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2007. 3 IXY 2| I Eds-IRISEZ X1
| R(S) ¥ 1 SEE 0. E2I2ZZ 0
(1999. 8. 9 W) 1. Hsg
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3. 04 ¥ 10 see 13, dals 2 1 e
4. 22 2 1 sEe 14, wa
5. Alotstgre 15. AbeistEr A
6. RII0 32 16. LE=ZZHE
7.6 32 B 17. LI-O2220Ed
8. JIES 2 1 siee 18. 222 S(2006. 1. 6 HEF)
9. HHEAZZNE 19. 1,2-CI22 20l &
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oSt (SY):N.D.~134.86(HZ 4.74)
- O.4~13.43 . 3.8~195 --61—_}2;(%13!')' N.D.~9.59(ICI>;'E 2.66)
o« (Aej2gel) (B 5.8) o542 N.D.~5.19(H 2 2.31)
ST 10 ST | s a2t N.D.~7.20(B 2 2.11)
(we/2) nZOtA: 0.86~6.54(H T 3.
(H2 X ) : f‘; 0.86~6.54( 3.06)
BH25(EY2): 0.82~5.33(H 2.63)
«X32: N.D.~ 240.8("H = 12.01)
IPCS
HSDB (Internation
=3 (hazardous al Program '04~'053 £ 83
substance data | Chemical SUEHZ Z (NIER)
bank) Xt& Safety)
A=

Q 4wz FelsTIH 010l +HHH SBE FUUA= &=
0 OI= EPAGIA Higtet 12lo| BB I|E 1454/ L &
JIES et SH

/ - OI= EPADJIE 1.45

[ [
T TEEa2.0

H

B

oo )
=

B2 e ponin] 5.0

= Relps g

=2 28.7

|
.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

4022 s
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d 3x7} FExF S50M2| F2|2] £H0| St
Q CiREL| F= X0 OIE SEEFHIIE AIMAE 0|18 JIHE2E XHE
<E> 0IFUIM 3| & F2l2] +EEFI|E(Ye=4)

quy= | BESHIE | HLmyYIE 0528 [Hr ol
= (ual 2) (gl 1) I &l 1) | 2T ol 1)
ol e 13 9 4.8 3.1
ldaho 17 1
California 13 9 4.8 3.1
Louisiana 10 7 3.63 3.63
Mississippi 7 5 4.8 3.1
8(0.9422
_ (0.8545 [In(Hardness)] -
Alabama [In(1H7a\r9neSSZ] 1.702)+(0.96)
"el0. 4
_ e(0.8545 [In(Hardness)] -
Alaska [In&Hg\r?&ess{] 1.702)#(0.96)
"el0. !
. _ e(0.8545 [In(Hardness)] -
Arizona ['”(1“73{92{*5;] 1.702)*(0.96)
rel0.9422"
_ _ e(0.8545 [In(Hardness)] ~
Michigan | [In(Hardness)] 1.702)*(0.96)
I‘Hﬂwrmmtﬂﬂﬂ HHHHHHHHHHH emegézz HHHHHHHHHH Iﬂgmleﬁéﬁﬂ[lr;‘ldwgmﬁllﬂﬂ_ﬁﬂHSHHHHBHHHRBHHHEHHIH= HHHHHHHHHHHHHHH

Q FSOH1/22 T JIEE HO 1/2(48%) 24;
@ A - @ AOIAE 45% 24
0 Y0l M2 +EIIFQ B3t 2

<H> Zx0]l CHEt S~12] SE2| AldH o)

® A o

Hardness | .10.94In(2%)-1.231,, | l0.8545 (in 2%) - 1.7021
50mg/ 4 11.56 5.16
100mg/2 22.17 9.33
150mg/4 32.46 13.19
325mg/4 67.14 25.54
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<IH>

230l gaE0| PRlsE IIE

o
A

0l= EPA*! | Sg*2 IHLFCH*3

st
(ppb)

% AT <50 ppm

»13.0 (B4 S = 2.0302ER) ~6.7
o) 4.0 oGS
» 0.0 (HHSH) % AE =100 ppm

= 4.0(302EZ)~11.4

#%1 : Current National Recommended Water Quality Criteria, EPA

%2 : Overview of quality standards of the EC, the international
river basin communities and LAWA, UBA

%3 : Summary of Water Quality Guidelines for copper, Ministry of
Environment in British Columbia

=
= lwhor|  ome | EF | MIT ) am 5
o« " 1.0 (HAAF)
=) . =13 ([]l[_-"_/l\_EI._J'S) . . . » 1.0 .
S 120 Ja13EpAAction W10 | 101705 L anay " OF
mg/4)
Level)
%1 : Guideline for, Drinking Water, WHO

2

3

%4

5.

