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Abstract

To prevent the overflow of various harmful chemicals, it is necessary to modify the chemical management system with an
expansion to institutionally regulated substances. This modification should be preceded by selection of the priority chemicals,
with a diverse chemical ranking system (CRS) applied to select the chemicals in developed countries. In Korea, a systematic
CRS was used in a project related to soil and groundwater, however, it is inadequate to compare soil and groundwater CRS to
that of surfacewater. In this study, a priority chemical ranking system for surfacewater was proposed through the analysis of
international and domestic CRS cases. This was then applied to 161 chemicals to derive the priority list of harmful chemicals.
As a result, Chemical RAnking of surFacewater polluTants (CRAFT) is presented for the protection of human health and the
aquatic ecosystem from surfacewater pollutants. The components of CRAFT are the human health toxicity, aquatic ecosystem
toxicity and reliability assessment factors. Three lists were derived from the 161 priority harmful chemicals for the protection
of human health, aquatic ecosystem or both. It is expected that this result can be useful to prioritize harmful chemicals for the
protection of human health and the aquatic ecosystem from Korean surfacewater.

keywords : Aquatic ecosystem, Chemical ranking of surfacewater pollutants (CRAFT), Chemical ranking system (CRS),
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Fig. 1. Scheme of chemical ranking of surfacewater pollutants (CRAFT) presented in this study.

Table 1. Scoring scheme of exposure assessment factors presented in this study

Bioaccumulation Persistence

Wastewater transport

Emission to water body Circulation amount (Usage)

Score Kow Score Ty in water (days) Score (kg/year) Score (kg/year) Score (ton/year)
5 > 100,000 5 > 100 10 > 1,000,000 10 > 500 10 > 1,000,000
4 >10,000 4 > 50 g > 100,000 g > 250 g > 100,000
-< 100,000 -< 100 -< 1,000,000 -< 500 -< 1,000,000
3 > 1,000 3 >20 6 >10,000 6 > 125 6 >10,000
-< 10,000 -< 50 -< 100,000 -< 250 -< 100,000
) > 100 ) >4 4 > 1,000 4 >62.5 4 > 1,000
-< 1,000 -<20 -< 10,000 -< 125 -< 10,000
1 < 100 1 <4 2 < 1000 2 < 62.5 2 < 1,000
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Table 2. Scoring scheme of human health toxicity assessment factors presented in this study

Acute toxicity

(Sub)Chronic toxicity

Carcinogenecity

Score - - Other toxicity*
Oral LD50 Inhalation LC50 R-phrase  Oral N(L)OAEL Inhalation N(L)OAEL IARC IRIS

5 <5 <15 R23, 26 <1 <3 1 A Applied to 5
45 R20 - - - - -

4 >5-<50 >15-<150 R28 >1-< 10 >3-<30 2A BI1, B2 Applied to 4
3.5 - R25 - - - -

3 >50-<500 >150-<1,500 - >10-<100 >30-<300 2B C Applied to 3
2.5 R22 - - - - -

2 >500-<5,000 >1,500-<15,000 - >100-<1,000 >300-<3,000 3 D Applied to 2

1 >5,000 >15,000 - > 1,000 > 3,000 4 E Applied to 1

"Other toxicity includes endocrine effects, genetic toxicity, reproductive toxicity, immune toxicity, and dermal contact toxicity.

Table 3. Scoring scheme of aquatic ecosystem toxicity assessment factors presented in this study

Acute aquatic toxicity (L(E)C50; mg/L)

(Sub) Chronic aquatic toxicity (NOEC; mg/L)

Score Fish, invertebrates, and algae Algae and aquatic plant Invertebrates

5 <1 < 0.1 < 10

4 >1-<10 >01- <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
o M H4%e AR 9 HAFE FAsAT I of tigt AW AAA 2oy (hTd e B¢ o F/FA
AL FA 49ATA(International Agency of Research on AE, FHF5E dste 449 AP g EEshih
Cancer: TARC; WHO IARC, 2010)¢} IRISY 245 FAE AF/FAAE, FHAFEEA U 43kl BF EAsd
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Table 4. Scoring scheme of social issue assessment factors presented in this study

