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Expanding the Substances of Water Quality Standard for the Protection of Human Health
Based on Risk Assessment. An, Youn-Joo*, Sun-Hwa Nam and Jae-Kwan Lee' (Department
of Environmental Science, Konkuk University, Seoul 143-701, Korea; *Water Quality Division,
National Institute of Environmental Research, Korea)

Water quality standards (WQS) are mandatory to guarantee the human health and
protection of aquatic ecosystems, and maintain the condition of suitable water
quality. The present WQS for the protection of human health in Korea contain nine
substances (As, Cd, Cx®**, CN, Pb, Hg, ABS, organophosphorus compounds and PCBs),
but it is insufficient to preserve the human and aquatic ecosystem from a variety of
chemicals. Therefore, it is necessary to expand the substance of WQS for the protec-
tion of human health. In this study, we chose the 20 chemicals from 43 chemicals of
the project entitled ‘Development of Integrated Methodology for Evaluation of Water
Environment’. The methodology for calculating water quality criteria was amended
from the US Environmental Protection Agency (US EPA)’s equation for deriving ambi-
ent water quality criteria for the protection of human health. The factors including fish
intake, drinking water intake, and human body weight used in the equation reflect-
ed Korean situations. The monitoring values were derived from the water quality moni-
toring data in Korean four main rivers. The orders of priorities of chemicals were evalu-
ated by human health risk assessment, and the proposed WQS was derived by techni-
cal and economic analyses. These results were reflected to expand the WQS for the
protection of human health.

Key words : human health, risk assessment, water quality criteria, water quality
standard
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Table 1. List of candidate substances for expanding Kor-
ean water quality standards.

Item Substance

Zinc (Zn), Trichloroethylene (TCE),
Tetrachloroethylene (PCE),

Preliminary Dichloromethane (DCM),
item for 1,1-dichloroethylene (1,1-DCE),
water quality Benzene, Carbon tetrachloride,
assessment (13)  Phenol, Selenium (Se), Toluene,

Ethylbenzene, 1,2-dichloroethane,
Chloroform

Vinyl chloride, 2,4-dichlorophenol,
2,4,6-trichlorophenol,
Pentachlorophenol (PCP),
Diethylhexylphthalate (DEHP),
Benzo(a)pyrene (BaP), Antimony (Sh)

Monitoring item
for drinking
water (7)

chloroethane, styrene, chlorophenol, alachlor, diethyl-
hexyladipate, 2,4-dichlorophenoxyacetic acid, dichloro-
acetic acid, trichloroacetic acid& #| &3+ 77 H&=g 7}
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Fig. 1. The system of expanding the new Korean water quality standard when drinking water quality standard is present.
D: Drinking water standard, R: Value of risk assessment, BAT: Best available technology, TT: Treatment technique.
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Table 2. Ambient water quality criteria for the protection of human health proposed in this study.

Carcino- SF

Criteria (ug L™) ~
RfD BCF _—

Substance genecity (mgkglday)' (mgkg'day?) RSC Lkg™ Cancer  Noncancer
effects effects

Zinc D - 0.333 1 47 - 4000
Trichloroethylene - 0.0126 - - 10.6 1.9 -
Tetrachloroethylene - 0.0398 0.014 - 30.6 0.4 -
Dichloromethane B2 0.0075 0.0615 - 0.9 41 -
1,1-dichloroethylene C 0.6 0.046 0.2 5.6 - 234
Benzene A 0.055 0.004 - 5.2 0.49 -
Carbon tetrachloride B2 0.13 0.0007 - 18.75 0.15 -
Phenol D - 0.31 1 14 - 8900
Selenium D - 0.005 1 48 - 130
Toluene - - 0.08 1 10.7 - 1800
Ethylbenzene D - 0.097 1 37.5 - 1300
1,2-dichloroethane B2 0.091 - - 1.2 0.33 -
Chloroform B2 0.0061 0.013 - 3.75 4.6 -
Vinyl chloride A 0.0174 0.003 - 1.17 1.75 -
2,4-dichlorophenol - - 0.003 1 40.7 - 39
2,4,6-trichlorophenol B2 0.011 - - 150 0.49 -
Pentachlorophenol B2 0.12 0.03 - 11 0.19 -
Diethylhexylphthalate B2 0.014 0.019 - 130 0.44 -
Benzo(a)pyrene B2 7.3 - - 30 0.0022 -
Antimony - - 0.0004 04 1 - 4.7

SF (Slope factor); RfD (Reference dose); RSC (Relative source contribution factor); BCF (Bioconcentration factor)
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Table 3. Water quality monitoring values from major rivers in Korea.
Substance Mean (ug L™ Detection frequency Site numbers Detection_ 1limit
(%) (ug L™

