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ABSTRACT

The Korean groundwater law regulates 20 groundwater contamination parameters, including 14 specific harmful
substances. Expanding the number of groundwater quality standards are needed to cope with recent groundwater quality
deterioration due to the use of various chemicals. Chemical ranking and scoring system (CRS) is a scientific tool to sort
priority chemicals by considering exposure and toxicity potentials. In this study, we developed a CRS for scoring and
ranking of possible groundwater pollutants and screened priority substances to be later considered in the Korean standard
expansion. Chemical Ranking Of groundWater pollutaNts (CROWN) incorporates important parameters consisting of
exposure potential, human and water ecotoxicity, interests, and certainty. Furthermore, CROWN additionally evaluated
existence of other media standards to consider impacts by contamination of other media. The 197 substances that were
common to 9 countries were selected first. CROWN evaluated and ranked each chemical, and finally suggested priority
substances. Suggested priority substances were classified into two groups according to the groundwater use purposes:
drinking and non-drinking. The priority substances were further classified into 1% and 2™ group priorities. The 1% group
consists of 75 substances, including the all the Korean groundwater standard parameters. CROWN will be used in
selecting groundwater pollutants for possible inclusion in the Korean standard expansion.

Key words : Chemical ranking and scoring (CRS), Groundwater, Groundwater quality standard, Groundwater pollutants
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Exposure Toxicity
(6-30) (5-30)
s I N I
*Bioaccumulation(1-5) Human i Aquatic eco

‘Persistence(1-5) (3-|20) (2-I10)

-Transportability - Carcinogenic

(2-10) 1-5)

-Circulation amount “Acute (1-5) “Acute (1-5)
1-5) (sub)Chronic (sub)Chronic

(-5) 15
Release amount to -Other toxicity

media(release+landfil (0-5)
I+migration)(1-5)

(1-10) (0-50): soil, water,
‘Release accident

Interest Related media Data certainty
(3-30) (0-30/20) (0-10)
! ! ~Bioaccun'1ulation
‘Guideline countries (0,1.5)

* Drinking purpose ‘Persistence(0, 1.5)

and drinking water -Circulation amount

©,2)
Siancard - Release amount to
‘Physicochemical - Non-drinking media (0, 2)
properties (0-4) purpose(0-20): soil - Aquatic ecotoxicity
- Pollution level and water standard (0,1.5)
(2-10) *(sub)Chronic

ecotoxicity (0, 1.5)

| Drinking purpose= Exposure : Toxicity : Interest : Related media : Data certainty=3

adididil Human toxicity : Aquatic ecotoxicity=2: 1

| Non-drinking purpose+ Exposure : Toxicity : Interest: Related media : Data certainty =3:3:3:2: 1

Fig. 1. Algorithm of Chemical Ranking Of groundWater pollutaNts (CROWN).
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Table 1. Scoring table for exposure potential in CROWN
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Bioaccumulation Persistence Transportability Circulation amount  Release amount to soil and water
t1n in water K Sum of release, landfill,
Score BAF, BCF, K., Score 2 Score d Score (Kgly) Score and migration amount
(days) (Lkg)
(kely)
5 > 100,000 5 > 100 10 <0.5 5 > 10,000 5 > 1,000,000
4 >10,000-<100,000 4 >50-<100 8 >0.5-<1 4 >5,000-<10,000 4 >100,000- < 1,000,000
3 >1,000-<10,000 3 >20-<50 6 >1-<100 3 >1,000-<5,000 3 >10,000- < 100,000
2 >100- < 1,000 2 >4-<20 4  >100-<1,000 2 >500- < 1,000 2 >1,000- < 10,000
1 <100 1 <4 2 > 1,000 1 <500 1 <1,000
Table 2. Scoring table for human toxicity factors in CROWN
Acute toxicity (Sub) Chronic toxicity Carcinogenicity

Other human

Score

oral LD50  Inhalation LC50  R-phrase oral N(L)OAEL I:]?]}ja)lgltAl(glL IARC IRIS toxicity”
5 <5 <15 R23, 26 <1 <3 1 A All
45 - - R20 - - - - -
4 >5-<50 >15-<150 R28 >1-<10 >3-<30 2A B1, B2 4 of 5
3.5 - - R25 - - - - -
3 >50-<500  >150-<1,500 - >10-<100 >30- <300 2B C 3 0f5
2.5 - - R22 - - - - -
2 >500- <5,000 > 1,500- < 15,000 - >100-<1,000 >300-<3,000 3 D 2 of 5
1 > 5,000 > 15,000 - > 1,000 > 3,000 4 E 1 of5

* 5 toxicity effects: Endocrine effects, genotoxicity(including mutagenicity), reproductive toxicity, immunotoxicity, and dermal toxicity

L
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Table 3. Scoring table for aquatic ecotoxicity factors in CROWN

ogm] -
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Acute toxicity L(E)C50 (mg/L)

(sub)Chronic toxicity N(L)OEC (mg/L)

