential social problems. However, there are no regulatory actions or control strategies for such risks. The-

refore, we have investigated and discussed the risks and associated management strategies for radionuclides in
other countries. US EPA has proposed MCL (300 pCi/L) and AMCL (4,000 pCi/L) for radon, and 30 ppb for
uranium, 15 pCi/L for gross—alpha and 5 pCi/L for radium as final MCLs. Also, Canada, WHO and European

countries have their inherent management levels. Finally, we suggested several criteria for setting guidelines in

our countries including exposure related criteria such as geological distribution, occurrence, exposure probabi-

lity distribution, exposure population and multimedia exposure assessment, acceptable risk, and cost—benefit

analysis. The national-scale exposure and risk assessment, and economic analysis should be conducted for

producing and aggregating the representative information on these criteria.
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A3 ARH o o9 AXGF SR =T} AR
Al Hw, DNAS} 728 ZQ93F B &4 93
FAREY 7)1 2A QA WY 4=
4 3, o]l2 s AFe= gte] $UHAY}
29 A wE ofdel FofelztA] §27 ofgke
o)X 7] E}(NAS, 1999).

SAR S ol et 2y Tal S8

1. 0|=(US Environmental Protection Agency)

1) 2tE

1974 w)=Z+o] b3l 2821 (Safe Drinking
Water Act; 0|3} SDWA)oll BIAMEEAo) 33l 57
Alke] F7FEAA o]Eel HFF F}b A=t
oh 2% 19861 MAdke] W48 ubedste] EPA
(Environmental Protection Agency)= HFAFAEA o
d& B, A 7)e, BREl] vy dE 17}
B Hall=o] A3 LS Asld T, olF Mz
219919 79 18Y ket Z|el WA B &
g NPDWRs (National Primary Drinking Water Re-
gulations)& A|kslA] =gk (US EPA, 1999b). o]
TAFE FEeAldM e 2Ed] dEk proposed
MCLG (Maximum Contaminant Level Goals), &}
£.933]-8-4F (Maximum Contaminant Level; ©|3}
MCL), # A *2]7|% (Best Available Technology;
|8 BAT), RUEH, By 5<] Lol o3t Aa
2 FA=e] 9k oJ7149) proposed MCLG= “0”
o] 31, proposed MCL-2- 300 pCi/L, proposed BAT =
F714 (acration) o2 A A8tz ¢} (US EPA,
1999b).

=} 1996 SDWAZL A1} A EmA], 1997
d 84 6%, EPAE 19919 At 42 5% U3
st 2HEe] - AlkE MCL-2 300 pCi/Led e
o} 30% ol4ke] Aol ] olnct & 2Foz A
Aoz AZHe], WMo FA7} A7 HwA
YL MCLoleh AEA T 2% 7Hoe 3z

[ Radon I

1974 . sSDwa

» Amended SDWA

(MCLG, MCL, NPDWRs) 1986 ..

-poposed MCLG (0)
-MCL (300 pCi/L)
1991 -BAT (aeration) etc.

» EPA : Report to
Congress
(Mutltimedia risk &
cost assessment) 1994

« Withdrawal of
1997 the 1991 NPRM

« Advocacy review for

radon 1998

*« HRRCA
1999 . Stakeholder meeting

1999.11.2

Proposed rule
+ MCLG (0)
« MCL (300 pCi/L)
« AMCL (4000 pCi/L) : MMM Program

AMCL : Alternative MCL

EPA : Environmental Protection Agency

MCL : Maximum Contaminant Level

MMM program : Multi-media Mitigation program
NPDWRs : Nationat Primary Drinking Water Regulations
BAT : Best Available Technology

HRRCA : Health Risk Reduction and Cost Analysis
MCLG : Maximum Contaminant Level Goal

NPRM : Notice of Proposed Rulemaking

SDWA : Safe Drinking Water Act

Fig. 1. Regulatory history on radon of drinking water in US
EPA.
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3! ¥] 8- (Health Risk Reduction and Cost Analy-
sis; o|3} HRRCA) A5 wtxalg] 1, 2 ) 34,
HRRCA<®} MMM (multimedia mitigation) frame-
workel] gk A" 5]9} stakeholder meetingS 7}%
T} (US EPA, 1999b).
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#}=e)) #3t ¥ F (Proposed radon in drinking water
rule}& A A =S (US EPA, 1999b; Fig. 1).
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W37 39 gBEsEs VI & e '
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dxpd 27l L84 A gk (National Interim Pri-
mary Drinking Water Regulation)o] 19761l &
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(radium-226, radium-228), beta & photon emitters
% ) 2goz 745 Qaon, 19774 ta
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2} NPDWRsE AAstg] on, v] 48

o] &gt WA rhedt FEA e st
MCLE& A3t 19919 2-E 4L AlL3s
U]-(US EPA, 2000a).

