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Abstract

As the NOAFL of copper based on liver toxicity in the human body is set and the TDI of
copper is lower, it is necessary to strengthen the drinking water standard of copper according to
toxic effects and the TDI of copper in humans. It is difficult to calculate the accurate drinking
water standard because of the part of uncertainty for chronic effects of acute human with
Wilson’s disease and baby in the current studies. In order to improve the drinking water
standard of copper considering of liver toxicity, it is desired to set the drinking water standard

with concerning of the revising tendency in the foreign countries such as US, EC and WHO.

Key words : NOAEL (No-Observed Adverse Effect Level), TDI (Tolerable Daily Intake),
Drinking Water Standard, Liver Toxicity, Copper

LA = SICHWHO, 1998; AAVKikif &, 1993).
2006\ stold 2 wheA] T4 34 ol EAI=

) A FE A7), BRI, pelel g el maEWA Tl ot oA
AZAR, A, o] £R) T 5ol 9 A ST A vRE Sl dhstel =g

SHAL Jlen, ot Htol| wisto] WA, o] glo] fth, wls EPA HeE $£E7]182 1.3

ibdol sz wiiell 7148 st o 2 A mg/Lojut oA F271E2 AEA A
E3 Qe EoE 2 SptE ofFAIA, AetAl, Aol it 49 Aessa 2ste] 2 &
AzA, ASA, A, =uA, d9R, A4, A= BEREEE 18.0 ug/L, WI=EF=x 9.0

H7H, AFA7HAIR Q38 de] AME AL Hg/L(EPA, 2005)= HiLstal ek, wpeha] g
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AY TR g £871E g SR
o WY BU WoleS B FHGFPOR /2
A% o vl ARt gleh SRR £33

pze)

710l A HEF ffste] Fel9f TR
Ao QA grom ot el wiEe]87| %]
A A0l 1.0 mg/L, 7k U, S8 A%o] 3
mg/LE A8t Qlet, feluet veE A7
A7FRel et AnlA 4] F 7K S 1
goto] F2jo] A9 HnlA FFgEE w3t 7%
S2 1 mg/LE st Qlek. o]e} Zo] FZ ¢

ar

o AR A wAl= 8 =k A vl A
= FeE 7e) g3etd gzt doju 4ee)
A At W0l AAska 9l o (ATSDR,

2004 : EC 2003) frH Aol A= Afghef 1+ Asl
£ 272 A&H NOAELS A-g3sto] A3jAlstas
(Tolerable Upper Intake Level)& 5 mg/day
(EC, 2003)2 2|7} Akl gt 7t AsiE 2
2 AARRS 2aN71D o) A9 $ad
zroz PE7} ET g Aolt, Heta & 1
oAl Ul% Aol 29 faidS Ed
FHAFe] gt Folet g A7
= ARt fEuete] W £E7]
& A=k} g,

1. 848 Y SRE0A 722 2HSHE

TFe= A7 Foll 55 mg/kgHEE
o F5F(CuFeSy), BHe3(CusFeSy), &%
(CugS) ol EAstaL qltt, Egolr+= 2~100
mg/kg, AAT Fo= 0.2~30 ug/L EAZHH
KoK G, 1993). AA AdEH EolA Hel=
1~2 pg/L Aoy, A& pH, SOl 5%, &&
Ak FE, 2% Hid Ao wheh teus S
gl EollAl E7F = mg/L7HA] HEEH 124171
A HeEoAe 2L 22 mg/L7HA] HEESL
CHWHO, 1998). 12| A& F27]olA = 1
207 7}GA] ]9 §E7Fo] Eopxint,

A [ B| A=uel [A9[H2]| @z
A& 10.019] 0.009~0.047 | 7€ 10.037| 0.001~0.438

F-4F10.010| 0.007~0.016 | F5& |0.022| 0.008~0.320

i 10.000 0 210,039/ 0.008~0.482
213 0.000 0 A& 10.022| 0.005~0.156
2 10.009| 0.009~0.009 | A 0.034| 0.001~1,000
o 10.000 0 7% (0.030] 0.006~1.000
24+ 10.009] 0.009~0.009 | 7' [0.019] 0.008~0,242
771 10.026| 0.008~0.127 | AF |0.017| 0.017~0.017

