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= Abstract =
Scientific rationale and applicability of dose-response models

for environmental carcinogens

Dongchun Shin, Yong Chung, Jongman Kim, Seongim Lee, Mansik Hwang

Department of Preventive Medicine and Institute for Environmental Research,

Yonsei University College of Medicine, Seoul, Korea.

This study described methods to predict human health risk associated with exposure to
environmental carcinogens using animal bioassay data. Also, biological assumption for various
dose-response models were reviewed. To illustrate the process of risk estimate using relevant -
dose-response models such as Log-normal, Mantel-Bryan, Weibull and Multistage model, we
used four animal carcinogenesis bioassy data of chloroform and chioroform concentrations of tap
water measured in large cities of Korea from 1987 to 1995.

As a result, in the case of using average concentration in exposure data and 95% upper boud
unit risk of Multistge model, excess cancer risk(RISK I) was about 1.9 X 10°, in the case of
using probability distribution of cumulative exposure data and unit risks, those risks(RISK II)
which were simulated by Monte-Carlo analysis were about 2.4 X 10 and 7.9 X 107 at 50 and
95 percentile, respectively. Therefore risk estimated by Monte-Carlo analysis using probability

distribution of input variables may be more conservative.

Key Words: environmental carcinogens, dose-response madel, chloroform, excess cancer risk, Monte-
Carlo analysis
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3 clstsle] 7ta Qe ARl SollA ol
Agt BGA40 R 98 e IHEAE Zojrl
e FAetaoln Al W ol a7 H A o
o, ol WHECR AR BERH Y
9] 7]¥o] Ha Y-S P F AT oAl F ol &
% SItH(Anderson, 1983; US EPA, 1990; WHO,
1993). fANE 4D g Ao §F, & <
HAAE TiHske 3lo] YA Al diideiglan,
FAFel|n A FRE gpsls ddl Al E
LAY HEe AZE AFH o2 Hrksld, o
= AR QEFES ] AEA ol £ e
7kl #gto] w-¢- F28 FA 2 w024 Hch

A7} a4 7Hhealth risk assessment)v’f_} ojd =A)
EFdol dEe w&He) Y F e MY &
& vel 27 Tjg) B8 FYeke A Aol
2w Aol 4 ook Tl ek, Alglo] 977 91
(environmental hazardpl] =Z5US Z-¢, DA 713
P HA e Ao d Fsie Aol old
Bl 994 EQl(hazard identification), == 7}
(exposure  assessment), BFH-S- 37} (dose-response
assessment) 2 $18) = A4 (risk characterization)?} T8
4FAE Bl FRETHNRC, 1983; US EPA, 1989a).
Aaidg 7t glol 71} S8% dAQ Saas o
7oA e Algdol falEde] O dFd =EHUS
A5, A Fallg IS SR FEL o F=
I7FE ZA sk dAlold.

Al 4ol Slo} A (threshold) AL F5-ol
wjet 2ol ] deed oy sEe el 54
Gl it 42 E AHshe AL Fasic}. Ik
o 2 ujke} EAE2 (noncarcinogenic toxicantye &
A7F EAshe ez, AAAEA R vhgeke T
&4 (carcinogen)?} S| 9A
27} 24312 &= Aeg 7). weps waby
4ol &g Hrlle wgx H2W(won-

HIGAE AR ke 8308 2de Foil =
28402 R UEE d3dtn nFRX Az
2 ptete Fepoltt. 97|M &3-S g Pd)e
Folzl ARVAA] =283, d2 s e 2y
ouyH goz Hag Ao 3] AR wke
©l; ZFe] AT FE2M FEARE AR &
€ FEIBAT 22 Hd AR} o8k
e dAAQ S22 RS 802 RE
S © F4 oldjoff LS AHste =
ol 8Ht}h WM EA 9 LG HUloA A5
s 84 Rd2A one-hit 29, multi-hit 5
dl, A& sichaA (linearized multistage) E& THHA
(multistage)2.2) 28] 1L probit, logit & Weibull 2.4
5ol &A18H(Ryzin, 1980; Munro & Krewski, 1981;
Hanes & Wedel, 1985; Ricci, 1985).

