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oft B AFdA e HEE B4t 53k JAAARTE TS AL, S Hed FAA
2HH =229 OUd =204 & 483t das FAAGY FAAE A, A A, o
ohol thate AAAHEB7FE T =3 A A 9B 7te] ARy S35 L o
FHo] Aol $EEE A, Aslgel Z1we ZF viA(Eek, Ak, Ax)E 5Y71EE AASHL
74 stk B A A dekelei et vl =g AAGte T 2T =(TCR)9F A@A
FHDE A FAEAH AF A22 =E2HE uid 3 242 &8 M 729
1.O0E-67 1S A Z3stes A2 UehdA A7 AH9 dA9siAel & Aoz H7HE AT
A= AR A Bds= 24 Ay, FEA8=E 71 AL Al As 6.83~6.85 mgkg, Pb
18.41~18.46 mg/kg, HIHA) = 7]F A4 Al Cu 17.38 mg/kg, As 9.13 mgkge] FFO2 EYH
st dag Ao Yehgth

F20 : AANYHL AZE B4, FIE 0

[¢]

B, RIS, B

ABSTRACT : This study was initiated to propose the method for human risk assessment suitable to
metal mine area. Using a variety of exposure parameters extracted from the investigation of abandoned
metal mines, the proposed method was applied to assess the risk of As and heavy metal contamination
for inhabitants (male and female adults and child) within an abandoned mine area. Based on the results
of risk assessment, in addition, target remediation concentrations of each media (soil, groundwater, and
surface water) were estimated. The results indicate that total carcinogenic risk (TCR) and hazard index
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(HI) representing carcinogenic and non-carcinogenic risks, respectively, were calculated to exceed the
tolerable levels (1.00E-6 and 1) with regard to two exposure pathways (groundwater and crop intakes)
and As. Thus, the human risk of study area was evaluated to be significant. Based on the target risk
(TR) for carcinogens, the remediation concentrations of soil were computed to be 6.83~6.85 mg/kg
and 18.41~18.46 mg/kg for As and Pb, respectively. In terms of target hazard index (THI) for
non-carcinogens, the remediation concentrations of soil were calculated to be 17.38 mg/kg for Cu and

9.13 mg/kg for As.

Key words : human risk assessment, abandoned metal mine, arsenic and heavy metal contamination,

carcinogenic risk, non-carcinogenic risk, remediation concentration
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19821 A71A] & 1,420 kg A4S A#o] glom,
19950 HFHog Fdo] AEHATHKMOE,
2005). AL 2AA] 435l &t et
(LA} Altirde] A AY 9
TEeE T, A2 BAHIe BAE o&F
o} B4 IA HIYe BGOoR Sh= do| 2
o] dfuulFdy W AIFABHETS,
W, ok Hgeho g FRAL F FAE To|x
o] At Bl tEFA ot T8¢ FAF
S WA, Mopdd Mg nEste] e, S,
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Table 1. Equations for calculating the average daily dose of each exposure pathway

Media Exposure pathway

Equation for average daily dose*

@ Oral (mg/kg-day)

Surface soil (@ Dermal (mg/kg-day)

@ Inhalation (suspended soil) (mg/m®)

Ground-water @ Oral (mg/kg-day)

Surface water () Dermal (mg/kg-day)

Crop ® Oral (mg/kg-day)

C. X CR, X CF, X ABS ;X EF X ED
BWXAT
C. X (AFx ABS,) X CF,) X SAe X EF < ED
BWXAT
C, X ABS.,, X (TSPX frs X Fr) X EF X EDX CF,
AT
G, X CR, X EF}X ED
BWXAT
C., X Th, X SA X ABS, X EF X EDX CF,
BWXAT
C; X BOF'X CR, X ABS ;X EF X ED
BWXAT

*Cs: Exposure conc. of surface soil (mg/kg); Cy: Exposure conc. of groundwater (mg/L); Csw: Exposure conc. of surface
water (mg/L); C,: Exposure conc. of crop (mg/kg); The other parameters in the equations are given in Tables 2~4

A 7 w2 dY P
daily dose, ADD)-> Table 19|
g3t Aks s eH, o
T $AuAE AS2RE 49 A
(Cd, Cu, Pb, Zn)2] %5 |83t} Table 19}
2 A S 23 g =E3IAES
7} IAEe] Yehle EAS wgste] 84 <
AHTable 2), LBEZ Q1AKTable 3), I3 37
o] o1x{Table 4) SO FE3lo] oz ARE
2HE 338t ARSI o] F Table 29|
A A= B Y A9 AFHIEe] A4S
Z qrdgh grEo] o]&EojoF QIA|E3% e
223E 3R 4 gloy dA) F2 AMEEE <
AHEL 9 A5 =& vt A Al o]
g SAIFE] o] 8FH L o] FHFAF A A A
g7 AgetA e Zo= woH. u)
A 2 ATddAe vt Hes BAY
o AFste FHEY 54 i 84 A
£ F2317] Yot (Aol A 20073
A 20119744 537 333 Bl 5484t FA7%)
dexA AAE F-859THNIER, 2007; 2008;
2009; 2010; 2011). 53%ke] A5 28 AU
A 2,8347, AolAd 4248%, T18]a1 o]Ho] 285
He o R st 7479 AlF, AR, =E7I1L,
HoATE 5o Bk B55ATTable 2). & A
TollA ARG FEAIY AT HTS FA T
A7}dgzALe ARE HiEo R A7 9 A4d