B 0.02| 0~1000
A5 AE 2006,

AE FollAls SokA] a7), =A%, Fokx|Y
7to] 10~100 mg/kg?] #2022 2|5 Wo| &
sta glow 23 2 A¥ FE FEE 10
mg/kg ol THHL QloH ofu FRol= B
T 07 1~2 mg/kg?] 2|7k FfrElof et

20064 A= Aol £5E FHEEE A
3t A& (http://www. waternow.go. kn S B
F29 Hat FElEEe 0.02 mg/LoH, HEHE
+ 0.0~1.0 mg/L& AN o] thiE +47|F 1.0
mg/L o|Wach whHol 44347l = e
thgt 7]0] AgEo] 917] ¢b7] widel -t
FARNA ] Frze] gt AN B2
orth Z 20079 A7|=EATRAATLY A
ol w2 grebdat Sk f-oollAl el 9]
SE7F 5.8~6.1 ug/Lel H$IE T2 AR} o
2 A dEbeH A HA s oF 0.3~
3.5 pg/Lgth. dE-L 2001d=0] A4 55237
Z Ao =& 47|52 1.0 mg/LE 52_.\}3
et 1 olf= A ARERIETE A2 b
oA =s AF sk ui A ol A ?LWP &=
E917] Eold AR £EE] Yl ofd
AORE ZAFEQITE Ygolld= ¥ 5,206 F 7]
Z4 1.0 mg/LE Z3et= A2 gloich nl= 7
& Aol A Bl ASE $2 07 0,01 mg/L o|5=
ol Qle, AlA|Y] 8 s o] B+t
20,005 mg/LO|CHE 2).
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2. M 2 XA4E 72| SRA(EIR)

T+ = & (mg/L)
A5 RS2 0.008(6)

3y 0.003

s+ 0.005

A& L ARK , 1980.

2. 7alo] SlaHA
S MEEER S OPSS
A 7] 3

53 @olo] o3
L asoR o5, 2o

»e

XJOﬂ Wo| g3kl %E}(E 3. 15 TLEH| A
5 ppm9| 2|7} FHrE o]
g% TA T8 wke JAY B
0 ppmo|H &= FAELE 0.1~0.2
ppm®] 31, PAL 0] 42k 2~3u] STt
Tl A}UL% SojA % U]Lﬂf')fgl/\i =R

linking), &4k} Hroj7] Z* ol XL‘Q‘E}E}(HZKV s
LEE, 2003). B3 28, AlEZGx 9 F347 9
T2} 7]50l wf- Fag Zaao asoly 7|g
o ghol|x g7t BHRAXHCofactor) 2 24
gt} 2] 2ge] wet dojus SR Rlge
AR of e}t FEoAE Uehs St 1
2y BYAF Aol WAAE, &, A5 9
A At 7 A Ao 4ol dojdt
QAN A A& Foto] k= el 25~65%
2 Zrbe AQRlolA e S BAE
o Aol ot oh27] wigel FeEskE —-—ﬂr
o 7 At ERE Y= oY I+ 5§
TolA el e AAES 4 4
23.9%%} 21.9%Ac. 419 D fd%ow %3

