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ABSTRACT

The aims of this study were to develop the suitable “ system software” in chemical ranking and scoring (CRS)
for the food hazardous chemicals associated with environmental emission and to suggest the priority lists of food
contamination by environmental -origined pollutants.

Study materials were selected with reference to the priority pollutants list for environment and food management
from domestic and foreign research and the number of study materias is 103 pollutants(18 heavy metals, 10
PBTSs, 10 EDs, and 65 organic compounds). The Food-CRS-K orea system consisted of the environmental fate
model via multimedia, transfer environment to food model, and health risk assessment by contaminated food
intake. We have established that health risks of excess cancer risks, hazard quotients(HQs) by chronic toxicity
and HQs by reproductive toxicity convert to score, respectively. The creditable scoring system was designed to
consider uncertainty of quantitative risk assessment based on VOI (Vaue-Of-Information). The predictability
of the Food-CRS-Korea model was evaluated by comparing the presumable values and the measured ones of
the environmental media and foodstuffs.

The priority lists based on emissions with background-level-correction are 15 pollutants such as arsenic,
cadmium, and etc. The priority lists based on environmental monitoring date are 17 pollutants including DEHP,
TCDD, and so on. Consequently, we suggested the priority lists of 13 pollutants by considering the severa emis-
sion and exposure scenarios. According to the Food-CRS-Korea system, arsenics, cadmium, chromes, DEHP,
leads, and nickels have high health risk rates and reliable grades.
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Fig. 1. Frame of Food-CRS-K orea system.
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Table 1. List of chemicals for Food-CRS-Korea

1A

Rl

45

Selected reasons

Selected reasons

Chemicals - - Chemicals - -
International  Domestic International Domestic
1,1,1-Trichloroethane C uT Chloromethyl methyl ether C T
1,2,4-Trimethylbenzene C U Chlorpyrifos T
1,2-Dichloroethane CR U Chromium (I11) CR uT
1,3-Butadiene C uT chromium (V1) CR uT
1,4-Dichlorobenzene CR T Cobalt CR T
1,4-Dioxane C T Copper CR T
1-Chlorobutane C U Cresole CR T
2,3,4,6-Tetrachlorophenol CR P Cyclohexane C uT
2,3,7,8-TCDD (Dioxin) CR P Cyclohexanone CR U
2,3'4,4’ 5-Pentachl orobiphenyl CR P Di (2-ethylhexyl)phthalate CR T
2,4,5-Trichlorophenol CR U Pentachlorophenol CR U
2,4,6-Trichlorophenol CR U Styrene CR uT
2,4-Diaminotoluene C T Tetrahydrofuran R U
2,4-Dichlorophenol CR ] Thiram C T
2,4-Dinitrotoluene C uT trichloromethane R uT
2,6-Dinitrotoluene C T Vinyl chloride CR uT
2-Methoxyethanol C u,T Vanadium C T
4,4’-bisphenol-A CR T Selenium C T
Acetaldehyde C uT zinc CR T
Acetone C U Diazinon C T
Acrolein C T dichloromethane R T
Acrylamide C T Diethyl sulfate C T
Acrylonitrile C T Dimethyl sulfate C T
a-HCH CR P Dimethylamine C u,T
Allyl acohol C T DDVP (Dichlorvos) CR U
Aniline C U Endosulfan C T
Arsenic CR T Ethyl acetate C T
Nonylphenol CR U Ethyl acrylate C T
Pyridine R U Ethylbenzene CR uT
Tetrachloroethylene CR T Ethylene oxide C T
Thiourea C T Ethylenethiourea C T
Trichloroethylene CR T Formaldehyde C uT
Vinyl acetate C u,T Hexachlorocyclopentadiene C T
Antimony C uT Hexachloroethane C T
Aluminum C u,T Hexachlorophenol CR U
Atrazine CR U Hydroguinone R U
Barium CR T Lead CR T
Benzene CR uT mercury (inorganic) CR T
Benzo (a)pyrene (PAHs) CR T Methyl chloride C T
Benzoic acid C U Methyl ethyl ketone C uT
Benzyl Chloride C u,T Methylene chloride C U
Beryllium CR uT molybdenum CR U
butylbenzy! phthalate (BBzP) CR T Naphthalene CR uT
Cadmium CR T Nickel CR uT
Captan C T Nitrobenzene C T
Carbaryl R T Phenol CR T
Carbofuran CR T Tetrachlorophenol CR U
Carbon disulfide C T Tetrahydrothiophene R U
Carbon tetrachloride C T Toluene CR uT
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Table 1. Continued

Vol. 25, No. 1

) Selected reasons ) Selected reasons
Chemicals - - Chemicals - -
International Domestic International Domestic
Catechol CR T Trichlorophenol CR U
Chloroacetic acid C T Xylenes C U
Chloroform C T Manganese C u,T

*C: List of Caltox program, R: list of RIVM program, U: List of useinventory in Korea, T: List of TRI (Toxic release inventory) in Korea, P:

List of POPs TRI in Korea
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Ci=TFk-iy X Cx (Eq. 1)

Cx: concentration of the chemical in environmental
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Ci: concentration of the chemical in exposure medi-
umi

TFx—iy: transfer factor from chemical of environ-
mental medium k to exposure medium i

k: environmental medium such as ambient air, sur-
face water, and surface soil

i: exposure medium such as outdoor air, indoor air,
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Fig. 2. Frame of environment-food transfer and risk scoring process in the Food-CRS-Korea* 1) ~13): See the fomula of
Table 2.
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Table 2. Equations of food transfer process caused by environmental pollution in the Food-CRS-Korea