=

r

oft r2,

of wet Al Tl Aozl He AFA UG
59.9 kg, U4 57.7 kg, LElaL o9 36.0 kg
e o]83t9th =& 7|7Hexposure duration, ED)
2 AL B3 QUEHY L EHE F AFE 9
Het=t, HE&3A FUALIEFRAY] A5E
B3l FRIEY Hi AFIIARA BAGA 46.04,
A9 39.8d E]a odo] 7.8 HEs=
Zo] B4Rl g%yt A%E A EHed
Zog Wty HAAZY A w= AEHUS
EPA, 1997), &F(NEPC, 1999), %=HEA, 2005)
SollAe fEld B2 Al A BarE Rt 2L
709 dRsta Qo B dFoMe ours
of ol M2 HF 54 TV A4S WG]
Asted 2013 7lE dherRAbEs]l AJAEA
78.51d, 441444 85.06d, 183 A 4
lofde] Zitherrg el Barql 81.94dS of=lo9]
BAAIOE Agate] 27 dr lste] o]
3 THKOSIS, 2013). ¥ AFolME & ¥
A o3t =EF A Al EY I RHSA Y
H(SAe) AFEF HRHZ o3 =Z7F A4
Al E IRAHSAETEHSAw)O] o8I e
AAEL Lee(2005)0l ol AAIE AEHH 4=
FAA (el Hes FA FUAZIERA A
SERE Aozl FUES Hi AFBW)H A%
(HW) 35 st Axtstgon, 48 Ax A
FAHL AAYA 16,848 cn’, AA 15,612
e, 18] o] 11,912 em’E AFEH AT
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Table 2. Exposure factors specified for residents around abandoned metal mine area

Abbreviation i Value
reviation in .
Parameter Table 1 Unit Adult Adult Child Reference
male female
Body weight BW kg 59.9 57.7 36.0 NIER (2006)
Exposure duration ED years 46.0 39.8 7.8 NIER (2006)
Average time AT days 28,656 31,047 29,908 KOSIS (2013)
Exposure frequency EF days/year 350 350 350 CCME (2006)
NIER
Surface area of body for SA. cm?/day 4212 3,903 2,978  (2006~2011),
dermal contact of soil
Lee (2005)

Surface area of body for ) MOE (2007),
dermal contact of water SAw omt/day 3750 5328 4,065 EPA (1997)
Soil-skin adsorption )

. AF mg/cm’ 0.070 0.070 0.200 EPA (2009)
coefficient
Water-skin adsorption Th, cm 2.340E-03 EPA (2009)
thickness
Retentlon of soil particles o i 075 Brand (2007)
in lung
Intake rate of soil CRq mg/day 50 50 118 MOE (2007)
Intake rate of groundwater CRy L/day 1.660 1.346 1.000 MOE (2007)
Intake rate of crop
(cereal) CR, crop kg/day 0.159 0.153 0.159 MOE (2007)
AR = 7331xBWOHXHT T () 393 FAAFAR)S B-323F FA(Thw)

US EPA (1997)2 413} ojdole A5 Al
A4S o3l AEd AFHANAM o]EZLS
AQ)e ATEHZ L 25%E EY vRHEAEHZ
(SAe)o. 2 AAEt YUty £ AFdM= FHF4it
A9 g AFs HEate] A= AE
WA 25% s EY HRHZAEHH(SAe) o=
a3zt Ao 4212 em?, AS1dA 3,903 cm?,
T a ofdo] 2,978 cm®e] & AFFENE A%
T IRHF 3 =EF A Al o] 8HE B
HEHAEZAEDH(SAW)S U As87F FE3H
US EPA (1997)°14 AIAIE 49144 23,000 cm?
£ 7IFoE s9eH, 4Uod ojglol ¢
EoF v RHEZAFTHZ(SAe)ol A 2] AldAdl o
3 Ao} ojdoe] AEWAL HE 15}
A 5,750 em?’, A1e143 5,328 em?, L)AL
ojglo] 4,065 em’e] #h& AASATE 19 E-
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o AL Y Age BE0F US EPA(2009)9)
A5 ZHE 53 T3 B AdA s EY,
Ak, F4E AA AT =E2H2E 1Bt
olgd o3t 2¥EH AA=EF Ao o]
Table 13} Zo] EFAFHZHCRs), YLAH43
ZFHCRw), F2EAFFHCRp)©] B a3t EFA
FHHCRs)2> 299 Ed Aol o 4= 2
H Al T8 AAEA B A = Al
Ag7b e AdAdH ARlode] B AHAF
2 US EPA AXN#HH Y3l 50 mg/dayE ©]-&
stgou, ofgele] 79 KMOE (20072)9] =
=2 =Rl A U ¢FrE £48 53
FAE #3118 mg/day S o] &3tk YA}
FAHAHCRs)2 w73 WETd= A9 234
37F Al 2 Liday, ol@e] 1 Liday= 3E8 As
AAskaL Qo o7]ol|A= KMOE (2007a) %+
= 2245 W=FY A5E o]8ste] AHRldA
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Table 3. Exposure factors related to properties of As and heavy metals

