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Effects of Vinyl Chloride to Human Health and Aquatic Ecosystems. Nam, Sun-Hwa and Youn-
Joo An* (Department of Environmental Science, Konkuk University, Seoul 143-701, Korea)

Vinyl chloride (VC) is a known human carcinogen, and it is released to multi-environ-
mental media via several exposure routes. VC was potentially evaluated as a water
quality pollutant based on human health risk assessment in Korean water environ-
ments, In this study, we investigated physicochemical and toxicological properties
of VC, human health and ecological risk assessment, and the regulation of VC as a
water quality pollutant in developed eountries. Currently there are no standard or
guideline values of VC in Korean legal system for the protection of human health and
aquatic ecosystem, except that it is designated as a specific toxic substance and a
water quality pollutant. Human health risk assessment of VC was previously per-
formed based on the limited water quality monitoring data. The monitoring level of
VC in Korean water system is more higher than other countries’. VC was assessed as
potential hazardous chemical based on the US EPA’s eancer risk assessment. There
were a few ecotoxicity data of VC available using very limited kinds of aquatic organ-
isms, and the toxicity results obtained seem to be overestimated without considering
the losses of VC in open exposure system. Therefore it is needed to monitor the VC in
various areas and to carry out the ecotoxicity research using multi-level organisms.
We expect that these results can be useful information for implementing VC as a
water quality pollutant in legal system for the protection of human health and aquat-
ic ecosystem in near future.

Key words : risk assessment, standard, vinyl chloride, water quality pollutant
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2006; 3743, 2007). B3] A f48) 33t
2 933}u)d (Vinyl chloride, VO)& W 2337 F3)
MEFHL71E 45 g A S8 7k A8 B
3 He-e=iede HriE vl I EAR - F|BA
34, 2006; ZHEAF3, 2007). FWH F & 4973
78 27, 87, AP 9 2 3, sl eE A e
L e EdA 59 £ 2UEF A8 veoe=
VCo| gk <Al $siA FrHE & A3 sjssest A
23] 2 B29 Aoz whEd ul U @EAR - FH
373 4, 2006; =87 ek, 2007). £3] VCE A
o] AR5 Z 93 £ARAVE FE g FA A
SAEHEAE EAFG o A=A e 2l A A
1Moz HAR F3lo] 7153 AA M AYdE v} o
o 28y VCE &% A&5A4 £33 e 9
g 3o mEUANEAdRA 59d HeFHa 9t aieby
#He 71F02M VCE A&H oz A7 feie
HA A VO B4 2 =% Ao gt 7k =4}
7} e, A gAY A 9 o)lF ngsh) 9%
HIQHA| A7} g 2310}

B dTolME £RedEAe VO dle 3F |
<Al A H7HE A3 7] A8 2N Ve B -
3petA BA, B4 BA, OA 2 A 984 971,
a8z FW H ARZ A= 74 @ A2 e
FALsle] BA 5o

osiu| o] B4

1. guk <l

Jm

A

VCE AdAelE E3HA U+ §4 B2, 19309
o sissst opa=de) shobdl whee] oo g A4
=21t} (ATSDR, 2006). 52 vinyl chloride homo-polymer
£} vinyl chloride co-polymer 4= AJAJeol] A}-4-Ew (PIMs,
1997), ©]¥J3} polymer poly vinyl chloride (PVC) E2&
& oz, AT, A% Aw, ZAEE Foz Y of
o} (ATSDR, 2006). PVC 54 U A&31= VO kA
Fo= A P 26 P B x3e 9T 9
OECD Z7}&lA dAsA Aejsnz vjg e 53
olt}t. VC A Al &3 w7l 5 VO =% 0.1mg
m™? m|Rke]m, dubg o 2 A5} YoM 0.001ppm o]
30| TH(OECD SIDS, 2001). =W 3324 wjZF =4
Aol wpaw FT 20079714 VCe] 7] wiEe
78171kg yr'2, A I ESF w3 AR HAo=

[=]
R F

Table 1. Physical and chemical properties of vinyl chlo-

ride.!

