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ABSTRACT

The purpose of this research is to estimate a safe environmental level of human
exposure to thresholding-acting toxicants in drinking water and recommend the acceptable
levels and management plans for maintaining good quality of drinking water and protecting
health hazard. This research has been funded as a national project for three years from
1992 to 1995.

This study(the second year, 1993-1994) was conducted to monitor 39 species of non-
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
(hazard identification, exposure assessment, dose-response assessment and risk charac-
terization) of risk assessment in drinking water.

In hazard identification, 39 species of non-carcinogenic chemicals were identified by the
US EPA classification system. In the step of exposure assessment, sampling of tap water
from the public water supply system had been conducted from 1993 to 1994, and 39
chemicals were analyzed. Indose-response assessment for non-carcinogens, reference
doses(RfD) and lifetime health advisories(HAs) of lifetime acceptable levels were
calculated. In risk characterization of detected chemicals, the hazard quotients of
noncarcinogens were less than one except those of manganese and iron in D city.
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drinking water equivalent level
(DWEL)

x relative source contribution(RSC)

lifetime health advisories '

VNOAEL/UF healthy adult male
calculation of reference dose + body weight : 70 Kg
(RfD) - - life expectancy @ 70 years
+ daily intake of drinking water : 2 L/day
RID x 70kg
2L./day

Fig. 1. Frame for doseresponse assessment of noncarcinogens.
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Table 1. Hazard classification of selected chemicals.
VOCs & .
Classification® P&P)Is Solvents Chlor?g)henols Heavzlmr?etals Pes(t{il)des
(7>
Noncarcinogenic {Anthracene 1, 1-dichloroethylene Aluminium Aldicarb
toxicant Benzo(g, h,i)perylene|l, 1, 1-trichloroethane Barium 2,4-D
(D) Fluorene Chlorobenzene Cadmium Endrine
Phenanthrene Ethylbenzene Chromium VI [Methoxychlor
Pyrene 1, 2-dichlorobenzene Copper 2,4,5-T
Toluene Nickel
m, p-Xylene Manganese
Mercury
Selenium
Zinc
Noncarcinogenic |Acenaphthene 2-chlorophenol Carbofuran
toxicant 2, 4-dichlorophenol Captafol
(E) Chlorpyrifos
Diazinon
Disulfoton
EPN
Lindane
Malathion
Propachlor

* EPA classification system



42 KOR. /. ENVIRON., TOXICOL. Vol. 10, No.1~2

o o] $84F BT AAWEY e MBLE 5o 9 92 shpRe AR 292E

AD)E FisEdo o Frled B e R VRS 2HEH e
okz]u} 19l F 2} off &

2 v& H 12 C. D¢} FAj9dejA] 1, 1-dichloroehtylenc

o A% )% EPAS] 7132 2agei(E 2). 7]
gao] 49E A 2AAe|H 83 EPA, WHO

A I B TR

¥ 3). ®3 PAHs: o>

HE 3). 5
AE5 ASolw vl EPA $494 715S 234

Table 2. Mean concentrations and standards or guidelines of drinking water for organic conaminants.

Organics Standard/Guideline Mean concentration(Min, Max), ug/L
EPA [WHO [KOREA| A B C D E | F
1. 1-dichlorcethylene | 7.0 | 30.0 - 0,82 @, )8 21.23 0.69 22,60 15,94
(ND. 11 36) (ND .. 71) [(0.50,80.56)| (NI, 1,90) [(0,25,69,82)| (ND,61,01)
1,1,1—trichlor0'_ 200 2000(p) 100 1.05 ND O. 44 0,40 5.94 7.10
ethane HND,9.61) (101,10, I)LIND, 0.81) [(0.34,17.80) [ (ND, 21.12)
2-dichloroethane 5 30 - 2.33 2,38 2.42 2.70 2.74 17.67
(0.07.4,76)1€0. 21, 4.6 [(0.22,4.79)|(0. 07, 5. 74) (0. 22, 5. 54)[ (0.28,93,59)
toluene 1,000] 700 760 0.58 ; ND (1,92 ND 1.03 0.98
(ND,2.10) | (ND,3.23) (ND, 3.45) | (ND,2.36)
chlorobenzene 100 | 100 - 0.09 0,04 0.06 0,04 0.07 0.07
(ND,0.32) [(ND,0.07) [ {ND,0.15) [ (ND,0.07) | (ND,0.17) | (ND,0.14)
ethylbenxene 700 | 300 3,000 0.03 0. 36 ND ND ND ND
(ND,0.56) | (ND2.13) ;
m, p-xylene 10,000 500 | 500 ND ND 9.50 ND 10,12 1 10.6
(ND.32.45) (ND, 33.46)|(ND,24.23)
2-dichloro- 600 |1,000 - ND ‘ ND 0,35 ND 0.28 0.37
benxene 1\ ‘L (ND, 1.i8) 1 (ND, 1.34)5 (ND, 0.85)