pglkgAls)ol Basit, dutdow Aelol 4
TFeEeFS 1~2 mg/kgAlFolH, AlAote] 7
A & 8 FHFE 4~5 mg/kgdel 2 o] F
90% ol/do] toll EAgte}, Ao} 7] HelEe
 AET 6~108 AT S 371 52t A
6]—];]— 011:1]—14 og 6:]2]—,,] :rLa]lr_E: 0.9~1.3
mg/Lott, o]F 5~10%= ¢Fulo] ZAgs) 91,
90~95%+= ©l54d A=A T AERE
A1(Ceruloplasmin)@ Agtelal ot el
7 P0ﬂ/\1 ZF2 F£E 2y 2(Metallothionein)¥} 2
ot E47152 2= 2t Ags|E gt
WEVPFHJ TFeol&e AR} et 27
A]2(Gulutathione)> 2|4 e} 2] FFejol&Z vt
o0l 4FATS e, sl 2] 1 mg A
< NMEREARY} dgste] 22 0= olFs
T2 oo widshe 19 A3 0.5~3%Rt
o] 2102 W AHTHWHO, 1998).
A& Feol AU 3 +
= A9 F28E 1~10 mg/dayd] =2 AEF2
2 712 AFst = faligt 9 sitkIoM
2001; WHO, 2004). eJdlo]7} &712t #%
Hrt A2 S AFoHA HH YUHEE RIE, &
S WA A wo] 271 geks o A|et
(IOM, 2001; WHO, 2004), 4491 ofglo|Hr}
2] Adg5ol diste] Widel ek +8E 1~10
mg/day A2 AF3HH Wilson® AL} o017
of Fg] HHFY dFor fAFCR Ay
S frofelAle faligt Fakel S 4 AUTHUS
NRC, 2000; WHO, 2004), Alzl=tell A Feje] 3=
2 AHEE 24T Eolot, gRbAow Aol
g AFFES 1~3 mg/day HolH(IPCS,
1998; TOM, 2001) HIEFR/mU[H B 2A 9] A}§-S
2 9F 2 mg/day2 S7F Aotk gL i

O RA Aozt 9

AL 1Y FHHAHFLE 1~5 mg(1¥ 20~80 B Ao A 0.1~1 mg/dayg AAIFFCHWHO,
B 3. A9 HIS0|A T2lo] 2=
o a9 | 25 | 9 u A | | s | A% ) g
x(mg/kg) 1.0 - 0.8 5 3.5 10 13 2.3 0.5 16

A5 L AAT 1, 1980.
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2004), ol T FhH SR G 43}
HOB GAE TAR B Aoltk. T} o] B}
2k o

Cl[o

L AlRro] 24A)7F A HES 2alels SRS A
e o oo vehfe gk e A
—40}04 of gttt 3 mg/L 01”—4
FEE T 1 LY £ 19 2 I Yrof oA
= A 2} 3o UWL Aol & F= FUsh]
ot #9954 FEEY R ddE
9] F5ol weh LDgso(RHrA]AR)FEo] Th=th(H
AFAESERE, 2003). Feteld] 4 7]votw
T+ LDsp7t 15 mg/kgAlF0] i rat= LDso7t 65
mg/kgAlFol™ A E= 250 mg/kgAlS(El
©), 20mg/kgAlEMH-2, LDjgp)olth, 491 74
T BAXARES 12 (27h2 A 50~500 mg/kgAl
Z oln, & 60 mg/daydFsHd 34 7+ A3l
£ 25t Aoz BuEa QItIOM, 2001). :rL
2(27h7F 30 mg/Lolt e HeE, B
How & HAL HuE o7& 4= Qloh %ﬂi
=9 A5 144 o9 mAlEAY D&l ¢
ok AP SATEE 7IFolA &EE T
(F2L 6.8 mg/L)9] Aol o3t Aow FAE
Al Ay o}7f 101 :Ilg] Ao 10812l 90
ug/kgAlES AFoHE 1SS 4o 4= Utk
19829 JECFA= 79| +=54do] tigt NOAELZL
2 5 mg/kgAlF - days <AZ AAHSRZ 0.5
mg/kg%5 TDIE AFHESFATHJIECFA, 1982).

0|2 tet di

S H oM

23] o zo
= oo 490 el g0z Aok Aoz
HrolAITHaE 4), Seluebe Beg 7)2e A%

. (ol CHE Z271E HesE SEVIE 9 70|zt
= 7} 7|25 % (mg/L) T+ A F =7
S 1 Au]4 7]& (Aesthetic Standard)
e 1 A4 7)&
MCL/TT
A771&E
u]2 | action level=1.3| * |Z (Health Standard)
1 Alu]d P117|12 (Aesthetic Guideline)
WHO 9 A7 A=
=Y 2 A7 %=
ek 1 Aud Yar|e
sepa 2 A7}71% (Health Limit)
1 AJul & 271712 (Aesthetic Reference)
% 2 An)A 712
e 2 A7 Ar)E
1 An)d Har7|E

MCL : Maximum contaminant level

TT : Treatment Technique Requirement, a required
process intended to reduce the level of a
contaminant in drinking water

