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ABSTRACT

The purpose of this research is to assess the health risk of pollutants in drinking water
and recommend the guidelines and management plans for maintaining good quality of
drinking water.
1992 to 1995.

This study(the second vyear,

This study has been funded as a national project for three years from

1993~ 1994) was conducted to monitor 32 species of
carcinogenic chemicals such as volatile organic compounds(VOCs), polynuclear aromatic
hydrocarbons(PAHs), pesticides and heavy metals of drinking water at some area in six
cities of Korea, and evaluate health risk due to these chemicals through four main steps
of risk assessment in drinking water,

In hazard identification, 32 species of carcinogenic chemicals were identified by the US
EPA classification system. In the step of exposure assessment, sampling of raw, treated
and tap water from the public water supply system had been conducted from 1993 to
1994, and 32 chemicals were analyzed. In dose-response assessment, cancer potencies, un-
it risk estimates and virtually safe doses of carcinogens were obtained by TOX-RISK
(Version 3.1). In risk characterization of detected chemicals, health risk due to carcino-
gens such as vinyl chloride, carbon tetrachloride, dichloromethane, 1, 2-dichloromethane,
chloroform, benzene and arsenic of tap water in several cities exceeded 107 level. We
suggest that non-regulated chemicals which exceed 107 excess cancer risk level, such as
vinyl chloride, carbon tetrachloride and 1, 2-dichloroethane, should be monitored
periodically and be regulated by the Drinking Water Management Act, and database for
exposure parameter of our own situation should be established.
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Table 1. Exposure population size of individual

study area. (Unit: persons)

City Water su'pply Exposure
system population

A Al 2,719,706
A2 2, 168, 986
A3 1,391,052
Total 6,279,744
B B1 1,019,895
C Ci1 703,092
D D1 1, 159,000
E | El 2,095, 150
F % F1 986, 000

Source: Ministry of Environment (1994), Korea
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Table 2. Hazard classification of selected chemicals.

TOXICOL. Vol. 10, No,1~2

Human carcinogen

Probable human

Possible human

Classification ‘ carcinogen carcinogen
(4) (B) (©
Benzo(a)pyrene
Benzo(a)anthracene
Benzo(b)fluoranthene
PAHs . Benzo(k)fluoranthene
(7 species) Chrysene
Dibenzo(a, h)anthracene
Indeno(1,2,3-cd)pyrene
1, 2-dichloroethane Dibromochloromethane
Carbon tetrachloride 1, 1-dichloroethane
VOCs & Trichloroethylene 1, 1, 2-trichloroethane
Benzene Tetrachloroethylene 1, 1. 1, 2-tetrachloroethane
Solvents L

. Vinyl chloride
(15 species)

Chloroform
Bromodichloromethane
Bromoform
Dichloromethane

1, ’. 2-tetrachloroethane

Chlorophenols 2,4,
(2 species)

6-trichlorophenol
Pentachlorophenol

Heavy metals . .
Arsenic

Beryllium

(3 species) [Lead
Aldrin
icides Dieldri .
P—estmd‘ea ! ieldrin Parathion
(5 species) | Heptachlor

Heptachlor epoxide
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Table 4. Lifetime average daily exposure of chemicals of drinking water in several cities.
(Unit: mg/kg/day)