I gorEx nE HIALA] E-2 2] whakod 3|
7]_1_6}‘3:] MCLGS 0pCi/lLz AAstdx, $ebs
of Wh3 MCL2 FEAY A7s 53 =238 =
E 7AF =R Qg AAEAde] 1] (Reference
Dose, RfD)]] 0.6 ug/kg/day (Gilman 5, 1998)2- ]
43te] 20 pg/LE AABHA. o), Jﬁﬁlﬂh A=k
AR AF 45 AFHE, oY A 714
%= (Relative Source Contribution, RSC)2 Z}z+ 70
kg, 2 L/day, 0.8 o]&3lich Agdd St
MCL& EPA7} F78H= BATE o| 43l A7
73 5 fFo|v) 28] combined 2}E-226
7} 2HE-228¢] whaiM 5pCilleldd Ae 23t
o} Ztzte] o5 20 pCi/L2 A A3t} Gross alpha
o] MCLE 2H§-226, 2t $-ehgg AR o
Aol 15pCILE fAstg e, B ogs FA5-
o] Bt sl 29 7BsA el EABAY olm| 2.4
FHdohy Aztsl= TES5A o8 beta & photon
emitters?] RUE]Y 73 & wUEE F7] U w2
UEE dAF A AElS Bebalelt) (US EPA, 2000a).

19961 SDWA7} ©hA] WA geof] wel, o] 5 27
2 uFIAREAL 20009 11974%] $-2hgel
A3 FRAL HE: AR ke olddl @A
20009 49 2196lE &85 F WAAIEAS] 4
= FA ALgEoz =23 A¥P HRE
NODA (Notice Of Data Availability)2A] FZ3}9]
o} oo}, S84 F $Ebed 7)er WA EA
gk FAEL 2000 129 7Yl HF FAHHo
Final Rule2 A Z=% ¢t} (US EPA, 2000a; Fig. 2).

325 final rule2 combined Ra-2263} Ra-228,
Gross o, BYALe} photon BARsl Higt 197613 9]
MCLs& f-A812, $ehgol dsfiMs A2 7%
¢ 223 AL FHgo= Sioh(Table 1). 1991
Xol AletE9l® combined Ra-2263 Ra-2289
9§ MCLY| NAL 25 7Hhe} 28 3 Ale]
2] cost—effectivenessel] k_’ﬂ?} Aoz Zhzte] d
#) 20pCi/L2A MCLE F%% 7S combined Ra
-226, Ra-2284] talA] 5pCi/Le] MCL At
AA 51 = 9de}. o)), Federal Guidance Report—13
(¢]3} FGR-13)ell 7|23} 3l =8 ¥AM3T 23},
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A 19761 FA A ASHAD K= M (106
~ 10798 1991 d WA A" FAIR9] ¢
= (1991 Akl MCLoA ] JA 2k 2)s)
=E 1097 o 2 Aoz wazdh uehA,
EPAY= combined Ra-226, Ra-2282] MCLZA4]
1976:39] 74& fRAsted 5pCilL= AA3IA
(US EPA, 2000a; US EPA, 1999a).

=3t EPAE 92t 20 ug/Le} 30ug/le] <l
&4 oP7|HE A fo3 Aelr} g
E dFAFs} v ZHE Teisle $elw 3
% MCLZA] 30ug/LE AA)slch o|= SDWA
ol M AAgE el et {83 7|4 P AHemg
& Z3led, EPAVE 7474 e EAle) dislA
MCLGe| #Hdg ZAHsA Agrlsst 59
MCLE& AAs=2 svf= 7137}, w3 HRRCA]
719 F3 MCLZ <13 34 #o]o] A8 W4
< A=A 85 HFA} HEstd A3
gobs gl 7128 2 A3 qhoF At
oA A A MCLO] o]e]o] u]g-e A}s}sh
4 o, At £ERGE £ o) ¢3kd
MCLE dAst=s Amsz glon, by
MCL 30 pg/L7} 3 A#olet. o]2A3}t Wl & 53
&3 FAloll, EPAE v]8-# ¥t ohe} Az
A mE o7 7R BEAA, F $elwe] A
ZAedst AE BRE olsvbsd #¥9H Aus
S mEef 3w HAska giok =31 final rule
| £HE& 7= AL o]25E 34 o] 34l 2003
129 8YRE] o]t} (US EPA, 2000a).
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2. 7ijutc} (Health Canada)

nat=E
A =hEe] AAAA A Holl et =

| Radionuclides |

1974 * SDWA
» NPDWRs 1976
+ Amended SDWA
(MCLG, MCL
NPDWRs)

