2 2 U *IE=S20d dist HZ fAalld "ol

AR @#FFTHA ?’*
A%

r
2O

Aole &7 2dd o Fahe] §F, & JdAJAE T A
doldch ey FAAHoln HAHAY ARE 27steE uA M=
NAR e WS FoelA Lol Folof #ul, o= Axs 0G4ES
Y F Ae7hy gdo] g F8F FAE HeaA HAh
w3 23hr|s Hojztan e AR BASA oA} ERLLLE Y e
2 Zojuyrty] 9= e dolm el whyEoe]l 8FH 1 gtk ol 93
AAD F= de HHEo] sl H7Hrisk assessment) AEZA oju] A zZhTeo] o
TAZIBAM A A2 A (decision-making) TEeIY A7 & Fobz g 304d FF v
oA ““P-El A wRsolA goh
Fejvete]l A9-= on g Brtel diE A7t AL THFTA e, 59
o] A 73% 7?%@” AR A e AYE FALEEA 3
7bsted feiviel AR A FE&E V| 2ARES AAT B J
E2EAME F2F chloroform& ez BELIE o] 8T Ay o
3

71% benzene® thA o2 xZ 3|8 F(margine of exposure)

o
el A8 ol A ol

1. %54 % chloroformel d& A7 A H7}

FE=4%F chloroform™ ZL LAY F7I29E82Y =28 AHALZ viX e HFA H
2 ol9dE tE =EHEE T TAT F Utk olv A, F&, AR EFA AWF7)
2 AHojgE= A Frled9E3e §FYxZ(inhalation exposure)d 2 H2ZQ Rz
(dermal contact)g F3 =Fo] TAE + Jor, HLAH {7 EHA JdojMe= vu
T =EF22 9=A nE oo jr)

Al A Hote 1384 <2A(hazard identification), =% ¥ 7}Hexposure assessment), &
2-uk2 ¥ 7}(dose-response assessment)?t S A A (risk characterization)®} #& F 8

1A B ¢sgs1oizw}

aev =EHIE 3% g 7t A ARt Bddte AL E= AYAbgtel] wi
Qloo] e A g i;oﬂ LL}TE_. 2% % FA A (risk estimates)oll ZA F3F L m A}
watd fsld HotE F8ds ¢ Hrukd W 284 A (uncertainty) & AF 3] Fubat
3 %5

A ok ol BEAAdd g EMolv Yeg A Feud, HF grArE oy
Bo) 2A 9%E =3 F A

2 EPAM A= 2 siAd #H7MAl(carcinogenic risk assessment), A H A &8 %
HFes nste] dd &85 H3EFE 2L/day(90th percentile)E 7HA3dte] HA dU H
T xE3FE AT Aok 22 Lo AHE FA o wdH e MY g 2a
(linearized multistage model)oll A A& 95% AFghgt(ql*)S ©o]&3tn Ut wala o)z st
thEd 7ol 9 g A Hrtole B2 B8 EHA £ oy, xFg 2 0
dE g FAHs7] Y8 dese de xded wet Yol s FAX AEFD F UTh

il
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o

o] BEANE wEF A HR3 =& A2 2 (exposure scenario)E V1A 3
) Ao B $ gk =& diF Eege FAS = Qo] dEHoez FHo
2 )¢ )3 7Hoverestimation)SHEFE ] o}l HA 4 22 i F g

=
AbEste] o1 =& W49 Wo|(variation)E 1A XetE AS, HA A= FAHA 27

o

LRI &
o o i

T £H-9E HtlM AA FFE FAHINY] A FELIARE Y
extrapolation)3t= FAA A MEEH FEAR, o]fHE 8 Xd ag1u R2E F3 4t
% 5]+ et (carcinogenic potency)®] FH3A 71 FAHX EE 95% Feate] A wet
EE 29 5o&%F(administration dose)tidl  AEl-<kFE & 2 d(physiologically
based pharmacokinetic model; PB-PK model)o] 73t W] # & %F(internal dose)& ©] &3}
=749, 29 SEAEAE dAl ARES gder & 98y AT (epidemiological study)
ABZE ol gdle AL FAHSE AMEXT 449 F FAHudA FH X AolE
e = gl

