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The risk assessment of groundwater and soil in Sasang industrial complex in Busan Metropolitan City was carried
out in order to estimate risks to human health and the environment. The carcinogenic risk (CR) of receptors to soil
and air was not identified. However, the CRs for TCE and PCE were 6.7E-6 and 1.0E-5, respectively. Hazard quo-
tient (HQ) and hazard index (HI) did not appear through air exposure pathways. Yet the HQ and HI of soil were
34E-5 and SE-5, respectively, and lower than the critical value (1.0). On the contrary, HQ and HI with respect to
groundwater were calculated as 0.7 (not hazardous) and 1.4 (hazardous). The constituent reduction factor (CRF) for
TCE in the study area was determined as 2.5, and thus remediation work is demanded. As a result of sensitivity
analysis for 18 exposure factors, eight exposure factors (life time of carcinogens, age, body weight, exposure dura-

tion, exposure frequency, dermal exposure frequency, water ingestion rate, and soil ingestion rate) varied with the
variation of risk.

Key words : risk assessment, groundwater, soil, risk-based corrective action, site specific target level, hazard quo-
tient, hazard index, constituent reduction factor
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Fig. 1. Study area.
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Fig. 2. Flowchart of exposure pathways in the study area.
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Table 1. Site-specific input parameters of soil, groundwater (GW), surface water (SW), and air.

Site-specific input parameters

Soil Groundwater Air
Groundwater Darcy velocity . L
D . -
epth to water (1.29 m) (3.2E-7 cm/d) Distance to off-site air receptor (150 m)
. Groundwater seepage velocity . . ..
Di . .
epth to top of affected soils (1.29 m) (84E-7 cm/d) Horizontal dispersivity (15.37 m)
Depth to base of affected soils (6.2 m) Hydraulic gradient (0.01) Air mixing zone height (2 m)
Affected soil area (2,025 m) Hydraulic conductivity (3.2E-5 cm/d) Vertical dispersivity (10.17 m)
Length of affected soil parallel to assumed . . Lo S
wind direction (45 m) Effective porosity (0.38) Ambient air velocity in mixing zone (3.9 m)
Length of affected soil parallel to assumed ~Fraction organic carbon-saturated zone Areal particulate emission flux (6.9E-14 g/
GW flow direction (45 m) (0.001) cm?/s)
Predominant USGS soil type (sandy clay) Groundwater pH (6.3) Building volume/area ratio
Net rainfall infiltration (1486.7mm)  Groundwater plume width at source (45 m) Foundation area
Fraction organic carbon (0.01) thrznfngmlxmg zone) thickness at source Foundation perimeter
Soil/water pH (6.9) Longitudinal dispersivity (15 m) Building air exchange rate
Transverse dispersivity (4.95 m) Depth to bottom of foundation slab
Vertical dispersivity (0.75 m) Convective air flow through cracks
Plume width at GW/SW discharge Foundation thickness
Plume thickness at GW/SW discharge Foundation crack fraction
Surface-water ﬂo:}/larragtz at GW/SW dis- Volumetric water content of cracks

Volumetric air content of cracks
Indoor/outdoor differential pressure

Table 2. Resulit of carcinogenic risk.

coc EPA carcinogenic ~ Max. carcinogenic intake rate (mghkg/day) (gl slope factor Individual carcinogenic risk
classification  on.gite (0 m)  offsite 1 off-site 2 (mg/kgday)™1  onsite (0 m) offsite 1 offsite 2

Cd B1

Cu D

TCA D

TCE B2 6.1E4 1.1IE-2 6.7E-6

PCE C-B2 6.5E-5 52E-2 34E-6

Table 3. Result of HQ (hazard quotient) and HI (hazard index) for exposure pathways.
HQ HI
Exposure pathways
Maximum value Applicable limit Value at the site Applicable limit

Indoor air exposure pathways 'NC 1.0 NC 1.0
Soil exposure pathways 34E4 1.0 5.0E-4 1.0
Groundwater exposure pathways 0.7 1.0 14 1.0

