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Abstract — In this paper, human exposure and risk of environmental pollutants were predicted using an emission
assessment model and multimedia fate model. Eight environmental pollutants, acetaldehyde, acrylonitrile, aniline, ben-
zene, carbon tetrachloride, dichloromethane, formaldehyde and vinyl chloride, were selected for the risk assessment in
an urban and industrial area in Korea. The emission rate of target pollutants were estimated after considering a variety of
point and non-point emission sources including geographical information. A spatially refined multimedia fate model was
applied to predict the environmental concentration and fate of pollutants. Hazard data of target materials were obtained
from the IRIS(Integrated Risk Information System) database. Using the modeling results with hazard data, the human
risks were assessed. Modeling results demonstrate that the considerable risks were observed for several pollutants.
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Table 1. Unit risks and tumor types of target materials
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Unit risk by exposure pathway

Material Inhalation(m’/ug)  Ingestion(kg-day/mg) Tumor type

Aniline 1.63E-6 5.7E-3 Spleen, combined fibrosarcoma, stromal sarcoma, capsular sarcoma and hemangiosarcoma
Acetaldehyde 2.2E-6 7.7E-3 Nasal squamous cell carcinoma or adenocarcinoma

Acrylonitrile 6.8E-5 5.4E-1 Respiratory cancer

Benzene 2.2E-6~7.8E-6 1.5E-2~5.5E-2 Leukemia

Carbon tetrachloride 1.5E-5 1.3E-1 Hepatocellular carcinomas-hepatomas

Dichloromethane 4.7E-7 7.5E-3 Hepatocellular adenomas or carcinomas (NTP) and hepatocellular

Formaldehyde 1.3E-5 4.6E-2 Squamous cell carcinoma

Vinyl chloride 4.4E-6 7.2E-1 Liver angiosarcomas, angiomas, hepatomas, and neoplastic nodules
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Fig. 1. Simulation area (a) and landuse (b).
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Table 2. Categories, activities, emission coefficients and spatial allocation factor by emission sources

Geographical (Categories of Sub-categories of sources

Origin of activities

Origin of emission . .
& Spatial allocation factors

Shapes sources coefticients
Point Industrial Installations Facilities, Incinerators, Factories Toxic Release Inventory (n)
Line Road Major Roads, Minor road networks Traffic census (a-e) )
Trail Network of railways Amount of fuel consumption (f) (k) Railway network map
Polygon Household Domestic solvent use Amount of product sales (g) 0] Population, Landuse

Domestic fossil fuel consumption
Solid waste

Amount of fuel consumption (h) (k)
Amount of product sales and  (g)

Population, Landuse
Population, Landuse

recovery (g)

Small-sized
enterprises and
establishments

industry and other industries
Dry cleaning/cleaner

Retail fuel sales (gas stations)
Publishing/printing

Coating/painting in the construction Amount of product consumption (g)(g)

Amount of product consumption (g)(g)
Amount of fuel sales (i) 1))
Amount of product consumption (g)

Workplace size, Population,
Landuse

Population, Landuse
Population, Landuse
Population, Landuse

by company (g)

Agriculture Agricultural chemicals

Amount of agricultural product (1)

Agricultural area

consumption (m)

a) Korea Transport Database, http://www.ktdb.go.kr
b) Traffic Monitoring System, http://www.road.re.kr
¢) National Transport Information Center, http://road.moct.go.kr

d) Seoul Expressway Traffic Information, http://www.smartway.seoul.kr/english/index.html

e) Seoul Beltway, http://www.seoulbeltway.co.kr

f) Korea Railroad, http://www.korail.com

g) Korea Chemicals Management Association, http:/www.kcma.or.kr
h) Ministry of Knowledge Economy, Report on energy census (2006)
i) Korea Oil Station Association, http://www.ikosa.or.kr

j) National Institute of Environmental Research, http://www.nier.go.kr/
k) Australian National Pollutant Inventory, http://www.npi.gov.au

) Emission Inventory Improvement Program Document Series Volumes [-X (EPA-4547R-97-004); available at http://www.epa.gov/ttn/chief/eiip/index.html

m) Crop Protection Information Center, Agrochemical Year Book (2006)
n) Toxic Release Inventory, http://tri.nier.go.kr
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Fig. 2. Intercompartmental transport and removal processes among the six environmental compartments.
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Fig. 3. Emission rates for aniline (a), acetaldehyde (b), acrylonitrile (c), benzene (d), carbon tetrachloride (e), dichloromethane (f), formaldehyde
(g), vinyl chloride (h), and contribution of emission rate by source categories (i).
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Fig. 4. Environmental concentrations of target materials by environmental compartments [(a) air, (b) water, (c) soil, (d) sediment, (e) organic film,
(f) vegetation].

Table 3. Excess cancer risks of target materials

Priority 1 2 3 4 5 6 7 8

Materials formaldehyde benzene  acrylonitrile acetaldehyde dichloromethane vinyl chloride carbon tetrachloride  aniline
Excess Cancer Risk ~ Ave. 1.06E-04 7.35E-05  6.20E-06 3.75E-06 1.09E-06 1.29E-08 2.39E-09 1.88E-09
(Inhalation) Max.  1.72E-04  1.06E-04 1.07E-05  6.40E-06 1.81E-06 1.84E-08 3.88E-09 2.21E-08
Min. 5.20E-05 5.72E-05  2.81E-06 1.45E-06 9.24E-07 9.42E-09 2.20E-09 3.05E-11
Excess Cancer Risk ~ Ave. 2.27E-11 8.64E-12 1.23E-10 3.75E-11 3.01E-12 5.01E-14 3.85E-16 1.89E-13
(Ingestion) Max. 3.28E-11 1.19E-11 2.19E-10 6.06E-11 4.64E-12 6.83E-14 5.56E-16 2.23E-12
Min. 1.20E-11 6.62E-12 5.32E-11 1.51E-11 2.48E-12 3.38E-14 3.63E-16 4.75E-15
Excess Cancer Risk ~ Ave. 4.53E-15 1.72E-15 2.46E-14 7.46E-15 6.00E-16 9.97E-18 7.70E-20 3.76E-17
(Dermal) Max. 6.56E-15 2.37E-15  4.38E-14 1.21E-14 9.25E-16 1.36E-17 1.11E-19 4.44E-16
Min. 2.39E-15 1.32E-15 1.06E-14 3.01E-15 4.93E-16 6.73E-18 7.26E-20 9.46E-19
Excess Cancer Risk ~ Ave. 1.06E-04 7.35E-05  6.20E-06 3.75E-06 1.09E-06 1.29E-08 2.39E-09 1.88E-09
(Total) Max.  1.72E-04  1.06E-04 1.07E-05  6.40E-06 1.81E-06 1.84E-08 3.88E-09 2.21E-08

Min. 5.20E-05 5.72E-05  2.81E-06 1.45E-06 9.24E-07 9.42E-09 2.20E-09 3.05E-11
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