W B g ME Ao S85F chloroform& 22 Monte-Carlo7] ¥ 2
2 =385 BEEYE 0% dF A2 BE Y E FAXE HlEstL, =F <

AEo] it VAR E Hrstad o
== 7

chloroform® 5% & H7}3s7] Y 19873 % E 1994d71=1 ] 4

‘53T
oq 84%F =% X8 AAINARE 1-D.

t

PEREE

o
h=}
U AEE 53

ol

Table 1-1. SUMMARY OF CONCENTRATION DATA(1987-1995)

concentration(ppb)
YEAR N Min. Max. Mean S.D Method
87 6 2.450 5.650 4135 1.231 Head space
89 20 0 33.410 11.097 9.050 "

90 2 16.750 16.980 16.865 0.162 v
91 32 10.080 30.120 20.231 4.601 "
94 33 1.430 16.030 5.959 3.931 Purge & Trap
95 9 0 25.780 7.017 8.852 "
Total 102 0 33.410 11.644 8.536

A & H7l B4

4% chloroform? =% H71E Y3 A3 =% HrlE EPA1989a)d Al Al A 3t
de o) gEPT 74 A, k(FE, W7}, B )l 98 8% GE =E5HA
% CDI(chronic daily intake, mg/kg/day)e th-&2lo] o3 A& drt.

N
W

1
A

o

>
ro o

A

p
[e]

T

o

A =&

_..92_



CDI — [CRi] Ci EFxED

“Bw MT AT O

(o3

4214 [CR;/BW]e A% A2 ¢2H, 859 F$dE 1 (water)/kg-day7} =

u

v, Ci/Cyxe 84 wiA, k(Fd, d7], B §)9 L¥xd e =& oA, (385, 4

W7, 8, AF 5)2 29xe Hlolm, EFE x=%3l4, days/yearol 2, EDv =%7|%F
vearsol i, ATE R4 Hd =% 7|3, daysojth. o] AFolAe -—E'*": EF= 365
days/years, =% 7|3}, EF¥ 70 years®, 18l FA Ho =% 7|, ATE 25550 days
= Ak

IEE R

j}i«l
g

T UA =2 F

Chloroform2. 2 29 ¥ 458 HA HFAFo=zH 753 A4 =F 299 € #H

9 FEFo)L, HELLE 85 UFF(L/keg-day)old, 365 d/3, 7032 =E7|0E
1Y =& NEE 2555092 FAEAT. IR §7109EF doo 52 od
W FETE B AR A =58 5 Jde £, Doseings(mg/kg-day)< th
o] Ao o3 A&

Cwlmg/L) x Ing.R(L/day)
BW(kg)

Doseinges(mg/kg-day) =

Culmg/L) : £87%F LAY f72dEAY 2=
Ing.R(L/day) : Y &+ AHF
BW(kg) : A=

2) 3FS T YA =57

AUl A chloroformdl 2G% S858 AT A% TF=FAY AAE AH
Bl odde FEFolL, FEYL AYFrloln, L AFS P 55L& ¥
tho1d 365 o, 7009 =E77HE mesle =3 BT 25550 92 A S Y
o] AolXE Mckoned £E€FE T IF =E3HI S ol&do A S
g B 3F=EEFE ToHTh 2 E&FE B £2F =%, Dosewn(mg/kg-day)E
2ol AtstA .

&
ot

!

do r

DOSCinhal(mg/kg'daY) = Cw X (BR/BW) X [{(Cshower/cw) X ETs}

+ {(Chalh/cw) X ETb}
+ {(ChousJCw) X ETh}] / (24hr/day)

Culmg/L) © $85%F WA f7e¢deded 29

Cshower, Cbmh, Chousc : }\‘:‘?‘]}F‘:'].. 'gl')é] j-a‘ll 19‘] @9’]%{]:0“ *‘1 Z}'Z}Q] —9—%52—

R: ¥4 &F& (m'/day)
BW @ AlF (kg)
ET,, ETy, TE:, @ AF914, &4, 29 AWFTAMe 4 49 =& A2 (hr/day)
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42 5% =2428 Fobetr] A, @y g2
4

3+ | =

SEADS BHEF 7098 7Eo2sd & NEE 255509 2 A S

g chloroform® =&H7}2 98 BrownSsdl 23 749 2d& A4

3%tk Brown 59 ZddAE Atge] ArYAIZHE EE&AE Zon R Em Yo,
2o Ao o3 HREEES FI UM =F LY, Doseserm(mg/kg-day)E T3tH}.