1% 247 2 mg/LT 1 mg/LE 2% 443}
Ak, =2 FEeAe] Aesks AAEA 4
(NPDWR)Wol 2385 == 1.3 mg/LE 4

I A HIAIA ] 7ho] ERIINSDWR) o) AlH] 4]
ko g a2 2 mg/LE At it weba
g 71&g Aotedl 384 A2 A5 9
= 49 125 1.3~2 mg/Lo]aL, A
t‘g:% E;]fﬂ— EH"E 1 mg/L*E— ;(4_9_3]._—;]_ (e}
. 1% | SEuhekel dio] 7 vE AnjAQl
2 1 mg/LE H&staL oy 4 7&

A7) wzol| el=rof wlste] ek 7]

2. HEE0A 2|2 ME AR

ARE RS R AR Heed Eow A
F3ht, Lﬂ%ﬂ%&ﬂw del 19 Hat e ARk
1.2~1.4 mgdl AR XAtEgloH nl=<l 4
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© e o] 2~4 mg/dayeltt, 2001E0] H 20059 A= o] 10 mg/dayeltt, A2z oZ
= ey AbetelstA LA (IOM)2 Copper =, 9 SollA Al 7 Al SAR A

GluconateE Folgh AFe 1 AellE ZAR 4 NOAEL#E Htg o2 dAAdgS 242 10
%% NOAELZ 10 mg/day(Pratt %5, 1985)9 & mg/day ¥ 5 mg/day® AL F-2]2] HAA
g4 A4=(UF) 1.0 A-83to] tha Alof uhat 4 HFE ofgF st oy 170 d4 2= |
HAAAHULIE 10 mg/day® Astact oy £E 78S wabd 9¥es Agse g

Felg 3oy HASHA /L Qolutm galel gl
AAAETEE 10 mg/day O Rk, DA

& £29] 1.5~3 mg/day°llA 0.9 mg/day o2 W 3. H=S0M F2le] 7IE4H
Zo] AABILHIOM, 2001 ; EC, 2003). 1) AlujA o] gko] mhE 27
= NOREL L J0MERY g gy T ol Tl dou S ealoA
, Zatato] 727 A5ehH vleel 244 2
20044 v]=r CDC(Centers for Disease 2 7] olol AT, EF o]E7} A 3}

Control and Prevention) At} ATSDR(Agency
for Toxic Substances & Disease Registry)> ©]
2t A4S e 99 ASY 4= 0.14
mg/AlFkg/dayE AEste] EEs3lct £33 v
%ZQZO%)%}]PM&Z(}E%) %;jé;}% 374; %ﬁ,—g] ‘\3\}% I s s AT

- _ EAEE, 2003). e B4 890% Y
AH2E NOAELF 10 mg/dayel &34 A .

OARLE 10 merarl B 1 mg/L ofslol Al wAE 4 ek, Yt
(UF) 2.0 % gsto] AHERTE 5 melday® o 2yo) pam 420 sEnr} ofd: Holo)

AMBHR. HAHE A7} ot o]5: Fofoll T B
NOAEL _ 108y _ 1oy 24 A 59 2L A7) A 1 mglL
oJst atsick
2 F7polA S FUBPHAFE F 59 2o]
=, AAdths 49l 10 mg/dayel2 $ejuetE

UL =

H 5. 2= Fo| HYNHE X HFAeR
= 7} d BAFE 2= (mg/day) HZHHF (mg/day) A3 (ng/day)
WHO # of 0.05/kg A5
g 0.02/kg A%
AR A4 9 2.0
sz 1~3A4] - 0.34
cord Ay | 484 - .44 E
A ol - 0.90 10
1~2A4] 0.23 0.30 2
©aa) 3~5A 0.29 0.38 2
(059 7A) 6~8A] 0.34 0.44 3
g <l 0.60 0.80 10

