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ABSTRACT

Risk assessment processes, which include processes for the estimation of human cancer
potency using animal bioassay data and calculation of human exposure, entail
uncertainties. In the exposure assessment process, exposure scenarios with various
assumptions could affect the exposure amount and excess cancer risk,

We compared risk estimates among various exposure scenarios of vinyl chloride,
trichloroethylene and tetrachloroethylene in tap water. The contaminant concentrations
were analyzed from tap water samples in Seoul from 1993 to 1994. The oral and inhalation
cancer potencies of the contaminants were estimated using multistage, Weibull, log-
normal, and Mantel-Bryan model in TOX-RISK computer software,

In the first case, human excess cancer risk was estimated by the US EPA method used
to set the MCL(maximum contaminant level). In the second and third case, the risk was
estimated for multi-route exposure with and without adopting Monte-Carlo simulation,
respectively. In the second case, exposure input parameters and cancer potencies used
probability distributions, and in the third case, those values used point estimates(mean,
and maximum or 95% upper-bound value). As a result, while the excess cancer risk esti-
mated by US EPA method considering only direct ingestion tended to be underestimated,
the risk which was estimated by considering multi-route exposure without Monte-Carlo
simulation and then using the maximum or 95% upper-bound value as input parameters
tended to be overestimated.

In risk assessment for volatile organic compounds, considering multi-route exposure with
adopting Monte-Carlo analysis seems to provide the most reasonable estimations.
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Estimation of model parameters using
maximum likelihood method
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Table 2. Carcinogenic potencies for ingestion and inhalation route of three VOCs.

chemical mathematical model carcinogen potency (mg/kg/day)’
MLE 95% UCL
Ingestion
vinyl chloride Multistage 1.9043 2.3244
(N=1) Weibull 1.9164 2.3248
Mantel-Bryan 3.1846 x 107 4.8137%10 "
Log-normal 3.1846 x 107! 4,8137 % 107
trichloro- Multistage 8.7037x 10" 1.9543 % 107"
ethylene Weibull 3.4198 X 10 ° 1.9546 X 10
(N=4) Mantel-Bryan 8.8454 X 10" 1.7927 X 10
Log-normal 4,4633x 10" 1.5856 X 107"
tetrachloro- Multistage 1.8626 X 10" 2.4665 %X 107
ethylene Weibull 1.9301x 10 2.4882x 10"
(N=2) Mantel-Bryan 1.6903 x 10°° 2.9188 x107°
Log-normal 1.6903 X% 10 * 2.9188x 107"
Inhalation.
vinyl chloride Multistage 7.6130 %10 1.1314 X107
=1) Weibull 1.9164 X 10+ ° 1. 1314 x 10"
Mantel-Bryan 31869 %107 4.9912x 107"
Log-normal 3.1846 %107 4.9913x 10"
trichloro- Multistage ! 21108107 3.1033x 10
ethylene Weibull * 24528 X 10 * 3.9529 X 10 ¢
(N=1) Mantel-Bryan ’ 9.6267 X 10 1.7501 X 107"
Log-normal 9.6367 X 10 1.7501 X 107"
tetrachloro- Multistage 3.5221 %107 3.0157x10°"
ethylene Weibull 2,9238 %10 1.8867 X 10 *
(N=6) Mantel-Bryan 3.0036 X 10 14,3179 x 10
Log-normal 4.9980 x 10 * 3.8959x 10"

MLE: maximum likelihood estimates

95% UCL: 95% upper confidence Level

*EPA classification system

Source of animal bioassav data: reference(53)~(59)
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Table 3. Mean concentration of three VOCs in drinking water of Seoul. unit : ug/L
VOCs No. Mean S.D. Min. Max.
vC
A 25 0.440 0.353 N.D. 0.981
B 27 0.469 0.391 N.D. 0.910
C 12 0.534 0.491 N.D. 1.112
D 1hH 0,823 0.943 N.D. 1.970
Seoul 79 0.532 0.521 N.D. 1.970
TCE
A 25 0.310 0,455 N.D. 1.197
B 27 0.128 0.205 N.D. 0.539
C 12 0,839 0.731 0,070 1.986
D 15 0.033 0.037 N.D. 0.080
Seoul 79 0.2910, 477 N.D. 1.986
PCE
A 25 0.132 0.209 N.D. 0,152
B 27 0.061 0.078 N.D. 0.199
C 12 0. 304 0.233 0.053 0.670
D 15 N.D. N.D. N.D. N.D.
Seoul 79 0,114 0.181 N.D. 0.670

