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Abstract : There are numerous closed and abandoned mines in Korea, from which diverse heavy

metals (e.g., As, Cd, Cu, Pb, Zn) are released into the surrounding soil, groundwater, surface water,

and crops, potentially resulting in detrimental effects on the health of nearby residents. Therefore,

we performed human risk assessments of two abandoned metal mines, Yanggok (YG) and

Samsanjeil (S]). The exposure parameters used in this assessment were specific to residents near

mines and the included exposure pathways were relevant to areas around metal mines. The

computed total excess carcinogenic risks for both areas exceeded the acceptable carcinogenic risk

(1 x 10%), indicating that these areas are likely unsafe due to a carcinogenic hazard. In contrast, the

non-carcinogenic risks of the two areas differed among the studied receptors. The hazard indices

were higher than the unit risk (=1.0) for male and female adults in YG and male adults in SJ,

suggesting that there are non-carcinogenic risks for these groups in the study areas. However, the

hazard indices for children in YG and female adults and children in SJ] were lower than the unit

risk. Consumption of groundwater and crops grown in the area were identified as major exposure

pathways for carcinogenic and non-carcinogenic hazards in both areas. Finally, the dominant metals

contributing to carcinogenic and non-carcinogenic risks were As and As, Cu, and Pb, respectively.

In addition, the carcinogenic and non-carcinogenic risks of YG were evaluated to be 10 and 4 times

higher than those of SJ, respectively, resulted from the relatively higher exposure concentration of

As in groundwater within SJ area. Because of lacking of several exposure parameters, some of

average daily dose (ADD) could not be computed in this study. Furthermore, it is likely that the

ADDs of crop-intake pathway included some errors because they were calculated using soil

exposure concentrations and bioconcentration factor (BCF) rather than using crop exposure

concentrations.

Keywords : human risk assessment, abandoned metal mines, heavy metal contamination,
carcinogenic risk, non-carcinogenic risk
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Source Media Exposure pathway Receptor
@ Oral
Surface soil |:> @ Dermal
Tailing
@ Inhalation
. Adult male
(suspended soil)
Rock waste
Ground water |:> @ Oral Adult female
mine drainage
Surface water |:> ® Dermal child
Leachate
Crop |:> ® Oral
@ Inhalation
Ij (Volatilization)

Outdoor air

Figure 1. Exposure scenario for human risk assessment of heavy metal contamination in abandoned metal mining areas

Table 1. Equations for calculating the average daily dose of each exposure pathway
Media Exposure pathway Equation for average daily dose*
Cs x CRy x CFy x ABS61 % EF X ED
(D Oral (mg/kg-day) BV < AT
. Cs X (AF x ABSp x CF1) x SA. x EF x ED
Surface soil (@ Dermal (mg/kg-day) BV < AT
. . . Cs X ABSun * (TSP % frs x Fy)x EF x ED x CF
(3 Inhalation (suspended soil) (mg/m’) dal f;sT ) 1
Cvx CRy X EF X ED
Ground water @ Oral (mg/kg-day) BW X AT
Cow X Thy X SAw X ABSp x EF x ED x CF»
Surface water (® Dermal (mg/kg-day) BIW < AT
Cs X BCF x CR, x ABSai x EF x ED
Crop (© Oral (mg/kg-day) BIW < AT
Cyx EF X ED x 1/VF
AT ,
O/Cot xV3.14 X Dy x Tx 1074 X
(m*em?),
2 xPyx Dy

Outdoor air

(D Inhalation (volatilization) (mg/m?®)

Where, VF =

_ (O3 x Dix H+ 03 x Dy)/In®

(P x Kax 0w x 0. H)

=

Cp:Exposure conc. of crop (mg/kg); The other parameters in the equations are given in Table 2~4