=& 5% A % Atolo] BAE 3] 9
s A stk g &F--eARI Best
o A FASEE Fsk=d FEol 317 wEel
AbE dideg 3 JdPAaE A3sA, A A
271 AU EAET sltiele =E3AEY} FA gs)
A B3viAg FRS BEAY] EAE, ddH
A} Atolof FFE ulA 5 e TIUSE wjAE}

TE
717 o17] w2l deAgEM 788 BeE =F
ot oiebd drbez AAA 1 BRE SEAR

£ o] &3 =y tiFEe] Edd) did 2L
(animal bioassay)} 31-8-8Fol|A] 37| wEl], $-2]
7} @A o2 BAE Ze uiAdle] AxolA
9] d&e B7bsA Bk mebA s8aea] A&
2o 20o] 94k (low-dose extrapolation) F.eo] & Q&}
A Ha, o] BHdde B B0l #tdn. A E
Pl = AGo) FPse T TYEE S5 ofd
I, %2 HAES FFSP] M U FEA
87t st ofd] we} g v o] 2%y o
o] H4zoz EreslcHcomfield, 1977; Curtis,
1988). T3k EEA FAE S8E AgolA 23}
e &%o 2 A& (dose scaling)dl= #3lo] s}
(Davidson et al., 1986; Freedman & Zeisel, 1988).
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2ol 5O FARARY AR wE2R20 e 7
%, A27rel 9l4t(exposure route extrapolation)o] 3
23HARE, B50ld A5 AYsln =& =0t 5Y
g FEARE o &3t o] AFME EFE B
do| o|24 ZAE s, EAEA S 24 4
P FY GLdE Ui HEEEY YA TA
Bg SRR 383l wFol WE A ¢

AN, F&F T EAsH &
dlotga o] chloroformdl] thgh &
gt 1A Y=g FH3P) -CH
Golrn,

EA|, 284 = chloroforme] A ZA8E o] &3]

ol w22 QE AXYAES

Z23}31, Monte-

Carlo “5:—1% 2 A5

O

34 weredde =22 A% 2 A=
2 2387 U3 By L3 H71E Slslo] o
7} 2dle] o] 24 ZAE '7%'5}31, 217 chloroform2]
Z5 HAAE(NCIL 1976 a, b; Jorgenson 5, 1985)
<} 1987 ol M 1995742 S4E 2dE A5 (R &
= 1990~1991; SAAshm 3 el P, 1993~
1995)8 o] &st] I EE FHHAr). o]
n ZapdetesEE ¥ 7HX HWPE(FLOW 13 g
o) g3t} A+, ¥ walgith(Fig. 1).

Selection of animal bioassay data for carcinogenicity of chloroform

Theoretical foundation
of
dose-response model

N2

Animal datasets

N

N
-

Dese-response assessment using four models

(high to low dose and animal to human extrapolation)

in TOX-RISK package

FLOW 1

= FLOW I\

Point estimate

~ Distributional pattern

(95% upper-bound unit risk
estimated by most relevant
dataset using mulistage model)

(Unit risks estimated by
four available datasets and
models)

N

Chloroform concentrations
in tap water of six cities
from 1987 to 1995

Average
concentration

RN
-7

4

RISK 1

&z

Distribution of

chlorofrom concentrations

Monte-Carlo analysis @

RIsK I

Figure 1. The overall frame of this study
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1. flsizel & FHXRISK ) MEZEHEAOW D)

() 2A=2] 1Y

$30E WhE A% FEAEE O 22 A
BE EUE sl AHsiHth

O Holk F &7 oM 2 AgE FIHIIN

O 7P n8FE whgoleel the SYIFe

2 25 $9F7)(ife span)el 932 vlx)
7 e gZog MAHEEIN

O 485EY = 4 &% 4 ZF(species)
g,z Asex)? 500te]E 71EL
=71

O JAxZPRY Y EE FARIY

O lifetime study%7}?

