International Trends for Radionuclides Management in Drinking water
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ABSTRACT

The radionuclides in drinking water have been regulated in many countries. In
USA, the regulation has been revised for over 30 years since radionuclides have
been regulated under Safe Drinking Water Act(SDWA) from 1974. Today, USEPA
is finalizing maximum contaminant level goalMCLG) of zero for radionuclides,
maximum contaminant levelMCL) and alternative maximum contaminant
level(AMCL) of 300pCi/L and 4,000pCi/L for radon respectively, MCLs of 30ug/L
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for uranium, and MCLs of 5pCi/L for combined radium 226 and 228. In Canada,
Maximum Acceptable Concentration(MAC) value for uranium is 20pg/L. WHO
revised the guideline value of uranium and radon to 15ug/L and 100Bg/L in
september 2004, respectively.

On this survey, it has been found that international regulations for radionuclides
in drinking water have been established and improved steadily on the knowledge
basis from the past decades' studies.
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1. BAG2 B

WAbS (radioactivity) o] &, BH4 3 94 9) UxEo] kg HEE =Y| HF 222 §

hAA PR Z 5 WA (radiation) S WEshs 48 Dot Aol E& YA

o AAst £ QA9 T 02, n&o] AFUAY 5E2 SN}, HAke] 3EQ W

EHBA, 2231 Zeky)A Fol oo &3h, o]el HAAS WEshe AEE 7 4RSS

M Aol B = AT S ke E4S WIS A (radionuclides) o1 2k

5o, AAANME $ehg, 2HE § vud GxEsE 2 0% ol2E 949 dAtdo]
aA

olo| &K William et al. 1983). 3, ol WA &F o]

=

F3ho] Aol AT Aol W adlol 7 & HAeAS HUATHRADNET 19%)

S’

2. TARS| =Y

AP 9] ¢ HEL DAz BHEte A 2 EAEY, F2 FEl(cure, C)E
Ak 1 Cie 129 37x10°09) 9471 $9shs WA B 9] kg Bt} 3 W}
%2 w22 (Becquerel, B)Z% YERE 4= 9lom 1 Bg w0 927} shR 23
AR 9] ke T3tk Bodt Cie 1 G = 3.7x10° B} 28 @A Atk
A o] A2 Ql3lE Hale YAt B e} o]E 9] ouixe] vlalsta, ¥
Atell ol A€ dAe] Yol A E o x| Re] Fa3t Mg Zg3tc) weba WA
ol AAxAd viXe AEE FAZ Yehly] AaMEe A e HgsA ¢47) gEd)
2 71 g 99t AR ET 9l

&% WA BHradiation absorbed dose, Rad)& 24 1kg@d 104 oviA7} 23 5E

AP O R Ao, AR zA e F& slsie 229 44, PA FF, T HHIF
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APAZRAL RIE § ol2] 291o) &3 HDavid et al. 1990). ©] 2= 2L 183l BHE Q1)
FE A F%¥(roentgen equivalent in man, rem)& AA o] =EE Y-S o) v]X= §7 HAA
o Sk A0R Aot Zole AW E(sievert, Sv) ©97F Bo] AMEE T gloH
1£ o 1g9) PRa WAIZol SFATHDavid et al. 1990). 222 FAo) F2 A-LHE

E A(roentgen, R)2 WA o] B2 EalabdA dojube AL ZAs1E= gt} =
HAAE Aoz JeRY vl ppmlparts per million) %+ ppb(parts per billion)7}
S E ARSE T QI Y34 et 1999).
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3. fokE ¥ 2= T4

Fehed ehee] BAAg e <ay Do Yehhglen, $ehse BU BAdeA 22
F 7 E9 BHUAE EA%Y F YRR A9 FH94E Fust Buz 248 4
fdoz Py gaAdaRee) Py 255 Yrla & & ok

<ag 1> ZRn, ®Rn ‘;—é PRne 7t7 PU, FU 2 PThe) $HAEREE AYEE
g #F(daughter nuclide)5< AAEH Fold SAANHE 83ty B4 #gld] o
3 SHALe] sEHH] tzﬂs}ﬂi, ojoll ojal WAIFHo] FA57] ofHrh o3t £e
AEE A e %Y ollE} S HEE sh= AIZNFR, A A e
2o Fas ¥erh(National Council on Rdiation Protection and Measurement 1984).
< 1>o0 AAE vpe} ko] PR PRae) WY B A A HAEe PRno) wkgt
71E 3829 % #2 WRIE M oY gL izl 2 Qe ghEe] BdAE BE nYa
o AR o] mEA TEEY, B glFo i dAFE QiR gEL a1y
2 AT JHsA g