1) ol=r ;A& 9 U4 3] (The Food and Nutrition Board of the Institute of Medicine)
2) S-Eutet shrokels] AadehF 10 mg/d2 ARES o= 3 AollA IEAS 54 $UHe=
NOAELg}oll A AFE(UF=1)

ol

Fol ARt
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2) 23 el ol g 2A

2o A =44 R il
9 &F-HeEE ol Bagt JHEE Algshe
IRIS(The Integrated Risk Information
System)?] A&} HAs (Health Advisories)e] &
& & LdEdo] tigt A7AA (Life-time
Health Advisories)e]l w2t @¥hA o 7]& 4
EE fleiAl 714 aefu]E el NOAEL, RfD, RSC
ARE FHslojof sht of7| A= ol tfsto]
RfD, RSC s A&7t glon ddad &7 5
DERIA oz BREA Be)E EF6k 9l
o}, IRIS &7A] HlEH=4=d &, CDE 3
ol Bl ok ~A7E A% Al I" 13
I},

nj=of A EPA A9 o]A 9] 7] 19254
o= 0.2 mg/L, 1942'@°0= 3.0 mg/L, 1962'd]
+ 1.0 mg/Lth ©lF 19709l 1957'd John
Wyllie A% “Copper Poisoning at a
Cocktail Party oA 4t&% HAAFFrE
(LOAEL)? 5.3 mge o7 = th& 4o wet 42
7| 1.3 mg/LE BAS. of7]4 &2
e 2= At 1 ol 27t Aol 54
E2] bl v E ] fPgAlso] YAIAS Ao
Aol A Aol A 5.3 mgol] 7 W& Fhol7] u
Fo|th(Fitzgerald, 1998).

m o

WHO« 19934 o] % &
A EZAAE Group
Group 2= AAF
Aol el EwE
Group 4(AFEe] 9o
EREU el o7
=Y HTEA
U, FA(RfD)e} 54 7del ¢
(Tolerable Daily Intake; TDI)} HAY
(Lifetime HAs)®t F¥g HiX(Guideline
Value; GV)&t &ol& AREH}, ffsid571 Aut
of Zagt 7| mapdl dd S8 AFHEE 7Y

o

427 hdh=a e

olgl ol kel

4

=
o-Ql % Aor=4)
), Group 3(21x

shehed), 1

e

i)

[e]
e = o

il
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2
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NOARL L LoAmL 77 | | SUAZE TASAETE olgsiol $480] efub 71 NOAEL), 48]
UF A% S=— A FACNA A, AR SR e fd a1
| RID A | [ RfD = NOAEL+UF |
DWEL At DWEL = %ﬁ
| Life time HAs (MCLGs #4b | | Lifetime HAs = DWELXRSC |
| MCLs 414 || 9urEo® MCLGs=MCLsolth B4 52 1efste] MCLs 4% |

=2
1, HEAY SHSEO| et H=sE +EVIE AYER
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mg/LE 471993, Abgol gt A& RF£o8 &
A AL712)sHT 2 mg/Le] HHel71E2 19729
Ne WFeE & A4S Z3hste] ol 55
Q310 o7 ofx|7} Qi 7He] Aol ys)
o] WHOOIA 53t -4 F==(No—effect level)
2 AA| 7holeeiel AALbAol A AREE Ho] glo
L JECFAOA gt 24 A dY 885
Alggt Ao Helr, 3 A &843E 0.5
mg/kge 29 Bt AUHFE 2~3 mg/day°ll
sigshe Ao AlkstAnt. wheha] 19989 WHO
+ IPCSollA He=e 5 fels=et AFde] o

A Aol ZHoAute] AL HlEro @ Aolo
et A AHABERS 2~3 mg/day ©]4¢l AL
B AEZ Wy, o] wet A or A4H 2t

9] 2 mg/LE = ARESh= A
u7)12)8kleh 22y 20049 el WHOR
T Yew sEok Abel tigh oA Aol &
Ao A 8] 71 gAY AAE v o2 AT
ol & 71202 Hi171ES 2 mg/LE FAI5HHA
A FediAE 2 A dete 7lEg
AHAREFHUL) 10 mg/days 238U A
Aol VHE JaFE ekl JowA miY 2~3 L
o] 21} FUEXAY ALE, AFORRE Y e
AHE sl&stolof giri ek 71 A At qlok
(WHO, 2006).

oz AYEA

SR S )
—Ll

TDI(mg/kg/day) X | %(kg)
Q1 o] W& A Z=KL/d)
xBegel 7l
05x60 1

= T X W =15 mg/L

=20mgL(WH2#)