* Cs:Exposure conc. of surface soil (mg/kg); Cw:Exposure conc. of ground water (mg/L); Cyv:Exposure conc. of surface water (mg/L);
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Table 2. Exposure factors specified for residents around abandoned metal mine area
Abbreviation in . Value
Parameter Unit -
Tablel Adult male | Adult female Child
Body weight" BW Kg 59.9 57.7 36.0
Exposure duration? ED years 484 419 8.2
) ATc* 28,656 31,047 29,908
Average time? AT days
ATnc** 17,666 15,294 2,993
Exposure frequency? EF days/year 350 350 350
Surface area of body for demal contact of soil'¥ SA. cm’/ day 4212 3,903 2,978
Surface area of body for dermal contact of water>® SAw cm?/ day 23,000 21,312 16,261
Soil-skin adsorption coefficient” AF mg/ cm’ 0.07 0.07 0.2
water-skin adsorption thickness” THyw cm 2.34E-03 2.34E-03 2.34E-03
Retention of soil paticles in lung® Fr - 0.75 0.75 0.75
Intake rate of soil? CRs mg/ day 50 50 118
Intake rate of ground water® CRy L/day 1.66 1.35 1.00
Intake rate of crop(cereal)? CR, kg/ day 0.159 0.153 0.159
* Average time of carcinogenicity
** Average time of non-carcinogenicity
1) National institute of environmental research(NIER) 2007-2011.
2) Korean statistical information service(KOSIS) 2013.
3) Canadian council of ministers of the environment(CCME) 2006.
4) Lee 2005.
5) Ministry of environment 2007.
6) US EPA 1997.
7) US EPA 2009.
8) Brand et al. 2007.
Table 3. Exposure factors related to the properties of heavy metal contaminants
iati Value
Parameter Al?brev1auon Unit !
in Tablel As Cd Cu Pb Zn
Gastrointestinal absorption coefficient! ABSa - 0.95 0.025 0.57 N.D. N.D.
Dermal absorption coefficient® ABSp - 0.03 0.01 0.06 N.D. 0.1
Inhalation absorption coefficient? ABSimn - 1 1 1 1 1
Soil-crop(rice) bioconcentration factor*®) BCF - 0.005 0.156 0.387 0.0065 0.1
N.D.=not determined
1) US EPA 2004.
2) Health canada 2007.(RAFp(Dermal relative absorption factor) =)
3) Brand et al. 2007.
4) Kim et al. 2012.
5) US EPA 1996.
Table 4. Exposure factors related to the properties of environmental media and conversion factors
Parameter Abbreviation in Tablel Unit Value
Amount of suspended particles in air" TSP mg/m’ 0.07
Fraction of soil in suspended particles in air" frs - 0.5
Conversion factor 1 CF1 kg/mg 1.00E-06
Conversion factor 2 CF2 L/m’ 1.00E+03

1) Brand et al. 2007.
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o] &ato] AAlstgITh Table 10] 0] AlSo] AFE-
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2 o1& (Table 3), E74ujd 21xHTable 4)& L]
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7} 2,834, 4391017} 4,248%, oflo] 285
oz A= A% w277t iy 52
5513t
H:“n A% (Body weight, BD)9] 7% =] =&
=4 YedB7E AR oA = = =2 A A
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AL QIARE, & Aol A= Hla<s dAE =79
FALY] A RE v o2 A3 Bt Al Eel Aeld
A} 59.9 kg, AQJAAR} 57.7 kg, ©]Fo] 36 kg Ak
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=] B FAEA 269, A - FAEA 269(US
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o A= US EPA 20079 ZAME 304 e AL
AABHL QLo 2 Atollxl= Flg4 B4 =111
BRAFEEAY AR A7 A E AFRlEA
48,49, AQlojz} 41,94, ofdo] 8.2 #8515
k. Bt AT Average time, AT)> AFEHO] B4 5
ot e FEA gt =2S W—%O = 8% xR
ul=k A A (US EPA 1997), 353(NEPC 1999), 94
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£ ME(Ministry of environment 2007)2] $F=t
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Table 5. Toxicity values of each heavy metal contaminant

Parameter Unit As Cd Cu Pb Zn

Oral slope factor (SF) (mg/kg-day)' | 1.5E+0 N.D. N.D. 8.5E-31 N.D.

Carcinogenic Dermal slope factor (SFabs) (mg/kg-day)!' | 1.6E+0 N.D. N.D. N.D. N.D.

Inhalation unit risk (URFiu) (ng/m)! 43E-3 1.8E-3 N.D. 1.2E-5Y N.D.

