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Suitability Assessment for Agriculture of Soils Adjacent to Abandoned
Mining Areas Using Different Human Risk Assessment Models

Jun-Su Lee, Young-Nam Kim, and Kye-Hoon Kim*

Department of Environment Horticulture, The University of Seoul

The current study was performed to examine the agricultural suitability of the cultivated upland nearby
abandoned mining areas in Korea using three different scientific risk assessment models of Korea, USA and
UK. For this, three mining sites DM, MG and KS were selected among 687 abandoned mines through
preliminary risk assessment. A wide range of parameters were obtained through analysis of both soil and crop
samples from the selected areas for heavy metal concentration and questionnaires to the communities along
with the selected mining sites. Heavy metal concentration in soil samples was lower than the values previously
reported by the Ministry of Environment (ME, 2002). However, both As and Cd concentration in the soil
samples exceeded the concemn level for agricultural area of the Soil Environment Conservation Act. Judging
from the contaminant criteria for the crops, only Zn level in pepper, soybean and com from the mining area
DM exceeded the criteria whereas As, Cd, Cr“, Cu, Hg, Ni, Pb did not exceed the criteria. It was demonstrated
that there would be human health risk by Pb accumulated in crops from both mining areas MG and KS when
estimated by the risk assessment models of Korea and USA. Against it, results of the risk assessment model of
UK showed human health risk by Pb in the crops from all study areas.
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Fig. 1. Hazard Index (HI) of the upland soils around

abandoned mines.

Table 1. Equations for preliminary human risk assessment (Gu, 2001).

Equation
ADD (soil) ADD (soil) = CsxCRsxCFxFIxEFx ED
BWxAT .
HQ (Chemical-specific) HQ = ADD (from exposure assessment) / RfD (from RAIS of US EPA)
HI (Total) HI = > HQi (Sum of hazard quotients); i = 1..n
ADD Exposure rate from soil (mg kg'] day'l) -
Cs Concentration of contaminants in soil (mg kg'l) -
CRs Consumption of soil (mg day) Adult 100, Child 200
CF Conversion factor (kg mg']) 10°
FI Fraction ingested from contaminated source (unitless) 1
EF Exposure frequency (days year) Soil 210, Crop 365
ED Exposure duration (years) 50
BW Body weight (kg) 60
AT Averaging time (years) 73.5
RfD Reference dose (mg kg'l) Chemical-specific

"RAIS: Risk Assessment Information System
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Table 2. Information of sampling sites.
Site Latitude Longitude Crop
S1 37°37°18.5" 127°43°44.4" Pepper, soybean, corn
DM S2 37°3724.7" 127°43°92.3" Pepper, corn
S3 37°36'86.5" 127°44°02.7" Corn
MG S4 36°51°20.8” 127°14°55.9" Pepper, eggplant, perilla
S5 36°51°59.3” 127°14°75.5" Pepper, leek, perilla
KS S6 36°32750.8” 126°30798.9” Pepper, soybean
Ni, Zn9| e EFAH7|E 2 A7 |&S =20 H,S0,~HCIO,&2 Hallst &, Hajdo] SF45E
3tz ek o] = 457 AH-E MG W Ao|9lar, EAGE g =S E Y (ICP-AES 7510, Shimadzu,
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3t QlA|TFo] 7P 2 Ao dAEQIT) (Fig. 1).
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Tt ARG or e ek egEdo] Bxsh 9
A4 (hazard index)7} 1Ht} & DM (9.08), MG
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Table 3. Equations for non-cancer risk assessment used in Korea, US and UK (DEFRA and EA, 2002; Gu, 2001).

Country

Equation for estimating non-cancer risk

HQf = ADD (from exposure assessment) / RfD* (from RAIS® of US EPA)
HI' = 3 HQi (Sum of hazard quotients); i = 1..n

Korea & US EPA

UK CLEA

ADE'/TDSI’ and ADE/TDI!