6 :

: Handbook of Toxic and Hazardous Chemicals and Carcinogens, 3rd Ed., Vol. 1,
Marshall Sitting &, Noyes Publication, USA

National Primary Drinking Water Regulations, EPA

Environmental Quality Standards for water pollution, Ministry of Environment

in Japan

: Consolidated TEXT of the Official Publications of the European Communities
Summary of Water Quality Guidelines for copper, Ministry of Environment in
British Columbia

Joint FAO/WHO Expert Committee on Food Additives
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LgEd BPT BAT, PSES NSPS PSNS
2 O] @ O) @ ® @ O) ®
IHES 0.69 0.26 0.69 | 0.26 0.11 0.07 0.11 | 0.07
38 2.77 1.71 277 | 1.7 2.77 1.71 2.77 | 1.1
T2| 3.38 2.07 3.38 | 2.07 3.38 2.07 3.38 | 2.07
o 0.69 0.43 0.69 | 0.43 0.69 0.43 0.69 | 0.43
L 3.98 2.38 3.98 | 2.38 3.98 2.38 3.98 | 2.38
= 0.43 0.24 0.43 | 0.24 0.43 0.24 0.43 | 0.24
oret 2.61 1.48 2.61 1.48 2.61 1.48 2.61 | 1.48
Al ot 1.20 0.65 1.20 | 0.65 1.20 0.65 1.20 | 0.65
110 2.13 2.13 2.13 2.13
Oil&Grease 52 26 52 26
ERREE 60 31 60 31
pH 6.0~9.0 | 6.0~8.0 6.0~9.0 | 6.0~9.0

*@

% H=S(mg/e), @ : BRI ST(ng/)

0 0I1=2 NPDES(=7t28 &ZAlA

gl)ol olsh BeEP HHEIAEIIZ0

AFNEOCZ X9 HelBU=2 iEdEJIE2 UEN 43
=2ack HIOC2t AT X} H+=xel&
o | wone e | woanl | mamal | g2 NES | e
(m2/day) (m2/day) | =7 T | (u8/0) <a)
Deer Island, 1,080 370 70:1 _ _
Mass. (4,087,800) | (1,400,450) '
Clinton, 3 2.4 941 4.6(83) _
Mass (11,355) (9,084) ' 6.0(ZICHXI)e
Austin
60 42
Walnut - 10 -
Creck Texas (227,100) (158,870)
Sunnyvale, 29.5 15 .
Calif. (111,658) (56,775) 141 8.6¢ 324

a: oy (Ikﬁ Assessing the Enwronmental impact of Copper CMP (Maag S

, MIT, 2000)




4. #ele| flsid

O 2= 2H0 228t 2HIALZEA 2228 40l 2K
O &850 258 32, #YY JIRX 5 M ¢

<H> 7ol gE et

. =2 z4
Dp)ME SEA g%ggmécytlc hypochromic anemia) ELE,
29145 DA -‘:’é—lglﬁl HE(HANS, E, EAH) 248 & A0

22 | 1980 ROAV 39 RDA’«” 2om DRIs? :
s 1200 mg 1200 mg 1300 mg s It

2 18 mg 15 mg 18 mg s X
oted 15 mg 15 mg 11 mg = e
T2 2~3 mg 1.5~3 mg 0.9 mg 4
22t 2.5~5 mg 2~5mg 2.3 mg =

1) RDA{Recommended Dietary Allowance)= O
2) DRI{Dietary Reference Intakes)e= 0I3 A S
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2 AEH AR5 (Food and Nutrient Board)2l &FJIE2F,
Ao z: UEHHE 222 J1E2 RDAE Lalg



O O{2I0ILt P2ICHAIEON &Rt S 12 AHSS F2lAS
dFE2 4020 RE

<E> O[R/FALCE % 2Lzt 22| F2| HHIIE

WFUSY | ATHAY | AHMAT
PR | 8 | “mgi) | (me/ed) | (mg/gl)
1~3M ~ 0.34 1
1] FHLIC
SIS | a~eM - 0.44 3
o ol - 0.90 10
1~2AM 0.23 0.30 2
cajfap | 3~5M 0.29 0.38 2
(‘054 MY) | 6~8M 0.34 0.44 3
Y 9ol 0.60 0.80 10+