O iz vja ¥ ol TUME e
e S3-98 o] Fsiy

3t 9l

(2) &g A7t

Aed SEARE o) &8k JAS=E 43}
7] $8td, TOX-RISK Package(ICF Kaiser
International KS Crump Group, Version. 3.1, 1990
of tjgke AR S0 AHY £94 2d(Lep
normal, Mantel-Bryan, Weibull, Multistage model)°]]
SIS UG ¥, BV Rde B4E
27} (parameter estimates)sl 1L, % 3% (goodness of
finel BASHS FAdE AT F, 2 2o 29
W2Hejo] WSNE SR A= FRaleT. E
g Rd7te] n&33 A &g Hale FEE
eFesict.

oluj, &M A &Fo g Jite M AF
@ 1A 537 2 ol galglon, A glo] &
Fol| w2 W& Fgr] A, FELEAAN A}
£ 835 Al sidsh= 88 (human equivalent
dose)o 2 H&al= 34 (dose scaling)e A FHA-S
272 %2, oln £l 0@ WEe Aol 5
Bolu T &3l diafrs FUE F F(equipotent)
< JehllE AL 7REt B8 =57)300] "

CBE AU olf @ A& B8l IA Halx 7
v} g kol 2a) S (carcinogenic potency), i T

=l
Y8 = 57 %] (unit risk estimate)}S A+&3}H tH(Fig. 2).

g, human = g, animal X (human body weight /animal

body weight)'” x (lifetime / less-than-

lifetime exposure period)’

ol71A 2ot g §F-uHE FHNAM 95% g
Bel aFete 7127I6lope) =, AL (lincar
coefficient)2 ] HFAFEerA 02 T0kg)e] 771
gle] ofd sletEzle] &Y =& &% (nglkg/day)o
2 299 3FMAE, 37, AF 5 7IdFiE
Ao g 70d) Bt A Estn A o) 12 Qs HA)
53 2pdtatgEe] 95% A4eake orjdith ¢l
= FAAE TUEA LS oojoly} ©A] Il &
F(mg/kg/day)oll A DA ETE(ug/l = pg/m)d LA
EE A8 30|t

(3) #5£4* % chloroform® 249%

FEF F chloroform®] @ P=E AAY SA3FeA
TaolA 19873 5E 1995371719] 2418 67 timA]
o] AEE olfslgen, 1987dEE 191X
head-space/ECD(electron capture detecton)Z o]-&-3la] =3
S om@EL S, 1990~1991), 192438 1995d7}7)
+ purge and trap/MSD(mass selective detectorys ©]-8-3}
of ZHHJTHANN B3-F A4, 1993~1995).

(4) =gl e 2%

Zapatolelall e A% (risk characterization} @ H &
2t g o} §F-uk-g Hrte] AFAE X3t At
f2kure 712 E8] TOX-RISK Packagewl 47}
24 Azd defele FAX F 7V 4A%
multistage Z&oA MEH 3} FFLYEE o] &5
o, ofel] AAJE 2o o ZFIANINEE &3}
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Environmental carcinogens

|

Selection of available
dose-response data

!

(: TOX-RISK(Ver 3.1) package

l

Dose scaling animal to human

* exposure route
* exposure dosage
* exposure frequency and duration

* body surface

|

Extrapolation from high-dose to
low-dose

» Multistage model
* Weibull model
» Log-normal model

» MantelBryan model

|

« Carcinogenic potency(q,”)
« Unit risk(UR)

Figure 2. Frame for dose-response assessment of carcinogens

A} Multistage model S A=t o] = FEEH<]
IS aunt ek e s EdsE e,
7] 4o slo] §Y FrolA tE zdr
o £& AEAE ATk i, vpA] e, B
d AFEAAM o W FRAE AFs] g, F
AZ1EE FU A8 & 5 7] dEolch. =& A
Zk(maximum likelihood estimates)o] ol 95% 33zt
< A9 o)lf= dAE Zd(conservative model)2]
e} A HA| A E(true risk)Rrhs £& AR
ZThE e =S 857 A A ZellA
o) o}

23} Wd A= (Excess cancer risk) =

HE LUE(ug/l) x D= FAIA) [(ug/L) ]

2. flshzel FHFEHARISK 1) M=npy

(FLOW )

(1) &A= A9, @993z & 2 29=
AR

FEARY AYrEe 1. (VFEH} 2o,

chloroform®] 7} 5473 2 (oral-route exposure)} &
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f

dd oy £ ARE BT o]dsld &
g Ao EEE AEE ‘%M
T}f& HhH 3} Eo\o}w](m 1

(2) Bg44 B8 (MonteCarlo ¥4)& ¥

ekla = Ay -

FLOW I 27iotelsl £ F43h=t ol =%
Fro g E & 2t S shio] e ol 8aksd
ot 23y AA eEE 59t vkl tig Aol Tl
A7+ pol7t A7) wEof shte] thEFC R Sfsx
& FHsle dole £844¢] 24 drt. ety
B QoM e oleidt Baad S sotslr] 9% Wy
o2 Sldle 3ol Hagdh ity T Ty sixe}
CEEE So| B2 238 AB2RE shie) gl
old 433 Feje] SEF E(probability distribution)
= A3 st1, Monte-Carlo simulationS- ©]-8-5f] 24