HQ or HI or ADE/TDSI < 1 (No hazard), HQ or HI or ADE/TDSI > 1 (existence of hazard)

" Hazard quotient

Y Risk assessment information system
¢‘Average daily exposure

"Tolerable daily intake

* Reference dose
Y Hazard Index
"Tolerable daily soil intake

Table 4. Equation for soil guidance value (SGV) used in UK (DEFRA and EA, 2002).

Equation for soil guidance value

GV HCV,,, xHCV,,,,
R sratang dermat X HC Vi + Ry XHCV
SGV Soil guidance value (mg kg™)
HCVoral Health criteria value for oral (mg kg'1 BW day'l)
HCVinhal Health criteria value for inhalation (mg kg'1 BW day'l)

Roral and dermal

Rinhal

and dermal pathways (mg kg'1 BW day'l)

inhalation pathways (mg kg'1 BW day'l)

Ratio of average daily exposure from soil and background sources over the soil concentration for oral

Ratio of average daily exposure from soil and background sources over the soil concentration for
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ztol& HATE (ME, 2005). ol 8FF9 $9% s
£ EY AN EYedEd 7 (ME, 2009)3
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Ni, Pb, Zn) $}=ke Table 60 AA[S}C) Kabata—pendias

and Pendias (1984)= dWFF o2 QHHA] 2 A&

Table 5. Some of physicochemical properties and heavy metal concentrations of soils from the study area.

Heavy metal
sie PHOM Soil As cd o Cu Hg Ni Pb Zn
(1:5) (%) texture g
mg kg
SI 518 386 Loam 8.12 6.23 0.38 48.25 0.06 34.16 315 103.5
(6.76-9.16) (5.78-6.92) (0.16-0.62) (37.13-58.53) (0.00-0.13) (29.29-43.41) (28.48-34.49) (83.61-152.60)
S 549 381 Loam 2.82 6.09 0.21 24.12 0.04 33.53 53.63 99.55
(0.26-4.16)  (5.93-6.48) (0.11-0.44) (22.57-26.85) (0.00-0.07) (30.98-36.20) (48.69-59.97) (94.56-104.95)
S3 543 289 Loam 121.7 6.07 0.31 35.38 0.10 27.71 353 89.07
(1165512678) (5.91-6.22)  (0.29-0.33) (32.97-37.79) (0.10-0.11) (26.82-28.59) (35.24-35.36) (85.26-92.87)
5.24 4.68 0.21 19.92 0.00 24.07 25.76 69.11
S4 671 238 Loam (0.00-7.15) (4.16-5.09) (0.13-0.29) (17.80-21.99) (0.00-0.00) (20.54-25.35) (23.35-27.69) (61.97-75.05)
S5 589 307 Sand 9.59 4.94 0.19 22.69 0.12 29.45 30.4 78.45
(5.46-20.72) (4.29-5.37) (0.08-0.27) (15.99-26.92) (0.00-0.20) (23.61-32.03) (28.00-32.99) (53.23-101.15)
36 685 172 Loam 39.13 4.45 0.34 19.72 0.11 22.7 52.99 70.4
(33.27-45.35) (3.85-5.67) (0.18-0.52) (17.34-23.16) (0.06-0.19) (17.45-29.80) (46.57-57.61) (66.61-73.65)
BC" - - - 0.05 0.09 0 4.38 0.036 12.89 5.85 72.77
pst - - - 25 4 5 150 4 100 200 300
cst - - - 75 12 15 450 12 300 600 900

"Natural background concentration of heavy metals in soil (Korea Environment Institute, 2004).

*Soil contamination precautionary standard (region 1).
%Soil contamination countermeasure standard (region 1).

Table 6. Concentrations of heavy metal in crops cultivated in the study area.

