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Application of Mathematical Modeling to Extraplate from
High Dose to Low Dose for Risk Assessment of Vinyl Chloride

Youngjo Lee*, Seok-Ho Lee*, Seung-Jin Lee and Jin-Ho Chung’
"Dept. of Statistics, Seoul National University and College of Pharmacy, Seoul National University, Seoul 151-742. Korea

ABSTRACT - This study was designed to predict the risk of a hazard chemical, vinyl chloride,
by applying dose-response assessment that are one of the major process in practicing risk assess-
ment. After extrapolating from the high dose exposure of vinyl chloride based upon animal carci-
nogenic data to the low dose exposed to human using several mathematical models, we
calculated the cancer potency factors as well as virtually safe dose and the resulted values were
compared. This process will provide the new insight to assess the risk of a chemical accurately

imposed to human in the future.
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Table 1. Liver angiosarcoma Incidence in SD rats exposed to
vinyl chloride

Exposure LADD' Liver angiosarcoma
(ppm) (mg/kg/day) Incidence
0 0 0/80
1 0.04 0/118
5 0.2 0/119
10 04 1/119
25 1 5/120
50 2 15/354
100 4 1/120
150 7 6/119
200 9 12/120
250 11 3/59

'LADD, human equivalent lifetime average daily exposure.
This data from Storm and Roxman (1981).”
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Multistage : P(d)=1-exp(- a,~a,d— -~ ad)
a=>=0,i=0, 1+, k k=(dose 2E9) _",:)_1

Weibull : P(d) =1 - exp(- a,— a,d”)
4= 0, i=l, 2 a>1

One-hit : P(d)=1- exp(— ad)
a,= 0

exp(ay +a,d)

Logit : P(d) =
&l () 1+ exp(ag+ad)

exp(ay + a,logd)
1+ exp(agy + a;logd)

Log scale logit : P(d) =

a=0
Probit : P(d) = ¥ a,+ a,d)

Log scale probit : P(d) = ®a,+ a logd)
a=0

Complementary log-log : P(d) = 1-exp(—exp(q,+ a,d))

Log scale complementary log-log :
P(d) = 1-exp(—exp(a, + a,logd))
a=20

AATNE W AN -2 (virtually safe dose) &b

2RFAN Y (Carcinogenic potency Q) -&-#-HhS- A4
2] 71€7](slope factor) = A A (Linear coeffcient)]
95% UL G =F-8HF(mg/g/day)T 23 I &
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Table 2. Application of vinyl chloride carcinogenesis data to

2 ATEE B AT (dev=13.79, df=3).

various Mathematical Modeling ZEAE2RE 99 tokst RYS B A A
Mathematical Modeling Estimated value Goodness of fit olg-5ta] ARFALHVSD)E A& AT Table 37
Multistage a,=0.006712 dev=20.25%* 2k o) AAE S 10° 32 s P B
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Logit (log scale) a;=33831 dev=14.39 e Heh¢- =78 F(Maximum Likelihood Estimate; MLE)
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Probit (log scale) a,=-2.026 dev=13.79 HEFE 018 ZFE B FHIAAY} 8IS 2awd
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Table 3. Calcinogenic potencies and virtual safe dose estimates of vinyl chloride

Modeling VSD (ppb)* Cancer potency (mg/kg/day) ' **

Multistage 2.81841 (2.8185X 107 8.8700 X 10°(9.4073)
Weibull 2.81841 (2.8185 X 10%) 8.8700 X 10°(9.4073)
One-hit 2.22817 (1.6015) 1.1220 X 10 (1.4912)
Logit 8.97029 (1.7025 X 10™) 2.7870 X 10°(1.4684 X 10)
Logit (log scale) 3.1380 X 10%(1.3003 X 10 7.9669% 10" (1.9227 X 10°)
Probit 8.06928 (4.0250 X 107 3.0982X 107 (6.2500 X 10™)
Probit (log scale) 5.9633 X 10" (3.9625 X 107) 4.1923 X 107%(6.3091 X 10%)
Clog-log 9.05312 (1.6303 X 10™) 27615 X 10°(1.5335 X 10°)
Clog-log(log scale) 3.0630 X 107 (7.5800X 10™) 8.1619 X 10" (3.2982 X 10%)

* MLE(95% LCL)

#* MLE(95% UCL)

Extra cancer risk (10%) = LADD X Cancer Potency -
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