1986  « Published ANPRM

+ Changed to the
current radionuclides
standards
« 20 pCi/L each for
radium-226 and -228
* 20 ug/L for uranium 1991

1996  + Re-amended SDWA

» NODA 2000

2000.12.7

Final rule

* 226Ra+22Ra MCL : 5 pCi/L
» Uranium MCL : 30 ug/L

ANPRM : Advanced Notice of Proposed Rulemaking
MCL : Maximum Contaminant Level

NPDWRs : National Primary Drinking Water Regulations
EPA : Environmental Protection Agency

MCLG : Maximum Contaminant Level Goal

SDWA : Safe Drinking Water Act

Fig. 2. Regulatory history on radionuclides in drinking
water in US EPA.

Table 1. Comparison of the 1976 rule, 1991 proposal, and 2000 final rule

Provision 1976 rule 1991 proposal 2000 final rule
MCLG - 0 (zero) 0 (zero)
Radium MCL Combined Ra-226+Ra-228 Ra-226 MCL of 20 pCi/L Combined Ra-226+Ra-228
MCL of 5 pCi/L Ra-228 MCL of 20 pCi/L MCL of 5pCi/L
ngla/iﬁ};?st?\r/,[CL 4 mrem/y 4 mrem/y 4 mrem/y
15 pCi/L excluding U and “Adjusted” MCL of 15 pCi/L 15 pCi/L excluding U

Grossalpha MCL g " ¢ including Ra-226

Polonium-210
MCL

Uranium MCL -
Ra-224 MCL

Included in gross alpha

Included in gross alpha

excluding Ra~226, Rn and U
Included in gross alpha

20 ug/L (or 30 pCi/L)

Included in gross alpha

and Rn, but including Ra-226
Included in gross alpha

30ug/L

Included in gross alpha

Sources : US EPA (2000a)

MCLG : Maximum Contaminant Level Goal, MCL : Maximum Contaminant Level
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= Ao BeE A = dgdTo] g A dER dHelHERNE ZA7e wRAEA A
gF A9 g AAen, 3] AHd 28 sl A (activity) FEEA AR FH AV
AL Ele 23 Ao vld] Y AJe] HL 7o B35 (National Radiological Protection Board)-&

| &
vhalEl glEe oubrow Wi 1~2% Axo|t)
£33} glEY 28 44+ £ T
B8l A=d 9% =28 AR

(maximum acceptable concentration; ¢]3} MAC)E
ARG BeAe] glele A& WHH g AW
371 9 @ 2334 s=agoezA it
FAR G AFGHF =2 800Bg/m?(=21.6 pCi/L;
1Bq=27pCi) o2 XAz}, o] 35 =s 233}
AV & =9 =g g3t ALt 7
A& M BT A Akl AiME AR
AAsta ook ek, Alvetl M 45 F 2
Eoll 9 MAC7} opf] FAIH oz AH S
Z] k= Al o]t} (Health canada, 2001).

2) fety ¥ 7|Et HAKLYEE

el A el g3k vie} 7ol suiete] 4 F
Eoll #3 MACE of2 AAH e YA 42 1t
o, b2 WA EA] W3 MACE 7 &4
A8]2XE] committed effective doseZ} 0.1 mSv ©¢]
sl Aol 7]%3}e] AtEF v} (Health canada,
2001).

S84 F WA EAY] 2UEHFHE Sold
7] 28, 8Fe] 31X (reference level)x= o|n]

AQld} o]F oS W3t A} =9 (metabolic mo-
de)3} Mgk &2 m9 (dosimetric model)ol| 7] &3}
o AP EAS) oj3t DCFs (dose conversion fac-
tors)E AAFsIgdel ZH2ke] DCFs: F017 WAA
4 1Bq2) 13 4FFozre] ve 5047
committed effective doseE A3}t 7lo|t} (Health
canada, 2001).