Property Vinyl chloride (VC)
CAS registry No 75-01-4
Molecular formula C,H,Cl
Molecular weight 62.5
Color/form Colorless gas
Odor Mild ethereal odor
Boiling point (°C) -14
Melting point (°C) —154
Vapour pressure (mm Hg at 20°C) 2,530
Water solubility (mg L™ at 25°C) 2,400
Henry’s law constant

(atm-m® mole! at 25°C)? 0.0278

Log K, .2 1.376
Log K,,2 1.62
Bioconcentration factor? 3.55
Half-life (hr)? 360

1PIMs (1997), 2US EPA (2000a)

BaEgeh @A R, 2009). 2y 2 20049 = 5
2 2UEE A 24} 28] wh2w 7 2470 A
Z 10 A" 2 $57F 2670 AH F U A A 0.8
~4.Tug L' (&34 01pug LHe 52 VO A&
g AL slom (373 - 37 A, 2006), 1774
NdulEda 42 3 342 A2Ga 3/HM4A
10.6~668VC ug L9 52 H&d v} UG (FHEH
3], 2007). 3FH 1989~1990] =22 Rhine, Main,
Lippe, Ruhr, Wupper, Saale 7}ol|A] 27} 0.031, 0.008,
0.40, 0.060, 0.069, 69 VC pg L7} B1d u} glow
(ECB, 2000; OECD SIDS, 2001), 19951 9% < A}l7}e]
7yl A 1.2VC ug L'7AA] &% ¥} 3J5-IPCS, 1999).
=3 U] FAAY R mSA 1977~19799 Hd 566
VC ug L7} 2R v} glon, 1980~1981 ZANA
A2 H A2 RE] 2 HF Wiaelr HH 6.2
VC ug L7} 71%&9 8} 9ok IPCS, 1999).

2. 27 - 394 54

VCe] & - 384 542 Table 1o A3t VC
E AR - ARgbA Ree JH =2 JATE v 74
A2, 944 YAZ EZT 4719 aA 40 o HHPIMs,
1997; Young-Cheol et al., 2003; Zhongchun, 2003; 7 %,
2004). €| E8}Z=2 2" dl (tetrachloroethylene, PCE),
=z &2 2|99 (trichloroethylene, TCE), A]2~-1,2-t]
Z-2 2o ¥l 9 (cis-1,2-dichloroethylene, cis-1,2-DCE)3}
2o QAR spae] B4 AAE 53 A
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Fig. 1. Routes of environmental exposure of vinyl chloride.

o, $AA AR} zefelFedAl Fom g A4
+ PCES} TCER 2.9% =93} xslg Yol d4 A
E "] A Bz s Vet EAl= 3
o} (27§, 1996; PIMs, 1997; Young-Cheol et al., 2003;
Zhongchun, 2003; 7 £, 2004; WHO, 2006). o] ©} A
g VCE e AR B s¥oz qld AdAA
AA B =R gol 23 AseE L9AA 74
QTR = 2004; US NLM, 2007). B3 239% x5}
& BTolgd 4542 AMsAY, VO Sk} o i
2 PVC o234 B8] 338 % A8 A8 9%
ukg 2= 9IThH(WHO, 2006). VC2] 483 5= 25°C 7]
2,400 mg L2 Eo] # 7 == RS vgsht g
Ar47b 25°C 71% 0.0278 atm-m® mole™' 2 X & T3]
M HrlFoze] I psAde] Fol H7|2e wiE
o] Adekg A& (PIMs, 1997; US EPA, 2000a;
=837 =43+, 2007; US NLM, 2007). £35] 3woe] 2
=x A FES|AE humic B3 2 744 Bale] &
A S G383 27t Frlste] dr|ze] Fode] 7}
w3l (=2 g ks, 2007; US NLM, 2007). VY] &
&k Bul A4 (Log K& 1.37602 =of ) o]F 7}
=x30] gle] (US EPA, 2000a; US NLM, 2007), PVC A&
A4S 2E 29X 9o)M TCE, PCES} 222 d4A
714419 B W AF=E Jd EF 29& T £

»

N
i

olvh (Fig. 1). S&he-8 Bl A4 (Log K2 A E5%7
S 77k 1628 3.552 $44 W VCo &4 rleA
< U} (US EPA, 2000a).