o] 2Fo R PojXe HAdlEe] HEREE FIIY

o
B
=k

N\

£

=@y X, Y et /e b Xe o9y,
YE di9sizeltt. olil X, Yo 458X I
€ 7159 AmddA ozl Bk, 2AA, Hlg
= Higel <3 ZF =A™ Monte-Carlo
simulatione] €]3}l WA 71Egt AMES] A Bl A
(tria)& F3l ztzte] dEHF(X, Yy dist GEE%
2 Y49 X, Yol U3 HEETE QPF 44
X-Y= Zyl 98 <gsxn, oAl Monte-Carlo
simulationol] 9|8l 27} FAslaA sl EEWHS
(2)2] B3R IE PAsla] Zbzte] percentilesjA] 24l
=9 g A=Ak 4714 Monte-Carlo
simulationg- 9l8le]  Crystal Ball package
(Decisionneering, Version 2.03, 1992)2 ©]£-3}%it}.

ol
R
N

PDgi(Z) = PDcioroform concentration( %) X PDyri asx(Y)
(PD ; Probability Distribution)

e FA4ol| 2lo} 2 (threshold) EA)2] §-5-o]
wet 2ol tr) Wi stetede] 549%

0

o M3t A2 AR AL Fask} dutxow
njukel =29 8- (noncarcinogenic toxicanty S X]7}
EAshe Aog, fAAEA vheshe B B2
(carcinogen)>} %ﬂ‘?ﬂol $4 B2 (mutageny> <927}
ZASA g Aoz JIFuTh g ey 84
o gatg Wolol ol B vleA B

(non-threshold model)e]2}ie e}

£uke mdo|gt Foizl wE {0 THE Wk
& oo R AT IAIshe Pl
A BBUS B4 PO Tl AV w36
2, d2 el Y E wHTo ZHE glolz At
el o] AETA WHg-(d; FFp] AT FER
M BEASE AP R B FPTAR 2 A
4 weAEs} oLk, FE P YAHQ
452 =& 8F0 2 RE Hke-S J
o] ek &8-S At R o]8H.

kg HrlolA A g2 ejitel glof 713
pejdol & Al AR o] Melolr}. o] 7}
A iRl FaAAge] APErt dssiriete A
LA dESHE Halze vl$ & AolE HolA
slog EReitrde] EIA WA, $A41g
%9 A4 2210 GEAeln FAAY AAEE A
o] <lsto] ZES oo} Bk

i Wb g Bl SaFnkg HrloA A o] &
¥= 484 2HQl one-hit 2@, multi-hit 2, A&
g A (linearized multistage) T Ul
(multistage)2 9 “12] 1 probit, logit 3 Weibull 24l
o] Aol gt o] 83 ZAE nASH(Ryzin,
1980; Munro & Krewski, 1981; Hanes & Wedel,
1985; Ricci, 1985). th& Table 1.2 1880l A # &

)

&=
QO
S
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(1) Probit(Log-normal)/Mantel-Bryan &4

o] el HEZ Eo]2 WAEH L] 93]
(threshold)e} A <o} WA= B8] 7)o}
g AR 2d2 23geA 7} 7iHe X7t &)
33, olE JXEL 21 FTEEE BEU= 7
I A7} & 4FHT 2o Qo] dAgith= 71
< AAZ g}

gele] &7 dC 0yl thdte] Pdy= 0HT 2o
A5 A 23d s e =38 g X7}
EA8A] gethe A g 9ulditt. A5 =587 dd
Ae] et 85 Pd)ys FX7F d 0|3l AMEES] Bl &
& grjepr = gt

Mantel-Bryan 29 2 Probit 2dle] 2= =12 7}
Aot 2 AEE BeF o g 8= ol

(2) Multi-hit /one-hit 2%

o] wdle shte] A 27} g oJs) ki
= 199 hit(multi-hitjone-hityS Wrom otz z A
doke A& 73S o2 st dem hite]
AaE A7l A9] Fold(Poisson)i}yd & wpEct. ojuf
A7l Az &8 do HlAdth= 7 & Bt 9L
o] B 2] Z A RS AL U, =
Z870] A& Hojre A5 gl ddvke 714
2k f=g 5 o, ofmf 2 A ] 5| &
e 2 BXE gt gy o] mde 9 A%
a=(single cell line)ol] 250 M2 thE o] 79 A
b AS W, 0|5 AE F shie] MEst TFS A
Al Hof ool deje(lE &3] A Edolzn