(P): proposed, ND: not detected, Min: Minimum value, Max: delmum value

Table 3. Mean concentrations and standards or guidelines of drinking water for inorganic contaminants.

inor-| Standatd/Guideline Mean concentration*(Min, Max)mg/L
gani- (mg/L)

T 7 B
cs EPA |WHO| KOREA A i B C D K F

Al 032~0.21 - 0.2 ] 0.012(0.006,0.018) | 0.010(0 ow ;023) 0,009(0,005,11.012)} 0.008(0,003,0,012) | 0.006(ND,0,008) | 0,004(0,002,0,005)
Ba 2 0.7 - 0,010(0.003,0.039) | 0.009(0. ¢ )| 0.00000,004,0.0223| 0,013(0,005,0.021) 0,010(0,006,0‘014) 006(0.002,0, 010\
Cu 1.3 1.5 1.0 0.004(ND.0.014) J,ooxa,w.,,u,(xl) 0,004(0.001,0,010){0,011(ND, ND, 0.621)| 0.013(ND, 0.036) {0.018(0.007,0

Mn 0.05 0.5 0.3 0,013(ND,0.043) | 0.002(ND,0.005) | 0,003(ND,0.006) | 0.627(ND,0.050) 1 0.007(ND. 0.016) 04013(0.003,0.03)
Ni 0.1 0.02 - 1 0.0001(ND,0.001) 000016me 01| 0.0GOND,0.002) | 0.00023(ND.0.002) ND 0,000067(ND. 0, 002}
7Zn 5 - 1 00450, 003.0, 180) | .0353(0,022.0,052) F 0, 017(0, 012,0,000)| 0, 157061, 048, 0, 058) 10.020(0.009,0,034) | 0.031(0.011,0,048)
Cd 0.05 0.03 0.01 ND NI ND \D ND ND

Cr 0.1 0.05 0.05 ND ND ND ND ND ND

Hg | 0.002 [0.001] ND ND ND ND 3 ND ND ND

Se 0,05 (0.01] 0.0l ND \D N\D ! \ND ND ND

ND: not detected, Min: Minimum value, Max: Md\lmum value
Source of raw data of ntaminant concentrations: Studies on the hazard identification and toxicity
evaluation of environmental pollutants( ). Korea Chemical and Technology Insitute, 1994
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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 F
1, 1-dichloroethylene 2.34%x10° 8.00x10° | 6.07x10™* [1.97x10" |6.46x10™" 4,55x10°*
1,1, 1 -trichloroethane 3.00x10° NA 1.55x10™" |1.14x107 1.70x 107 2.03x10"
toluene 1.66 %107 NA 2.63%x107 [ NA 2.94x10° 2.80%x10°
chlorobenzene 2.57%x10°¢ 1,14 %10 1.71x107° 11,14x10° |2.00x10™* 2.00x10°
ethylbenzene 8.57x 107 1,03x10™ NA NA NA NA
m, p—-xylene NA NA 2.71%x10™" NA 2.89x10" 3.03x10°*
1, 2-dichlorobenzene NA NA 1.00x10° NA 8,00x10™ 1.06x10°°
Aluminium (Al 0.0003 0. 0003 0.0003 0.0002 0.0002 0. 0001
Barium(Ba) 0.0003 0.0003 0. 0003 0.0004 0.0003 0.0002
Copper{Cu) 0.0001 0.0001 0.0001 0.0003 0,0004 0.0005
Manganese(Mn) 0.0004 0.0001 0,0001 0.0008 0. 0002 0.0004
Nickel(Ni) 0. 000003 0, 0005 0.00001 0. 00001 NA 0.00002
Zinc(Zn) 0.0013 0.001 0. 00005 0.0045 0.0006 0.0009
Cadmium(Cd) NA NA NA NA NA NA
Chromium(VI)(Cr®) NA NA NA NA NA NA
Mercury (Hg) NA NA NA NA NA NA
Selenium(Se) NA NA NA NA NA NA

ND: not detected, NA: not available
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Table 5. Health advisories of noncarcinogens,

NOAEL or Uncertainty | Reference o
Noncarcinogen LOAEL* factor: : dose:RED DWEL RSC | Lifetime

(mg/kg/day) | UF (mg/kg/day) | (M) | HAs | (me/L)
2-Chlorophenol 5(N) 1000 0.005 0.175 20 0.035