Dosederm(mg/kg-day) = Cw x [SA/BW] x fs x PC x ETs x CF

Cw(mg/L) : TF HUYAY A71e9EHY 29
SA *“3:.“431 (m*)
BW : AF (kg)

e
2
i
M

fo 0 A AFTAH W A T 244
PC : 1% HF 4% (m/hr)

ETs: ¥d¢ =& A] 2 (hr/day)

CF : &9 #4F 44 (10°L/m?)

AEAH ] v g (m?)

ATAA SAS AE3b7] 98] EPAI989b)olA] A AStT e a8 ol g3t}
SA=0.1x BW*?
uro) X ncer en

Chloroform®| ¢t ZAHg A&7l Y8, NCI(1976)% Jorgensen(1985)9] &4 3
AE olgslgrt £Z-wre By 2AZ A log-normal, Mantel-Bryan, Weibull®}
multistage 22& oj&3tdom, Z TdEo] 3 IB5% AH T FdaHE T FAHe
2 AAH o, chloroforme ¢ HHEE AE3t7] Hs) ¢ FAHY S5 EXE
AARSFAHE 1-2).
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Table 1-2. CANCER POTENCY BASED ON VARIOUS BIOASSAY DATA

Study Potency
species Experimental Exposure Dose Tumor 95% UCL
(strain) sex route (mg/kg/day) Type Incidence
NCI,1976 Male Garvage 0 hepatocellular 1/18 -
Mice 138 18/50 52x10 7"
(B6C3F1) 277 44/45 1.0X 1077
9.1x10
NCL1976 ~ Female Garvage 0  hepatocellular _0/20 54%10 ¢
Mice 238 36/45 9.8%x10
(B6C3F1) 477 39/41 52X 107;
52X10
NCIL 1976 Female Garvage 0 kidney epithelial 0/19 6.2 X 10:1(1)
Rats 90 4/50 1.1x10°,
(Osborne-Mendel) 180 12/50 6.1x10,
6.1 x10
Jorgensen,1985 Male Drinking 0 kidney 1/50 21%10°°
Rats water 19 6/313 1.3x10
(Osborne-Mendel) : 38 7/148 2.0x10°,
31 3/48 2.0X10
160 7/50
w3 o) o ELEE
&8 % chloroforme] 2 2% tF AA =&53H % o]2A3 3 L Y=
o Z3st7] s F 1-37 Zol =& JAAEY BEE ZAHSNAGY. old =AY AqA E4
< 183ty dE ARGy FRES thdoz AF dd &85 A dd B8 4
7 dd AY A BEA B ALESH, dY & AEH Bol 3% AEXAE AAYT

Table 1-3. TYPES OF DISTRIBUTIONS FOR EXPOSURE PARAMETERS

Pathway and exposure

parameter Distribution Mean SD Min Max. Ref.
Contaminated concentration Empirical 0.012 0.009 0 0.033 a
in tap water(mg/liter)
Tap water Ingestion:
Rate per body weight(liter/kg-day) Empirical  0.009 0. 006 0 0.049 a
Dermal contact: 2
Surface area Ter bOdK weight(m“/kg) Normal 0.026 0.001 - - a
Skin permeability(m/hr) Uniform 0.007 - 0.004 0.01 b
Fraction of exposed skin Uniform 0.65 - 0.4 0.9 b
Inhalation:
Inhalation rate per Empirical 0Q.688 0.939 0.107 6.078 a
body wei ht%g /kg-day)
Exposure time(hr/day)
Bathroom Normal 0.32 0.19 - - a
House Lognormal 1,81 0.99 - - a
Water use rate(liter/hr)
Bathroom Lognormal  381.3 258.1 - - a
House ) Lognormal 471 4 200.6 - - a
Ventilation rate(m’/hr)
Bathroom Uniform 54 - 10 100 b, c
House Uniform 750 - 300 1200 b.c
Transfer efficiency from water to
Shower air{unitless Triangular O.GOEmode; - 0.10 0.90 b
Household air{unitless) Triangular 0.30(mode) - 0.10 0.90 b
Cancer potency(kg-day/mg) Empirical a