Equation Reference
Crvg={ (TF@v—tvg) X Cav) +(TFap—tvg) X Cep)} - Ca: concentration of the chemical in air vapor (mg/m?®)
+{(1-1g) X (Kps™+Kps) X Kp X fir) X Cu} - C: concentration of the chemical in air particle (mg/m®)

+H{(KR"X Csg) +(Kps X Cr9)} - TFa—vg): transfer factor from chemical of air vapor to fruit,
vegetable, or grain

Crmea =[1)+2)+ 3)+4) ] X Bmea) - TR@p—ivg): transfer factor from chemical of air particle to fruit,

11)=Cuw X lwbh X (Zw/Zwater)
12)=Civg X lvhe
13)=C, x BCF

Caiay=[5)+6)+7)+8) | X BKmiy vegetable, or grain
Cegy =[9)+10)+11)+12) ] X Beegg) - f fraction of the chemical concentration in irrigation water retained
Crish =13) in soil (unit less)
1)=(Ca+Cq) xInc - Kp: soil/soil-water partition coefficient (kg water/kg soil solids)
2)=Cq X lsc - Kps: plant-soil partition coefficient from root-zone soil to above ground
3)=Cu X lwbe X (Zw/Zwater) plant parts due to uptake through roots (kg soil/kg plant fresh mass)
4)=Civg X lvb - K{a": plant-soil partition coefficient for surface soil dueto
5)=(Ca+Cq) X Inc rainsplash (kg soil/kg plant fresh mass)
6)=Cq X lsoc - 1-fg- the fraction of water irrigation needs provided by ground water
7)=Cu X lwdc X (Zw/Zater) (unit less)
8)=Civg X lvac - TRw—expp): the ratio of chemical concentration of exposed produce to
9)=(Ca+Cq) x Ihh the chemical concentration in surface water
10)=Cgy X lsh - Ca: concentration of the chemical in air vapor (mg/m?)

- Cap: concentration of the chemical in air particle (mg/m®)
- TR@—vg): transfer factor from chemical of air vapor to fruit,

vegetable, or grain

- TR@p—tvg): transfer factor from chemical of air particle to fruit,

vegetable, or grain

- Css: concentration of the chemical in surface soil (mg/kg)
- Kia" plant-soil partition coefficient for surface soil due to

rainsplash (kg soil/kg plant fresh mass)

- C.s: concentration of the chemical in root-zone soil (mg/kg)
- Kps: theratio of chemical concentration in exposed produce to

chemical concentration in root-zone soil

- Bt(mea): biotransfer factor in meat relative to cattle-diet contaminant

intake (day/kg meat)

- Bkmin): biotransfer factor in milk relative to cattle-diet contaminant

intake (day/kg milk)

- Beeyy): biotransfer factor in egg relative to hen-diet contaminant

intake (day/kg egg)

- ZwlZwae: 1/H (H isthe Henry' s constant, Pa-m*/mol)
- Cy: concentration of the chemical in exposure medium k

(mg/m®, mg/L, mg/kg)

- Inc: inhalation by cattle (m*/day)

- Ihh: inhalation by hen (m®/day)

- lsne: ingestion of soil by beef cattle (kg/day)

- lson: ingestion of soil by hens(kg/day)

- lwbe: ingestion of water by beef cattle (L/day)

- lwace: ingestion of water by diary cattle (L/day)

- lwbn: ingestion of water by hens(L/day)

- lvbe: ingestion of pasture, beef cattle (kg fresh mass/day)
- lvne: ingestion of pasture by hens (kg fresh mass/day)

- lvae: ingestion of pasture, diary cattle (kg fresh mass/day)
- BCF: bioconcentraion factor, fish/surface water
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Fig. 3. Comparison of monitoring levels and modeling concentrations using the Food-CRS-K orea system in several foods.
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Fig. 4. Proportion of human exposure pathways for several pollutants using the Food-CRS-K orea system.

Table 3. Risk scores of major priority toxic chemicals selected by using the Food-CRS-K orea

Risk scores
Chemicals Based on environmenta Based on Value of Informations
background levels and emission data environmental levels
Arsenic 300 234 100
Cadmium 179 200 100
Chromium 200 144 90
Diethylhexylphthal ate - 209 80
Lead 200 200 100
Nickel 200 - 90
Selenium 64 200 90
Acrylonitrile 54 - 90
o-HCH - 100 60
Barium 87 - 90
Benzylbuthylphthalate 108 80
Benzo(a)pyrene - 100 70
Copper 94 61 80
Ethylene oxide 58 - 70
Manganese 21 122 90
Mercury 146 — 60
Phenol - 128 60
2,3,7,8,-TCDD - 195 80
Aluminum 29 - 80
Antimony 49 - 80
Benzene - 62 100
Bisphenol-A 13 - 80
Carbon tetrachloride - 67 80
Ethylbenzene - 79 90
Xylenes — 50 90
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Table 4. Proposed list of priority food toxic chemicals and selected factors associated with environmental pollutants based

on the Food-CRS-Korea

Selected factors

Priority pollutants Environments

Food chains Toxicity

Emission (i(rj:t?c?r: Bacll;g/gund Crops Meat Fish Carcinogen Chronic ;Er\clje
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Lead o o o ® e}
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Nickel ® o) ¢
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Diethylhexylphthalate o) o o) ®

Benzylbuthylphthalate ® o o o e}
2,3,7,8,-TCDD o o o ®
Manganese o) ® o) o
Mercury o o} o ®
a-HCH ® o} o
Benzo (a)pyrene ® e} o

®: Mgjor factor, o: Minor factors
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