2 2o WAdEDe) MACE 4219 DCFss)
Uzt B AFH=F(730L/year, 49 & AJFFHE 2L
2 sled AFS), 28] 0.1 mSve] FHW committed
effective doseZ2E] =2 %t}

1 X 1074 (Sv/year)

MAC (Bg/L)=
730 (L/year) X DCF (Sv/Bq)

S84 Fol WM EA ] T oY e
ohao] WA o] THES oo} Fe}.
Ci + C2 + Ci <1
MAC, MAC; MAGC; —

oJ7|M, i #AFHA A Fxolr, MACGE 4
e wolr) o]F olfsled AEH & Fol
ZAT £ e AAER F a7 1Y
ojAkel Edel Wjg MACE Table 29} o, =3,
B Fol EAsle HAMERAE A& ol
Az} A=) o 2] gross alpha®l gross beta®
gAe 2x)38)1=1), gross alpha®} gross beta activity

Table 2. Maximum Acceptable Concentrations (MACs) of radionuclides in drinking water

Natural Radionuclides Half-life (ti2) DCF (Sv/Bq) MAC (Bg/L)
Lead-210 210pp 22.3 years 1.3x1076 0.1
Radium-224 229Ra 3.66 days 8.0x 1078 2
Radium-226 226Ra 1600 years 2.2x1077 0.6
Radium-228 228Ra 5.76 years 2.7 %107 0.5
Thorium-228 225Th 1.91 years 6.7x1078 2
Thorium~230 20Th 7.54 X 10* years 3.5x 107 04
Thorium-232 22Th 1.40 X 10'0 years 1.8 x 1076 0.1
Thorium-234 24Th 24.1 days 57x107° 20
Uranium-234 24U 2.45 x 10° years 39x108 4
Uranium-235 By 7.04 X 108 years 38x%x1078 4
Uranium-238 28y 4.47 x 10° years 3.6x10°8 4

Sources : Health Canada (2001)
DCF : Dose Conversion Factor
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o ©i&t Aet¥ guideline?! 0.1 Bg/L, 1 Bg/L °]3}
2 24 5ol 7le} WA BAS MACs o))
£ 7o)z} 7}A) 8}l v} (Health canada, 2001).

o P BL T FRsesel g o}
B S84 3 $ehwel 4% =46 AR )
vrhe] guideline- 1988 196 MAC 100 pg/L
o2 AAR v} giet o= 1982 Gilman S-o] 3
3k rabbits& ©]-4-3F o}uhA] (subchronic) EA] Alg
A3z vehd A4 Axel P gl o
gt NOAELZtel 1.28 ug/kg/dayoll, 844 A4
500, A 70kg, B2 A Setwe xF AA
4~ (allocation factor) 0.9, A1Ql =F &84 AF e
1.5L/day& #-8-8} 7] o]t} (Health canada, 1999b).

T} o] 1998y 49 93 Federal-Provin-
cial Subcommittee on Drinking Water& 3 7§3]
Hodek ol S84 F Ebe MACY 7MAgte
2 10pg/L e AN o, o) 9027} raiss o
Moo @ mYAYE ves I Aloloh %4
A AT 0.6 ug/kg/day (Gilman &, 1998)2] W) A
Al #| &8 (Tolerated Dose Intake, TDI)3} 23 70
kg, Al Hd &85 AFHF 1.5 Liday, oA
0.352 A83}d 10pg/Le] RMAC (Recommended
Maximum Acceptable Concentration)2- AF&3}<]t}.
o]2{gt A=lZ nigto 2 1998\ 124, St of
g MAC2A 10pg/Ls 3% T349It} (Health
Canada, 1999b).

Jeit ool Bt 7B o7 3 A2zl
da wlg-we) BA Ashl] dzshed Ak
MACS oAl AAESHGE 19999 109 42
Federal~Provincial Subcommittee meetingol} 4] ) 7]
A oA%d Ui D2 WeE AH, 084 F &
2}59] guidelined 20 ug/L= o}A] &e)siglch =
@ o FEAT Sehwsl B4 AQdes A
o FE7h 27 229 & Aeke WA 1o
shel AUASE 072 A43RE W AETHE B
52 &0l 93 229 x4 gk