Chemicals A B C D E ¥
viny! chloride 1.43%107  5,40x10 "  7.46x107  5.40x107  9.66x10° 1,10x10"*
dichloromethane 1.04%10"  2.49x10 74100 9.54x107 4.37x1070 3.07x107
1, l-dichloroethane 8.57 X107 1.05x 10 Folex 10! 8.57 X107 9.51x10" 1.02x107"
chloroform 5.44 %10 9,29x 10 3.14x10 2.28x10" 7.80x10" 1.18x107°
1, 2-dichloroethane 6.66 X107 6.80x 10" 6.91x10 " 7.71x107 7.83x10" 5.05% 107
benzene 2.54 %107 7.83x10 1.55% 10" 4.94%x107°  6.18x10"  8.37x107
carbon tetrachloride 3.40x 107 1.34x10 3.89x 10 1.34%x 10" 3.21 %10 3.00%x107
trichloroethylene 8.57x107 2.06xX10°  3.66x10°  1.91x107 3.43x10°  3.43x10°
bromodichloromethane 7.89x107  6,26x107  7.16x10*  S5.17x10°  1.07x10°*  3.91x10°*
1, 1, 2-trichloroethane NA NA 3.31x10° NA 2.74%x107 NA
dibromochloromethane 2.51 %107 NA 317107 2.86x107 6.683x107 2,58 %10
tetrachloroethylene 9.71x10° NA 3.43x10°° NA 6.57x10°  4.57x10°
1, 1, 1, 2-tetrachloroethane NA NA 2.34x 10" NA 3.09x10° 2.80x107
bromoform NA 4.43x10° 7.74%x10° 4.29%10"° 1.62x107" 9.94x107
1, 1, 1, 2-tetrachloroethane NA NA 5.71% 10 NA NA NA
Arsenic(As) 0. 00002 0. 00003 0. 00001 0. 00008 0.0001 (0.00003
Beryllium(Be) NA NA NA NA NA NA
Lead(Pb) 0. 00003 NA NA NA NA NA

ND: not detected, NA: not available
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Table 5. Carcinogenic potencies and unit risk estimates of carcinogens.