3. A EAEY B4

VC: =2 ¥ A2E B9 w=A F F5eH A
T 2 F) A2E B9 5% Voe A 2434
t}(OECD SIDS, 2001). A S dA} 2 v Ade] wh=7
deoir}y) o Feol A HFHHA 43 AHE B3l A"
t}(ATSDR, 2006). 34 =42 g@l= 77 LD50>4,000
mg keg!, = E9] LC50 390,000 mg m?, whgA F9)
LC50 294,000 mg m 32 & Aoz By ul glon,
QA A7 v}F edFFE 5F xF 7|5 30,720mgm?
szol| A Vet v} 9JeH(OECD SIDS, 2001). =, &
7, 71Vl 1 = g HAle= 69 B3t FY =%
A7l A} otk ek (No-Observed-Adverse-Effect-
Level, NOAEL)% 50 ppm o 2. vehgton], 73 vl2 =
oA A 7|#HE 7tez Y=o Ao} NOAELY
0.13mg kg' day Q] HoZ B FFHYT(OECD SIDS,
2001). VC¥ DNA 3¢ AAst #9443
Wolg opy|sled), 53] A Heoly A xEE
ols Wz P PA WAE vl o (OECD SIDS,
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Table 2. Toxicological properties of vinyl chloride.!

Property Vinyl chloride (VC)

— Route of exposure: inhalation, oral, dermal contact
— Organ of bioactivation: liver
— Pathway of excretion: urine?

— Rat oral LD50: >4,000 mg kg™!
- Rat inhalation LC50: 390,000 mg m™®
— Mouse inhalation LC50: 294,000 mg m™

— Production of DNA adducts
— Cause of gene mutation and chromosomal aberration

— Rat NOAEL: 2,816 mg m™®
— Human data have not linked VC exposure with negative results.

Toxicokinetics

Acute toxicity

Genetic toxicity

Reproductive/developmental toxicity

— Classification
- IRIS: A (Human carcinogen)?
- IARC: 1 (Carcinogenic to humans)*
- ESIS: R45¢(May cause cancer)®
— Oral slope factor (mg kg™ day™)™?
- 0.72 (Continuous lifetime exposure during adulthood)?
- 1.5 (Continuous lifetime exposure from birth)®
— Air unit risk (ug m 3!
- 4.4 x 107® (Continuous lifetime exposure during adulthood)®
- 8.8 x 10°% (Continuous lifetime exposure from birth)®

Carcinogenicity

— Reference dose (mg kg™! day™): 0.003 (Liver cell polymorphism)?
— Reference concentration (mg m2): 0.1 (Liver cell polymorphism)®

'OECD (2001), 2ATSDR (2008), °US EPA (2000b), *WHO IARC (1998), °ECB ESIS (2007)

2001; WHO, 2006). B =0 H3F AA/dgd o F9
NOAEL-2 2816 mg m o], Q1A dF-oA VC =22
A A} Jeke] gt FHAHLE WA7EK 2 v ¢l
}HOECD SIDS, 2001). VC2] #ulelAde =3tols) A n A
2 (Integrated Risk Information System, IRIS)s| A A
T, EF4, A9 54 A&E E3)] Group A (human carcino-
gen), =A| 4+ 74 (International Agency for Research on
Cancer, IARC)I|A A+ W FY =& 8E ulelozg
Group 1 (carcinogenic to humans), 53 3}3+E-2 A B A]
2~ (European chemical Substances Information System,
ESIS)ol|A] risk phrase 45 (may cause humans)® 3 7}%
v} Slo}(Table 2). IRISIAN &= AT &2 Qg LA
4> (slope factor, SF)&= AJQ17] 0.72 (mg kg ! day )! ~
AAel 1.5(mg kg™ day ) ', Y A=) 9 299
3 = (unit risk, UR)= A7) 4.4x108 (ugm3)*' ~ A
Aol 8.8x108(ugm )12 A A He] o} wF AT =
Zol] 93 vl F 37X (reference dose, RfD):= 0.003
mg kg dayl, Y =&z Qg wpdet F31X] (refer-
ence concentration, RfFC)E 0.1mgm 32 P2 o] 83}
TASAAYNA 2 G3E fFLsle ez B
3% ¥} glTH(WHO IARC, 1998b; US EPA, 2000b; EC,

2001; OECD SIDS, 2001).