‘[ERY
"Mackon and Bogen,1992
‘James and Knuiman,1987



Chloroform®2] ¢t 93l = (cancer risk)

2-849] chloroformQ ol 93 YalE= the3 o] ArZagch

Riski = Dosei x Potency;
RiSk[oml = ZRlSkl

A714, i 7t w3 AR(EFH, Y, NBRHE 5oy, & Y e wEA2 o
g 93 =, RiskiE &t

S84+ % chloroform 2 Gl 23 AH & F

& &% chloroform 2@l 93 z2t =& 7
Monte-Carlo simulationg ©] &3JAHE 1-4). &
50the} 95th R FolA 7 A AEHALH, I

o7 #BYAUY 8&85F chloroforme =

AA =& BEXFL 2E

Z chloroformd] 28 & =3 o)
HEZ 93 =E2F2 FAE w3t
Ze 50th o] 691x107°¢1 wd, &9

24
£
j=]
=
=3

=& 50th #to) 320x10 24 HE =229 46w ettt 2843 chloforme
2% EY =2 F =EH0 734%F AANFoEA AH =& A2zEo o F93%
EF ARZ YrEHAM 53], £24E AY AFEA ¥1 B9 viAaE $dug AEE
o 4% nedgd, ¥ =2 & HIiEe dS F Aoz duH

Table 1-4. THE DOSE COMPARISON BY MONTE CARLO SIMULATION RESULTS

Pathway Ingestion Inhalation Dermal Contact Total
509 6.91x10° 3.20x10™ 3.32x10™"° 434x10"
95% 3.43x10™* 397x10° 151x107° 412%x107
2 24 % chloroform 2. g 93 wel s 34

£ 8+ % chloroform g 2% & =& ZA2ZE 133

F 29 Y == 9%th
o] 10°* #&22 Uehgth HFH =20 % wot YJAEE 10° £29 9, T =39
o3 Wk YHTE 10° £z FHYger, JRHZA 98 2 g E 10M2A
FAE @3 F:oF el THE 1-5).
Table 1-5. Risk comparison using monte carlo simulation results
according to the property of exposure parameters
Uncertainty+Variability  Variability only Uncertainty only
Ingestion 50% 5.13x10 " 301x10° 1.68%10 7
95% 8.40% 10! 7.32%X10 " 2.02%107
Inhalation 50% 1.42% 10 1.03%x10? 4,19 % 10
95% 1.08%10™ 9.63%x10™ 1.35x10™



Dermal ontact 50% 1.68x10 152x10™! 1.16 10

959% 8.40x 10" 293x 10" 831x10™"
Total 50% 1.48x10° 1.39x10° 442%10°
95% 1.23% 10 9.99% 10" 1.55% 10
v olxEe] uzly v oy B

=E dAEe 23 2y Yz dEd YU =(sensitivity) ¥4 AxE E 1-59 o}
ElRich =& ARF AED F &Y 7I9ET} 37.3%=2 /HF ZA JElged, 1 o
Z 385 % chloroform® %, Z&A & AHE&, F&A ©o2 HubE Ao

Table 1-5. Gaussian sensitivities and the relative sensitivity percentages
for exposure parameter

exposure parameter Gaussian sensitivity Relative sensitivity
Inhalation rate per body weight 158x10™ 37.3%
Concentration in drinking water 6.78x107° 16%

Water use in the bathroom 5.17x107° 12.2%
Exposure time in the bathroom 4.09x10° 9.6%
Ventilation rate in the bathroom 3.07x107 . 7.2%

Water to shower air transfer efficiency 2.08%10° 4.9%
Exposure time in the household 1.23x10° 3.0%

Water to household air transfer efficiency 1.25%x10° 2.9%
Potency 1.12x10° 2.6%

ool A7 AFASE TN B, $85F chloroforme 2gd 23 Fd =&
NH-2RY o 28 A2 Mackone %5(1991), Finley %(1993)2
AFANME FH =&
gte] Afole FrF