Chung ef al.: Study on Health Risk Assessment of Carcinogenic

Chemicals

E* ) carcinogen potency P -1
P chemical mathematical (mg/kg/day)™ unit risk (/L)
model
A MLE 95% UCL MLE 95% UCL
A | vinyl chloride Multistage 1.9043 2.3244 5, 4406 X 107° 6.6410 X 107
Weibull 1.9164 2.3248 5.4751 X107 6.6420x10*
Mantel-Bryan 3.1846x 10" 4,8137x107! 7.3995 % 107° 1,5014 X 10
Log-normatl 3.1846 X 107" 4.8137%X10" 7.3995 X107 1.5014 X107
B | carbon Multistage 1.4759x 107" 2.1487 x 107! 4,2169x10°° 6.1392x10°
tetrachloride Weibull 1.4759 % 107" 2.1487 X107 4.2169x%10°¢ 6.1392x10°°
Mantel-Bryan 1,9642% 107 4.3579 %107 1.7674 X 1077 9.3145x 1077
Log-normal 1.9642% 107" 4,3579x 10 1,7674 X 1077 9.3145X 1077
chloroform Multistage 3.2652x107° 7.1434 %10 9.3290 %X 107 2.0410x 1077
Weibull 4.8645 %10 7.0894 X107 4 8328 X107 2.0255 %107
Mantel-Bryan 1.1925 x 10! 1.9861 %10 2.5795 % 10°% 1.2845% 107"
Log-normal 1.6900%x 107 1,8877 %10 1.1269x10™% 2.0971 x 10"
bromodichloro- | Multistage 1.6054 x 107 7.8132X10°* 2.1017 x10™" 2.2324x10°¢
methane Weibull 1.7929x 107 7.3662 X 107" 3.9012 %1077 2.1046 X107
Mantel-Bryan 1.4848 x10°° 3.0125x 10 4.5105 % 107" 2.9677x107°
Log-normal 4.4445x10°° 1.9172% 107 2.8284 %107 9,0042 %107
bromoform Mulitistage 3.1422x 107 1,3113%x 107 8.0598 X 107" 3,7466 X107
Weibull 3.8772X10°° 9.7402%10°* 5,0191 10" 2.7647 X107
Mantel-Bryan 2.7432 %10 5.2756 X107 3.4617 X 107" 2.4290 X 107Y
Log-normal 9,3554 %107 7.1015%x 107 8.4040 X 10°% 5.4330 X 10
dichloro- Multistage 1.9012x10° 3.6102x 10 * 5.4320 X 1077 1.0315%X10°°
methane Weibull 2.9025 %10 4,0765 X 10" 8.2927 X107 1.1647 X 10°*
Mantel-Bryan 2.9025 %X 10 4.0765 X 10°* 8.2927 X 107 1.1647 X 10°¢
Log-normal 6.5753x 10" 1.4957 X 10°* 4.5990 X 10°" 4,6013 % 10"
1,2-dichloro- Multistage 4,2990 % 10°° 6.3261 X107 1.2283x10°° 1.8075x10°°
ethane Weibull 4,.2990 X 107 6.3261 %107 1.2283 % 10°° 1.8075x10°
Mantel-Bryan 1.6849x 107 3.0954 X107 6.3591x 10 * 3.1844 X 10°
Log-normal 1.6849%10° 3.0954 X 10°* 6.3591 x 107" 3.1844 x 107"
trichloro- Multistage 8.7037 X107 1.9543 %107 2.4867 X 107 5.5840 X 10°7
ethylene Weibull 3.4198 X 10 1.9546 X 107° 1.9411 X 10°° 5.5847 X 1077
Mantel-Bryan 8.8454 %10 1.7927 X 10°7° 9.2163x 107" 6.3806 X 107"
Log-normal 4.4633 X 10 1.5856 X 10°* 0. 0000 4,4569 X 107"
tetrachloro- ; Multistage 1.8526 X 107 2.4665 X107 6.0259 %1077 6.1902X 107"
ethylene i Weibull 11,9301 x10°7 2.4882x 107" 1,.7438 %107 2.2482 X 107
Mantel-Bryan 1.6903 %107 2,9188 X107 6.3495 %10 ™ 2.6973 %10
Log-normal 1.6903 X 107 2.9188x10"* 6,3495 X 10" 2.6973x 107
2.4, 6-tri- Multistage £ 1,5703x10°° 2.2533 %107 4,4865 % 1077 6.4379 X107
chlorophenol Weibull 11,6549 %107 2.2643 X 107° 4.7284 X107 6.4694 X107
Mantel-Bryan : 1.1889x 10" 2.2972x 107 2.4491 x10°" 1.4578 x10°°
Log-normal 1 4.0313% 10 2.2936 X 10" 2.3977x10 " 1.4516 X 10°
pentachloro- Multistage 17,2977 X107 1.3820x 107" 2.0850x10° 3.9485 % 10°*
phenol Weibull i S, 7450 X 10° 3.0181 X107 2.7954 < 10°* 6, 3804 X107’
| Mantel-Bryan | 5.0971x107 1.0414x10 ° 1.1004 10 6.4107 X 10°*
. Log-normal [ 4.4575 %107 3.7764 X 10 3.3777 X 107" 1.4415x 102
benzo(a)- ; Multistage J 7.9144 x 107 2. 4665 X 107 1.4499 %10 7.0469 x 10"
pyrene | Weibull f 1.3700 X 10 6.3294 X 10 * 2.6254 X 1077 2.0732%x 10"
‘ Mantel-Bryan 8.2722x 107 1.4449 X 10" 2.8067 x10 ¢ 1.1327 X107
‘ Log-normal ‘\ 9.5220x10°¢ 4.6546 X 10 0.0 9.6178 X 10
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Table 5. continued.
E' | chemical | Mathematical catcinogen potency it risk (/L)

A MLE 95% UCL MLE 95% UCL

B aldrine Multistage 7.1247 1.4174 x 10" 2.0358 X 10" 4.0484 X 10

Weibull 1.3018 1.4294 4,9265 X 10 4.0831x10"°

Mantel-Bryan 1. 0683 2, 1527 5.0100 x 104 1.4049 %10

Log-normal 5.0359 x 107 1.8891 5.7364 X101 1.1399 x 1077

heptachlor Multistage 1,1890 %10 1.7382 % 10" 9, 1736 X 10 4.9663 x 107"

Weibull 2,9443 X 1077 2.9669 1.8865 X107 1.2156 X 107"