A9 B sl J)aT 1EAE P
20249 Aol 7123 7R ud APsEs
lEase o U o B azonA AR
Azre] gk dsiME RsAQ £Fol & &
Slef. ofo 2001d 34 &al), Health Canadacl A=
S8 = 259 guideline® IMAC (interim
MAC) 20 pg/Le 2 AA3}9t} (Health Canada,

—

CERERE DR L 279

| Uranium

1988 * MAC 100 pg/L

* MAC 10pug/L
(Amended by Federal -
Provincial Subcommittee
on Drinking Water) 1998 » IMAC 20 ug/L
(Review by public
comment and cost—

1999 benefit analysis)

« Final consensus with
Federal -Provincial
Subcommittee &
Committee on
Environmental and
Occupational Health

2000

2001. 3.

| IMAC20pgl |

IMAC : Interim Maximum Accetable Concentration
MAC : Maximum Accetable Concentration

Fig. 3. Regulatory history on uranium of drinking water in
Canada.

1999b; Fig. 3).

3. WHO (World Health Organization)

1) 2=

WHOdN A= 2ol disirs o2 A s
= P2l f-&AEk (effective dose) S A A3} =H]
o2l g 38R vt o) BEY EA w£q
9 2tEe] ZiAA BN B Fol FaEe] 9
o dlejete 3] Fo2 gl ulEe) =g
A= A3 ebe] QA A A ook 3}
AF sttt awEE Jejl, B¢ &
37 oz e 5& st 3o}
ot =3l 2lEe] w22 g, 9
5 58 EAsk #Hel A, Vel
171 dgel WHOOA Ampas AAshe
79 Brhsd Aoz By 9id Hut mE
o2 HE WA= 2EY 35S £33
2 F 0.1mSvEA] o7& ztdA & wpx
=E% o ke AAFE £For B3 Qo
(WHO, 1998). o]#]8t xZke] 0.1 mSv Zi1F =
T8 REI] S8 ol d BE 2olEe] 27

Moz, 27lHoz ARepA BrEelor sk, o]

ot

i
o

S e B
o% I-Nﬁo‘_'aoﬁ,ﬂl
R e

lo

W o
ol ol r
o,

o i

h
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& g B 4TPEe B9 980 =
A& Astes sk oot
2) fekE ¥ 7IEH rg,mw-=x'
VS Wabs x2e By A Aow
-’S‘E ia‘“*ol 24mSv/year O] = —‘;—oﬂ BEY
"u*% 5;;4 TAJPMW x}%ﬂ_i t’a‘ E‘]—— =3
Aol o] xZFd), WHOOA FAsl= Fas
2 A¥F =EF o= 0.1mSvelH o] 532 2}
97 A9 awpbsel Y Jdsie W

effective dose®] 5%d= X v|Xe &5
(WHO, 1993b). 0.1 mSvx 5% 107%)] 3j3l=
of WAY 93| k& FFolzt T 5 9
(WHO, 1998), WHO M= 1 o3l M= &84
24 Agel A7 wo] WA ddn &w
gew], AAH ez 2 odugixid] dis] 0.1Bg/L,
Z welRlAel AN 1BgLe) ARAE 23
st Qe (Fig. 4). 5= A22 3, #eliA7t |
Bg/L o|Atolg} slx, 71 9l9) djiio] YKz
of A ez oy} FAHez AHIsE ol
v)EgE ufe A2 ofo)m) AU Al 93l
A )7 Wil H AV 3& Aol
I 3 (WHO, 1998).

53], WHOAN = $2hse) 212 54350 o
& 19979 Z1&AE AAstAdEH, Z1EA AA

2
w2

gt

Log F2 @ADL ¥4 Sl I
e A 5 BAH A RISk A )
FA% 2pgL2 Asledeh o $HE A} AY

TEoAM S el g Ut A dlolEr}
BEeche W4 2 Sebee] sEhd sS4 Hig
71&*]E& TDI (tolerable daily intake)Z %3} <
S o83l ojFejUigl o, 7)|EAE A=
UM 23 AEA AR dsie o7
A TDIgl 0.6 pug/kg/day: 60 pug/kg/daye] LOAEL
(Gilman &, 1998)9l] E-&AlA] A4 (intra- ¢} inter-
species variation)ql 1008 2&3le] =Z3t 7o
o ol 239 7% H &9 A=t FolEd
3 Bwslez7] ®WFe] WHOE NOAEL w4le)

LOAEL Ah83}e] Aaskd] Slo] 3714l 2
FU4 Ase A4 Qgkeh 22T RN

o) $ehr WA7I7E 15Qoln, A& il o
sl 413 eabo] otslslold 4 e A ¢
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Determine gross o and
gross f§ activity

.