*NC: Not calculated

L4olor] A7xele) & o= UNE it Sasolol ik B Aol Xakee] TCEY

Ark FAE R F%7 0.15mgLEA SSTL(0.095 mg/L)E. e}l =), &£
3 314 AWRIAHDARZ 12 7FYslglonE RBSLS

EA2HEZAH A SSTLS} FUatrh. ojoir] gshaiqie] Hmel HAgE
& RGN e Halg Bhe Fale] AFxge ZHAH|(CRF, constituent reduction factor)E AH4 51|

Al tis) S1el7} ivkar e o v Asligio] =H, CRE7F 180} 2kom s} B sty CRF7}
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Table 4. Regressive equations of risk effect (Y) and exposure factor (X)
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Type of risk

Risk effect (Y) vs. exposure factor (X)

Regressive equations

Carcinogens

Individual risk vs. age by groundwater
Cumulative risk vs. age by groundwater

Y =-2.18E-5 In(X)+ 1.10E4
Y =-531E-5 In(X)+2.48E-4

Non-carcinogens

HQ vs. averaging non-carcinogens by soil

HI vs. averaging non-carcinogens by soil

HQ vs. averaging non-carcinogens by groundwater
HI vs. averaging non-carcinogens by groundwater
HQ vs. body weight by soil

HI vs. body weight by soil

HQ vs. water ingestion by soil

HI vs. water ingestion by soil

HQ vs. soil ingestion by soil

HI vs. soil ingestion by soil

HQ vs. dermal exposure frequency by soil

HI vs. dermal exposure frequency by soil

HQ vs. exposure duration by soil

HI vs. exposure duration by soil

HQ vs. exposure frequency by soil

HI vs. exposure frequency by soil

Y =4.87E4 In(X)+ 1.87E4
Y =-7.03E4 In(X) + 2.69E-3
Y =-1.05321 In(X)+4.07

Y =-1.90529 In(X)+7.43

Y =-522E4 In(X)+2.48E-3
Y =-7.95E4 In(X) +3.75E-4
Y =-1.56E-4 In(X)+4.60E-4
Y =-1.95E4 In(X)+ 6.51E4
Y = 1.18E4 In(X)- 1.61E-4
Y = 1.74E-4 In(X) - 2.46E-4
Y =3.60E-5 In(X) + 1.22E-4
Y =4.62E-5 In(X) + 2.22E-4
Y =2.03E4 In(X) - 540E-4
Y =3.1584 In(X) - 8.70E-4
Y =2.03B-4 In(X)- 540E-4
Y =3.15E4 In(X)— 8.70E-4

Carcinogens and
non-carcinogens

Individual risk vs. body weight by groundwater
Cumulative risk vs. body weight by groundwater
HQ vs. body weight by groundwater

HI vs. body weight by groundwater

Individual risk vs. exposure duration by groundwater
Cumulative risk vs. exposure duration by groundwater

HQ vs. exposure duration by groundwater
HI vs. exposure duration by groundwater

Individual risk vs. exposure frequency by groundwater
Cumulative risk vs. exposure frequency by groundwater

HQ vs. exposure frequency by groundwater

HI vs. exposure frequency by groundwater
Individual risk vs. water ingestion by groundwater
Cumulative risk vs. water ingestion by groundwater
HQ vs. water ingestion by groundwater

HI vs. water ingestion by groundwater

Y =-234E-5 In(X)+ 1.10E4
Y =-361E-5 In(X)+ 1.70E-4
Y=-1.16 In(X)+5.51
Y=-2.17 In(X) + 103
Y=101E-5 In(X)—2.78E-5
Y =1.33E-5 In(X)-3.53E-5
Y =046 In(X)— 1.24

Y =084 In(X)-227

Y =1.01E-5 In(X)-2.78E-5
Y =133E-5 In(X)—3.53E-5
Y =046 In(X)- 1.24

Y =084 In(X)-227

Y =3.87E-5 In(X) +4.30E-6
Y= 622E-5 In(X)+2.70E-6
Y= 193 In(X)+0.15

Y =3.87 In(X) +2.17E-2
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Fig. 3. Sensitivity analysis of non-carcinogenic hazard index (HI) vs. (a) water ingestion and (b) body weight.
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