No: number of sample,
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Table 4. Exposure parameters and probabilistic density functions for Monte-Carlo analysis.
Exposure parameters description P_rol‘)abl'llstlc Mean S.D. Min. Max.
distribution type
Phystological parameters:
body weight(kg) Log-normal 60.6* 9.38
surface area per unit body weight Log-normal 0.027* 0,0005
(m*/kg)
breathing rate per unit Log-normal 0.4° 0.50
body weight(m*/kg-day)
Ingestion
fluid intake: (L/day) Log-normal 0.96* 0.63
intake per unit body weight Log-normal 0.016* 0.007
(L/kg-day)
Inhalation:
water use rate(L/hr)
shower Log-normal 480" 160
house ‘ Log-normal 42" 15
ventilation rate(m®/hr)
shower Uniform 12 4 20
bathroom Uniform 54" 10 100
house Uniform 7507
exposure time(hr/day)
shower Log-normal 0,21* 0.15
bathroom Log-normal 0.18" 0.12
house Uniform 14* 8 20
transfer efficiency from water to| Triangular 0.6" 0.1 0.9
shower air
transfer efficiency from water to| Triangular 0.3 0.1 0.9
house hold
Dermal contact:
fraction of skin exposed during | - Uniform 0.65 0.4 0.9
showering and bathing(unitless)
skin permeability (cm/hr) Uniform :
\Y® 0.007° 0.0065 ' 0.0075
TCE 0.7 0.4 1.0
PCE 0.7 0.4 } 1.0
Cancer potency{(mg/kd/day) ']: '
oral intake and dermal uptake ,
vC Uniform 0.9084" i
TCE | Emprical | 2,44 x 10 | 0.3187 2.3218 !
PCE i Emprical L 6.93 x 10 }
inhalation : ! |
vC Uniform 189 x 10 3.19 X 107 | 113 x 10*
TCE Uniform L 5.91 x 10+ 9.64 X 10" 1 3.25 X 10°
PCE Emprical 2.49 X 10" i
Contaminant concentration(pg/L) Emprical l
Ve Iooos3r | o2l ND L1970
TCE | 0291 0.477 ND L1986
PCE |04 [ 0,181 | ND I 0.670

* Source: Water 2000, IERY (Institute for Environmental Research, Yonsei Univ.), 1994

+ Source: Mckone and Bogen(1992)

S.D.; standard deviation, Min. . minimum value, Max.; maximum value
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Table 5. Lifetime average daily exposure of three VOCs in drinking water of Seoul.
Lifetime Average Daily Exposure(mg/kg/day)
VOCs ingestion inhalation dermal uptake total
50th 95th 50th 95th 50th 95th 50th 95th
vVC 6.2%X10° 2.8x10° 2.3%x10°® 2.6x10 8.6X10™" | 4.6x10™" 3.2x10°° 2.7xX10™
TCE 3.2x10°* 2.1x107 1.3x10°° 1.7x10" 4.4x107" 3.5x107° 1.8x107 1.8x10™
PCE 1.2X107° | 8.3X10° | 4.8X10° | 6,4x10™ | 1.7X107™ | 1.4X10° | 6.6x10° | 7.1x10°°
Table 6. Lifetime average daily exposure of three VOCs in drinking water of Seoul.
Lifetime Aeverage Daily Exposure (mg/kg/day)
one-route; multi-route(without MC) multi-route(with MC)
VOCs with EPA
{method) case 1 case II 50th 95th
vC 0.015 0.062 1.428 0.032 0.274
TCE 0. 008 0.034 1,258 0.018 0.183
PCE 0.003 0.013 0.526 0. 007 0.070
Table 7. Lifetime average daily exposure of three VOCs in drinking water of Seoul.
Lifetime exccess Cancer Risk
VOCs ingestion inhalation dermal uptake total
50th 95th 50th 95th 50th 95th 50th 95th
vVC 6.8 X10°° 3.9%107 1.0x107 1,510 9.8X 10" | 6.8x10" 7.2%X10°" 4,0x10°®
TCE 17%10°* 4.6X 107 2.3x107 2.9%x10°° 2.9%x10" | 7.6x10" 2.6X107 3.2x10°°
PCE 9.0X10” | 1.2x107 | 1.2x107 | 9.2x107 | 1.3x10°" | 2,010 | 1.2x107 | 9.8x107
Table 8. Lifetime excess cancer risk due to three VOCs in drinking water of Seoul.
Lifetime Average Daily Exposure (mg/kg/day)
one-route; multi-route{without MC) multi-route(with MC)
VOCs with EPA
method) case 1 case 50th 95th
vC 3.53x10° 7.83x10°* 1.29%x107 7.20X10°¢ 3.99%x10°
TCE 1.62X10° 1.84 %107 3.86 %107 2,.57%x107 3.19%x10°"
PCE 8.03x10°" 4,12x107* 1,58 X107 1.23x 1077 9.83x%107
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Fig. 1. Lifetime excess cancer risk due to three VOCs in drinking water in Seoul.
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