iation i Value
Parameter Abbreviation in Unit Ref.
Table 1 Cu As Pb Zn
- nal
Gastrontestinal ABSq: ~ 0025 0570 0950 ND  ND EPA (2004)
absorption coefficient
Dermal absorption Health
coefficient P ABSp - 0.140  0.100 0.030 0.006 0.020 Canada
(2007)
Inhalation absorption Brand
coefficient ABSin - 1.000 1.000 1.000 1.000 1.000 (2007)
Soil-croy Kim et al.
bio-confentration factor BCF - 0.081 ND  0.029 0.007 0.100 (2012),
EPA (1996)
ND = not determined
Table 4. Exposure factors related environmental media and conversion factors
Parameter Abbreviation in Unit Value Ref.
Table 1
. L 3 Brand
Amount of suspended particles in air TSP mg/m 0.070
(2007)
Fraction of soil in suspended particles in air it 0.500 Brand
ction of so suspended particles ] - . (2007)
Conversion factor 1 CF, kg/mg 1.000E-06 -
Conversion factor 2 CF, L/m’ 1.000E+03 -
Conversion factor 3 CF; ug/mg 1.000E+03 -

1.66 L/day, 414 1.35 L/iday, 18]al ojgo]
o] Agolle A FF0E FU LAEY a4
HAAANA AAE | LidayS ItHE A&
o F4E AT dEAGY AAL 8%t
Al T83% =ESAHRRA old o3 kEHS Y
317] Qe SFEHHHCRp)ol HESfoF ¢
o & dAFddAe Had AR A2 AR
WA BEE oA Ak AT s &
o] A THCRp)E KMOE (2007a) 3+ &A=
WEF9] AgoA AXE AFAAS 7E FFe
AHFES ol8staer, Ad4d 0.159 kg/day, A3
¢1d4d 0.153 kg/day, ©1=o] 0.159 kg/day #k=
o] 83tATE 1 919 4Y Ht =EFF M o
S5 2¥9=d ¢ 3 ujd B4 ddE =2
QA= Z+Z} Tables 33 Table 4 Aest3ich
] mE2AE] tE sl AE7F floA

F2 79 ARE AL

) SEXE

B dAAE AAE Asst $54(Cd, Cu, Pb,
Zn) T 5%9 9=l U LU oAR= H|
= A HSH(EPA)S] FEH3NERA 2B (integ-
rated risk information system, IRIS)¥} =<1+
Z(international agency for research on cancer,
IARC)®] ARE njgos do] ZHARE Y5
3tk ® dTME Cd (EF 42), As (A4,
ARAEE 9L EF AD), P (HH L EF 4D
5 3%9) 098U YPEAZ vtk 19
17 gga BAARE FRSINERA LT
(integrated risk information system, IRIS) A&&
o 2 sl Wby edEdd HIEdd o
EAEZ Table 59 A2latATh

(3
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Table 5. Toxicity values of As and heavy metals

WASNNGHTE R BUEE A

o

Cd Cu As Pb Zn

Oral slope factor (SF,) (mg/kg-day)" ND ND 1.5 85E-3 ND

Carcinogenic  Dermal slope factor (SFas) (mg/kg-day)’ ND ND 61 ND ND

Inhalation unit risk (URFiy) (ug/m’)! 1.8E-3 ND 43E-3 12E-5 ND

Oral reference dose (RfD,) (mg/kg-day) 5.0E-4 0.14 3.0E4 5.0E4 0.3

Non . Dermal reference dose (RfD.s) (mg/kg-day) 1.3E-55 ND 29E4 ND ND
-carcinogenic

Inhalation reference dose (RfC) (mg/m’) 7.0E-4 1.0E-3 ND ND ND

ND = not determined

(1) Qs ZHN
2 A A2 dYBd=EHaverage
daily dose, ADD)JJr AL E(Table 5)E |83}
1:11—0]— u H]HLO]—HOHEE /1\_]-;<40].o:] 4 z%_i H°H
RS FAsinh WA AEidS Yehle
Z 33l =(excess cancer risk, ECR)= =&%
I WA= A] ARE o] 8ste] 4 (2)%} ¥=}°] 2k
Al =2A4 =Y S A3 18la 4 3)S
o83} %’ﬂfﬂ"" A S o] WE g AAY &
A= F IS8 Z(total excess cancer nsk,
TCR)E AXretdth. HFHo& TCR @3 Lwh
Q] Wt 38 1 x 1093 vlwsle] Wb
g ARE BT

ZIPI U9 =(ECR;y) = SF(or URF) x ADD;(2)
Z 29I =(TCR) = ZECR;; A3)

A

A7NA, i = A2l Ui, j = wF AR

r
b
v

£8 A BRE] sl 99 3

T Ek(ADD) I} vpEel=A ;q Al (4) o] &3}
Ak o]2HH %ﬁi‘ﬁ 218l &(hazard quo-
tient, HQ)S 73, EE HFHIE&HQ)E 4] (5)
9} o] Fikste] @A 4(hazard index, HI)E
St A o® ARASH)E 150 2
Solli= wlakegisiel gl Ao Bekssch