The No. of state regulation Incident Other properties Pollution level
Explosiveness,
Score The number Score | International | Domestic Score inﬂam@ability, Score Level Lowest stzindard
corrosiveness, value
oxidation

10 5 6 O O 4 Applied to 4 10 Very high Upper thrice

8 4 4 X O 3 Applied to 3 7.5 High Twice~Thrice

6 3 2 O X 2 Applied to 2 5 Moderate Excess~twice

4 2 0 X X 1 Applied to 1 2.5 Low Under

2 1 0 Applied to 0

* Lowest standard value means water quality standard for the protection of human health or aquatic organisms.
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Table 5. Scoring scheme of reliability assessment factors presented in this study

Bioaccumulation Persistence

Acute aquatic toxicity

(Sub)Chronic aquatic toxicity

Regulation level

Score Type Score Type Score Type Score Type Score Type
. . . . 4 Standard
1.5 Experimental value 1.5 Experimental value 1.5  Experimental value 1.5 Experimental value —
3 Guideline
. . . . 2 Criteria
0 Estimated value 0 Estimated value 0 Estimated value 0 Estimated value ——
1 Included in List
Table 6. Data collected in this study
Assessment factors The No. of no data Ratio (%) Half value of the highest score
Bioaccumulation 1 0.62 25
Persistence 1 0.62 2.5
Exposure Wastewater transfer 61 37.89 5
Emmision to water body 61 37.89 5
Circulation amount (Usage) 76 47.20 5
Acute toxicity 7 4.35 2.5
(Sub)Chronic toxicity 1 0.62 2.5
Human health - -
Carcinogenecity 58 36.02 2.5
Other toxicity 6 3.73 2.5
. Acute toxicity 0 0 2.5
Aquatic ecosystem ; .

(Sub)Chronic toxicity 1 0.62 2.5
Social issue Pollution level 161 100 5
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Table 7. List of 161 priority harmful chemicals for the protection of human health and aquatic organisms presented in the study