=
=
oo F23% HoE JEytoh

TLE A2 HrHHR oY, v
Fez ¥ FY =% A2 A =& 42E

-

2. A ¥ E A, benzened & 3-8 F(margine of exposure) A

BenzeneS UAA e WHEZDZA EPAANA AAS e @AHsE, 83X
108 g B33 2o FEAYIY 4P AT o} FYY 22A4E ez
g dA QAT ZHE ol &3S FAE #golte FHAAA uS Fadth & benzened
Aol GG 7ol dFd Heiee FE4F 23 idA 7|dE Eddgde] Yo

At 3 4 9l
Benzene &2 <13 ¢t HaldHrsteE AATE2AE ez vHny nycg 2
5l gatol A o]Fojxom 19853 =3k 37 ¥ 3 H(U.S. Environmental Protection Agency,
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]38t US EPA)IA 222 benzeneol W GAANEE 241x10%/ppmo2 AN &KL
o FZo] olel thE AW o] Fo|A T Ee WHAS 47x10°~25x10/ppmE
AAEA T ol A HrbE A vuE o 2A %E}ﬂ Zo] opr}.

Benzene? sl E7tel o] 88 AqAT AH(E BH 229 A $ benzene R FH
o] 40ppm-Y S VA %t AF #wEHY ALY FF3IF *} } & ¥ (Standardized Mortality
Ratio, SMR)7} 1o] EH At ol¢t e AR st US EPAYIA = benzened| did
2 Eg2aro] HojX 40ppm-dol Hojok A=t T8 Ro =2 AAATt ©] 40ppm-d
S Fo% AAGFge] #FE F Uv HA$ FEo)HE ov|dM "o H(Point of
Departure, ©|3t POD)"eleln F &gt} 121y 40ppm-yd ©|3te] w=EFoAE g Wy
Holl W3 A=t e AYA F& AuHEA g EAste AAQA dig FHg AE2L
gl xl 2ot ot 222 qAdeE FaE AFol7] wiEd 3 sRolA -k
47—1]“ ARz FE3 HAH 7] HEY Fx Aok 221 HA 40ppm-d oW

O

ﬂ““‘* ]° £z %, 988§ o83 AWEAge AAH(Point of
Departure: POD)& A4t 4 o} Benzene® o2 So/RA I F<¢ AAFHAA benzene
wEo g AFFALAH, olejd =EAL AGY ZE AL A ZEAEY 2

z70 wet ZHE ghol7] W YNk BHFAA HE37] A FAAHA ‘533}
. & FUAZEAE FF F FEANE AN E JHAHE Aol Wi dwEFE FA
o] ZZAA 24A2HE e 22 JIE9 o 1/3%< 13ppm-de] POD7t €t o]
ghe dwrelel HF FHA 70322 UFojFH BHFNA 2 benzene POD #& AAY
F7F d&d o] g2 oF 190ppb(59.5ug/m') 7t €t

Z, 37 % benzened FT7F 190ppbel AL 7IFo2 Y=t Fridte Ao #F
5w, 190ppb ol e A$+ “x=Z&3 & F(margin of exposure, |3} MOE)" 2.2 X A|3t=d|
olx AA &2A-FE F2F9 benzenex =2 PODQ 190pphe HIZ A4tE Aoz HE3Ir}

o] ti7l Aol B3I dojelwoja AS(1975-1935)9 viud 2utv XFAY g F
VOCs7t 2.1 ppb(F43h), 2RE7] 1.8 ppb(FA3h), 4yt w7l 1.8 ppb(F %), XA A
o 1.8 ppb(ZT4E), AlEFXE 047 ppb(F L2 olEgd = gk MOE= HA ¢F 91
A5zt gk ¥, TEAM study(1989) Z oA VOCsol did 70 =& oF 4.7 ppb(it
EH )2 MOEE AN ER oF 400}

2
Whor
%o
2
\ ‘I

L
—MOE—

23 2-1. 7]F benzenes S(0.96ppb) ¢t =% 3 & 2F(margin of exposure)
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