Mantel-Bryan | 2.9822 5. 8860 2.3028 X 10 ° 5.5857 X 103

Log-normal 1.0959 % 107" 4, 181310} 2.5064 X 107 7.0691 %10

heptachlor- Multistage 7.5311 1.5106 < 10" 2.1526 X 107 4.3148 X 10

epoxide Weibull 1.1048 5.0431 3.5592 %10 ° 2.0539 %10

Mantel-Bryan | 2,2791 4,2822 1.3564 X 1077 2.9490 X 10

Log-normal L1710 x 10! 3.5917 % 10" 1.5193 X 109 2.2177 X107

beryllium Multistage 5.8288 1.3510 X 10" 1.6650 X 10! 3.8588 X 107

Weibull 5. 8902 1.3511 10" 1.6826 X 10 * 3.8591 X 10

Mantel-Bryvan 1.7668 X 10" 6.0198 X 10 ' 2.2661 %107 6.3335 X107

Log-normal 1.7668 X 10" 6.0198x 10" 2.2661 %107 2.0028 x 10"

lead Multistage 7.1394 X107 8.0489 %10 ° 2.0391 X 1077 2.2997 X 10°°

Weibull 2.5914 x10 " 4,.8105%x 10" 1.0723 %10 7.2195 10"

Mantel-Bryan | 6.1491 x 10 °* 1.0425 %10~ 1.8076 X 10 6.4803 X 10

Log-normal ©4,3585 X 10 1.4123x 107 3.4654 X 10°° 2.2919x 10"

dibromochloro-| Multistage 09,5638 X 10" 8. 8422 X107 |2.7323 X107 2.5264 X 10°°

methane Weibull 2,2153x 10! 8.8422 X 10 1,0912x 14" 2.5264 X 10 °

Mantel-Bryan 2.1888 %10 " 4.5323 10 ° w 1.2823%x10° 8.4449 X 10"

Log-normal 8,.2671 X 10°° 3.7743 x 10 i 5.2477 X 10°® 5,3057 X 1077

1, 1-dichloro- | Multistage 6.8132x10° 3.0844 X 10 ° L 3.7915 X 10 " 8.8125 %10

ethane Weibull 4.0814 X107 5.6306 X 10" 0.0 4.9336 107"

Mantel-Bryan 4.7895 x 10 1.0859 x10°* 1.2595 x 107" 1.8576 X 107"

Log-normal 1.2888 X 10 2.4090 X 10 5.5114 X 107* 2.8723 107"

1, 1, 2-tri Multistage ¢ 8.1361 X107 7.3770 X 107 C2.3244 X 10 ’ 2.1077 X 10°°

chloroethane | Weibull C12616X10° 4.2720X10° 1 2,6259x 1070 1.2311%10°

Mantel-Bryan 6.3240 10 " 1.1098 <107 i 1.9370 X107 7.5128 10"

Log-normal 1.8334 X 10" 1.7696 X 10 * | 4.8098 X 10" 1.5954 X 107

1,1, 1, 2-tetra| Multistage 9,2281 X 10" 3,0131 %10 P2.6331 X107 8.6088 X 10 °

chloroethane | Weibull 3.9963 x 10 ° 3.0131%x10° 1.7144 10~ 8.6088 %10 °

i Mantel-Bryan ! 1,6656 xX10 " 2.9779 X107 [ 6.6141 10 w 2.8800 %107

Log-normal 19,9545 X107 2,1339%x10 " 4.1842x 10" 3.0297 10"

1,1, 1, 2-tetra- Multistage i 1.5575x10" 2.8073%x 10" 4.4500 X 10°° 8.0209x10°

chloroethane Weibull 6, 8889 % 10 2.8073x10 " 1.1533x 107 8.0209x 10"

Mantel-Bryan 4.8444 X107 8.4229x 10" | 1.9914x10°" 6.1544 10 °

Log-normal 6.0176 X107 1.8221 10" , 4.0704 107" 4,.0576 %X 107"