Chemical name

Chemical name

Rank . . Human health and Rank . . Human health and
Human health Aquatic organisms . . Human health Aquatic organisms . .
aquatic organisms aquatic organisms
1 Lindane Lindane Lindane 82  Cumene 2-Chlorophenol Tebuthiuron
2 Nickel Copper Nickel 83  Metsulfuron Manganese Vinclozoline
3 Copper Nickel Zinc 84  2-Chloronaphthalene 2-Chloronaphthalene Permethrin
4 Zinc Zinc Pentachlorophenol* 85  Metribuzin Endosulfan” Alachlor
5 Pentachlorophenol' Fluoranthene Heptachlor* 86  Alachlor Ethyleneglycol Glyphosate
6 Heptachlor* Toluene Dieldrin’ 87  Malathion Hexazinone Carbaryl
7  Toluene Pentachlorophenol” Toluene 88  1,2-Diphenylhydrazine  1,1,2,2-Tetrachloroethane Manganese
8  Dieldrin" Phenol Copper 89  Dichlorobromomethane  Aniline Diuron
9  24-Dinitrotoluene Endrin" Fluoranthene 90 Dicamba Dicamba Cumene
10  Fluoranthene 1,2,4-Trichlorobenzene ~ Aldrin’ 91  Chlorpyrifos 2,4,5-Trich{0r0phen0xy 2,4-Dichlorophenoxy
acetic acid acetic acid
11 Aldrin® Dieldrin’ Selenium 92  2,4-Dichlorophenoxy N-nitrosodi-n-propylamine 2-Chloronaphthalene
acetic acid
12 Selenium Heptachlor* 2,4-Dinitrotoluene 93 Methoxychlor Bis(2-ch10r0ethy1)ether* Beryllium
13 Endrin’ Toxaphene” Endrin” 94 DDE Bromoxynil Ethyleneglycol
14  Linuron 2,4-Dichlorophenol Linuron 95  Chlorodibromomethane ~ Chlorodibromomethane  Chlorothalonil
15  1,2,4-Trichlorobenzene Fluorene 1,2,4-Trichlorobenzene 96 Vinclozoline Chlorothalonil Sethoxydim
16  Phenol Triallate Mirex 97  Propylene oxide Cypermethrin 1,1,2,2-Tetrachloroethane
17  2,4-Dinitrophenol Pentachlorobenzene Toxaphene* 98 Demeton Diuron Bromoxynil
18  Mirex Aldrin" Phenol 99  Permethrin Carbaryl Butyl benzyl phthalate
19 Toxaphene* Selenium 2,3,4,6-Tetrachlorophenol 100 Carbaryl Dimethoate” Demeton
20  2,4-Dichlorophenol Metolachlor Pentachlorobenzene 101 1,1,2,2-Tetrachloroethane Molinate Dinoseb
21 Aldicarb” Linuron 2,4-Dichlorophenol 102 Bromoxynil 1,3-Dinitrobenzene Molinate
22 Methylmercury Anthracene 2,4-Dinitrophenol 103 Diuron Butyl benzyl phthalate N-nitrosodimethylamine
23 2,3,4,6-Tetrachlorophenol Thiobencarb Benzo(a)pyrene 104 Bis(2-chlor0ethy1)ether* Acrolein Carbofuran
24 DDT Di-n-butyl phthalate Hexachlorobenzene 105 Molybdenum Hexachlorocyclopentadiene N-nitrosodi-n-propylamine
25  Pentachlorobenzene 2,3,4,6-Tetrachlorophenol Styrene 106 Chlorothalonil Dinoseb Cypermethrin
26  1,1,2-Trichloroethane ~ Benzo(a)pyrene Di-n-butyl phthalate 107  N-nitrosodi-n-propylamine Carbofuran Dimethoate”
27  Benzo(a)pyrene Pyrene Aldicarb” 108 MCPA(4-Chloro-2-methy N-nitrosodimethylamine N-nitrosodiphenylamine
Iphenoxyacetic acid;
2-methyl-4-chloro
phenoxy acetic acid)
28  1,2-Dichloroethan 2,4,5-Trichlorophenol  Triallate 109 Imazethapyr Captan* Hexazinone
29 Hexachlorocyclohexane* Ethylbenzene 2,4,6-Trinitrotoluene 110 N-nitrosodiphenylamine Barium 3,3'-Dichlorobenzidine
30 Pyrene DDT' Endosulfan” 111 Molinate Molybdenum Molybdenum
31 Hexachlorobenzene Triflualin® Benzidine 112 Dichlorvos Boron Nitrate
32 Endosulfan’ Acenaphthene Metolachlor 113  Ethylacetate Alachlor Dichlorobromomethane
33 Ethylbenzene Hexachlorocyclohexane” Pyrene 114 Sethoxydim a-cyano-3-phenoxybenzyl Dicamba
3-(2-chloro-3,3,3-trifluoro
prop-1-enyl)-2,2-dimethylc
yclopropanecarboxylate
34  Styrene 1,2,4,5-Tetrachlorobenzene Ethylbenzene 115 1,1-Dichloroethylene 3,3-Dichlorobenzidine ~ Diquat
35 Di-n-butyl phthalate Tributyltin oxide DDT’ 116 Carbofuran MCPA (4-Chloro-2-methy Bis(2-chloroethyl)ether*
Iphenoxyacetic acid;
2-methyl-4-chloro
phenoxy acetic acid)
36 Triallate Styrene 1,2-Dichlorobenzene 117 Vinyl chloride 1,1-Dichloroethylene Dichlorvos
37  2,4,6-Trinitrotoluene 1,2-Dichlorobenzene 1,2,4,5-Tetrachlorobenzene 118 Butyl benzyl phthalate Nitrobenzene Chlorodibromomethane
38  1,2,4,5-Tetrachlorobenzene Hexachlorobutadiene Methylmercury 119 Dinoseb Dichlorobromomethane  Propylene oxide
39  Argentum 2,4,6-Trinitrotoluene Hexachlorocyclohexane‘ 120  Epichlorohydrin 2,4-Dichlorophenoxy a-cyano-3-phenoxybenzyl