) As Cd Cu Hg Ni Pb Zn
Site crops Kl
mg kg

Pepper ND' ND 17.93 ND ND ND 35.08
S1 Bean ND ND 10.97 ND ND ND 106.3
Corn ND ND 15.14 ND ND 10 117.4

M © Pepper ND ND 7.91 ND ND ND 5.32
Corn ND ND 14 ND ND 18 142

S3 Corn ND ND 12 ND ND 16 186
s4 Pepper ND ND 10.45 ND ND 9.59 25.25
MG Eggplant ND ND 8.15 ND ND ND 18.45
s Leek ND ND 7.3 ND ND 3.08 34.67

Perilla ND ND 10.87 ND 2.96 10.47 24.2
KS s6 Bean ND ND 6.7 ND 5.39 17.16 34.41
Pepper ND ND 5.46 ND 5.01 11.6 27.03

"Not detected.



At 1 Bokel 784 A 679

o g sE HPE 2= XA 7o E As 1-17 mg (Table 7). AR SF S32|¢qto] EPAOA A|¢Het 3
kg', Cd 0.05-0.2 mg kg ', Cu 5-30 mg kg ', Pb guporolgm o] 2220 10 °~107'S I8k 9lo] Aso
5-10 mg kg % Zn 27-150 mg kg 'O AAFIAT, ot 9Jal (D7 9l Aow WoE Y A
S9H 4B T FEHE As 5-20 mg kg |, Cd A AQollM 2= ARE 53 As9 dYAFT] 02
5-30 mg kg ', Cu 20-100 mg kg ', Pb 30—300 mg 2 QAo et wEo] 97| R HRE] Ask
kg @ Zn 100-400 mg kg 'O& AASIH=E], B o AAe HX= FIF (T2 ¢lS Aolet Tt
gpdxjellA] S12]9e] 113 (35,08 mg kg ), B (106.29 mg
kg ), &4 (117.43 mg kg )oA Zno o] & HILIQOISHES| K23t  Sjalid ZAjoiH AAlw
ArEer Yegten, umr a5 dao I HQ, HI, IS ¥ ADE/TDSI & 13} v|wsle] wch
HAPES oRE 2HSEAU L olste] FEE RS gt olg Fro] 1% 29 Afole LHdEdY =&
Ao w ehgTt of W& flal FEFel WA 7hsdol USS e,
1o]stoH MY 7haAdo] §leS HojErh edEHe v
Holle 23 YAzl HESE Aso] e HekRleiEs 2 S HE40] RIDEEE ol8ste] =it
e A EFAEES} AEA AR Uedlen, S3 ul=r EPAS] Qfsdu7bndls 2-gste] 212H9] Sa<kol
AoA EGFHRE ST Aso] YYHFFT Aso] e HQE AMY5IGltt (Table 8). L HEAS B
dHAEe 242t 7.60%<10° mg kg ‘I 1.5 mg kg A= A2, B A2E B3 HQE BT 10824
day o2 WoMeiE (LEeE = Ase] LA LAEHY Qe gl AR vyt ST A
X AsO] HRRE) = 1.14X107 & 10,000 Z 1.14 AR A S59F S6X|9oA] Pbel HQ7F 1,307} 2.14
o] Asoll oJsto] ¢ro] S 4= Gl A oR FAEY 24 71 15 28t glen®g, o] AHE9 &

Table 7. Cancer risk of inorganic As in the study area calculated by risk assessment models used by Korea ME and US EPA.

) Cancer risk
Site 3
Soil pathway Crop pathway

Sl 7.69x107 0.00
DM S2 3.75x10° 0.00

S3 1.14x10™ 0.00

S4 7.78x107 0.00
MG .

S5 7.36x10 0.00
KS S6 3.81x10° 0.00

Table 8. Hazard quotient (HQ) of heavy metal with different exposure pathway in study area calculated by risk
assessment models used by Korea ME and US EPA.