Oral reference dose (RfDs) (mg/kg-day) 3.0E4 5.0E-4 1.4E-1 N.D. 3.0E-1

Non- . Dermal reference dose(RfDans) | (mg/kg-day) 2.9E-4 1.3E-5 8.0E-2 N.D. N.D.
carcinogenic

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

N.D.=not determined

1) California EPA 2009.

BCF)= 5 ¢l AR E o]&sto] g5t o, 1 of bE2HE ghE it 12|al 4 (3)F ©l

Q] =2 &, AWEA4(ABSw), BHE+A sto] FriAd A9 F ek lsi S Uetde

$(ABSp), S5 5AS(ABSIn), 387] WY B]AHH % Z9PHFFQ)E) = (Total excess cancer risk, TCR)

A ZHRE(Fr), A957] W HAFETSP), Aelu]4it £ ettt HFH o R 13 TCREEY 88 7hs3t

A W EFHE(frs)= =W LHES Slel/dB7t RS =2l 11062 v sto] Hokejel/d of F

A oA AAE e ARESFITE LE]ar ol A A £ wsielet

E3l50] Figure 19} Table 19 9= =272 3 v 272919}3] = (ECR) = SF(or URF) x ADD(2)

Ak TR 4220 AQlE 7| TR 2 Aol % 2 3hrorel s E(TCR) = SECR )

A D ER] koo n g o)ef THE kIR

EF2 AAEHA] 2t E3H HAARIS = E A4Sl ] fI5te] AU B

ZF(ADD)H HEIEAA(RID or RIC)E ]85t

3) EA)%7Htoxicity assessment) o] 2] (4)9} o] AXFEle] LB AR oFule
o] dANAE= AAH 552 SF4 LHEH (Hazard quotient, HQ)ZHS FatgoeH, 4 5)&

et S92 RS A5ste] ARGl 4 Tad & o]-g-5to] H7IhA} XA 9] F vl tEt
FEHEQ WA ¢ vtz vl 3 U= 913 4)4=(Hazard index, HI)Z AHg31ic) 9]

HEH(US EPA)9] T8 alld A 2" (integrated R4 E3F FEH 07 7)Fo] Hi 13} Blw sl
risk information system, IRIS)Z} = A|¢FH L4 Hrol|a)Al o B2 whekalgit),

(international agency for research on cancer,

213 H]&(HQ) = ADD / RfD(or RfC) “)
IARC)®] 2H& S upEko & Table 50 A e]akglct,
@ A=HD) = THQ o)
4) 9)3= AA(risk characterization)
o] @A M= Table 1o] LEhH 7} &7 28 o I A3 @ 72
At ZaF A2 o] Table 2~40f A 2]t =22l

AES AFgEte] AitE ddEFi-Ze(ADD) T 1.2 g8 534 &Sk

Table 59 Lkl 2t 534 9849 S44EE Q) Salgaviol Bad 7 B Bok(EE),
, Cu, Pb,

ol-g-af et B HEFI=E ALt U S A8k, A F (M4 Q) F24(As, Cd
o] gsto] HFH o= Q3doFE Adssict | 7n) L&Ew9l o2 1L5)7) S
A 2rorol e S e 2 ko] &) & (Excess Table 60l g 2|5ttt g4t ESAEE As
cancer risk, ECR)+= 4 UH =S (ADD)} ¥k 0.038~510.9 mg/kg, Cd 0.008~11.9 mg/kg, Cu
A%(SF or URF)E °]&3to] 4] (2)¢} Zo] AAlst 0.17~153.8 mg/kg, Pb 0.29~484 mg/kg, 7Zn
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Table 6. Exposure concentration of heavy metal contaminants contained in environmental media (unit : mg/kg)