acetic acid

3-(2-chloro-3,3,3-trifluoro
prop-1-enyl)-2,2-dimethylc
yclopropanecarboxylate
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Table 7. List of 161 priority harmful chemicals for the protection of human health and aquatic organisms presented in the study

(continued)

Chemical name

Chemical name

Rank . . Human health and Rank . . Human health and
Human health Aquatic organisms . . Human health Aquatic organisms . .
aquatic organisms aquatic organisms
40 Benzidine Simazine Fluorene 121 3,3-Dichlorobenzidine  Acrylonitrile Nitrobenzene
41  Atrazine 1,2-Dichloroethan Heptachlor epoxide 122 1,2-Trans-dichloroethylene 1,1,1-Trichloroethan MCPA (4-Chloro-2-methy
Iphenoxyacetic acid;
2-methyl-4-chloro
phenoxy acetic acid)
42 Simazine Pendimethalin Hexachloroethane 123 2-Propyn-1-ol Demeton 4,4'-Bisphenol A
43 Tron Tron 2,4,5-Trichlorophenol 124  1,1,1-Trichloroethan Decabromodiphenyloxide Hexachlorocyclopentadiene
44  Metolachlor Argentum 1,3,5-Trinitrobenzene 125 Cypermethrin Perchlorate Imazethapyr
45  Diethyl phthalate 2,4-Dinitrophenol Triflualin” 126 Dimethoate” Diquat Decabromodiphenyloxide
46  Methanol 2,4,6-Trichlorophenol  Atrazine 127 Hexazinone Imazethapyr 2,3-Dihydro-2,2-dimethyl
-7-benzofuryl[(dibutylam
ino)thio]methylcarbamate
47  Ethyleneglycol Hexachlorobenzene Thiobencarb 128 Bromoform Ethylacetate Ethylacetate
48  1,2-Dichlorobenzene Fenvalerate Simazine 129 Nitrobenzene Bromoform 1,1-Dichloroethylene
49  2,4-Dimethylphenol 2,4-Dinitrotoluene 1,2-Dichloroethan 130 Diquat Bis(2-ethylhexyl)adipate Captan‘
50 1,3-Dichloropropene Methylmercury Argentum 131 4,4-Bisphenol A Ethyl paranitrophenyl  2-Propyn-1-ol
phenyl phosphorothioate
(EPN)
51 Methyl bromide Heptachlor epoxide Methyl bromide” 132 Boron 4,4'-Bisphenol A Epichlorohydrin
52 Quinoline Mirex 2,4,6-Trichlorophenol 133 a-cyano-3-phenoxybenzy 2,3-Dihydro-2,2-dimethyl Ethyl paranitrophenyl
13-(2-chloro-3,3,3-trifluor -7-benzofuryl[(dibutylam phenyl phosphorothioate
oprop-1-enyl)-2,2-dimeth ino)thio]methylcarbamate (EPN)
yleyclopropanecarboxylate
53 Fluorene Glyphosate 1,1,2-Trichloroethane 134 Captan* Picloram 1,2-Trans-dichloroethylene
54  Heptachlor epoxide Hexachloroethane 2,4-Dimethylphenol 135 Barium Thirame Bis(2-ethylhexyl)adipate
55  Chlorobenzene Methoxychlor Hexachlorobutadiene 136 Perchlorate 1,2-Trans-dichloroethylene Thirame
56  Hexachloroethane Methanol 1,3-Dichloropropene 137 Hexachlorocyclopentadiene Nitrate Perchlorate
57  Xylenes Metribuzin 2-Chlorophenol 138 Methyl ethyl ketone Carbon disulfide 1,1,1-Trichloroethan
58  2,4,5-Trichlorophenol  1,3-Dichloropropene Fenvalerate 139 Nitrite Methyl ethyl ketone Vinyl chloride