U1 8) A A e AgaA Fara ok

(3) Weibull =¥

o] 2l HA(competition)Z2 2 3JJe] 23
(tissuey> n7fe] MEZ FAIEO] 9low, o5 AE
2 SR ool 2elW 272 ool Atk 4E

Table 1. Mathematical function of dose-response models and their low-dose behavior *

Low-dose behavior

Model * Mathematical formula; Cancer risk, P(d) at dose, d
: Linear Sublinear Supralinear

Probit @n" [P 108 exp(-u’/2)d, B>0) - B>0 -
One-hit 1-exp(-Ad) *>0) >0 - -
Multihit [x-1)] J’ 2 7 exp(udd , @, k>0) k=1 K> 1 k<1
Weibull 1-exp(Ad™) *, m>0) m=1 m>1 m<1

K .
Multistage Lexp(-3, B :d") B:=0) B>0 Bi=0 -

i=1

* Munro & Krewski, 1981
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F{isk,(P)A

supraline

linear

sublinear

Dose, d

Figure 3. Characterization of dose-response functions
according to their low-dose properties

g4 P& SAR st ot o] 2d 9A 74 iA)
9] 97} EARks ML EE fEE 5 jlon,
olef, o] HA|9] BEX= gt ¥ X(extreme value
distribution)g w2t}

(4) deA/ A8z A (multistage/
linearized multistage) 249

olo] A E7]7lA] = initiation, promotion,
progression®}. Z+& kAl o] Wty & Fal WA
the g 7 s 2R ko Qo o 2
& 7Hge] A7k 7k 1) shiel BAAE} Al
¥z Ao|Hr7tAe o2 @Ak stage)R A7
eAE A glon vrtgHeltt. 74y 2) i v &
Aol AF7} o} R 7] AZH(waiting time)yS w2k
& u), o] AL A EXZ upEn, Z}F gAlvict ti7]A|
L SdHoln AN BE SANA
Azt 71 3) go] 7R ARES ME SHH
A #AY & AR

thorst 812 RYlE £ multistage o] 3188
Aol gjaig delet FHE FAYRAA 7T AsH
o] AHgZo gt} ol T E RdHTE AETAHQ
HeAS avnl Ao R 7 BEsiger,

AT A FHE = Al =7t A3 (conservative)
uEolth. ol BY FkolM & 2dErt o 2
A2 & AF37] Wi, A sk T Al
T B ¥ FEAE At ovolth. A4
ol 3733 5 A (Environmetal Protection  Agency;
EPA)®} 79+ lincarized multistage FHl-8 o]-&-38jo]
A7 ARz de AFolt. multistage
model9] 2]& AFEH3PH,

P(d) = 1~exp(-(qo+q:d + qod®+ ... +qud))

@ > 0and i=0.1.2.3,.......k
Ald) =1-expl-(qid + gA* + ...... + qid"))
A@d=[P@] - [PO] / {1 - PO]

it oz B34 BB £FL ofF A4
o]7] WjEd qud’oldel FHL FAE F 3o,
Taylor's theoremel] W2} A(d) = q, X d
o]& Linearized multistage modele]g} Y7 11, &7]A]
A@QYe £ dollM AQEIRMERE o3 274 9
H=E St

AR, o] AFo|A] TOX-RISK Package= o]&7Fs
3t Log-normal, Mantel-Bryan, Weibull & Multistage
RYES o831t “

2. BT FHA| BZ-HIS Yo

2
0

(1) fai=e] A F8A(RISK D 4% (FLOW D)

Ch EELEe] £k A8

A=Y HFAHXE IEs] A4 skl TE A
BFozRy shte dofas FAXE NEs)
A3t MAE el FEAST 5 Jorgenson F
(1985)] Osborne-Mendel rats-2- o] &8+ 10453 A
A7E ol gslFT. 4R FEAET BF AFAR
2 wEs o, Jorgenson 59 A+ 53] T
372 % chloroforme] AA =232 FIH
45 =22 E B9 A e =283

it

N
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TR A&l A At oA ] 2
* skt 2 S A o] A Fgol 2
A3 BR-S-4= = Table 20 A|A8FATh