A

213 H1E(HQ;) = ADD;j/ RfDj(or RfC) “)
IPRAFHHI) = ZHQ (5)
A7NA, i = A7t Y, j = =F A=

AT Y BN A Y SASESE MY

AT B A A =S
st&2 THE7] 913 SHEHd g ”ﬂiﬂtﬂ =5
S5 AHste] Byttt o]& f3 ExEdsls
(target risk, TR)S} H3EH]U9)3)) S(target hazard
index, THI)E Z}zy kA AAIGE deE 2ot 1
HLO}HOH‘: ol 7| O] 1 x 10°% 12 HA3}

1, o] o]&3dte =, =4 EE AHE
E S gzt -/] %ﬁiﬂr‘%}%ﬂﬁﬁ_‘?_(target
excess cancer risk, TECR)} &3]3 1] E(target
hazardous quotient, THQ)E-&2 43} t}

SEZIPAUIS(TR;) = TR x (ECR;j / TCR) (6)
EEENE(THQ;) = THI x (HQ,; / HI)  (7)

A7IM, i = 29=d, j = =ELE

%%@gi F2A
Pb, Zn) 2%l ot HSIEE 71F otz ¥F
2 Sia 2 MARES, ST, Asl)el B
TE 4 5E2AEYE 2E3YE T3] A A
H Table 19 AANE &7 4Ag2le] 9& o]

3t9oH, o] Table 69 Aelste] LA

Z34(Cd, Cu,

S bt

A9 Asst =
Eo
o,

HE 2¥9=2 s

FAB Aol theF AAANBIE S5
Sfste] AT B AR Ase] Ass &
(Cd, Cu, Pb, Zn)ol tigt v% BMZAAE Table 7

N

ol
I
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Table 6. Equations for calculating remediation concentrations of each media according to exposure pathway

Media Exposure pathway Equation for average daily dose*
. . _ TRXBWXAT _
@ Oral Carcinogenic Cs=| S, 5 (CRax ABS,, % CF ) % EF< FD ]+ BGCs
(mg/kg) . . _, THQXRfDy X BWXAT _
Non-carcinogenic G=[q CRo< ABS,, < CF,) < FF> ED |+ BGCs
. . _ TRXBWxAT
@ Dermal Carcinogenic Cs= g (arx ABS, = CF,) < SAc < EF< ED | T PCCs P
Surface soil
(mg/kg) . . B THQX RfD,,, X BWX AT
Non-carcinogenic Cs=| (AF< ABS, % CF, ) % 5Ac % EF = ED |+ BGCs
. . . TRXAT
v — [ )
@ Inhalation _ Carcinogenic Cs = LR AR, < (TSP frs < 1) < FF< EDx CF, < CF, )+ BCCs
(suspended soil)
. . _ THQ* RfCx AT
(mg/kg) Non-carcinogenic = [ypa—7gp o i) e o o)+ POC8
. . TRXBWXAT
@ Oral Carcinogenic Ow= [W 1+ BGC,
Groundwater A
(mg/L) N . . (o | THQXRID, < BWAAT |
on-carcinogenic = e m D w
. . _ TRXBWxAT
® Dermal Carcinogenic o= S, s, s, < a, < pre ) PO
Surface water
(mg/L) N . . Cow=| THQX RfD,,, x BWX AT |4 BGCsw
on-carcinogenic 0= | et 4B, % CF, < P ED 5w
. . TRXBWXAT
® Oral Carcinogenic =l sp, < (BF= CR, < ABs, < BF<ED ) T B0
Cro|
P (mg/kg) THQX RfD, < BWX AT

|+ BGCs

Non-carcinogenic & =l (zer e~ aps. 1> zrx D

*Cs: Exposure conc. of surface soil (mg/kg); Cyw: Exposure conc. of groundwater (mg/L); Csw: Exposure conc. of surface water (mg/L);
Cp: Exposure conc. of crop (mg/kg); BGC: background concentration; The other parameters in the equations are given in Tables 2~4

Table 7. Concentration of As and heavy metals in surface soil, surface water and groundwater around each mine area

Media Cd Cu As Pb Zn
Min. ND 104 57 23.8 455

Surface soil Max. 2.1 683 246.2 192.1 2754
(mgkg, N = 87) Median ND 328 253 80.5 80.2
Average 0.2 33.0 322 83.6 88.6

Standard deviation 0.3 114 36.2 353 319

Minimum ND ND ND ND 0.031

Maximum ND 0.046 0.780 0.023 0.160

(KS;’E’“‘II\‘IV?E) Median ND ND 0.021 0.003 0.089
Average ND 0.010 0217 0.006 0.100

Standard deviation ND 0.018 0332 0.009 0.052

Minimum ND ND ND ND 0.027

Maximum ND 0.008 0.032 0.017 0.044

(KS;‘;EfeNWite;) Median ND ND 0.008 ND 0.034
Average ND 0.002 0.012 0.003 0.035

Standard deviation ND 0.003 0.012 0.008 0.007

ND = not determined
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Table 8. The results of average daily dose(ADD) for Jucheon mine