238 U 234 U
45Gy 245 ky nes
234 pgm TR
1.17 min P!
234 Th 230 Th
24.1d 75.4 ky
mass /;-decay
Y Element
226 Ra hatt-life
1600 y
l a-dacay
v
222 Rn
3.82d
A
218 Po 214 Po 210 Po
3.05 min 164 us 138 d
214 8i 210 Bi
' 19.7 min v 5.01d
214 Pb 210 Pb 206 Pb
26.8 min 223y stable

235 Decay Series
235
U By S
071Gy e e T
281pg
I 32.8ky 232Th 228TH
21Th 227Th 14Gy 1.913y
25.5h | 18.7d 28p¢
wipe )/ v 6.13h Y
2177y v 28R4 244
23R4 5.77y 3.665d
11.4d l
L 2208
2190 54s
3.92s
l Y
212
pop 216pg Po
Po 0.156s 298ns
1.78ms 212g;
. I
i 2B + 1.00h
2.15m . A
212
ey | 27Pb 10 542\ oo
36.1m v stable § v stable
207'” 208‘”
4.77m 3.1m

&3] : National Council on Radiation Protection and Measurement 1984



4. A= BASEEH HTY
1) 0I=

19743 kg &85 (Safe Drinking Water Act, SDWA)ol $-2kg3} 718} th& WA
& (radionuclides) &9l THAIQte] WHEoizion, FAH oz U3} Y=g 749K National
Interim Primary Drinking Water Regulations)©] 1976130 x=2 F¥ itk 281 1977
| %3 (gross alpha radiation), 2+ (radium-226, radium-228) 2 beta & photon emitters
o] 7]&o] HEHMTE 1 T8-S ARy Adve $ebE, SHEg AlYsty, @E-2%6
& XFANA 15 pCVLE FA-sI9 3, eH5-2263 2H5-2282 &3lod (combined radium-226
& radium-228) 5 pCi/LZ, beta & photon emitters™ 4mrem/y 2 7R3t

I F, 19861 SDWAS] 714 we} v]=r 3173 B 5 3 (Environmental Protection Agency,
EPA)2 AN E A e 57719 AREAE 7202 FHETAQL HUF L4295 E &
F(Maximum Contaminant Level Goals, MCLGs)¢ €2t W8 742 National Primary
Drinking Water Regulations, NPDWRs)& 443531, 088 7ekela 7€z o2 v}
587153 B0l 7k Fhe 98-8 E(Maximum Contaminant Level, MCL)E A
Astsion, ol Edz 1919 A2 78S ASATHUS EPA 2000).

2 W89 FE s, MCLGs, MCL, #AA2]7]%(Best Available Technology, BAT),
EUHEY, B3 A8 AR ) BlEsE 30 So) AEit BE A EDY 2
% SshAdel 712 3ted MCLGE OpC/LE A4S, $2hol tiet MCLE $84F 2%
2 =5 HAEHA 9% AASAe A (Reference Dose, RfD)S 06ug/ke/day
(Gilman et al. 19R)& ]38t} 20ug/l. & 30pCi/LE A Sttt olu] e Eofof & ¢l
A= AV AF, HeEE AR 299 A 719 =(Relative Source Contribution, RSC)
2, 247} T0ke, 2L/day, 087 £324 Ak 1008 o] &35t Alokd $-elge] MCLE )=
EPA7} #7st= BATE ol8dte] At 7158 5= 3ol g AU dsidsse
(MCL)+= 300pCi/Lol 1, BATZ% & 7](aeration) -2 Al¢t 314tk ol ZE A ER
S IFEAZ B MCLGE 0pC/LE AAstgon a=e A3 2 5502 23 ¢sie