Score
Fish, invertebrate, or algae Fish, plant Invertebrate
5 <1 <0.1 <10
4 >1-<10 >0.1-<1 >10-<100
3 >10-<100 >1-<10 >100- < 1,000
2 >100- < 1,000 >10-<100 >1,000- < 5,000
1 > 1,000 >100 > 5,000

Table 4. Scoring table for interests section of CROWM

Number of standard countries* Release accident

Physicochemical properties

Score Countries Score Happened Score  Explosive, flammable, corrosive, oxidative

10 9 6 In Korea and other countries 4 4 properties

9 8 4 In Korea 3 3 properties

8 7 2 In other countries 2 2 properties

7 6 0 No data 1 1 properties

6 5 0 Not applicable

5 4

4 3

3 2

2 1

* 8 countries (except US) and US (if considered common in 10 states)
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Table 5. Scoring table for pollution levels in CROWN
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Score Monitored data Standard in Korea Except standard in Korea
10 Serious 2 time exceed of standard level 3 times above lowest foreign standard level
8 High Exceed of standard level 2 times above lowest foreign standard level
6 Moderate Standard level ~ half of standard level Exceed of lowest foreign standard level
4 Low Half of standard level ~ detection limit Below of lowest foreign standard level
2 Below of detection limit

Table 6. Scoring table for standard of media (soil and water) standard related with groundwater* in CROWN

Drinking purpose

Non-drinking purpose

Score
Presence of standard of soil, water, and drinking water Presence of standard in soil and water
10 Soil standard Soil standard
10 Water standard Water standard
20 Drinking water standard
10 Drinking water standard of WHO

*Sum of score, which is exist standard in soil, water, and drinking water standard

Table 7. Scoring table for data certainty in CROWN

Release amount to

Acute water (sub)Chronic water

Bioaccumulation Persistence Circulation amount soil and water ecotoxicity ecotoxicity
15 Measurement 15 Measurement ’ Data exist ’ Data exist 15 Measurement 15 Measurement
data data data data
0 Predgzd)data 0 Predicted data 0 no data 0 no data 0 Predicted data 0 Predicted data
2 EYGRAVIE, TAEVIES wiAIGA Ve E 11 sl IOX*EE Hidsldeh. kA =7 FA1Q1 37t
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2 . _ .>m s trichloromethane(chlroroforrn), Zn, tetrachloromethane,
§' ZGM?::W = Se, Mn, F~, dichloromethane, Sb, Ni <=0|oH, H]S-
£-& Cu, Zn, trichloromethane (chlroroform), Sb, Ni,
v 1,2-dichloroethane, tetrachloromethane, dichloromethane,
Fig. 2. Procedure for selecting priority substances of groundwater Sb, vinyl chloride =22 =Z&5 3]t}
pollutant.
Table 8. CROWN evaluation rankings for 75 priority groundwater substances for drinking purpose
Rank Substance Rank Substance Rank Substance
I priority group
1 Benzene 26 Chromium, total 51  Molybdenum
2 Cadmium 27 Aluminium 52 Methyl-tert-butylether (MTBE)
3 Lead 28 Nitrate-N 53 Simazine
4 Arsenic 29 Vinylchloride 54 Hexachlorobenzene
5 Tetrachloroethene 30 Dichloroethene(1,1-) 55 Naphthalene
6 Copper 31 v-HCH(lindane) 56  Dieldrin
7 Mercury 32 Di(2-ethylhexyl)phthalate (DEHP) 57  Heptachloro
8 Cyanides 33 Pentachlorophenol 58  Fluoranthene
9 Toluene 34 Styrene 59  Magnesium
10 Trichloroethene 35 Benzo(a)pyrene 60  Beryllium
11 Trichloromethane (chloroform) 36 Carbofuran 61  Isopropanol
12 Xylenes 37 Endrin 62 Pentachlorobenzene
13 Phenol 38 Trichloroethane(1,1,1-) 63 Trichlorobenzenes
14 Zinc 39 Iron 64 Di-n-butyl phthalate
15 Tetrachloromethane 40 Ammonia 65  Cobalt
16 Ethylbenzene 41 Barium 66  Chlorobenzene
17 Selenium 42 Chloride(mg CI/L) 67  Silver
18 Manganese 43 DDT 68 Tin
19 Fluoride(mg F/L) 44 Atrazine 69  Trichloroethane(1,1,2-)
20 Dichloromethane 45 Chlordane(total) 70  Sodium
21 Antimony 46 Hexachlorobutadiene 71 Thallium
22 Boron 47 Alachlor 72 Potassium
23 Nickel 48 Endosulfan 73 Vanadium
24 Dichloroethane(1,2-) 49 Nitrite-N 74  EDTA
25 Chromium VI 50 Dichlorobenzene(1,2-) 75  Phosphate
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Table 9. Ranking of 197 groundwater contaminants for non-drinking purpose