Surface Surface Surface Ground Surface Crop
soil oral soil dermal soil inhalation -water oral water dermal oral
(mg/kg-day) (mgkg-day)  (mgm’)  (mg/kg-day) (mgkg-day) (mgkg-day)
Adult male 2.74E-09 9.05E-08 3.45E-09 ND ND 7.06E-07
Cd  Adult female 2.27E-09 6.95E-08 2.75E-09 ND ND 5.63E-07
Child 1.75E-09 4.94E-08 5.60E-10 ND ND 1.91E-07
Adult male 9.36E-06 9.68E-06 5.16E-07 1.56E-04 2.52E-08 ND
Cu  Adult female 7.76E-06 7.44E-06 4.12E-07 1.05E-04 1.94E-08 ND
Child 5.97E-06 5.29E-06 8.39E-08 2.54E-05 4.82E-09 ND

Adult male 1.72E-05 3.21E-06 5.71E-07 3.38E-03 4.54E-08 1.59E-03
As  Adult female 1.43E-05 2.47E-06 4.56E-07 2.27E-03 3.49E-08 1.27E-03

Child 1.10E-05 1.75E-06 9.28E-08 5.50E-04 8.68E-09 4.30E-04
Adult male ND 1.49E-06 1.33E-06 9.34E-05 2.27E-09 ND
Pb  Adult female ND 1.15E-06 1.06E-06 6.28E-05 1.75E-09 ND
Child ND 8.14E-07 2.15E-07 1.52E-05 434E-10 ND
Adult male ND 5.22E-06 1.39E-06 1.56E-03 8.83E-08 ND
Zn  Adult female ND 4.01E-06 1.11E-06 1.05E-03 6.79E-08 ND
Child ND 2.85E-06 2.26E-07 2.54E-04 1.69E-08 ND
ND = not determined
ol AXSIATE WA, EYAE W F5(mgkg)e] H 7} "edleg B dAjdis BEY +2%T
A@EFHE Cd 0~2.1 (0.2), Cu 104~68.3 (33.0), (Cs) AFAl Qlo] =Y B é el 7R

As 5.7~246.2 (32.8), Pb 23.8~192.1 (83.6), 18]  F(KMOE, 2015)ol4 A&t gl BAANE
I Zn 45.5~2754 (88.0)% CdE Aot TH&He]  o8ste] &9 95% Ags HE é% (Co)ZE
B w27t YU A EEmgkeg)(Cd  AATAT AT Adkeel A7 AS AR
0.3, Cu 15.3, As 6.83, Pb 18.4, Zn 54.3)Rt} o} 747} S8R o A== 'lé];l"o =& A3}
& w2 ZoZ etk A3l U9 5 (mg/l)  FrEEE(CW) S AXTFEEFEE(Csw)E A3}
HA®@HE Cde HAEHA ¥U, Cu 0~0.046 AT
(0.010), As 0~0.780 (0.217), Pb 0~0.023 (0.006),
183 Zn 0.031~0.160 (0.100)8] #=EEE e} UUH AL EZZ(ADD)
Wtk 3] A, cde AEFA 4#9keH, Cu
0~0.008 (0.002), As 0~0.032 (0.012), Pb 0~0.017 FHZAY i8R IEE FHsk] A8l WA,
(0.003), Zn 0.027~0.044 (0.035)2] FEEZE Table 19 Fo7 IIHH gﬂk(ADD)JJr Table
Atk EY Ulol Adu A =el vl iAoz 249 teket AAPES o83t Ate 35t
2 F5E HER Cu, As, Pb 28|31 Zno| A3k FATh Table 83 o] &7 =24 i%%*:—.z H] s}
o} AT HAAE AR BEE Ko, #Hg4ke] W Cdel AF sAE4A > REYRAFSE > XE
QAYOERE HFA AZAHo R 4ol I HH = HE FY, Cull A5 AskrAdd > BE
=3 Q= Ho g ATk AF = REYIAHESE > FEFY > AFFIHH
FAFA A IE A= Table 19 & As AfoleE sFELH =~ AsAF >
Folzl Ao Jepd uke} o] 2+ mjAE =25 E HEAF > FEIRHE > TETY > AEFY
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Fig. 1. Carcinogenic risk of Jucheon mine according
to exposure pathway (a) and type of contaminant (b).

%, Pbe AskrAF > XEIYRHSE ~3ZE
> AZFIHEAHE T893 vAHOE Zne
A > FEYRHS = FEFTY > AEF
HEAE Y SAE YEEeH, T¥HoE &
o) F2EAAHY AskrAAFTE 788 REAHER
AT w13 5YS =224 QGEE =
FE =% e, EEAFH A$ As >
Cu > Cd, FEIHHZ Cu = Zn =As = Pb >
Cd, ¥ESF Zn = Pb > As = Cu > Cd, A3}
4% As = Zn > Cu > Pb, AEFIHEHZ Zn
~ As ~ Cu > Pb, 181 BZAEXNHE As >
Cd 59 A E Uit 55 33 =5
59| ¥%HZn > Pb, Cu = As > Cd)¥} =& 4
BAAdo] e AR AZENoY, AHoE o
& Zgoldt ZAEE YEUTE 1 o|f+= Table 3
of AAE Zt ePEAE EAS Wde 2R,
E£3] ANEFAHABSq), I5T5FAISH(ABSp) &
T AT(ABSn) 7t @LEBHEEF Aol Slo]
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Fig. 2. Non-carcinogenic risk of Jucheon mine
according to exposure pathway (a) and type of
contaminant (b).
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Table 9. Relative contribution of each pathway to the Carcinogenic and non-carcinogenic risks