’

l

5
B7HE AR 1pG/L =& A 11079 98 $5¢ 1ejetd MCLS Adadt 8F9
3%, E-2267 252288 @etel 5pCi/LE TSI Y AS BElstel 2ol dig)
20pCi/LE dARsIth ddate] MCLS 2H5-226, gt 2 $etaS A9e 15pCG/LR =
AsFATHUS EPA 2000).
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19923 EPA= 249} 2ol o3 thulA] 933 (multimedia risk)-S Ao8t7] $3 v]&
3 22 A B AP Bt 71t webA EPAYA = 1994 2hEe] s e A
FAY & S ] A T oy AUEvIR A Ase A7 Yo
20¥E HE 52 nA T thfAoA e Haid 7t 2 vl 37K Multimedia Risk
and Cost Assessment of Radon)7} o]FojAoF gt stgdch

o] ¥ 1997 Ao 2 RE] A7 BEsly, B3 AWEy] o FES AAS: b
285 vgol #ste HUHE AAFHATE olE EUR 1996 SDWAZ 7|4k e,
199730 91d el AFERD FARMS BF Agsideh O T ol A AY F39%
o] el A 1991l At AUH MCL 300pC/LE 233 ehes eyl HEHo 48 #

Az FHEUN7) dEoloh. mebr] MCL 300pCi/LE A Fsith= 288 Wiz, 232 4
HAA AHEE A HAoh

¢

webA s EPAY 1998 2575 A Al(entity)dl] PlX= 988 Jasteids 84 B8
Z|(environmental goal) & TEAZ = = AAG Aux] £ g F2AQ =99 E
9E s HAtk o] 19999 2¢9ol= SDWA WAl wa} A 984 24 2 w4

¥4 (Health Risk Reduction and Cost Analysis, HRRCA)o| o3 W] &-& Wxsgn, 2o
& 3¥ HRRCAS} thull ] ¢k3k4) 4 (Multi-Media Mitigation framework, MMM framework)
of gk A3 E NFHAT T F7 RS w3 Brf gHF o QA S
AN, FFH R S8l A3t s #2AH FAld A es e 7]

ogo] =& AUF7ldl 93 =&& 74X MMM framework S B3 £4]8+43,
ol I8l AR e Hels B A £9L Vs ek 9o 2 WeES H=
Htgete] ehEo 278 SR A7 Yaide 7717 dsiA 19999 1€ Az Aot
1S SESUCE o] Ujg-g Aud glEog 9% A HalE L ug - HY B
N Z3E 1@st] MCLE 300 pC/LE A9k, MCLGsE 022 Agkaldeh. T3+ &}
A A A7) FY HEFERD BX] g FFEo2 AYFT] F9 BEFEE F
TR7NIA e & T BEEEE 18sle AMCL(Alternative Maximum Contaminant

Level) € 4,000 pCi/LZ A<t Th

19961 SDWA7} ThA] 5ol we} EPAE 20004 49 2100 = 28 3 Ay e
9 3= FA AH8-E Zn #EE 382 NODA(Notice Of Data Avallablhty)i’ﬂ T
ESHAT olojA, 2000d 129 79 HEE F S5 718 WA &2 (radionuclides)oll T
3 FRES AT st TEIYTHUS EPA 2000).

)= EPAE %2hs 0ug/Lst 0ug/Le} QA & A opr)HE AFEA] 23 xpo)7}



I A=o)M9] YeE § YAEEY HAFY 57

A Ao} vl g FUe neste] SebEe) #F MCLEA 0uy/LE AASATH
Ol% SDWAOHH ANG 83 71 R LonH8E T2ste], EPA7E 2447he] 9 48
teiA MCLGell Hojg 2dstA A d7bss £3589 MCLE AASES Sl A, 23

vl= EPAS] HRRCA 7198 731 MCLZ {l8le] WA E = Hojo] 48 ulg-g 49
Ae) A& AR} HEste] AP Tche Aolch 1 Aw, wheb A3rFEE $EoA s
A MCLS| ol9o] vlg-& st + glvty, dayks #ERte £ o 93d MCLS
SHeE Axstal glom, olgfd gg 2AZ & Hxe o7 92 MCL 30ug/Lo]

RS T S0, EPAE H]8-H gt opg} A5 Mo w2 o 7}X)
A, F e 2RI EI BAR RE ol eUksd Ay ARES mador gt
ATt $-2hE S0ug/Lell T3t final rule®] A4 £8-& 2003 12¢ 8UHH
A BEATHUS EPA 2002).
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<CI™ 2> O|20M BH=EQ| B2 AXI7|ZE HAIIFY