Table 2. Dose—response data for chloroform *

Species Osborne-Mendel rat, male

Exposure route Drinking water

Tunor sote All kidney

Dose (mg/kg/day) 0 19 38 81 160
No. of test animals 50 313 148 48 50
No. of responses 1 6 7 3 7

+ Jorgensen et al., 1985

(WD 28% 2 AeFol i g o5

Table 2004 AN &FREE ARE o] &3}
TOX-RISK package§ log-normal, Mantel-Bryan,
Weibull, multistage 24l -85l z} Rdlo] o4&
FRs e, 24 2o g Age) AP Table
300 AASKATE 2 o] AFEE BAGHCE &
BEEES

TEATC] AgE 8ol Al HEA sk i)
X Z Table 4o AA)5}0.0H, o]& =85} Fig. 49}
QOD% ZEYIAE mgEel A AS LA

:LEM RS vrr]owt Log-normal®} Mantel-Bryan
29, 783 Weibull?} Multistage 2llol| o] 3¢ &
EX @By A2 LAY A8 Az 1R B
do] Zzle] k| RYEr} 10%) FE A 33 9]
5& o sioh 7 83 M 3% 18l Table 594

21 o8 a1y eg wallshd Fig 59 2o, 8alA
o] §akakg- Ae] Pglehe gl mdlte] X3 Alo]
& VEfE & ot

g, Sk Mo g RE 9Jolo & i
Al =E 4T 5 J& Wit ol oz dA 9
S ol oI &3E FHE 4 Uk $7t WHolsd
T UE & 98] (acceptable riskyE 2 s1A ot
ke Fo R HE] 518 Yalzdl siddhe
S ARE o, of FEE A4 §44 I
= THAlskD BeE)sked #EAQ AR R o] 8E

4 Mg op (R
e o 7

s
£

1o

T
-

it
a!

”‘Xﬂi vz 3FHSHA M= 8 5 A
B9 S &8 SRR (o= sla o
o, §& gele AFo g WyE = Qe 10°9H
Z 1] Zapietghg)o R Fatw Qlrt. o] AdiEE F
ANEIE $2 ol A2 YT o1& de minimis riske}
6}13:]’ o] _9,]3“ 5:_0]] /\1-0 o},__ R Alx.}] o}xqs_%t
(virtually safe dose; VSD &} g1t} aafu} 44 o] & &
3 IRFEAe] 7Sl FAMEol tidt AAA &2,
g Aelrleclzler] #4771 5 o8l 7R 21Ee
ZR¥E0) WAL FAXE < 109 ezl Fshs
EEoA ZFEE A9 diFEe|ltiCotuvo, 1988;
Kirpal, 1991). Table 62 ko] &3S TrEFE A2
Z4740] eflee] Sldehe T=E XA lojvh 7 =y
2ZRE chloroforme] AA|QFE-8-2 A A8

2%

ﬂold

EIEEEREE R
el ke HrllA RSP FAXNE A

9AFZAN Y =22 0% ZaldolEs APes

Table 3. The parameter estimates of each model and their goodness of fit

Model ’ Equation X¥(p-value)
Log-normal P(d) = 0.0145 + (1 0.0145) @ (- 4.1258 + 1.3558 log,.d) 0.77(0.68)
Mantel-Bryan P(d) = 0.0102 + (1 - 0.0102) & (~ 3.4440 + log,,d) 1.42(0.49)
Weibull P(d) = 1 exp(1 - 0.0141— 0.0002d"*"") 0.93(0.63)
Multistage P(d) = 1 exp(— 0.0032 -~ 0.0006d) 1.04(0.60)
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Table 4. The comparison of number between observed and expected responses estimated by various models
at high-dose levels of chloroform