Excess cancer risk (ECR, %)

Surface Surface Surface Ground Surface Crop
soil oral soil dermal soil inhalation -water oral water dermal oral
Adult male 0.34 2.55 0.03 65.98 0.04 31.06
Adult female 0.39 2.74 0.04 62.10 0.04 34.69
Child 1.03 6.71 0.03 51.76 0.03 40.44
Hazard quotient (HQ, %)
Surface Surface Surface Ground Surface Crops
soil oral soil dermal soil inhalation -water oral  water dermal oral
Adult male 0.34 0.11 0.00 68.04 0.00 31.50
Adult female 0.40 0.12 0.00 64.21 0.00 35.28
Child 1.10 0.29 0.00 55.76 0.00 42.84
Table 10. Relative contribution of each contaminant to the carcinogenic and non-carcinogenic risks
Excess cancer risk (ECR, %)
Cd Cu As Pb Zn
Adult male 0.00 0.00 99.99 0.01 0.00
Adult female 0.00 0.00 99.99 0.01 0.00
Child 0.00 0.00 99.99 0.01 0.00
Hazard quotient (HQ, %)
Cd Cu As Pb Zn
Adult male 0.05 0.01 98.80 1.11 0.03
Adult female 0.05 0.01 98.86 1.05 0.03
Child 0.12 0.01 98.94 0.91 0.03

AANE(HQ) S 1Mt & 27} Figs. 13 20
Yepidlom, 7t w2428 9 o HEHE 7|9&
< Z¥7Z} Tables 99} 109 AANSIATE T34t
koSl = AR Ad, Fig. 13 o] F 23t
)8l =(total excess cancer risk, TCR)= EE& &
Aol tiste] 318 7hsdt TSI =] 1.00E-62]
FET A 2AREC] TS e AR
HFEHAT ol thsl & © ALt HES| B
A, Fig. la9} o] £ dAFolA 139 6714 =
EHE F AT AR o AU, 489
oA, a2la ofdelo] tigh = E 7
5.07E-03, 3.41E-03, 8.25E-042.& 7} =A
%O, Table 99} o] TCR| tigh 7]o-&
SAEE oF 51.8~66.0%% UEPSTE o2 94
&g IA A= A FHAELH 2R 74 74

[

2 -y £ 3

Aol el 2.39E-03, 1.90E-03, 6.45E-049] <
Hon, 31.1~40.4%2] 7]oE&S HATE o]9}
2ol =27 2HEE Q3Ert AolstAl Yehde
O]+ Table 10 AAE =&TF 2P =&
TE, =2UA Y Aol oA =E2HZE =
Sl t2A AHAEHY, olgd =242 =&
ol e} HFZHA =t A=) wEoth
a9z tigk A7, Fig. 1b9} 2]
2 AFedA 1HE 57 LE=4(Cd, Cu, As,
Pb, Zn) & As %] L= & IS v
A ACE Yelgton, 7o % A4k A 99.9%
o #HE Yt o g TFE5 2¥9Edy
Hlwste =242 AA=AX|7F B EA) Sk
EE =242 U ddsi=rt AkE] o
ol AuFeR tgE2 FTFEE& LH9EdET Z



Table 11. Remediation concentrations calculated based on the carcinogenic risk

Surface Surface Surface Ground Surface Crop
soil oral soil dermal soil inhalation -water oral water dermal oral
(mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)
Adult male ND ND 0.23 ND ND ND
Cd  Adult female ND ND 0.23 ND ND ND
Child ND ND 0.23 ND ND ND
Adult male ND ND ND ND ND ND
Cu  Adult female ND ND ND ND ND ND
Child ND ND ND ND ND ND
Adult male 6.83 6.84 6.84 ND ND 6.89
As  Adult female 6.84 6.84 6.84 ND ND 6.91
Child 6.85 6.85 6.85 ND ND 7.12
Adult male ND ND 18.41 0.00 ND ND
Pb Adult female ND ND 18.42 0.00 ND ND
Child ND ND 18.46 0.00 ND ND
Adult male ND ND ND ND ND ND
Zn Adult female ND ND ND ND ND ND
Child ND ND ND ND ND ND

ND = not determined

ECR #& Yel7] el 2o Adkd

HRrelEl ol gk g A, Fig. 29 2ol
& A9(hazard index, HI)7} 1Rt} 2 3hS Ho
HPdekefsi o] e A0 UEhsTh g 7429
TE4EE 9 odEAE nekEE A A3,
MBIk FARHAl AskrAdHd =] dul&
(HQ)°l 7 A YO (Fig. 2a), ©] 429
AFAFHD A thE 7] &2 55.8~68.0% (Table
1002 ZAET o8 FAEAALEEY 9
Gulgo] AA UEton, 7]E& 31.5~42.8%
2 R vEgesi g AsrdASt s4E
AFol o3t Zog FordETh T3 HEekEs
o 71 Y vAle LEEEAS Astl FoE V)
of-8-0] 98.8% ©]4F¢l Ao 2 YEPFTHTable 10).

