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Table 1. Nlustrative categorization of evidence based on
animal and human data

Human Animal evidence

evidence ?:lllefrfl-lt Limited I::;Z dNa:)a evirt;]eonce
Sufficient A A A A A
Limited B1 Bl Bl Bl B1
Inadequate B2 C D D D
No data B2 C D D E
No evidence | B2 C D D E

Group A-Human carcinogen; Group B-Probable human carcino-
gen; Group C-possible human carcinogen; Group D-Not classifi-
able to human carcinogenicity; Group E-Evidence of non-carcino-
genicity for humans
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Select
carcinogenic data

Abott’s formula
Calculate risk value according N (R-controt)
to dose by Abott’s formula Re= .
T {1-control)
Select maximal dose in
60 % of caiculated risk value
J~ - Multistage modetl
Select .| - Weibull
extrapolation model "| - Log-Normai
l - Mantel-Bryan
Risk
Calculate oral slope factor Siope =
Dose
—L - Exp pathway
Conversion factor - Exposure concentration
(animat = h ) - Exp freq y
(high dose - low dosse) - Exposure duration
- Body weight or skin area

Unit risk
Actually safety dose

Cancer potency, Q, " |

Fig. 1. General scheme of dose-response assessment for
carcinogen.
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ment)!-2

Ak ql risk& H7Isl7] §lsted e Hrie
ARE =&Y 7te] Aoet Fstedol e} Uulx
2 x29 337,717t B vlxse f71Ad &2 T
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A23E 43,39 2 JFse 59 232 4
A& 35 peistodof 3o} 5t 9o AR F
A7b gopa, 427|723 dd Y =Eoe
vehd A27)7F Sl 2 ustEAle] 2MF g
2 o] WUshEAd) g NI w&Fo 2 T I

sk
H=

B (B)

3

|

Q,*(Slope factor)

| L »

1 T -
1.0 10.0 100
Dose

VSD
{Virtually safety dose)

Fig. 2. The examples of mathmatical models (A) and quantitation of Q,* (B).
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Table 2. Models used in risk extrapolation

234 vheA - FAY - des

Models Descriptions (or Assumptions)
—Single stage for cancer and one molecular or radiation interaction indudes
One-hit (One stage) malignant change
L ~ Very conservative
L Multihit ~—Mutltiple critical number of hits for the adverse response
) —Maximizing the likelihood function over polynomials ;
Multistage
P(d)=1-exp[-(ho+Ahid+Aad’+ -+ Nd®)]
Mechanistic —Multistage for cancer
Linearized multistage ~Fits curve to experimental data
| —Linear from upper confidence level to zero
(M in multistage model are replaced with the upper confidence limit of A*)
Stochastic two-stage —Based on two-stage model for carcinogenesis where two mutations are
(MVK model) required for carcinogenesis
—Assumed as multistage for cancer
PBPKs —Fits curve to experimental data
—Linear from upper confidence level to zero
—Estimates the probability of response at a specified dose (d):
Log-probit P(d)=®[a+BLog d].**
—Assumed S shapes at low doses.
—Sigmoid curves are symmetrical around 50% response level.
Statistical or —Derived from chemical kinetic theory :
distributional Logit P(d)=[1-exp(a+BLlog d)]"’
- Log logistic curves approach the 0 and 100% response levels with a more
shallow curve shape
Weibull —Similar dose-response function to multihit model ; P (d)= 1 —exp[-Ad*]
—k : critical number of hits
**@ : Cummulative function for a normal distribution of the log tolerances with standard deviation ¢ and mean, u (¢t = wo, = - 1/0)

Ahn Ueh=d Wb mAS W BT uhEs
e A 2 Aelsh giek ueh A RS
G 28 32,

2.4. 2= Z A (Risk characterization or

assessment)

A mlol] o AMEH risko] H7}e} riske]
o€ B F HEoz o]fo3d) e
23L =297 43I HE TP o)7le]
Wk risk& 7kl AM-EH

A4l risk F7}2] AR o3 7o}’

(a) Unit risk : & 83742 AAA39 714 FellA
unit cancer risk= & 8 @]9 MEA xR 94
Moz A dWEL =EHo 2 excess lifetime
riskell #{33e. o] wo] HPAH x&o] Uf: &

24} AEe 7% ppm XX ppb, 439 AL mg/
kg/day, 7)) 7% ppm B+ ug/m*o g ehich

(b) o171 risk levelol| #jF== £ : w3l
AHRLE ARSA] of A2 Wgol vi$- -85t o
7)ol = unit risk7} £l wle}r a2 Jepdd

(¢) 7Nel=} Ak risk : QA0S FH lifetimes] 2]
g riskv} =FE RS Aol M) d3E cancer?] 3
o 2 A 4 Ut

AF8HA risk (R)9] AJARE R=Q* [risk (mg/kg/day) ']
x &8 (mg/kg/day)} 2} o714 Q*9) -2 Fig.
2(B)dl vehd Zla} o] Arisk/Adose (dose T
mg/kg/day)2A) EPAelA 2] cancer riske] %
712 Slsted Algsich #EH slx F7b A risk
o myupAe xje} g7 EPAS] AAAHQ A5
& 7 ehliofof 8ot dl g EH, YAFL Y
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Azl AFHHAIE 87 F FalsptEAl
o8t olAl A Hrle o AR RS Hel
wa)gl 23] 9#)A) 2| (risk management B-2 risk
communication) ¥ob= ©]& dA Az} AeEe]
AE Aot FHellM 1989 2ol u]F Ak ZH
BollA zoke] dF<l daminozide (alar)7} Z3&E ¢
AEHes 2 Bl Yol Aol ot o] A 7
AE miAlME QA A F7E A" e 2
dol|A] zofo] e AMTHE A o2 Rty
o} o] I & Hd3] AN $] vt 4

{ Hazard identification of arsenic l
Physico -chemical property
Exposure pathway
Human exposure assessment I
Identification on the
future land use b Exposure parameter
Contaminated fevel > Identification of Quantification of
of soll arsenic exposure scenario human exposure dose
by future land use
Induction of arsenic Cancer potency factor Chronic dally intake |
>
toxicity value
y
Identification of excess cancer risk
on the soll arsenic by future land use
< ¥ Acceptable risk ]
L
' P
{ Establishment of remedial goal l

Fig. 3. Scheme for establishment of remedial goal using risk assessment.
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