Gross 00<0.1 Bg/L
and
Gross B<1Bg/L

Gross o> 0.1 Bq/L
or
Gross B> 1Bg/L

|

Determine individual
redionuclide
concentrations and
calculate total dose

-

Dose <0.1 mSv Dose > 0.1 mSv

.

Water suitable;
— no further action
necessary

Concider and, when
justified, take
remedial action to
reduce dose

Fig. 4. Management strategy for gross alpha and beta in
drinking water (Sources : WHO, 1996).

o FA =) WFe), 919 % 91 A7) 7o) g
Z71d 2EAR A4 =g 2P esicy Bds)
Atk WHO: 60kg®] Agle] Azl &85
2 2L/daye} 7}l 3 &84 TDIQ] 10%2 &
Fate] 718291 2ug/LE AT o| AL A
2|70 =Hsle ol olego] =y, 43—
uE3- AAle] gk Agaise] RE) Wejsty 9
7t it Awel BxRoz <zl WHO7 A
A 71202 A A AF Zo|H(WHO, 1993b).

4. Y YR A

1) 29| El (Sweden)
2g)dle] Ao ok 25%7} z]g],_/F_g_ egrg o

43t1 s, 2 st B s W A4
P gE 5= 270~8,100 pCi/L ﬂio]m}, atu}
< oA HE $E9] 79+ 1,350~13,500 pCi

LA=EFH A= 2,403,000pCi/L) 2 A v} gl
o} o3 S84 F 2E HelE 918 National
Food Administrationell /{3 4] %] (Action Level) 2
W 2,700pCilL2. AR skelch oo mhet 2,700 pCi
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/L o}3}e] z3}pwbo]l AbE Fhg-Eht, 2,700~
27,000pCi/Le] 2tEe] A& S840 3% A
FEE ATsT 31T, 27,000 pCi/l o] FZA ¢
= AHE SRR Sl AA ol (SSIL 2000; SST,
1999). =3 o]o]l B Eo] kA Feldre AW =}
T #AE A A% #E oS dATH
Afstz e, o AL B 9 #HES AdHe
2 FHAA W 379 M) Al 3R e
He, Al Aol PlA= S HHE 53
T =3 vd) 3] F HES FUEg A o =2
7] w-Fo]c} (SSI, 2000).

olg} Zo] A AgRloME AWFr)et &4
T BFNA 2ES Aet] AT x¥E FAl
71 &l olem, Az XS 2agtel glo] 24
9 AR G A ALdE sz ok A
Aoz d5FEe] Ay AT F e 5=
7} 10.8 pCi/L (= 400 Bg/m*) & z=}5hd =7} n]&
2] o Auk(Hd 15,000SEK, &3} <F 1,870,000)
¢ vxH2T glon, 0450 A TT F4A
AellA 2= =7} 2,700 pCill 233 W= Xz
vl AL, Hel 5] 7§ 27,000 pCiL 23}
& o A2 wlge] k(&Y 5,000SEK, 3}
¢} 605,000%)< x| ¥sk L=} (SSL, 2000).

2) = 2¢||0| (Norway)

293 AT H43 7 F s =24
ol ¢ Al djRre] s AwSys £
L2 ARg3RR 9low, ofF 10% o|3le] 71 yte] A
5 AHEET Sl skAIRE fRelN T o4
A o] 24 o, 2ol of 25% A =7} 7)
ugel EE vAE, A Ao s Qs u)
100,000 A= 2] Alzte] £AH T 9ot
EA7F A - F e, o] & A3 A =9
3 Axsud ol AR el Aol
AiHez 2 Askrs ST Ae AR
2= FA) o]} (David 5, 1998).

weba] wzglold Az xAde] afe x5l
Wt AT Ar 2Ab DT S Fol 3
o, 2 2} e Aguelel) e A
(Precambrian granite)ol|A] & %2 #Eo] )
eh v} glet. o2l gt Ae) 2Abel 9)F9 #HE] A
& vieto 2 FA A (action leve) S 13,500 pCi/L
(=500Bq/L)2 AA3le] Wsln v} (David 5,

o b ey

1998).