CoDo=—=Cz

NPOWR -EPA:Report to

-poposed MCLG(0), Congress

~MCL{300 pCi/L), (Mutimedia risk

-BAT(aeration) etc. 8cost assessment)
Amended SDWA *Withdrawal of
(MCLG,MCL,NPDWRs) the 1991 NPRM

ﬂ

MMM Program 1998

-SDWA

HRRCA

*Stakeholder meeting
AMCL : Alternative MCL BAT : Best Available Technology
EPA : Environmental Protection Agency HRRCA : Health Risk Reduction and Cost Analysis
MCL : Maximum Contaminant Level MCLG : Maximum Contaminant Level Goal
MMM program : Multi-media Mitigation program NPRM : Notice of Proposed Rulemaking

NPDWRs : National Primary Drinking Water Regulations SDWA : Safe Drinking Water Act

& 1 US EPA 19%. Federal Register 40CFR Part 9, 141 and 142 Vol. 64, No. 211.



2HE 9 739 <28 3>l A|AIg nke} 2o] ‘combined radium-226 & radium-228, Gross
a, BYAS} photon Al disiA= 1976119] MCLE +A3the AS FUl§o= gtk
19910l AIQFEIAY ‘combined radium-226 & radium-228'9] tid MCLE 22t 20pCi/L2
A AREHJAR g FAS gE A Aol vl E-gie] #E =AoFE 20009
‘combined radium-226 & radium-228¢] MCLE 5pC/LE A& HAASIA HAHUS
EPA 1999, 2000).

<8 3> 0I=0M Reks W 2kEel HesE fETIE B

‘ + NPDWRs
..1 986
« Amended SDWA

(MCLG, MCL, NPDWRs)

Published ANPRM
« Uranium MCL : 30ug/L

+ 226Ra+228Ra MCL : SDCI/L-

= changed to the current

- NODA radionuclides standards
« 20pCi/L each for
@ » Radium—-226 and 228

» 20ug/L for radium

+ SDWA

* re—amended SDWA

ANPRM : Advanced Notice of Proposed Rulemaking MCL : Maximum Contaminant Level
MCLG : Maximum Contaminant Level Goal NODA : Notice of Data Availability
NPDWRs : National Primary Drinking Water Regulations SDWA : Safe Drinking Water Act

Z3] : US EPA 2000. Federal Resister 40CFR Part 141 and 142 Vol. 65, No. 236
2) FHLIC

HAMER T 350249 AAEAS Yehie Sehre Zhol=Eile 19839 199
FH 3 L-5 % (Maximum Acceptable Concentration, MAC) 100ug/LE AA1E 1} 9tk o=
488 E7E ]85t olzh4(subchronic) £4 HdE€ & dx A Aol Weles
el dist NOAEL% 1.28mg/ke/day(Gilman et al. 1982)0l], B-8-24 A= 500, A3 70ke,



AU YFYHY Yz F YA UAFTY 59

4

i

= % $ehe] =2 AA(allocation factor) 0.9, A4 i &85 A& 150/day
& 488 Aol (Health Canada 1999).

a2y 1998 4€e] dd e did FAugR 49193 (Federal-Provincial
Subcommittee on Drinking Water)S 53] o] 7loj=glol e /AR &85 2 $dF
MAC 10ug/L7F 714t 2 A= oH, o] 0UZ AL HE o SANY 2
A% Aotk B4 MAC 10pg/L A& S48 A3l W43 82K Tolerated Dose
Intake, TDI) 06pg/ke/day(Gilman et al. 1998)3} AF 70kg, A HHF HEE A=
L8L/day, gHhAI 0358 283 Zlolth oj2id A9E wigoz 1989 124, $aH5d o
3 MACE 10pg/LE HE ¥ 33519 tHHealth Canada 1999).

ST g5 A Az g ule-9e] 24 A3E 22 Aokl MACE
A AFEHC 19999 1090] d9 SRR 2993 3] 9)(Federal-Provincial
Subcommittee meeting)ollA Al71€ JHES o AEsd 4eE F $EE9 7t
o=z Wpy/LE A o A sl o] FEAE $ehgol AdFd HA
(deposit)d]] Q&) F7F w29 4+ 9+ 4
oz & o g3td £79 T & £ Uk o] 3 001d 399 §85 F 2w 7ol
ZepelEs A4 g5 E(Interim Maximum Acceptable Concentration, IMAC) 20ug/L
2 474359 th(Health Canada 1999).