4. Qe 544 4%

VCol gt A B ofF, 3FTE, VFE,
AHEE, 5275 Aoz d78 v v (Table 3).
o] FEAAYL 48A17HRE 14U7HA] o F 55 A
o=z 43 %9t} Brachydanio rerios WA o2 96h-
LC50 210 mg L7} AFA = 4] e (US EPA, 2008), Lue-
ciscus idusZE WiAre= 48h-LC50 356 mg L'¢} 48h-
LC50 406 mg L ™17} AF&E 9o} (US EPA, 2008). Eric and
Thomas (1977)= A&E-47] o 15u}2]R 2] Esox luciusE
VC ¥x 388 mg L™ 7}#] 109 EoF =2&A71 A3} 100%
2| A} vE-e-& &<ls}i v} Lepomis macrochirus$} Micro-
pterus salomoidesE T oz 3 Ay Zsle] ul=w
247+ 96h-LC50 1,220 mg L ¢} 96h-LC50 1,060 mg L
7} AFAEQQEH(US EPA, 2008). 3413 (2008)e] whzw
Oryzias latipesel] 93 34 4 w4 54 4§ 23} 96h-
LC50>15mg L '3} 14d-NOEC<10mg L2 Jelgdo
), £ L 2pe] DA 2F, S 71 5o 718 3
Aol VC71 d3k& v AL st 733582 1
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Table 3. Reported aquatic ecotoxicity data of vinyl chloride.
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Test species Endpoint Value (mg L™) Reference
Fish
Brachydanio rerio (zebrafish) 96h-L.C50 210 US EPA (2008)
Leuciscus idus (ide) 48h-LC50 356 US EPA (2008)
Leuciscus idus (ide) 48h-LC50 406 US EPA (2008)
Esox lucius (Northern pike) 10d-LC100 388 Brown et al. (1977)
Lepomis macrochirus (Bluegill sunfish) 96h-L.C50 1,220 US EPA (2008)
Micropterus salomoides (Largemouth bass) 96h-LC50 1,060 US EPA (2008)
Oryzias latipes (Japanese medaka) 96h-LC50 >15 Nam (2008)
Oryzias latipes (Japanese medaka) 14d-NOEC <10 Nam (2008)
Invertebrates
Moina macrocopa 48h-L(E)C50 >20 Nam (2008)
Gyraulus convexiusculus 48h-L(E)C50 >10 Nam (2008)
Uronema parduczi 20h-Toxicity threshold 1,050 US EPA (2008)
Tetrahymena pyriformis 9h-IC50 405 Marie-Pierre et al. (1995¢)
6h-IC50 430 Marie-Pierre et al. (1995¢)
36h-IC50 520 Marie-Pierre et al. (1995b)
9h-IC50 540 Marie-Pierre et al. (1995a),
Marie-Pierre et al. (1995b)
3h-IC50 806 Marie-Pierre et al. (1995¢)
Panagrellus redivivus 96h-LC50 >62.5 US EPA (2008)
Plants
Scenedesmus quadricauda 8d-Toxicity threshold 710 OECD SIDS (2001); US EPA (2008)

oz 499 AP BYEE 25 VIEE 2%,
AYPEE 1Z0) B ud v} 9vh 33 %= Moina macro-
copa$} Gyraulus convexiusculus3d Ao 2 XA} &l &
JRpefst waAe) el BAE A3} 27 48h-LEICH
>20 mg L'¢} 48h-L(E)C50>10mg L2 ¥ uEglo
™, Gyraulus convexiusculus®] A& 2 R M| VC7}
s mRE st (G} 2008). =3 AAFE
Uronema parduczi® WA} o2 2047} 5<9F VCol =&
AlZ A3 1,060mg L =0l A4 X7} gelsg)
o} (US EPA, 2008). Marie-Pierre et al. (1995a, b, ¢)&
N,N’-dimethylacetamides| £3jA]|7] VC k2 YA
o2 AMgslgl o, A EE Tetrahymena pyriformiss
Yo 36417 Sk AL 2 EE B 3hIC50
806 mg L1, 6h-IC50 430 mg L1, 9h-IC50 405 mg L1, 9h-
IC50 540 mg L™, 36h-IC50 520 mg L& AbR3}ac} Al
%8 Panagrellus redivivuss Aoz A3t Az}
96h-LC50>62.5 mg L'90] &elxl u}l 9uh(US EPA,
2008). A BEAAE L %2 F Scenedesmus quadricau-
daE Ao 2 89 ot x24]7] A2 toxicity thresh-
old 710 mg L'g]o] &e1=¢]v}(OECD SIDS, 2001; US
EPA, 2008).

LE o] /s dFeEes doz An A

Il s Table 48} o] =7 A} A= AY
WS FAMeR WelA g VCo] iz
A FEE IR 4 Aoz deiwnh iAo
¥ VCY B4 A AARNE 3UFese] e
93

E3] Marie-Pierre et al. (1995a, b, ¢)&] A% A3 &
W AR F7be] EAEl=S AY AAE slglon, o
3t VC $A4 W 5= FHAE A @tttk o
AAAQ] xF FrEY AR AY Fe2HE
AAE 7] W] Aoz I AAH SR B
IHAE Aoz Alsdd. 3 A3 (2008)9 7FS-
VCe| 3z qlsh £AE WA 3] Y& Hgrlom 4~
35 v} glont, f714A) vlekEe] L5 A
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Table 4. Reported aquatic ecotoxicity data of vinyl chloride.