o

HHY SASE

As®} SF45(Cd, Cu, Pb, Zn) 2l 2|3k A
Aelert 2 Ao Uit FRFAA A o

F BABEE el By BABE WYL

o
ol

| ARt oz ofs ofF Agke] Eikol He
Fl= 71290 1L00E-67 HAAS= 1S
SRS S(TRIE EXPANTHNE A%
stglom, 4 (63 ()< ol8st] ZAze Fxx
Ik 3l S(target excess cancer risk, TECR)<}
= % 9| ¥ H]E(Target hazardous quotient, THQ)S
st om, ziz7te] AW dAEl o 5
F5E Table 60 AAE 4]& o] &sto] Altbslyl
t}. o Alqkol o] &H= B i TEE U
A7 A 2] A7(Cd 03 mgkg, Cu 153
mg/kg, As 6.83 mg/kg, Pb 18.4 mg/kg, Zn 54.3
mgkg)E ©l-8sklor, sl Ao Hj7g
FET 002 Tt BdsEE AAste] Bt
THNIER, 2004; 2005).
FAwte] o)
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o]
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Table 12. Remediation concentrations calculated based on the non-carcinogenic risk

Surface Surface Surface Ground Surface Crop
soil oral soil dermal soil inhalation -water oral water dermal oral
(mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L) (mg/kg)
Adult male 0.23 0.23 0.23 0.00 0.00 0.23
Cd Adult female 0.23 0.23 0.23 0.00 0.00 0.23
Child 0.23 0.23 0.23 0.00 0.00 0.23
Adult male 17.38 ND 17.38 0.00 ND ND
Cu Adult female 17.38 ND 17.38 0.00 ND ND
Child 17.38 ND 17.38 0.00 ND ND
Adult male 9.13 9.13 ND 0.01 0.00 9.13
As Adult female 9.13 9.13 ND 0.01 0.00 9.13
Child 9.13 9.13 ND 0.01 0.00 9.13
Adult male ND ND ND 0.00 ND ND
Pb Adult female ND ND ND 0.00 ND ND
Child ND ND ND 0.00 ND ND
Adult male ND ND ND 0.00 ND ND
Zn Adult female ND ND ND 0.00 ND ND
Child ND ND ND 0.00 ND ND

ND = not determined

o FH L@¥eE Agdh= EGAE HoAs
(Soil-crop bio-concentration factor, BCF, Table 3
of AAE)E oldste EdeES 7R A4
d e LR 2 BEA, BEHE BEYE
ol og A8 A AsE EUY WiATE
%l 6.83~6.85 mg/kg Tk Al of s
o2 Yepgtow, Pbe| 7% 18.4~18.46 mgkgZ}
A AZA A = Ao' Yehgt) =3, FH3
Ako] HIERISISIEE HEXSTE(= 1) °3IE W57
A% EdEETE A Ay F8 2H9=E9 As
o] 7% BEFEEE 9.13 mgkg, Cud 7% 17.38
mg/kg, A3 2 AFEFY As FEE 0.01 mg/L
o} BHEY 7 WEolof & Aog B,

Ay
Xy

o

7 =
B AT T ASE P OUF FIE
ode nese] A4 AALINGHI P
ANSLOR, ol F Aol e A=
g olgsle] 227 UFH ANAEL A el

H5< Bt tisk AAEE AFHoRE A
3 Hazl sk olE flsked, =l #HF4kA|
oA F2 EA WS fshs FTE50 FqF
o] 12A Yehtes FHFAE Odo R st W
o 2 uE SIS 2R, SYEAY,
TEAEE EAson, o]&d Hd BdEsEE
A IR =

AT FAY] HiE EYOY ¥EE CdE A
gt FEEY ol fEuEt A EEel
Hlale] tha o kS Byt w3 Aot 8t
AR o]Ed td w57t AUFoz =7
el #5334 el o3t 54 odo] Ty
HE 3T 4 Ak

TG4 Uigt B sk, AES] Hiss
£ o] &3 IRz} vkt =] Bt Aol
4R, A4l ofdoldll thigh Faapiekeis)
S(TCR)E 217} 7.680E-03, 5.486E-03, 1.595E-03
2 38 7k ddEI =] 1.00E-6S A %
Pt Fe Btk T8 SHELL AsE T}
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Epyitt. 283 HPERRIE s 7]E AL Al 8A)
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e A AdE AEs] SsliAe A
EE2RIAE Y5s] AF o] A&KHORE I
& Zlog AztEny Bk ofugt B A9} 2ol
A3 7F AAE 7o R st AME A3 &
FAE Y doll= AdAEE B9 ofdE
EXARAY Ao $71E @ dAEES 1L
HEF THA aEA ] o] Fojxok & Flo|t.

ity

B APE B FHAY
FA2E FH)e) AU wol SAT ATAAYL

REFERENCES

Alloway, B.J. (1990) Heavy Metals in Soil, Blackie
and Son Ltd.