50¢L) 1000 0,086 3.01 20 0,062
1, 2-Dichlorobenzene 85.7(N) 1000 0.02 0.7 20 0.14
chlorobebzene 27.25(N) 1000 0,097 3.395 20 0.679
Ethylbenzene 54.5(L)
97.1(N)
Monochlorobenzene 40(N) 1000 0. 040 1.4 20 0.28
Toluene 1130mg/m*(N)’ 100 0. 346 12,11 20 2.422
1. 1-Dichloroethylene 9(L) LO0O 0. 009 (.315 20 0.063
1,1,1-Trichloroethand 1365mg/m’(N)’ 1000 0,035 1.225 20 0,245
Xylene 337mg/m*(N)"* 1000 0. 06162 2.1567 | 20 0.43134
Aldicarb 0.02(L) 100 0. 0002 0.007 20 0.0014
Carbofuran 0.5(N) 100 0.005 0.175 » 20 0.035
Disulfoton 0.04(N) 1000 0. 00004 0,0014 \ 20 0.00028
Endrin 0.0045(N) 1000 0. 0000045 0.0002 ‘\ 20 0. 00004
EPN 0.01(N) 1000 0. 00001 0,00035 1 20 0. 00007
Methoxychlor 5.0(N) 100 0.05 L7s 20 0.35
2. 4,5-T 3(N) 300 0.01 0.35 | 20 0.07
10(L) I

2, 4-dichlorophenol 0.3 100 0.003 0. 105 } 20 0.021
2. 4-D 1.0(N) 100 0,01 0.35 20 0.07
Captafol 2(L) 1000 0.002 0.07 20 0.014
Diazinon 0. 009 100 0.00009 0.00315 ! 20 0. 00063
Lindane 0.33 1000 0. 00033 0.01155 20 0.00231
Malathion 0,23 10 0,023 0. 805 20 0.161
Propachlor 13.3 1000 0.0132 0.462 S0 0.0924
Cadmium 0.005(L) 10 0. 0005 0.0175 25 0.004375
ChromiumVI 2.41(N) 100(5) 0. 00482 0. 168 71 0.11928
Mercury 0.21 k 1000 0, 000158 0. 005563 20 0.001106
Barium 0.005 ‘. 3 0.07 2.45 10 0,245
Manganese 0.015 | 1 0, 005 0,179 10 0.0175
Selenium 5 \ 3 0.005 0.175 10 0.0175
Zmc 1,000 ‘ 3 0.33 11,55 10 1.155
Nickel 1.0(L) i 300 0.0167 0.5845 10 0.05845
Anthracene 0.05mg/kg/inj : 3000 0,3 10.5 20 2
Fluorene 125 3000 0.04 1.4 20 0.2
Acenaphthene 175 ;‘ 2000 0.06 2.1 20 0.42

Health Advisories: HAs =

Reference Dose; RfD =

DWEL(Drinking Water Equivalent Level) = —

Lifetime Health Advisories == DWEL xRelative Source Contribution(RSC)

NOAEL or LOAEL xbody weight

NOAEL or LOAEL

uncertainty factor(or x additional factor)

21./day

D X 70kg

uncertainty factor xdaily drinking water intake
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NOAEL or LOAEL (inhalation animal data) xexposure time X

daily breathing rate per day x5/7 xabsorption fration / 70kg

Yinhalation animal data NOAEL;
“inhalation animal data LOAEL:

1130mg/m* - —> TAD; 346mg/kg/day
1365mg/m* - - > TAD: 35mg/kg/day

Ynhalation animal data NOAEL: 337mg/m*’ - -> TAD; 61.62mg/kg/day

* animal data for NOAEL/LOAEL were obtained by infomation source such as IRIS,
IRPTC, EPA health advisories, TOMES plus etc.

TOXLINE,

Table 6. Hazard quotients due to non-carcinogenic chemicals of drinking water in several cities.

Chemical Hazard Quotients
A B C D E F

1, 1-dichloroethyleme 0,013 0.004 0.337 0.011 0.359 0,253

1,1, 1 -trichloroethane 0,004 NA 0,022 0.0016 0.024 0.03

toluen 0.0002 NA 0.0004 NA 0.0004 0.0004

chlorobenzene 0.0003 0.0001 0.0002 0, 0001 0. 0003 0.0003

ethybenzene 0. 00004 0.0005 NA NA NA NA

m, p-xylene NA NA 0.022 NA 0.023 0.025

1, 2-dichlorobenzene NA NA . 00058 NA 0. 0005 0. 00061
Al 0,240 0.200 0.180 0. 160 0.120 0. 080
Ba 0.041 0.037 0.041 0.053 0.041 0.024
Cu 0.003 0..004 0,003 0.008 0.010 0.014
Mn 0.743 0,011 0.017 1.54 0. 040 0,857
Vi 0. 002 0,002 0.007 0. 006 NA 0.011
AN 0.039 0.030 0.015 0,136 0.017 0,027

NA: not available
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