59  1,3,5-Trinitrobenzene  2,4-Dimethylphenol Tributyltin oxide 140 Decabromodiphenyloxide Methidathion Paraquat’
60  2,4,5-Trichlorophenoxy Diethyl phthalate Aniline 141 2,3-Dihydro-2,2-dimethyl Nitrite Bromoform
acetic acid’ -7-benzofuryl[(dibutylam
ino)thio]methylcarbamate
61 Triflualin” Chlorobenzene Pendimethalin 142  Furfural 2-Propen-1-ol Methidathion
62  Tebuthiuron Tebuthiuron Acenaphthene 143 Benzyl chloride Propylene oxide Boron
63  Thiobencarb Benzidine Iron 144  Chlorite Benzyl chloride Barium
64  2,4,6-Trichlorophenol ~ Xylenes Quinoline 145 Cyclohexylamine Thiophanate methyl Nitrite
65  2-Chlorophenol 1,2-Diphenylhydrazine  1,3-Dinitrobenzene 146 Ethyl paranitrophenyl Paraquat* Benzyl chloride
phenyl phosphorothioate
(EPN)
66  Acrylonitrile N-nitrosodiphenylamine Diethyl phthalate 147 Bis(2-ethylhexyl)adipate Beryllium Cyclohexylamine
67 1,3-Dinitrobenzene Atrazine Chlorobenzene 148 Picloram Hexahydro-1,3,5-trinitro- Sodiumazide
1,3,5-triazine
68  Hexachlorobutadiene DDE Acrolein 149  Thirame Vinyl chloride 2-Propen-1-ol
69  Acenaphthene Chlorpyrifos Anthracene 150 Carbon disulfide Acephate Carbon disulfide
70  Fenvalerate Permethrin Xylenes 151 Paraquat* 2-Propyn-1-ol Acrylamide
71  Tributyltin oxide Malathion 2,4,5-Trichlorophenoxy 152 Acrylamide Benomyl Furfural
acetic acid’
72  Manganese Methyl bromide Metsulfuron 153 Ethylene thiourea Dichlorvos Chlorite
73 Aniline Quinoline Metribuzin 154 Methidathion Chlorite Picloram
74  Pendimethalin 1,3,5-Trinitrobenzene Methomyl 155 Sodiumazide Acrylamide Benomyl
75  N-nitrosodimethylamine Metsulfuron Malathion 156 2-Propen-1-ol Cyclohexylamine Ethylene thiourea
76  Methomyl 1,1,2-Trichloroethane 1,2-Diphenylhydrazine 157 Hexahydro-1,3,5-trinitro- Sodiumazide Thiophanate methyl
1,3,5-triazine
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Table 7. List of 161 priority harmful chemicals for the protection of human health and aquatic organisms presented in the study

(continued)

Chemical name

Chemical name

Rank Human health and Rank

Human health Aquatic organisms

aquatic organisms

Human health and

Human health . .
aquatic organisms

Aquatic organisms

77  Beryllium Methomyl Acrylonitrile 158 1,4-Dioxane Furfural Hexahydro-1,3,5-trinitro-
1,3,5-triazine

78  Glyphosate Vinclozoline Methanol 159 Benomyl Ethylene thiourea Methyl ethyl ketone

79  Nitrate Sethoxydim Chlorpyrifos 160 Thiophanate methyl Epichlorohydrin Acephate

80 Acrolein Cumene Methoxychlor 161 Acephate 1,4-Dioxane 1,4-Dioxane

81  Anthracene Aldicarb” DDE

"Domestic prohibited/limited chemicals.
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