1) 0|2 : AlZ 229 23](The Food and Nutrition Board of the Institute of Medicine)
2) 2p|UiE Bt UE S| ABHEHE 10mg/LE MEE HaR=E Bt AHRUAN =L 2 S48 BY
Moz 50 AESH NOEALBLOIA AHE(UF=1)

0 MAIRE T2lo e HIMHY =0

> LUSANA S0 1Y P2l §HBE 2mgS TS US
> WHOE 1~8KI2 OI2I01S2l 32 AU BLHES QO
43g 20 YSS NHD AS(US IOM, WHO)

<H> Rl 486 32

CH21(mg) £2(mg) SAIZ(mg) & (mg)

0.006 0.02 2.5 2.526
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O EI$ME XAKSE : {8(100.0/ £), XI0{(1540/ 1), EF(8.549/ 1)
0 EtesMME 9Io4(5.4.0/ 1), HOIF 7ISTOH(54/ 1)
<E> =2 £AM20 Oigt 72ie SES4d @

= SAMS XA | L2 (WHO IPCS €1 A
Al2t (/2) s (u8/)) 012
=X8
Chlamydomonas reinhardii | 72h 79 5 Schafer et al.(1994)
Selenastrum capricornutum | 72h 35 Nyhoim (1990)
Scenedesmus subspicata | 72h 120 5.6 Schafer et al.(1994)
X | Selenastrum capricornatum| 14 d 85 Chﬂsatle (n 18555;ER ®
= )
Thalassiosira pseudonana | 72h 5 Erickson SJ et al. (1985)
Nitschia closterium 96h 33 Rosko JJ st al.(1975)
Pseudokirchneriella
subcapitata® 72h 58 NIER (2005)

U | REsn =X

= PIES i‘lﬁ MAE | B=C (fg/%) (WHO IPCS &2

(ug/t) (ug/1) M oIg)

EHEF

Daphnia magna 48h 7 143 | Oikari et al.(1992)
Mount &Norberg

48h | 54 45 (1984)
=] Daphnia hyalina 48h 5 Baudouin (1974)

BME

=2 Daphnia ambigua 48h | 54.6 200 | Vardia et al(1988)
YOI "~ | 96h 16 17 | Daly et al.(1990)
aHHE) 48h 1 Ringwood (1992)
_ Stromgren&Nielse
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<E> FR SAUS0 Uist 722 Sd5d ¢

B2 ac &
& | . LAS B
B SAHME X ALSE (CaCO (WHO IPCS
Al (ug/1) s=(e/) mg/4) ? B QR)
= Peres &
=01 48h | 118 50 Pihan(1991)
2%} 96h 17 33 Buckley(1983)
SXM S50 96h | 13.8 41.3 Buhl &Hamilton
96h 57 42 Chapman(1978)
= Corbicula ,
manilensis 96h | 2600 Hagl'j?gs';% et
(asiatic clam)
o Buckley WJ et
280 9%h | 286 al.(1985)
SAtel* 96h 39 21 25.4 NIER (2005)

<HS sgliidel ‘el & 1 steE0l tist fldl s 2F
& -l S ol = S2(WGK) Hl 2

Copper Arsenite 3
Copper Acetoarsenite 3
Cupferron 3

;;';'% Cuprous Chloride 2
Copper Chloride 2
Cupric nitrate, n—hydrate 2
Cupric Oxide 1
Copper phthalocyanin Z=H 0l 2K

¥ WGK 1. low hazard to waters(22 Rl 4) 2. hazard to waters(S ol &)

TT
3. severe hazard to waters(=2 |Sold)

-BEX 2EUA AL25Hs #4&2 2 (copper sulfate)= ZF M HEZ2 At&dt=
MEISH0| BBSH
-S2M Rl S=2
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SnAo ='Ao'| %tﬂ% Eg(Daphnia magna 48hr

exposure)
&2 ug/l
Non-acclimated D. magna

No UV-B Uv-8

Metals | As 4460 4580
(4280-4640) (4340-4820)

Cd 84.9 53.9
(76.0-93.8) (47.9-60.0)

Cu 6.61 4.18
(5.87-7.35) (3.53-4.83)

Ni 2250 2330
(1930-2570) (2050-2610)

ol

DIA, 2006. N2 SAUER HAL=R)
Ade  #BE EMot

= 4ZF0 UV-B doseE 24M2t22 Ls 0 XIS

~NME0 0IX= Fel2 eSS

o Xije et al. Environ Toxicol Chem 2006 25:613—-622

— At Cu 0.31mM (=~2ug/L, ~5% Effect level)
- 9, 10-phenanthrenequinone (PHQ) EC50 from 1.72 to 0.28mM
(35-5.8ug/L)