3) 7|e} 2}

Swedish Radiation Protection Institute (SSI, 1999)
o AF ZAsje] w=w, 19973 ¢ AMA 4270
< ddez e Y3 A7 A 2R 2
e 5 oEel A3 Be 7)ee 2 e
deht o HhEE wRdel 24§37} 32
A% F A=, B9, 2ohel, S2allel Fol
FrkEsdeh ol ol tay Sobs e
o] ¥ 7ste] w4k (bedrock)o 2, o{7]¢] &
£ 3 B A4 Jlem, o2 Ba) 9
gt £ o7 H31X (reference level) & A-L3}37 )
©}(SSI, 1999).

Az 79 FFeAlel dsiA e 8,100 pCi/Le]
enforced level, 1,350 pCi/L2] advisory level 2 T8
A43tx glem, JlQl Al dHalMe Azt 24
o] Bof] we} 5,400 pCi/L X 27,000 pCi/L, 27)9)
advisory level & 24317 giv} A= F-3T47A
o] o3 8,100 pCi/Le] enforced level &, =240
+ 13,500 pCi/Le] advisory level-Z, 2 A|o}= o]&
gol FEglel BE 28570 e 3240 pCiL
oAz ARt gl =3 £2ap)ole &
FA &AM 1,350 pCi/Le] advisory levels}
27,0002] enforced level & A A3l )} (SSI,
1999).

Fit

5. zt2o| WAMMS A et 7= H[m

& wlZ, sfue}, WHO, 29 9g w2
T T SelM A F Al 7
28 Agshd o9& 299 2o} (Fig. 9).

6. DU BALY SH2| iz ma| et Hie

A et A AR da A
o e 2% R FA AFE =t AuHel 9
el glem, A Bof el T2 PAE
A WY AT F2 2L ARHT A
RAAT, 2002). T} A BAY 244
A9z 59 AG W A Wolrh 27| wEel
dEA ole EAXE A7l A7} shet oA
A4 A7k Aol Al AR JFE FE o
o $E% =3 AT NG A5H o)z Br)H
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on in Drinking water(pCi/L}
14,000 —_— -

— [ Enforced level
J Advisory level
12,000
10,000
8,000 - B
i
6,000 '
I
4,000 L G
2.000 i LA
H i
o [No MAC A | ey
Canada Czech Finland Norway Romania Russia Slovak Sweden USA

Republic Republic

Radium in Drinking water{pCi/L)
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Uranium in Drinking water{ug/L)
35

30

30

25
2

Canada WHO

20

16.2

1
i
[, ,
|

i

Canada
(Ra226}

Canada

(RA226+228) (Ra228)

* MCLG (Maximum Accetable Concentration Goal) : ‘zero’

AMCL : Alternative MCL

16 15

2.7

USA WHO

MAC : Maximum Accetable Concentration
MCL : Maximum Contaminant Level

Fig. 5. Comparison of MCLs or recommendation values for radionuclides in various countries.

w29t e How Yukd

slsh o) A1) dEA QU= 2F A=A} 3
Mol ul, wpaby 2ol A sle)y Frle B
3 sdoz Al B B Ak 2
ol ¥& BARE A= Fow AT B2l A
2 (risk reduction strategy)& 8)all o}t 7 o|c}. &
g A 2 203 AdxA o ]iz\i BkA z)
Yol geltelel dAR 71E £ ATAS ok
sk =hlol esi

HAZS) ASE A% = ATAE sl
dloll A717ke] ATt 2ARS B3 b 2
4 - Bghsit gAste] FxEn Yt EHE
73 d7-4, 2002). o] q A7|7Ee] AP wh A
vy evtete] A xF FE Il
AAd 2AzE A - —‘i——*. }—‘C— ER-Re J DPzﬂcﬂl
dowmz, r|zhel] AR El
A BERE 24 -‘?f]ffﬂ/ﬂ%
ARE Aopsty BAMste] =A<l JH% %ﬁﬂ
el A 7)Felv AnAE AL 5 &
oz FdEt o5 3 =%, ¢
s 7] =A@

= m\m ﬂllO

_,d
ox
iy

)
2

r..VL :L

neg
< =¥

3}31z} ghot.