Test species  Duration (h) Test system Dilution water Solvent Endpoint Value Reference
Esox lucius 240 Kept 15 fish(6-19in.  Nonpolluted, - Mortality 10d-LC100:  Eric and
in length) in tank clean lake (Illinois 388mgL!  Sinclair
(10-20 gal in size) Benedictine Lake) (1977)
Oryzias latipes 96 Kept 5larva(7d)in  Dechlorinated MeOH Mortality 96h-LC50:  Nam(2008)
50 mL of 130 mL water >15mg Lt
clear narrow neck
bottle with silicon
septum screw cap
Oryzias latipes 336 Kept 1 embryo Embryo-rearing MeOH Hatchability, 14d-NOAEC: Nam(2008)
(blastula) in 1mL of  solution mortality, <10mgL*
2mL flat-bottomed time to hatch,
glass vial with silicon developmental
septum screw cap abnormality
Moina 48 Kept 5 juveniles in Moderately hard MeOH Mortality, 48h-I(E)C50: Nam(2008)
macrocopa 34mL of 34 mL flat-  water MHW) immobilization >20mgL™
bottomed glass vial ~ medium
with silicon septum
screw cap
Gyraulus 48 Kept 5 juveniles in Moderately hard MeOH Mortality, 48h-L(E)C50: Nam(2008)
convexiusculus 16 mL of 16 mL flat-  water (MHW) adherence >10mg Lt
bottomed glass vial ~ medium
with silicon septum
screw cap
Tetrahymena 9 Kept 100 mL Proteose peptone/ N,N'- Cell 3h-1C50: Marie-Pierre
pyriformis medium (exponential yeast extract dimethylac- proliferation 806mg L' et al (1995¢c)
growth phase 10 TP medium enriched etamide rate 6h-1C50:
mL ) in a constant  with inorganic 430mg L!
1% volume salts (PPYS) 9h-IC50:
405mg L!
Tetrahymena 9 Kept 100 mL Proteose peptone/ N,N’- Doubling 9h-IC50: Marie-Pierre
pyriformis medium (exponential yeast extract dimethylac- time 540mg Lt et al. (1995b)
growth phase 10*TP  medium enriched etamide
mL) in 500 mL with inorganic
flask salts (PPYS)
Tetrahymena 36 Kept 200 uL, PPYS-modified N,N'- Doubling 36h-IC50: Marie-Pierre
pyriformis medium in 300 uL culture medium dimethylac- time 520mg Lt et al. (1995b)
96-well microplate etamide
Tetrahymena 9 Kept 100 mL, Proteose peptone/ N,N’- Doubling 9h-IC50: Marie-Pierre
pyriformis medium (exponential yeast extract dimethylac- time 540mg L' et al. (1995a)
growth phase 10'TP  medium enriched etamide
mL™?) in 500 mL with inorganic
flask salts (PPYS)
Scenedesmus 192 Kept 50 mL medium — - Biomass 8d-Toxicity OECD SIDS
quadricaud in 300 mL flask threshold (2001); US
EPA (2008)
ol w2, 33tE-Ae W3k QA 9 Hrle )k loroethane, Chloroform, Vinyl chloride, 2,4-dichlorophe-
o= Al A7) B3 E 95 $AIAVE IJE oM4 nol, 2,4,6-trichlorophenol, Pentachlorophenol, Diethyl-

¢ EAE AAT B} gl 2SS 3R 2070 (Zine,

Trichloroethylene, Tetrachloroethylene, Dichlorome-

thane, 1,1-dichloroethylene, Benzene, Carbon tetrachlo-

ride, Phenol, Selenium, Toluene, Ethylbenzene, 1,2-dich-

hexylphthalate, Benzo(a)pyrene, Antimony)2 Ao 2
0 A9E V9T 4 AEs 44 3 BYY U3
3 53 (US Environmental Protection Agency, US EPA)
o) et - WIS A 45} 2004558 200530714))
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= 7 A ZUEE A8E 43
o EA $AEE A VCE IRIS 7|E 4y
TH Ao siggslmz odgh g3 Sale] AL Gor,
FA ) A S AA S ukedE) S8 gl Al
=2F AF 60kg, 4 AR 2L day!, ol F AT
0.0641 kg day 7} #4530} <A %’J%HH H7} A
Ve QA #AA L75ug Le} 3 2UEd ey
% 0.14pg L2 nleto = 2lslx 0.080] AMRH O
™, VCx& 20719} A f3l3tet8d 3 obF WA= 99
g 2 Aoz yepge ojuf VO Y HENE
(3.85%), 3AA 72 AA (20041 37} 9B, A Fo