Zinc 50.95 92.2 113 0.1
Trichloroethylene 0.12 8.1 113 0.1
Tetrachloroethylene 0.07 4.4 113 0.1
Dichloromethane 0.65 11.5 113 0.1
1,1-dichloroethylene 0.05 0.4 113 0.1
Benzene 0.07 6.1 113 0.1
Carbon tetrachloride 0.06 1.7 113 0.1
Phenol 2.59 4.9 113 5
Selenium 0.31 17.0 113 0.1
Toluene 0.28 23.6 113 0.1
Ethylbenzene 0.16 184 113 0.1
1,2-dichloroethane 0.11 3.6 113 0.2
Chloroform 0.49 20.2 113 0.1
Vinyl chloride 0.14 3.9 85 0.1
2,4-dichlorophenol 0.006 10.0 85 0.01
2,4,6-trichlorophenol 0.01 29.5 85 0.005
Pentachlorophenol 0.009 4.4 85 0.01
Diethylhexylphthalate 0.66 36.4 85 0.01
Benzo(a)pyrene 0 0 85 0.02
Antimony 0.79 56.7 85 0.15% Q.1%*

*: Detection limit used in 2004

**: Detection limit used in 2005

Table 4. The order of priorities of toxic substance based on human health risk assessment.

o " Monitoring values [B] Rati
Substance Crlterli(ug L™ Mean Detection frequency [];X]) Order
[A] (ng L™ (%)

Zinc 4000 50.95 92.2 0.01 13
Trichloroethylene 1.9 0.12 8.1 0.07 10
Tetrachloroethylene 0.4 0.07 4.4 0.18 4
Dichloromethane 4.1 0.65 11.5 0.16 6
1,1-dichloroethylene 234 0.05 0.4 0.0002 16
Benzene 0.49 0.07 6.1 0.13 7
Carbon tetrachloride 0.15 0.06 1.7 0.39 2
Phenol 8900 2.59 4.9 0.0003 15
Selenium 130 0.31 17.0 0.002 14
Toluene 1800 0.28 23.6 0.0002 18
Ethylbenzene 1300 0.16 18.4 0.0001 19
1,2-dichloroethane 0.33 0.11 3.6 0.34 3
Chloroform 4.6 0.49 20.2 0.11 8
Vinyl chloride 1.75 0.14 3.9 0.08 9
2,4-dichloreophenol 39 0.006 10.0 0.0002 17
2,4,6-trichlorophenol 0.49 0.01 29.5 0.02 12
Pentachlorophenol ) 0.19 0.009 4.4 0.05 11
Diethylhexylphthalate 0.44 0.66 36.4 1.50 1
Benzo(a)pyrene 0.0022 0 0 0 20
Antimony 4.7 0.79 56.7 0.17 5

(Table 2). Tt 2 w4} 3ty 4 e =} Joh(Table 3). mpA|2to 2 QA AlEd 4 FAX9)
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Table 5. Proposed water quality standards.

o
-}
H

o} (Table 4).

3lH US EPA®] Z7}a | 1 X]ol)A]%= vinyl chloride
o] At 217 B3 $3 £ FAAE 20024 2.0
ug LA 20043 0.025 pg L'= 73313t v} ¢loh(US

MV Drinking water standard (ug L)

Water quality standard (ug L™

Substance Criteria (ugL™") UsS ] EU Korea
-1 H I — [ —
(ugL™h [DF (%) US Japan EU Korea WHO NY* MO apan Proposal
. 50.95
- - - - - - 0
Zinc 3985.88 (92.2) 1000 3000 100
Trichloroethylene 1.87 ?8'112) 5 30 30 20 - - 30 - 30
Tetrachloroethylene 0.40 ?4(17) 5 10 10 40 - 5 10 10 40
Dichloromethane 4.09 ((1)'162) 5 20 20 20 5(200) 5 20 20 20
1,1-dichloroethylene 234 ?0(315) 7 20 30 - - - 20 - 30
Benzene 0.49 (06'017) 5 10 10 10 1(10) 5 10 10 10
Carbon tetrachloride 0.15 (01'076) 5 2 2 4 5 2.5 2 12 4
Phenol 8900.63 259  _  _ _ _ _ _ 1
4.9) 5 5
Selenium 130 0.31 50 10 10 10 10 - 10 10 10
(17.0)
Toluene 1787.13 0.28 100 - 700 700 5 - - - 700
’ (23.6)
Ethylbenzene 1321.60 ((1).812) 700 - 300 300 - - - - 300
1,2-dichlorocthane 033 W 5 4 ~ 30 06 38 4 10 30
0.49 _ _
Chloroform 4.62 (20.2) 80 60 80 300 7 57 80
: . 0.14 ~ ~ ~
Vinyl chloride 1.75 (3.9) 2 - - 0.3 2 R
. 0.006 ~ - ~ )
2,4-dichlorophenol 39 (10.0) 900 900
2,4,6-trichlorophenol 049 001 _  _ ~ 200 - - 1 200
¢ : (29.5)
Pentachlorophenol 019 0009, _ - 9 - - - 1 9
(4.4)
. 0.66
Diethylhexylphthalate 0.44 (36.4) 6 - - 8 5 6 - 1.3 8
Benzo(a)pyrene 0.0022 (8) 0.2 - - 0.7 ND - - - 0.7
. 0.79 ~ ~
Antimony 4.65 (56.7) 6 — - 20 3 6 20

*Standards of health for fish consumption is in parenthesis.

**Maximum acceptable concentration of drinking water standard in Canada MV (Monitoring Values); DF (Detection Frequency); NY (New

York); MO (Montana); R (Reservation); ND (Non Detected)
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