AR B-Ae] Wkl b =2 (occurrence and expo-
sure)?} A w2, A HA Axe HF A
Ao} AAEA Q] B (geological distribution)e|t}.
AdHes B4 ARl Tl B A
Ao 7= A9- Fa 2Xel= A7 9l
vz WMoz o Aode BAFEES A
A el AL ARy 2 oFo= ZAH

4= ook mhebd xde] AAlEA AL WY
FAFsled oF gl

FHA At A2e g 3 E ] v B
¥Z BA zlsolnt g wAb B 29 =
o E A FEFR I U9 FEoM 2
&8 vl Aoz PAA, FI X H
BA 7e £5& e B st f£Eoloek
g} o8 B, A 2AbelA] 2hEe] 1,000 pCi/L

Z3go] 50%et1 s AAHe= 7|E
Aerx 2 1,000 pCi/L o|stz AdA st A A
Hez 7] P& %i’i Folet. apeba] v
g 2z g $As B BAE 12
71 AL AR F2 231% Al Z-ghe}.

o
T
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Q
F 3R, AT EG - HHeke
A BRE AR BEAA A me 2T
5 5
0o At A Hgst= &e 2 (US EPA, 1999b),
o gl BY Helrh A7) wEe Bl
e 3k 4 Aok Tt Seere) R
3R RS A9 mE oFwe] BE SEo
Aste A4e) delz B Aol vhe A
Sz o83k 97} Bek(FRBA T4, 2002)
olelat A9 AARG A kel ¥ St
o glers, st AnA AHA A5 ol
de} wFAF4E wdopt Wk Q% 27}
SHE ehEel A% BT SA% A 2AE T
gslel F12g e, TR A 7
AR AR bk R A $AE duske
el= 2o} (SSI, 1999).

SelAl x23 B o WA Aze A
% 9 Zlelze] UY BAelch 5 e A4 A
WETle AT FY w29 Nert S84 A
F=z Q3 A =Rl oF 10,0008] =, o)z Q)
S A 37 % 2ES) ATt sEes A
A SIS 90% 3ol Fihe Aoz el
SATH(NAS, 1999). gfeby =&} 3 2lEg 2 &
getel= AW 7] F eles Aol A=A o
o QA Hsl= Sl &b e)x] Bl
=3 e AeE AESE 53 xFo] AA9
oF 77%% A ez deix gle] (Health
Canada, 1999b), 7|58 AAsh= AN el
o] & viA F WA BAL V)5S fFsA 3
I, $EAde] B2 wiA F A BALe JEE
o 3E  Ql=F, dujAled dE =& =4}
B 7] zel Ao g Anr) wk=A] @ g sl

A=t AFF A HA AmE= WA EA
o W3 FAA e L A FL s
et @A) US EPAY WHO Sl M= 3hatea
of A& fsle ] $EE 1x105~1x10¢(4]
ghgell A wiwbd e 19) £Fo = Asla glon, |
x 1070& -9l 7158 9Jsll 43 (acceptabie risk)o]
2har Aldska ok TEd WA B Ao
Adf ez MAET| wo] rEHez A &

O

)4 =e)ol o & 283

9] v A Altste] WA BaAle] djsiA
= 1x107302 A9rshal ¢lv}(Nega 5, 2000). ThA]
depH Aoz FAste] Aasls 3etEAl e
At WA 228 B9 34 e gl
Al 5 F 1x10° £Fo2 FAstuA 84X
ghoaA B A A el 3
SHRTE Ad DA o3 2% 0)7] wFel
o= A=x2] $Ja= Fgsiof ek Aol njel
A Aol e Bottom-up HZH (7Fsd
WE FEAAM 2 FFEo2 olg)oz, HAA
279 2] $EL Top-down P24 (5 & +F
A 7hsd ¥ fFEoz ofdl)e] HeHT g
o (Nga 5, 2000). wekr] 34 9sl e $58 43
3b7] fliMe o olsidabxizte] o)) Ha
3taz, gold N 71Eel AmxE At
F Slch

ASA, 58 S8 FFol AAFR o5 DA
7] 1% =A2A wekst #e] A A=g
o, vl-&-H o] ¥HE 53l 7H w4 mndel #
g #FE Aol I & vx 3y 7Fe
2 A EAS ZA2AT)7] S8 = u)ge] o
oot ZhH, A vigke] €@ 4 gleme,
Bl-g-e EME B3 &g viAl #e, 24
A et Fe] 71EE A £ gl nix|ez
T YA AFT AZE HE ) RS
3 - FH3te, feiviet ke s fARE 2
ZAodM e 7 EAE FuA 2 Aot 2] $52 A

okg 4 gle.

A
A [, F A BA dd F713al
ZkA] ZFE (monitoring data) &1, Wlalx 229 o}
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w4 27} (multimedia exposure assessment) A}
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