Hazard Quotient (HQ)
As cd o Cu Hg Ni Pb Zn
S1 L71x10°  7.66x10° 5.85x10°  8.08x10* 3.70x10° 1.02x10° 3.94x10> 2.44x10*
DM S22 833x10°  7.76x10°  3.29x10° 3.82x10*  2.61x10°  1.05x10° 6.91x10°  2.16x10™
Soil ingestion S3 1.68x10°  7.71x10°  7.19x10°  6.16x10%  6.52x10°  8.75x107  3.84x10°  2.02x10"

Pathway Site

1
and derma s4 L73x10° 5.97x10°  449x10°  3.06x10°  0.00x100 7.59x10” 3.22x102  1.58x10"
contact MG 2 3 -5 4 -8 4 2 4
S5 1.63x107  6.59x10°  4.53x10°  3.92x10*  9.57x10®  9.85x10* 3.90x107  1.73x10
KS S6  847x107  5.07x10°  9.99x10°  3.03x10*  6.85x10°  6.82x10*  7.03x10°  1.55x107
SI  0.00x10° 0.00x10°  0.00x10° 3.16x10%  0.00x10°  0.00x10°  1.74x10"  2.03x102
DM  S2  0.00x10° 0.00x10° 0.00x10° 1.14x10% 0.00x10°  0.00x10° 3.14x10"  4.88x10°
Vesetab] S3  0.00x10°  0.00x10°  0.00x10° 2.61x10°  0.00x10°  0.00x10" 2.79x10"  5.40x10
egetable

sS4 0.00x10°  0.00x10°  0.00x10° 1.60x10%  0.00x10°  0.00x10° 8.15x10"  5.05x10
S5 0.00x10°  0.00x10°  0.00x10° 2.89x10%  0.00x10°  4.03x10°  1.30x10°  1.58x107
KS S6  0.00x10°  0.00x10°  0.00x10° 1.15x10%  0.00x10° 1.97x10%  2.14x10°  7.70x10°

MG
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Table 9. Total hazard index (HI) from soil and crop pathways in study areas calculated by risk assessment models used

by Korea ME and US EPA.

Site Soil pathway Crop pathway Total HI

S1 6.62x10” 2.26x10" 2.92x10"

DM 2 8.68x107 3.30x10"" 4.17x10"
S3 9.53%10° 2.87x10"! 2.96x10™"

S4 4.12x10” 8.36x10"" 8.77x10"

MG S5 6.35%107 1.34x10" 1.41x10°
KS S6 1.61x10" 2.18x10° 2.35x10°

Table 10. Average daily exposure/tolerable daily soil intake (ADE/TDSI) values of the study area calculated by CLEA model.

Pathway Site As Cd cr™ Cu Hg Ni Pb Zn

S1 1.71x10%  4.97x10°  1.00x10™*  8.08x107* 142x10*  7.52x10°  4.37x10°  2.44x10™

DM S2 8.33x10°  5.04x10°  5.63x10°  3.82x10*  1.00x10*  7.79x10°  7.67x107  2.16x10™*

Sail S3 2.53x10" 3.70x10°  1.68x10°  1.68x10°  1.68x10°  1.68x10°  1.68x10°  1.68x10°
MG S4 1.73x10°  3.88x10°  7.67x10°  3.07x10*  0.00x10°  5.63x10° 3.58x107  1.58x10™

S5 1.63x107  4.28x10°  7.75x10°  3.93x107*  3.68x10*  7.29x10°  4.33x107  1.73x10™

KS S6  847x107  329x10°  1.71x10%  3.04x10*  2.63x10*  5.05x10°  7.81x107  1.55x10™

S1 0.00x10"  0.00x10"  0.00x10°  6.91x10"  0.00x10°  0.00x10"  3.56x10°  1.09x10°

DM S2 0.00x10°  0.00x10"  0.00x10°  2.89x10"  0.00x10°  0.00x10"  6.47x10°  3.68x10"

Crop S3 0,00x102 0.00x102 0.00x102 S.ISXIO'? 0.00x102 0.00x102 7.91x10‘z 6,76X10'i
MG S4  0.00x10°  0.00x10°  0.00x10°  4.91x10"  0.00x10°  0.00x10°  2.09x10'  9.85x10’

S5 0.00x10°  0.00x10"  0.00x10°  5.78x10"  0.00x10°  9.54x107  1.66x10'  3.96x10"