Media Mine Statistics As Cd Cu Pb Zn
min 0.038 | 0.008 0.17 0.29 0.89

. max 510.9 119 153.8 484 639.5

Yar(‘ﬁiozkgg;me median 17.6 0.88 10.1 277 | 1132

average 29.1 1.14 14 36.1 1233
Surface soil Exposure concentration(Cs) 332 1.24 15.2 39.9 128.4
(mg/kg) min 42 0.66 12.5 16.7 63.8

o max 3974 2.86 5327 | 7556 337

Sm(ﬁgf&‘;me median 11.6 1.55 62.1 653 | 1275

average 16.5 1.56 724 732 131.5
Exposure concentration(Cs) 18.6 1.58 76.4 773 133.7

min N.D. N.D. N.D. N.D. 0.02

Yanggok mine max 0.06 N.D. 0.04 0.04 1.03

(N=9) median N.D. N.D. 0.01 N.D. 0.08

Ground water average 0.007 N.D. 0.016 0.004 0.24
(mg/L) min N.D. N.D. N.D. N.D. 0.029
Samsanjeil mine max N.D. N.D. 0.029 0.1 3.65
(N=9) median N.D. N.D. 0.009 N.D. 0.078

average N.D. N.D. 0.011 0.01 0.43

min N.D. N.D. N.D. N.D. 0.01

Yanggok mine max N.D. N.D. N.D. N.D. 0.02

(N=5) median N.D. N.D. ND. N.D. 0.01
Surface water average N.D. N.D. N.D. N.D. 0.012
(mg/L) min N.D. N.D. N.D. N.D. 0.01
Samsanjeil mine max N.D. 0.01 0.27 N.D. 1.13
(N=8) median N.D. N.D. 0.011 N.D. 0.073

average N.D. 0.001 0.076 N.D. 0.2

N.D.=not detected

0.89~639.5 mg/kg® == HHE Zon, ALt
H &5 Es Znol 128.4 mg/kg O 2 7HE =7 U
e, Cdo] 1.24 mg/kgl = 7H WA Ykt
o}, AP DA EFAI RS S As 4,2~397.4
mg/kg, Cd 0.66~2.86 mg/kg, Cu 12.5~532.7
mg/kg, Pb 16.7~755.6 mg/kg, Zn 63.8~337
mg/kg?] % HE Holow, ALk ki se
G FUsHA Znol 133.7 mg/kgo.= 7H
E7, Cdo] 1,58 mg/kgo.2 7He WA Vel A
ot2] A, FHFARE CdY =7 AEEHA &
den, 454 S5 5= W= As 0~0.06
mg/kg, Cu 0~0,04 mg/kg, Pb 0~0.04 mg/ke,
Zn 0.02~1.03 mg/kg & 2 LEPS{TE, APkA| dgAt

8%, As} Cde] vt AEH A gsteH, 3
H 5349 55 H¥+= Cu 0~0.029 mg/kg,
Pb 0~0.1 mg/kg, Zn 0.029~3.65 mg/kg< L}E}
WAL A #49) Z S, FH3AR Zntt 0.01~
0.02 mg/kg® W= FEE AL, A LFARS
As®} Pbo] v== 7%, Cd 0~0.01 mg/kg, Cu
0~0.27 mg/kg, Zn 0,01~1,13 mg/kg® HYE L}
BRI SAT,

