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ABSTRACT

Metal concentrations in the former Janghang smelter area were determined and human health risk of arsenic (As) with
bioaccessibility was investigated. Site investigation of the area within 1.5 km from the Janghang smelter showed the As
concentrations of 4.8~169.8 mg/kg (avg. 37.8 mg/kg). For 85 samples out of 126 samples, As concentrations were higher
than the Worrisome Level of the Korean Soil and Environment Conservation Act, and seven samples exceeded the
Countermeasure Standard. Risk assessment for As incorporated with the bioaccessibility revealed that potential human
health risk of the carcinogenic (1.8~5.0 x 10~5) was above the acceptable risk range (10~~107%) while the risk of the non-
carcinogenic was not found. Remediation goals based on risk incorporated with bioaccessibility of As ranged from 10.8 to
20.0 mg/kg. Such difference in the remediation goals resulted from various bioaccessibility of As (i.e., between

8.7~66.3%) at the study site.
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Fig. 1. Soil sampling points at the study site (A: surface and
subsurface soil, analyzed for As, Pb, Cd, Cu, Zn, Ni, Hg, Cr"; [
surface soil, analyzed for As, Pb, Cd).
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Fig. 2. Conceptual Site Model (CSM) for risk assessment at the
study site.
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Table 1. Exposure factors and toxicity values used for risk assessment in this study

Aol YRR NI SNIBIL L ABE Aol BR AT 55

Parameters Values Units
EF Exposure frequency 350 days/year
Exposure duration (adult) 25
ED i . years
Exposure duration (child) 6
AT Averaging time 28,689 (78.6 years) days
BW Body we?ght (adylt) 62.8 ke
Body weight (child) 16.8
Soil ingesti te (adult 50
CR. 0{ Tnges Ton rate (a u ) me/kg
Soil ingestion rate (child) 118
E;;r;(t)zge IVBA In vitro bioaccessibility OU specific %
SA Soil exposure skin surface area (adult) 4,271 )
cm
Soil exposure skin surface area (child) 1,828
Soil skin adherence factor (adult) 0.07
AF . . mg/cm
Soil skin adherence factor (adult) 0.2
ABS;in Relative sorption factor for soil inhalation 1 -
TSP Amount of suspended particles in air 0.07 mg/m’
frs Fraction soil particles in air 0.5 -
Fr Retention factor soil in lungs 0.75 -
o SF Slope factor 1.5 (mg/kg-day)™'
TVO;LC;? IUR Inhalation Unit Risk 0.0043 (/)"
RfD Reference Dose 0.0003 mg/kg-day
Chemical . .
Property ABSp Dermal absorption factor (arsenic) 0.03 -
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Table 2. Concentrations of heavy metals at the study site and Korean soil regulatory levels (mg/kg)

Surface soil Subsurface soil

Worrisome Countermeasure
Metals (0~15 cm) (15 cm~1'm) Levels Standards Backgrognd n
. . concentrations
Min  Average Max Min  Average Max (Region 1) (Region 1)
As 9.8 42.7 169.8 4.8 21.9 52.4 25 75 6.83
Pb 22.0 127.8 932.8 10.8 46.0 118.9 200 600 18.4
Cd 03 0.7 2.1 0.2 0.6 1.0 4 12 0.3
Cu 19.9 79.4 255.1 8.8 34.1 112.5 150 450 153
Zn 25.3 72.4 256.2 23.1 47.8 98.3 300 900 543
Ni 7.4 21.6 47.1 6.3 18.2 46.6 100 300 17.7
Hg ND 0.1 0.3 0.0 0.6 2.0 4 12 0.07(0.02-0.25)”
cr ND ND ND ND ND ND 5 15 -

1) KMOE (2011)
2) Adriano (2001)

Table 3. Numbers of soil samples exceeding the Korean regulatory levels at the study site