Does # of test # of # of expected responses
animals responses Log-normal Mantel-Bryan Weibull Multistage
0 50 1 0.73 0.51 0.70 0.66
19 313 6 7.11 7.89 7.38 7.58
38 148 7 5.57 6.07 5.41 X 5.41
81 48 3 3.61 3.45 3.41 3.30
160 50 7 6.99 5.83 7.10 7.06
# ; number
10 Riosponse : % 1E-04
8 1E05
o 1E08
5 1E-07
3 1608
! 1E-09
E 1E-10
g 1E-1t
8 ers . :
0 19 38 8t 160 . 0.1 1 10 100
Dese (mg/kg/day) Dose (ppb)
= d + Lognormal_ Mantel-Bryan = Weibul — Multistage | [~ Lognonmal_+ MantetBrysn_+ Weibul = Mulistage |
Figure 4. High-dose behavior of dose-response Figure 5. Low-dose behavior of doseresponse
curve of chloroform ‘ - curve of chloroform

Table 5. The risks estimated by various models at low-dose levels of chloroform

Dose Risk at 95% upper confidence limit

(ppb) Log-normal Mantel-Bryan Weibull Multistage
0.1 21 x 10" 13 x 10" 20 x 10° 20 x 10°
1.0* 21 x 10™ 13 x 10™ 20 x 107 20 x 107
10.0 21 x 10™ 1.3 x 10" 20 x 10° 20 x 10°
100.0 21 x 10" 13 x 10" 20 x 10° 20 x 10°

* Uint risk estimates

Ago) 0|85 T, AAGAERE FAES AR FHoE 28 L84 F chloroforme] FES o &
£l Qlold 2ANEE AFY 4 Uk Al oS & s, ZHIASISN =S AHSHTHTable 7). olnj
g AL AN Bl olgHE BHE  §8 BANAE FAXE mulistage DY ZHE A2
A7) daled 1987014 199590] 67} NS 95% AR o8N AN FEFE
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Table 6. The doses estimated by various models at risk levels of chloroform

unit : ppb

Dose(ppb) at 95% lower confidence limit

Risk
Log-normal Mantel-Bryan Weibull Multistage
“10° 1.85 x 107 176 x 10° 5.0 5.0
10° 185 x 10° 176 x 10° 50.0 50.0
10" 185 x 10 176 x 10 500.0 500.0
* VSD(Virtually Safe Dose)
Table 7. Excess cancer risk due to chloroform in drinking water
Cities Year No. of sample Concentration Unit risk Exces§ cancer
(ppb) risk
Seoul '87-95 126 12.63 253 x 10"
Tacjon '89~95 39 4.85 9.70 x 10’
'89~95 4 7.99 1.60 x 10°
Inchon v89 ' 0 "o x 107 O.(,
Taegu 89~95 39 9.75 1.95 x 10
Pusan '89~95 42 6.05 1.21 x 10°
Kwangju '89~95 41 10.08 202 x 10°
All '87~95 327 9.63 2.0 x 107 193 x 10°
* multistage model, 95% upper confidence limit
chlorform®] BFLHYEE 9.63ppb% 2L, ©|5 wZol| w} ol& YehdE & 4 Ut
g J.J’}‘BM}HEHE— “j& 1.93x 10 (\:ﬂ]ﬂ i 9}: 2‘30:])
olglom, Ao 7 9.70x 1074 2.53%10°9) ¢ (4 A¥x FEEF(empirical probability
= HE vERY D distribution)2} 33/‘3,
QoA 73 el FAX ] HAE T et

(2) flelize] 73t 282 RISK ID 4+ (FLOW ID

b sEARY] A4 4 g = A&
G FAR S EEE A7) A8 gelA] A}
59 Ageo) &2} FHER
WA FEAETE At oldf d8E, wEA
2, Z%y 9 2 £F A S E Table 8o AJA]
ya=s

ol ARTOERE 7t Bl o) 1HEE T4
== Table 99} Zot. tf& FEALEHT}E NCI9) =}
S(HEFH A2d A= FAA} Fohon,
BEAF4 wg dYE FARI M2 Aol7E 2}

£} Jorgenson

FEETE WHE T, 1987ARE 199537%] 671
EAA 239 chloroforme] FEEXE AYZ
EEFZ A2 TH(Table 10). o]u] T el =e]
$1252 multistage 22 2 A+2F 959% A2hakol #2-3)

= 20x 1079t}

o
31
=
==
&

ol T EYXERH A
T Table 113} Zom, BE A9E FA 2+,
503} 95 percentileoy| 4] 2] Hsﬁiﬁk— Z}zd 2.4%x10°,
7.9%10%0]0t}. Monte-Carlo £ £a) o]zl
= 9sl:=2] PDF(probability distribution function)}
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CDF(cumulative density functiony= Fig. 63} Zt].