- At PHQ 1.2mM(25ug/L, ~10% Effect level)

- Cu EC50 from 0.96 to 0.30 mM(6.1-1.9ug/L)
- HUCu S0t 0], S2Eo Asse Melgtsel AezE FF
-PHQZEME M H=S CulldE ROS SIt&, &&ttRIX 2l Al PHQ-Cu

S48 NZE
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o Perez-coll and Herkovits, Int J Environ Res

Public Health 2006 3:343-347
— Cu(2+) + butylic ester of 2,4-D
© Cu(2+)2 butylic ester of 2,4-D2] NOEC= 2t
0.022+ 2mg/L
o Bufo arenarum embryo AtZE H & synergy &1 2t&
— Short-term chronic toxicity test(Amphitox)

5. BLMOf| 2|5t 72| 2A7|ZE M3

(AthC Ambient Freshater Quahty Criteria—Copper, EPA 2007)

Q ?al EAIIZES ET0 et s 8 ZHOIR2 L,
Ao S U2 0XE 0|28 BIMMEX EZ2Y)
(HI O|&h A FEE 2 US EPAGIA HlPJ
O BLM(Biotic Ligand Mode! : MEXIEZ )
22 pH, EEKR)| EA, FR SA0|2 82 2ANE
o|l2st etdI|=ES MAEG= 2

I
1]
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QLASHIES RTotD HACESLEHUA FAV(EISSY
SAXI)E AHABHI| AAs LC50 HES Fiol BLMO
CtE2l 2XE ME

> 22 pH, EEQJIEA, TRAIL(S, 0IOUISE, UEE, 28),
RELI|EA(ZOIMSIEA, BN, SEHAG, BHOA O &),
FRS0I2(S3 S, gitd)

> 0|= =202 Xt= DOC(BERIIEE), Ca, pH, &3tclx

» 7elel 2 MEjHS S bio—availabilityOll Hlell

> EMENS XteF2lJt bio—availabilityIt US

Figarel, Conceptual Diagram of Copper Speciation and Copper-Gill Model
{aficr Pagenkapf, 1983)

- 112 -



ER2IQ SHO0| 02Xl % FR, EER2/EL

Eﬁ'tﬂ 0.962 0|8

oon

Q3%0 IE S4T2 Het= $Re 20| HetH0| L
2 3Al
> 34 S4HUlHd=E =0t 0IX= S0l EELGIR 2L, td=SH0A

HOoO .o

Yool HEe Eu 8

fir

0O & 0I2sS% LCHU2((EZXLY HIEX)= |E1I6} US
8, DOCK0.5 mg/2°' M, Fathead minnow0il CHEt S A XAl gt22

oMo SN, 54 A2 HISXIS LIEHY)

2 4

o g &

85-h LCSG (ak Coppen)

Q;z L L] a -
4.5 1 z & W0

Tota! lon Concentnation {meg/L)

Figure 2. Effects of increasing total ion concentration on the azute lethality of
copper to Ethead mimmows o constant pii=s and low D3OC = 6.4 mgfl. Salid
syinbols represent herved values. opel syimbols represent predicted values,
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=2 Ad
[— =

454X 2 HEXe S3XE blust 20
AZZAHEUAN —2~+2 HAU =X

10000 -
Ernckson =t al., 1987
Fethwacd minnow, 96h stalic exposures 2
= 1000
i
a
wd
5]
¥ 1o
5
10 — -
10 100 1000 10000

Measured Cu LC50 (ug/L.)

Figire 3. Comparison of Predicted and Measured Acute Coppet Toxicity to F.
pronticls.

S0lH M2 £ HRAZHSH(GMAVs)S
=ANgE2 =3

> FAV(Final acute value) = 4.674g/4

» CMC(Criterion Maximum Concentration) : 4.67/2 = 2.33748/4

u BNRBgL

FHODLOG
- Vit e
enoen 15§ raserinkarsies
& At dilleari
=
TIMIEHY Friine Gitivont oo it v, (oSSR S, ma i SRNEA oS W b e Sao ool Al s SOSS Siht feade i S
=
=
Hoo - - -
&
LT 7 OO oAU USROS NI SO S S RON SOV SNINRJ RN RANI———
- e . T
- & @
©
-
£
JV WU Bt comson oo s, . st s, oot oo oo s st oo b, s St
1w B Rl Aol Woewn o BT 5 Divemabracd
;;;;;;; O o B b R RS ERE AR BERRE S FURA K EREITERET RND Y S BDET 3 -
[ -3
BN R
4