Rank Substance Rank Substance Rank Substance
I priority group

1 Benzene 26 Di(2-ethylhexyl)phthalate(DEHP) 51 Trichlorobenzenes

2 Cadmium 27 Selenium 52 Boron

3 Lead 28 Styrene (vinylbenzene) 53 Di-n-butyl phthalate
4 Arsenic 29 Endosulfan 54  Cobalt

5 Tetrachloroethene 30 Carbofuran 55 Chlordane (total)

6  Copper 31 Methyl-tert-butylether (MTBE) 56 Hexachlorobutadiene
7 Mercury 32 Benzo(a)pyrene 57 Chlorobenzene

8 Zinc 33 Chromium,total 58 Tin

9 Phenol 34 Endrin 59  Silver

10 Chromium VI 35 Manganese 60 Alachlor

11 Cyanides 36 Fluoride (mg F/L) 61 Trichloroethane(1,1,2-)
12 Toluene 37 Naphthalene 62 Nitrite-N

13 Trichloromethane (chloroform) 38 Hexachlorobenzene 63 Dichlorobenzene(1,2-)
14 Trichloroethene 39 Dieldrin 64 Molybdenum

15 Xylenes 40 Aluminium 65 Trichloroethane(1,1,1-)
16 Antimony 41 Barium 66 Thallium

17 Nickel 42 Heptachloro 67 Sodium

18 Dichloroethane(1,2-) 43 Fluoranthene 68 Simazine

19 Tetrachloromethane 44 Magnesium 69 Iron

20 Ethylbenzene 45 Dichloroethene(1,1-) 70 Nitrate-N

21 Dichloromethane 46 Beryllium 71  Vanadium

22  Ammonia 47 TIsopropanol 72 Potassium

23 Vinyl chloride 48 Pentachlorobenzene 73 Chloride (mgCl/l)

24 y-HCH (lindane) 49 DDT 74 EDTA

25 Pentachlorophenol 50 Atrazine 75 Phosphate

2" priovity group

76 PCBs 117 Bromoxynil 158 Butanol

77 Acrylonitrile 118 Phenantrene 159 Dichlorprop

78  Anilines 119 Butylacetates 160 Imide

79 Acetone 120 Dibromo-3-chloropropane,1,2-(DBCP,1,2-) 161 Calcium

80 Dichloropropene(1,3-) 121 Dichlorvos 162 Dichloroethene, trans-1,2-
81 Ethylacetate 122 Dichlorobenzene(1,4-) 163 Tetrahydrothiophene
82 Methanol 123 Adsorb-cash halogen connections 164 Chloronaphthalene

83 DDD 124 Diuron 165 Chlorophenol

84  Aldrin 125 Titanium 166 Diethylene glycol

85 Formaldehyde 126 Chlorfenvinphos 167 Picloram

86 PCB 52 127 Nitrophenols 168 Sulphate

87 Acrylamide 128 Benzo(k)fluoranthene 169 Polycyclic aromatic hydrocarbons
88 Cresols (sum) 129 Dichloropropane, 1,2- 170 Dichloroethane(1,1-)
89 Dioxin 130 Pyridine 171 Uranium

90 Thiuram 131 Ethylene glycol 172 Dichloroethene(1,2-)
91 Maneb 132 Resorcinol (m-dihydroxybenzene) 173 MCPA

92 PCB 101 133 Isoproturon 174 Nitrilotriaetic acid

93 Heptachloro-epoxide 134 Benzo(a)anthracene 175 Amides

94 Triflualin 135 Anthracene 176 Indeno(1,2,3-cd)pyrene
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Table 9. Ranking of 196 groundwater contaminants for non-drinking purpose

Rank Substance Rank Substance Rank Substance
95 Permethrin 136 Chlorine 177 Triazine
96 Nitrobenzene 137 Lithium 178 Thiocyanate
97 a-HCH 138 Trichlorophenols 179 Mecoprop
98 Dichlorophenoxy acetic acid, 2,4- 139 Cis-1,2-dichloroethylene 180 Chloromethylphenols(4-)
99 Carbaryl 140 Methylisobutylketone 181 Triazoles
100 Thiobencarb 141 Methoxychlor 182 Dichloropropane
101 Chloropyrifos 142 Butane 183 Silicon dioxide
102 Hexane, n- 143 DDE 184 Strontium
103 PCB 138 144 Benzo(ghi)perylene 185 Monochloramine (Chloramine)
104 PCB 180 145 Tetrachlorobenzenes 186 Tribromomethane
105 Toxaphene 146 Chlorophenol(2-) 187 Dichloroaniline
106 Azinphos-methyl 147 Tetrahydrofuran 188 Sulfate
107 -HCH 148 Tr?chlorophenoxy propionic acid, 2,4,5- 189 Benzotriazole
(Silvex)
108 Mineral oil 149 Pentachloroaniline 190 Bromide (mgBr/l)
109 Trichlorobenzene, 1,2,4- 150 PCB 118 191 Benzonitriles
110 Trichlorophenol(2,4,6-) 151 PCB 28 192 Diethylether
111 Catechol (o-dihydroxybenzene) 152 Isopropyl benzene 193 Tellurium
112 Methylethylketone 153 Dibromomethane(1,2-) 194 Radium, 226 and 228 (combined)
113 Malathion 154 Chrysene 195 Carbonate
114 PCB 153 155 Benzo(b)fluoranthene 196 Bicarbonate
115 Tetrachlorophenols 156 Dichloroethene 197 Cyclohexanone
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