% 9194 3](Federal-Provincial Subcommittee on Drinking Water)¥ &4 2h=
el Brtell das g Aoy T Tl tid 287 AY gle
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2R, 53] 57 AT A3g Foe] Al AT A Fdol o Aol wis) A
o] A2 Ao AEAo) Ak tgo] Ahgrle] EAshe HESEE B2rE ¥/
08 Wi E ¥ 1~2% AE FEOR, AUFVIE B e xE2 WEE T HE
= A Rtk B2 F =5 YA TP g, Avthe 9 F BE
ol & MACE 4743 el gloke 288 Wdnh dil 2ui37] 39 e 233

TEE AU FAA e B8 A9 $EE 800By/m’ (=216pCYL; 1Ba=27pCi) 0.2 A

Aol sl s 2AHE ANST ek Webd, Al g F e
g MAC7} ofal Aoz AyElo] gIA] ¥ AteoltiHealth Canada, 2001).



3) WHO

g3
=3 %“301] ek A 5 HHA FAE Fbsle] AR 2uy/LE B4R
YollA Fehaol o3 I AEE HolErt S5t
3% E(Tolerable Daily Intake)E ©]4-3 4
sk O it Adene AzbskA g
1 71&stal vk 97)1A TDIQ! 0.6ug/ke/days 60ug/ke/day(National Council on Radiation
Protection and Measurement 1984)¢] & 454 #H(Lowest Observed Adverse Effect Level,
LOAEL)] E&844 A< (intra-9} interspecies variation)?] 100& A&3te] £&8tch
(WHO 199). ol A1 27 2 7|54ke] £4 57} Svjsitta 1597 fie] WHO
+ 753 %H(No Observed Adverse Effect Level, NOAEL) tiAlol LOAELS A3t AXt
190 E344 AlFE A&t Ftth o} 71EA7E vlsely vt uls)
LEQ o] f 7)ER] AHE Al i Eojok & ol & ¢y A 7)o =(Relative Source
Contribution, RSC)& 7]=ro]u} Fivictel 809%6(0.8)9F 9096(0.9) Z-&1.t} oF 108] *2 015
2183151 7] W Z-ol tHWHO 1996). shAIRF 2| 20043 9¥ o] T4 E = $ehEe] spol=elal
< 15ug/LE 7W% s}aiEHWHo 2004).

AL
o
Ao,
toby
S
2
At
o
2
=
o
e
e
X
e
Oft

m{m

e tE W P‘é‘%@ 2] a4 2 effective dose) S A8k dl o8] gtk
ol ghEo] 7tAAt i*i = 7o ol At sete 37 ] Fo2 MiEE A4S
7HA AL Q17w l‘:}(WHO 19%). 2322 3}5«] TAE AUE7I9e] AAA AgodlA 3
AEojof 3, o ot HAF AE Al 2 Hel(ol, B BY ¥ 37 Fo=
wE) S5 agsteiol stoha o ok =3 3}5«] 22 A9, Jo 2 2 FTH
3 2 o] A, Yol teksr] wiiEel WHOA AnsEE AAse AL
719 B7bsd 202 B3 QJo(WHO 1998). thgF BE QG902 RE wils: gy
TES T =FFL F 01mSvEA ol AAAQ F WAFs =F %9 oF uke AA]3)
T TR B3 9t oE$ mEHY 01mSv FAEE FFL =] Y3 o) 7
T 8R0E0] FAA LR T2 7 o HHsA HrlH ok 31, o] & e BTH
A AHITEE B3 AEE 2XE HIeE stz gloh T 2043 99 o] FHEE &Y
7hol=241E 100By/LE 7R3 THWHO 2004)



U Y=o Yz F ST HATY ol

4) LAE 220}

o2 Q13 7]FH] = = o
2 F7Ho, AAY FF0AN 2AHY, @ a5 EE S =E3HW A% G35
F ol ZASI £E2H $-ehgol 383 54 gl

gt 7%11 20ug/LO]tHNHMRC & ARMC 2001).
e 2EH Yot HeE FFAA tigt ZE AL A87) v|EEt A BAFE