MLE : maximum likelihood estimates 95% UCL : 95% upper confidence level

AHE WS e glen, B, CY FAdel 4
107°~10"7, DARYge] 10~10", EAYo} 107 ~10"
o g8 HAE Jepfoleh. Aol GE A
va kzalolom, ExXGe A%7) o2 Adel v

o sfdsh

A=} [e}
ki

*EPA classification system

o AEE dedo(E 9).
27t gAHow o4 bsd Sa=
~10 A 52 et & odf 107 o]AkY
Az AR,

$EE 107

sl x W9
A zAbzd
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Table 6. Virtually safe dose of carcinogens calcu-
lated by Multistage model* (unit: pg/L)
Chemicals MLE 95% LL.CL
Vinyl chloride 1.84x107 0.015
Benzo(a)pyrene 4.42 0,014
1, 2-dichloroethane 8.14 x 10" 0.553
Carbon tetrachloride 2.37%x10" 0.163
Trichloroethylene 4,02 1.79
Tetrachloroethylene 1.89 1.42
Chloroform 1.07 x 10" 4.90
Bromodichloromethane 2.18x10" 44,8
Bromoform 1.11x10° 2.67
2, 4, 6-trichlorophenol 2,23 1.55
Pentachlorophenol 4,79 %107 0.253
Beryllium 6.00%x10™" 0.0003
Lead 4,90 0.435
Aldrine 4,92x107° 0.0002
Heptachlor 2.94x10™ 0.0002
Heptachlor epoxide 4.66 %107 0.0002
Dibromochloromethane 3.66 0,396
1, 1-dichloroethane 5.14 x 10" 11,3
1, 1-dichloroethylene 1.67 x10% 0.022
1, 1, 2~trichloroethane 4.30 0.474
1,1,1,2~tetrachloroethane | 3,79 x10" 1.16
1,1, 2, 2-tetrachloroethane | 2.25x10" 0.125

MLE: maximum likelihood estimates
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oA vinyl chlorided] xZo a8 23 ol 93
F(FE 107°~107)7) 9oy 1 g2z C, E¢
FAlYe]A dichloromethanes} THMs % bromo-
dichloromethane % dibromochloromethane 1
22 Eg F ®9dA] 1, 2-dichloroethane? x%
of wbE Z3t Wt ASE(FE 107°~107) 7} F3deh
w3 ExX|gejr benzene? CrIYe}A chloroform
o ol wE 3} ek Hexrt 107 248

.
ul5 EPAS $844 7]E<] MCL-E FAHoE
107~10" WlolM At depM o] dT9
T 24959 ul5 EPA 7|&3 vlashd, Ae DA
oM ula EPA 715& Z2393he B4 doioh
B #AY92 dichloromethanee], Cz9-& dichloro-
methane, chloroform¥} benzeneo|, E#]
nyl chloride, dichloromethane, benzenes}
carbon tetrachloride, 2] Fx]9-& vinyl chl-
oride, dichloromethane® 1, 2-dichloroethane
o] ulZ EPA7IEE st oleh 2ol 7|&EE
Z233he FA-L SellA 107 ojAe] 231 4 Y=
2 259y ExEq vinyl chloride, dichloro-
1, 2-dichloroethane,

PR
~ VI~

95% LCL: 95% lower confidence limit methane, chloroform,
* concentration corresponding to 10-6 risk
Table 7. Unit risk estimates and virtually safe dose of benzene, arsenic and dieldrin*
I
chemicals data type adverse Model potency Unit risk VSD
effect (mg/kg/day)” | (pug/L)" (/L)
Benzene epidemiological | leukemia one-hit 0.029 8.3x10°7 1.2
data
Arsenic epidemiological | skin cancer | absolute- 1.75 5.0x107 0.02
data risk linear
Dieldrin animal data hepatoma linearized 16 4.6x10° 0,002
multistage
* IRIS(1993)
Table 8. Unit risk estimates and virtually safe dose of PAHs
Unit risk virtually safe dose
PAHs TEFsY ,
(pg/L)" (eg/L)
Benzo(a)pyrene 1.0 7.05X%10™° 0.14
Benz(a)anthracene 0.145 1.02x10°° 0.98
Benzo(b)fluoranthene 0.14 9.87x10° 1.01
Benzo(k)fluoranthene 0,066 4.65%x107 2.15
Crysene 0.0044 3.10x10°? 32,26
Dibenz(a, h)anthracene 1.1 7.76x10°° 0.13
Indeno(1, 2, 3-cd)pyrene 0.232 1.64x107° 0.61

1) Clement(1988), TEFs(Toxic Equivalent Factors)

2) 95% upper-bound unit risk obtained by TOx -RISK package(multistage model)
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