= 5o Az GE B vjs £A §F 7FsAde] @
the 2t dell Al 17 R3E 93 AR IE
B A AN Al L=

AR EE 9 EH47E 48 S 93
P37 A3 (2007)9] Aol uwhzd, 107 Fs) kst
EAL Aoz QA A7) <% ¥dAE ez ¥
F2 $A 9= vlE 3 59 AaE T8t °17‘<41
A Hrke ek v ook o] A7 JA] FAR -
37423141 (2006) 2 <k 5(2008b)9] AF-¢} FA
FAAE Agste] 24 9 HY% US EPAY) 2
d8 £A1e F4sige ot AR - FYPT R
(2006) P qF 5-(2008b)] AFelME 2] A= 5
& 10758 A g3lod ont, 337 248k (2007)2] Q-]
ME 1078 Ag3igict. 1 A9 VO AEsxs dA
2 AP E o8] e lel—t— 39 Aoz et

2o
A H

Ha

U EASAGHER TRz BRFoon, W34
Z 32 w9 g4 $R BAe }dxé:a‘;ivk

g 8 AL 27 A PrE 1A (2005)0
w29 US EPA2] MOE (Margine of exposure) B S
-g-8ted VCof| wigt sl 71 438 v} glek Ve
o] ¥lE- Bo =AJ9] AT NOAEL 130 ug kg day o))
dd AHF 0.012 pug kg'! day™& 33t MOE
11,0008 AbEstHom, &9 o333 A B2 (Lowest-
Observed-Adverse-Effect-Level, LOAEL) 26 mg m3¢]
g9 &2 24ug kg !day, z‘ﬂ—? 0.35kg, x2Hl% 6
hours day™!, 6 days week™, 348 1 =& T3}y
MOE 1,700% A}&3tich EFJ?} %Z} oA 10,3 =
°|4 10, 549 44 10(FY LOAELe] A 4%)& e
sl EFAAAS 1009 10008 AFESHC o9
MOE 11,000 21,7003 E3RAAA 4 100 2 1000
27 w)wst Az 1100 2 179 o4 2 oz viek
ol whet LA A7l T etodarg mlHA B Ao
= B

L S ye B 271

2.4 $134 %7}

vee] e A8 ke 25 ‘J‘T‘xa]ad -
cA AR A H4E MR BReE AT
FAX L 4 ZUEF e F43ke FE - 9
273 248191 (2006), {F 5 (2008a), =372} (2007)
9] ATl S3E vh gich AR - FHAA
(2006) 3 ot 5 (2008b)8] Aol wh=w, Ad KA
7} 7 £ 7EE AR Y8 VCE G 3
FEA F sz AAsle sF/FAR=S - 37t
A A= wpAE F43 A 8 Hoke 8 bt
otk Ve el FAXE ARE3] A% 7R 54 A
23 US EPAY ECOTOXicology Database, &5/
=2] TOX-2000 Database, #3 <13}2] International Uni-
form Chemical Information Databases} 72 A&l =4
g o]l o] A9} US EPA2] Ambient Water Quality Cri-
teria R E ulglo g SAFglon of Z I 44
off Bx3le AEFT At EAA AR #4313
o} 2 AdEE e 54 Alsx AldF 2% (Bacil-

lus subtilis, Clostridum botulinum), %A 1% (Rana

m]ru lg
> ol

m& r-\rl-’

temporaria), 5 1% (Saccharomyces cerevisiae), =%
13 (Culex pipiens) 2.2, 3F/FAMN=e] 31 - F7¢-
A AR PAe A7) A% Hane A= 27 2
Al oA F WF 2F AR ZPE 2FAA 299
o we Ad) 54 Ame] 3Eoe Ae £4% A
o) wrhgel whe} e 9191 A7) mRE wh oleh
Eged 4ol Bl 0 ES47)E 45 guE AT
ZHSR AR (2007)9] Aol w2, AN - T
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