& A8 estn QA Fo AAolth, Tk Mg YE AlF712e) ol HE 2
RGP weistel WER F hEo] U 712 27T00pC/LE ALSFAHNHMEC &
ARMC 200D, Aks 5 45-49] Bol A4 2 Ael, o5 HAoI AARAL A% =
7H AT A% dgstel YR olg Ao o] Wl WL FAtL Yok

o Theol tie 71 EAE Wi 3 g AAll g FHe v1A B2 sdeiaA
RTHE AR AhE7] 3 SEY FUelo] ARWH AEAA| DR YRR A T F

ghE 1 7%t nfe Bk He
FE9) 4% 2HE-2267 FE-2288 AL £ YK FEE A Aete] w20}

135pCI/L o]l A% A3 =S o1, 39 44 71&X = 47 135pC/Le 2 AR H

Aok oht Mueke) 527} 135pC/LE 298t ASole 543 gt 2 #dnbd wE
A3 EZE ZARMHNHMRC & ARMC 2001).

5) AQUEt

29 g PAPA R S A A(Swedish Radiation Protection Institute, SSD& ZellA <] &
=02 Qe ek HBl=E Hrkshs 7122 VIS NASS 4 A#7t M Aesita
AT 2911 AA A & F ghEoR A3 A= Hrishy] A% Awe AET F
thEd Wrlshe A-ro A8t @43 2EIng, F o A4 e A8 1o 29
g 271 M B2 A7 29 Aolet sFHTHSSI 2002).

HeE T T BESEE o L000pG/L F£5old, B 4% | Aekr 9 3% s
© 270~8100pCI/L A%, dihs §oJX W $E9 49+ 1,350~13500pCI/L A =(H



FE 2403000pCVL) 2 ZAE B} Ut

olglgt HEE F FHE HIYE A 1979 FHAEPHE(National Food
Administration)2 #HE§%& 2,700pCi/LY A1 XI(Action LeveD 2 A4+ ol 33
B diaiXE FAES 24T JiQl FAE gt e A (advisory level)
o2 Agdrt old we} gREFx 2700pCi/Lolste] Adke AHE 7t 2,700~
B9 A HEEZANY AME FRE Fnstn Yok =7
27,000pC/L ©1%% 3}501 HAEE AolE HEg24 AH-S X381 de Aotk ol%
tEo] 7P Fexe] Ay g g jdsir] g3 el ds 9748 49t
A=, AL £ Fo gES AdH o2 FHAME Ul F7IU 7Y AWETIE HEHY
AAZ QA vX= T2 HFHE T3 e wFo b8 3] F HES F4E W U
A7) gol}.

096 M) FHARE FAe] Bk ollel T4 o s} shis) S ARGHES
Sk el 83 AYE FRNME MCLS 50068 Wi B4A14E v) 3ot st
NEE AHFES 1, A2 ool MCLY 5096 17kl FHAHE o) 6o 174

ARE AASL, DA BT 9o S AR APE FES ahn ok oW Al

AH ARE Aoz HFHY) Ao ArEe A AHT
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Abbreviation

ADWG : Australian Drinking Water Guidelines

AMCL : Alternative Maximum Contaminant Level
ARMC : Agriculture and Resource Management Council of Australia and New Zealand
BAT : Best Available Technology

EPA : Environmental Protection Agency

HRRCA : Health Risk Reduction and Cost Analysis
IMAC : Interim Maximum Acceptable Concentration
LOAEL : Lowest Observed Adverse Effect Level

MAC : Maximum Acceptable Concentration

MCL : Maximum Contaminant Level

MCLGs : Maximum Contaminant Level Goals

MMM framework : Multi-Media Mitigation framework
NHMRC : National Health & Medical Research Council
NOAEL : No Observed Adverse Effect Level

NODA : Notice Of Data Availability

NPDWRs : National Primary Drinking Water Regulations
R : roentgen

Rad : radiation absorbed dose

rem : roentgen equivalent in man

RfD : Reference Dose

RSC : Relative Source Contribution

SDWA : Safe Drinking Water Act

SSI : Swedish Radiation Protection Institute

TDI : Tolerated Dose Intake
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