(3) A FR(RISK D+ 74t 4 A(RISK 1D W)

1987304 19953742 9] Chloroforme] B9
=9} multistage 2ol o8] SEAR(IV)ERE Aol
A Dz 95% A3tks o] &3l e

Fhkekels = RISK 12 1.9x 1070} @lch.

uhH 1987d004] 199537448 BE 0% AR o]
2oz B¥ o) RE ZEAZ(1 ~IV)h 7 Blod o
ojAE HEER olFolAlE £¥EE Monte-Carlo
45 58 AEE 2PEgEi= RISK IT= 50 2 95
percentiledl} X} 217} 24x10°, 7.9x 10° o]3ic}. Anpalo 2

Table 8. The various datasets of tumor bioasssay for chloroform

Data source E)?;O:re Experimemtal species Tumor site Dose(mg/ig/day) Response *
u
I. NCI, 1976 gavage B6C3F,, male mice hepatocellular 0 1/18
138 18/50
277 44/45
. NCI, 1976 gavage B6C3F, female mice hepatocellular 0 0/20
238 36/45
477 39/41
. NCI, 1976 gavage Osborme-Mendel kidney epithelial 0 0/19
’ male rats ° 90 4/50
180 12/50
IV. Jorgenson, drinking Osborne-Mendel all kidney tumor Same as Same as
et al. 1985 water male rats in Table 2 in Table 2
* Number of responses/number of test animals
Table 9. Unit risk estimated by various carcinogenicity datasets of chloroform
Dataset *
Model
I il il v
95% upper-bound
Log-normal 2.7 x 10" 54 x 10°° 62 x 10" 21 x 107
Mantel-Bryan 52 x 107 98 x 10°° 1.1 x 10™ 1.3 x 10
Weibull 10 x 10" 52 x 10°° 61 x 107 20 x 1077
Multistage 91 x 107’ 52 % 10°° 61 x 1077 20 x 1077
MLE 11 46 -45 -20
Log-normal 1.5 x 10_7 33 x 10_6 6.4 X 10,11 1.1 x 10'13
Mantel-Bryan 1.5 x 10 25 % 10 21 x 10 26 x 10
Weibull 0 41 % 10°° 3.8 x 10 48 x 10°°
Multistage 12 x 10" 41 x 10°° 1.1 x 1077 93 x 10°°

MLE ; Maximum likelihood estimates
» Same as in Table 8

_38__



Cell BIl

Forecast: RISK-T
Frequency Chart

49

37

4783

]

24

Probability

IN

Q00E0 ITSES

75055 11364 1.50E4

9.803 Trials Shown

Aauanbai g

Figure 6. PDF(probability distribution function) and CDF(cumulative density function) of excess cancer risk of

chloroform obtained by Monte~Carlo anatysis
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Table 10. Empirical probability distribution fdr Monte~Carlo analysis

9, 803 Trials Shown

Aauanbaiy

Distribution Standard Minimum Maximum

Item Mean ..
type deviation value value
Unit risk Empirical 20 x 107 0 9.8 x 10°
Contaminant Empirical
concentration
Seoul 12.63 9.0 0 58.94
Inchon 4.85 3.58 0 16.71
Taejon. 7.99 6.02 0 30.58
Taegu 9.75 9.95 0 57.50°
Pusan 6.05 471 Q 25.99
Kwangju 10.08 9.60 0 90.48
All 9.63 8.06 0 90.48
* Mode

Table 11. Excess cancer risk at 50 and 95 percentile associated with exposure to chloroform in tap water

Lifetime excess cancer risk

Cities

50 percentile 95 percentile
Seoul 36 x 10° 1.0 x 10*
Inchon 1.3 x 10° 44 x 10°
Taejon 1.9 x 10° 6.9 x 10°
Taegu 1.7 x 10° 8.1 x 10°
Pusan 1.6 x 10° 4.0 x 10°
Kwangju 26 x 10° 59 x 10°
All 2.4 x 10° 7.9 x 10°
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FLOW Iof] J3] M3 RISK Io] FLOW IIo] 23] A4
H RISK MEC} ok 2] 37 = Ark(Table 12).

Table 12. Comparison between RISK | and RISK I

RISK | RISK 1l

50 percentile 95 percentile

1.9 x 10°

24 x 10° 79 x 10°
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