KS S6 0.00x10°  0.00x10°  0.00x10° 2.36x10"  0.00x10°  1.25x10°  3.71x10'  2.09x10’
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Table 11. Average daily exposure/tolerable daily soil intake (ADE/TDSI) from soil and crop pathways.
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Site Soil pathway Crop pathway Total ADE/TDSI
Sl 7.46x107 5.34x10" 5.42x10°
DM S2 9.87x107 7.12x10° 7.22x10°
S3 2.54x107™" 8.63x10° 8.89x10°
MG S4 4.76x10™ 2.15%10" 2.15x10"
S5 7.22%10™ 1.77x10" 1.77x10"
KS S6 1.72x10" 3.88x10" 3.89x10"

Table 12. Equation and exposure factors of target concentration of non-carcinogenic contaminants according to crop &

soil routes.
Cs = THQxRfDoxBW x AT
EF x ED[SFo(BCFx CRp x FI+ CF x CRs x FI)]
Factor Definition (unit) Default
THQ Target hazard quotient (unitless) 1
RfDo Oral reference dose (mg kg'1 day'l) Chemical-specific
BW Body weight (kg) 60
AT Averaging time (years) 73.5
EF Exposure frequency (days year'l) 365
ED Exposure duration (years) 50
SFo Oral slope factor (mg kg'l) Chemical-specific
BCF Bioconcentration factor (unitless) Chemical-specific
CRp Consumption of crops (kg day‘l) Variable
CRs Consumption of soil (mg day‘l) 100
FI Fraction ingested from contaminated source (unitless) 1
CF Conversion factor (kg mg‘l) 10°
Table 13. The target values of heavy metal for soil remediation.
. As cd cr™ Cu Hg Ni Pb Zn
Crop Site ]
mg kg
SD' 177 174 1800 24000 167 11450 300 131579
S1 8.12 6.23 0.38 48.25 0.06 31.50 34.16 103.50
Comn S2 2.82 6.09 0.21 24.12 0.04 53.63 33.53 99.55
S3 121.7 6.07 0.31 35.38 0.10 35.30 27.71 89.07
Egg- SD 172 101 1800 24000 148 10601 300 89463
plant S4 5.24 4.68 0.21 19.92 0.00 25.76 24.07 69.11
Leck SD 37 7 241 2034 97 2693 131 6429
S5 9.59 4.94 0.19 22.69 0.12 30.40 29.45 78.45
SD 75 20 539 4898 137 5338 204 16744
S1 8.12 6.23 0.38 48.25 0.06 31.50 34.16 103.50
Pepper S2 2.82 6.09 0.21 24.12 0.04 53.63 33.53 99.55
S4 5.24 4.68 0.21 19.92 0.00 25.76 24.07 69.11
S6 39.13 445 0.34 19.72 0.11 52.99 22.7 70.4
Perilln SD 98 32 756 7273 152 6912 235 26667
S5 9.59 4.94 0.19 22.69 0.12 30.40 29.45 78.45
SD 169 79 1800 24000 137 174 10118 74196
Eg:r; S1 8.12 6.23 0.38 48.25 0.06 31.50 34.16 103.50
S6 39.13 4.45 0.34 19.72 0.11 52.99 22.7 70.4

"Concentration of heavy metals in plant inducing human risk.
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Fig. 3. An example of end graph results by CLEA model.
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Table 14. Soil guidance values (SGVs) of heavy metals in the soils from study area.

. As cd cr™ Cu Hg Ni Pb Zn
Site I
mg kg

S1 26 0.0 85 1540 4 195 200 9520

DM S2 27 0.1 87 763 4 192 200 4647
S3 26 0.1 85 1534 4 195 200 9574

MG S4 27 0.7 85 1544 3 194 200 9410
S5 27 0.1 85 410 4 194 200 4237

KS S6 27 0.7 85 699 3 192 200 3387
Ave. SGV 27 0.3 85 1081 4 194 200 6796
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