Figuzm 4. Rankced Frcahwatcr‘ k(;_-“em;s Moean Acuie Vatuw (VLAY S _
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QB X0 28t 22l =E&FJ|=gtil BLMOI 28t JI=X12 dlw

250
= CNMC by Hardness BEgquation B, DO = 101y

N0 e CMC by BLM
g 1504
2 M, DO~ Syl
é )
~ 185, 1OC 2o

{} . ’I - — L] L] Ld A4 ’ L E 3
i Sy b 150 200 250 30 330 400 350
Hardness g/ 1)

Figure 5. Comparison of CMC caleuiated by BLM or Handness Equation
Alkalindty (11 - 245 mgt CaCONL) amd pH (7.3 - 8.7) Covary with Hardness

22 22|22 E(LC50)2 ACR(S 4 CtaHl)ol a2t
>MEZO| B SHUS A5 H2ste YA

> 8AHEQ ACRgtS Y= C. dubia0.55(0ris S, 7970)~':“*H0| C.
decisum 191.6(Arther, & Leonard, 1970)

>MES TP S24/0HH = 42 sheepshead minnow
1.48(Hughes &S, 1989) ~ £%2| C. decisum 171.2 2 M A A

» 0128t B9 C. dubija, D. magna, D. Pulex, O. tshawyitscha, O.

mykiss® geometric mean(JI5tE?) 222 FACR 2t 3.220t Al At
oAS
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0 40| P2|BIZE(LC50 == EC50)2 ACR(S4HYu]) 2] Y&l

> MESEO EHr =S4 45 dliddts Ed

oo ]

fia 3.
BB s
£

b

\WM‘SRmme

.1

ARG or EERS dagily

Figure 6. Retationship Between Freshwater Acute Copper Sensitivity
(L350 or BCS0) amd Acute-Chronic Rutios

0 pH ¥ DOCE WE+R, ZEE E8+&K a/b HII 37t
<H> S U BLM JIo RS T2l AZSYIIFE HID

oH A DOC | e(0.9422 [IN(AE)]-1.7)4 BLMOIl 218 J1=(b) a/b
(mg/2) (mg/2) JIE@) (#/8) (18/1)

2 5.9 1.6 3.69

40 4 5.9 3.3 1.79

8 5.9 6.8 0.87

2 11.3 1.9 5.95

6.5 80 4 11.3 3.8 2.97

8 11.3 7.7 1.47

2 21.7 2.3 9.43

159 4 21.7 3.5 6.20

8 21.7 9.2 2.36

2 5.9 3.9 1.51

40 4 5.9 8.0 0.74

70 8 5.9 16.4 0.36

: 2 11.3 4.4 2.57

80 4 11.3 8.8 1.28

8 11.3 18.0 0.63
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0 $3Y7E MYE sl F2lol MY §Fo| JrsE Yyl sl
6000i2le| El+=FY HIAE alA|

» N2t 8258 YLE HASL, 350013 Test T E HIZSZ
LC502t2 AFN ALB(15 RPHEEE,22 211I(5,1 AT 28)

0 B2 HAE HiHE 34 BFSUSYURE 222 4S8, BLMO
o| 3t 2= £3AHIE M= EPANIME 01 HR ISR
Clee == et

» FAV(Z1E 24E4): 4.67 BII(EEC)

> FCV(z = 8 =4) : FAV/IACR(Z/8H Hl) = 4.67/3.22 = 1.45

uell

> CMC(:28t2)|= 2Ili=S) : FAV(4.67/8/L)/2 = 2.34:z11

1. 2E|LIgk= 1950 EXMSAUFNER &, AR} Bi=
=iCia M S0 815 810] HIESISV(E A8
- 0|22 HIEA|M3{7t Al 12852 SMUSHZE (Priority
Poliutants) 'Y EX7HSM0| U= FHSE0) Clsl &=E

&S Ssll 5ot

2. 0|22 MEjAIES S8, MElZASY/UE=EY 2Ed
71E2 2.34,0/ 1 2 1.45 49/ 1 O|SIE H|QL.
- Jajo] MESAM L =2%02,4-0) ST E6H EIUS W o
Zst SMS LIEMY
- Fa|E= SMEfAIe] HZNERN S22z S2Y
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