An, Y.J., Baek, Y.W., Lee, WM., Jeong, S.W., and
Kim, T.S. (2007) Comparative study of soil risk as-
sessment models used in developed countries, J.
Soil and Groundwater Environment, 12(1), 53-63 (in
Korean with English abstract).

ASTM (2010) Standard guide for Risk-Based Corrective
Action (RBCA).

Brand, E., Otte, P.F., and Lijzen, J.P.A. (2007) CSOIL
2000: an exposure model for human risk assessment
of soil contamination (A model description) (RIVM
report 711701054/2007).

Canadian Council of Ministers of the Environment
(CCME) (2006) A protocol for derivation of envi-
ronmental and human health.

Cho, C.G. (2012) Heavy metal contamination and risk
assessment of an abandoned metal mine, MS Thesis,
Soonchunhyang University, Korea.

EA (2005) CLEA UK Handbook (Draft), Support
document for the CLEA UK software Beta Version
1.0, Environmental Agency, Bristol, United Kingdom.

Environmental Agency (2009) CLEA software (version
1.05) handbook.

Health Canada (2007) Federal contaminated site risk
assessment in Canada. Part I: Guidance on human
health preliminary quantitative risk assessment.

http://kosis.kr/nsportalStats/nsportalStats_0102Body.jsp?
menuld=6&NUM=156.

Kelly, M. (1988) Mining and the freshwater environment.
London: Elsevier science Publishers, 9, 231.

Kim, J.Y., Lee, J.H., Kunhikrishnan, A., Kang, D.W.,
Kim, M.J,, Yoo, JH., Kim, D.H., and Lee, Y.J.
(2012) Transfer factor of heavy metals from agricul-
tural soil to agricultural products. Korean J.
Environ. Agr., 31(4), 300-307 (in Korean with
English abstract).

Korean Statistical Information Service (KOSIS) (2013)
KOSIS 100 indices.

Lee, J.Y. (2005) A study on the body surface area of
Korean adults, Ph.D Thesis, Seoul National
University, Korea.

Lee, G.H. (2013) Health risk assessment of heavy met-
als in residents around abandoned metal mines,
Ph.D Thesis, Soonchunhyang University, Korea.

Lee, J.S. Chon, H.T., and Kim, K.W. (2005) Human
risk assessment of As, Cd, Pb, Cu and Zn in the

- 322 —



i<

s

A=

abandoned metal mine site. FEnviron Geochem
Health, 27, 185-191.

Korea Ministry of Environment (KMOE) (2005)
Investigation of environments of abandoned mines.
Korea Ministry of Environment (KMOE) (2006)

Guidelines for risk assessment of soil contaminants.

Korea Ministry of Environment (KMOE) (2007a)
Korean exposure factor handbook.

Korea Ministry of Environment (KMOE) (2007b)
Investigation of environments of abandoned mines.
Korea Ministry of Environment (KMOE) (2015)

Guidelines for risk assessment of soil contaminants.

Na E.S., Lee Y.J.,, Ko KY, Chung D.Y., and Lee K.S.
(2013) Risk assessment for heavy metals in soil,
ground water, rice grain nearby abandoned mine
areas. Korean J. Environ. Agr., 32(4), 245-251 (in
Korean with English abstract).

National Institute of Environmental Research (NIER)
(2004) A study on estimation and establish of soil
contamination criteria ().

National Institute of Environmental Research (NIER)
(2005) A study on estimation and establish of soil
contamination criteria (1I).

National Institute of Environmental Research (NIER)
(2007) Investigation of health effect on inhabitants
around abandoned metal mines.

National Institute of Environmental Research (NIER)
(2008) Investigation of health effect on inhabitants
around abandoned metal mines.

National Institute of Environmental Research (NIER)
(2009) Investigation of health effect on inhabitants
around abandoned metal mines.

FAAG vk 2 FFE 090 O QAANYTI L BUEE A

pas

o

National Institute of Environmental Research (NIER)
(2010) Investigation of health effect on inhabitants
around abandoned metal mines.

National Institute of Environmental Research (NIER)
(2011) Investigation of health effect on inhabitants
around abandoned metal mines.

National Environment Protection Council (NEPC)
(1999) Guideline on exposure scenarios and ex-
posure setting, National Environment Protection
Council, Adelaide, South Australia.

Park, Y.H. (1994) Management of Wastes from
Inactive or Abandoned Mines, p. 588, Korea
Environment Institute.

Thornton, I. (1983) Applied Environmental Geochemistry,
p- 501, Academic Press. London.

US EPA (1996) Soil screening guidance: Technical
background document.

US EPA (1997) Exposure factor handbook.

US EPA (2004) Framework for inorganic metals risk
assessment (EPA/630/P-04/068).

US EPA (2004) Risk assessment guidance for Superfund
Volume I: Human health evaluation manual (Part E,
Supplemental guidance for dermal risk assessment).

US EPA (2009) Risk assessment guidance for super-
fund volume I: Human health evaluation manual,
Part F, Supplemental guidance for inhalation risk
assessment.

Received December 2, 2015, Revised December 15,
2015, Accepted December 18, 2015, Responsibility
Editor: Kangjoo Kim

— 323 —