Numbers of soil samples exceeding regulatory level

Heavy . . . Region 2
Depth metals Region 1 standards Total Region 1 Region 2 standards Note
OuUl Ou2 O0uU3 0uU4 OUs ou6
Number of samples 96 16 15 16 16 17 16 - -
Exceeding Worrisome Total 96
. Level (25 mgke) 78 13 15 14 10 17 9 50 mg/kg samples
s
Exceeding Countermeasure
3 - - - - - 3 150 mg/kg
Surface soil Standard (75 mgke)
(0~15 cm) Exceeding Worrisome Level
Pb (200 mg/ke) 4 2 2 400 mg/kg
Exceeding Worrisome Total 30
Cu Level (150 mg/kg) ! - - - - ! ) 300 mglkg samples
Subsurface soil Exceeding Worrisome
(15 cm~1 m) s Level (25 mg/kg) 7 3 B - - 3 ! S0 mefke
QdEe} 7E 23 Wyt via, A Vs =EAE 180
7} EAFA go} AEe] 2o el T o4k e 160 - |
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A 28T}, T Fig. 37 Table 4] EEONAS] HIA & 9 140
o
S5 vEpinh OU6«] HZ 555 14.3~169.8 mg/kg(E £ 1201
o ~50|4e] H|A X (9.8~ < 100 {
Tt 85, 9mg/kg) oul 501] 14 ] &=0.8 2 Countermeasue standard for Region 1
52.8 mg/kg, -léﬂ‘ 34.1 mg/kg)Hth Hit 2.5 71 =9 £ 80,
o} 0U6S ALJZE OUl~52] 798 i T 26.5~ g 601
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Fig. 3. Concentrations of arsenic of the surface soil at the study
site and Korean soil regulatory levels.
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Table 4. Concentrations of total and bioaccessible arsenic and bioaccessibilities

Operable Total As” (mg/kg) Bioaccessible As? (mg/kg) Bioaccessibility® (%)
Unit Min Average Max Min Average Max Min Average Max
(018)} 112 33.7 50.6 35 5.9 9.0 10.3 19.7 443
ou2 25.2 39.0 51.6 22 11.7 18.2 8.7 30.0 52.8
ou3 204 33.6 49.2 3.6 9.8 19.8 12.3 29.2 52.6
ou4 9.8 26.5 343 6.5 14.4 21.6 44.6 55.1 66.3
ous 25.1 37.7 52.8 3.5 7.0 10.5 104 19.2 32.7
ou6 144 85.9 169.8 43 20.1 44.6 17.3 23.5 30.5

1) Aqua regia extractable As
2) SBRC extractable As
3) Bioaccessibility (%) = (Bioaccessible As/ Total As)x 100
70
2191 51gto] ofsl Ao WA} the Ao ofEs . s s
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T 2 (4)eh 2o v 4= Qioh
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Fig. 4. Bioaccessibilities of arsenic of the surface soil at the study
site.
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Table 5. Exposure concentrations of arsenic and carcinogenic and non-carcinogenic risks

Soil As . - Exposure Carcinogenic risk Non-carcinogenic risk
concentration" Bioaccessibility concentrations
2 (% . . . .
3) 1thout 1t] without Wit
(mg/ke) of AsT (%) it As) (makg) Without IVBA  With IVBA hout IVBA h IVBA

ouUl1 39.5 282 11.1 4.8E-05 1.8E-05 0.97 0.33
ou2 432 47.1 20.3 5.2E-05 2.8E-05 1.06 0.55
ou3 37.5 51.5 19.3 4.5E-05 2.6E-05 0.92 0.51
ou4 29.2 65.8 19.2 3.5E-05 2.5E-05 0.72 0.49
ous 41.1 28.2 11.6 4.9E-05 1.9E-05 1.01 0.35
ou6 108.9 292 31.8 1.3E-04 5.0E-05 2.67 0.94

1) 95% UCL of As
2) 90% percentile value
3) Exposure concentration of As=Soil As concentration x Bioaccessibility of As

Table 6. Estimated risk-based remediation goals (target carcinogenic risk: 10~) without and with in vitro bioaccessibility of each OU
(mg/kg)

Risk-based remediation goals (with OU-specific IVBA)
ou2 ou3 ou4 ous
14.0 13.1 10.8 20.0

Risk-based remediation goal (without IVBA) oUl

7.6 20.0

oué6
19.6
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Remediation goal
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14.0 mg/kg (IVBA: 47.1%)
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19.6 mg/kg (IVBA: 29.2%)

Fig. 5. Estimated remediation areas by Korean soil regulatory levels and remediation goals based on risk (target carcinogenic risk: 10-5)
with in vitro bioaccessibility of each OU (Gray shaded area is the area to be remediated.).
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Table 7. Areas to be remediated of each OU based on the Korean soil regulatory levels and in vitro bioaccessibility incorporated risk-

based remediation goals

Ooul ou2 0ou3 Oou4 ous oue6 Total
Total area (m?) 24,000 22,500 24,000 24,000 26,000 24,000 144,500
Remediation  Korean soil 19,692 22,500 20,632 13,350 26,000 17,601 119,865
area (m°) regulatory level
Risk-based remediation
goal (with IVBA) 20,520 22,500 24,000 22,983 26,000 23,000 139,003
1) Worrisome Level (25 mg/kg for OU1-5; 50 mg/kg for OU6)
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