WHO‘_{LJ_T’_7] —é =

]Iﬁ-l

A 33 WHO 7l A4 FYsHA
9lom AES 60 kg thAl 70 kg O & Bl
2.0 mg/L& A3} @Itk Australian government,
2004). E3F FHAY HAHE 93] (Scientific
Advisory Committee of the Commission of
the European Communities)E HeaoA 8]
of i3t 54 BV A7 FEUOIE} E5%

[¢]
e
Agstn

HAF 1~2 mg/L $:50] 3§ 715319
+47]%&Directive) RHLE 2 mg/LE
AoZ AZS Yot

. TDI(mg/kg/d) X A 5:(kg)
SFUILNE= G mm = 92 2KL/d)

22 T
Heme] 7o e
05x70 1 .
:TXW =20mg/L

1 9 Sidhu 5(1995)2 "=t 1.3 mg/Le 7%
B350} B3] o]glolof|A EFEatrtal Bl 19574
Wyllie o412l 5.3 mg(LOAEL)o| 34 7
410 Agsto] AF 70 kgt Y HeE T
aejsto] L2|of HiE *1'71 = 0.3 mg/LE
Ajtstg ot AAUHOR fEFoA] of
F438)7] o E3F At o g =To| 9=

7S

Wyllie 2218 1|2 AGE HollAl =2t of4
7t sl
V.2 &
WHO, "l &

& Aol gt el 34 54
& AR Tl UE Hew #A7ES L
mg/LE Aohal ot} o= vl=, 99T &
ollA Aol 2t AdlE 2= AtEE NOAELS
Hig o “H”f& % Zk2F 10 mg/day % 5

94@%%&(101\/{)01%1% ;Lau AN B TN %s
9l 1.5~3 mg/day°l A 0.9 mg/day o2 W& 2
darshar Qlek, webA] Abtol thgt 2t =2 7
g 5+2] NOAELO] AJA %L 2] =/4dof uhg ¢
“H%‘E% wSre éAM Qon®E 3 M
4 W*SHE“’ Eﬂli N 7S et

Q7 e Qleh, 2 A

c A= HET 2 il
A asp7)o] digt SR T 9] Y3l w
AA7F s ALE YERGAL Q1o froht e
g AR 71 AR Abel] dish g71ke]
Folle =t F2o] ot 3lof Aot 71&A]
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2 Fohe vl AAEAA ofeie Roz
chit, efuebs Anld RRAR AAlE
ol 2 mg/LETH Z43He 1 mg/LE A& 8}3_’ Qo

oA 91, WHO ol o7 2

=
0}@1 47 lﬁg 70@'3} = &2 4

o of

NOAEL(No-Observed Adverse Effect Level) :
_,,]]:H ‘:'/'G-‘Q.E]:

LOAEL(Lowest—Observed Adverse Effect
Level) : A28

UF(Uncertainty Factor)

RfD(Reference Dose ; 2113 i
7MY o Fa8o] §iE ALY F%
£

|
==
ne
X
=t

HA

it o8 THEA sERIDS o
Z24

TDI(Tolerable Daily Intake) : ¥ 41534,
RfD9} 22 oJu| &2 AR

DWEL(Drinking Water Equivalent Level) : §

B ggaz 0dBAo] HhES £

/\1”} AFE AS e FAEo] dojuA
ol—.g L= ;(1_,] _1.-_5

Lifetime HA(Health Advisories) :
HeE oY ve 3RS 3}
HAES dOo7|A] o5 Ao 24 5%

=
RSC(Relative Source Contribution) : At.2

fox]

A}
2 7lol%, Q@R FFL 0)F 4 U=
e wEAE SN BRPE 43
7ofg

JECFA(Joint FAO/WHO Expert Committee on
Food Additives) : WHO/FAO &% A&
A7HE £l

_

FLEd

737) & H A9k 914, 2007, WW*%J_ AR
bol] thgt A Zof 2FF AT ILA,

S35, 2006, Alo|HA4~Hhttp://www. waternow.
go.kr).

S, 2007, Heaw AT ARAL

ATSDR(Agency for Toxic Substances and
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