e 1o
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Table 7. The results of average daily dose (ADD) for the Yanggok mine
HM | Receptor Surface soil oral Suizﬁ:lo i Si;uhfzi:ﬁi(;ﬂ Ground water Surga;c;n\;ater Crop oral
(mghgdm) | | (memy | mekeday)|  ER | mgkeday)
Adult male 1.6E-05 2.9E-06 5.2E-07 9.8E-04 N.D. 2.5E-04
As | Adult female 1.3E-05 2.2E-06 4.1E-07 6.6E-04 N.D. 2.0E-04
Child 9.9E-06 1.6E-06 8.4E-08 1.6E-04 N.D. 6.7E-05
Adult male 1.5E-08 3.6E-08 1.9E-08 N.D. N.D. 7.6E-06
Cd | Adult female 1.3E-08 2.8E-08 1.5E-08 N.D. N.D. 6.1E-06
Child 9.8E-09 2.0E-08 3.1E-09 N.D. N.D. 2.0E-06
Adult male 43E-06 2.7E-06 24E-07 6.6E-04 N.D. 5.3E-03
Cu | Adult female 3.5E-06 2.0E-06 1.9E-07 44E-04 N.D. 4.2E-03
Child 2.7E-06 1.4E-06 3.8E-08 1.1E-04 N.D. 1.4E-03
Adult male N.D. N.D. 6.2E-07 6.6E-04 N.D. N.D.
Pb | Adult female N.D. N.D. 4.9E-07 4.4E-04 N.D. N.D.
Child N.D. N.D. 1.0E-07 1.1E-04 N.D. N.D.
Adult male N.D. 3.7E-05 2.0E-06 1.7E-02 1.1E-06 N.D.
Zn | Adult female N.D. 2.9E-05 1.6E-06 1.1E-02 8.2E-07 N.D.
Child N.D. 2.0E-05 3.2E-07 2.7E-03 2.0E-07 N.D.
N.D.=not determined
Table 8. The results of average daily dose (ADD) for the Samsanjeil mine
. Surface soil Surface soil Ground water Surface water
HM | Receptor SIS ol dermal inhalation oral dermal Caper!
() | (mghgday) | (mgm) | (mgkedmy) | (mgkgday) | MFEW)
Adult male 8.7E-06 1.6E-06 2.9E-07 N.D. N.D. 1.4E-04
As | Adult female 7.2E-06 1.2E-06 2.3E-07 N.D. N.D. 1.1E-04
Child 5.6E-06 8.9E-07 4.7E-08 N.D. N.D. 3.8E-05
Adult male 1.9E-08 4.6E-08 2.5E-08 N.D. 5.3E-08 9.7E-06
Cd | Adult female 1.6E-08 3.5E-08 2.0E-08 N.D. 4.1E-08 7.7E-06
Child 1.2E-08 2.5E-08 4.0E-09 N.D. 1.0E-08 2.6E-06
Adult male 2.1E-05 1.3E-05 1.2E-06 4.7E-04 8.6E-06 2.6E-02
Cu | Adult female 1.8E-05 1.0E-05 9.5E-07 3.2E-04 6.6E-06 2.1E-02
Child 1.4E-05 7.3E-06 1.9E-07 7.7E-05 1.6E-06 7.1E-03
Adult male N.D. N.D. 1.2E-06 1.6E-03 N.D. N.D.
Pb | Adult female N.D. N.D. 9.6E-07 1.1E-03 N.D. N.D.
Child N.D. N.D. 1.9E-07 2.7E-04 N.D. N.D.
Adult male N.D. 3.9E-05 2.1E-06 6.0E-02 6.0E-05 N.D.
Zn | Adult female N.D. 3.0E-05 1.7E-06 4.0E-02 4.6E-05 N.D
Child N.D. 2.1E-05 3.4E-07 9.7E-03 1.1E-05 N.D.
N.D.=not determined
tH(Table 6). EEQIA PN eEFEE o8-8t gAY
AR QbS] AU B F = EFADD)E Toto]
2. 2t ARY JUumAL =3 Table 72} 80| ZtzF vreki ¢let
Table 1, Table 2~4, Table 69] =& A A2} G| FESel et =242 dUFde
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A5t A4 ) BERYE
) BEEE) ARFTRHE 02 tebgrh A
A Au R, Ast

4) EEHHE ) REDF,
CAe SABHA ) ABFTTEE ~ BEDRHS
) EESF ~ EEAZ, Cuk $ABHA ) A5t
HA) BENH ) BEIREE ) AES 9EE
) BEEF, Pbe A5H4 ) BEESE, 1en
Zne A5 HA ) BENFHS ~ AES5EA
%) EESFO) £A8 MY F W] Fa40
et g A2 QAP EES FIRY Ol
OF MM QA As, Odot Zo] Aot

BT

LU %
Fe o, FEHFH = As = Cu)

S 7nYAs~Cu)y(Cd, #ESEL7n) Pb = Cu
> As ) Cd, A3t = 7Zn ) As ) Pb = Cu, A
FFIRAEL 7n ) Cu) Cd, $2EAFE Cu)
As) Cd £02 yelton, $£2 As, Cu, Znof 9
o LB A eETFo] 2= A olg = 4+ A
29 dYdF A =T Yol AHE 5=
Holg ol ol Ho| ELYSY 45
ZnyPb)As) Cu) Cd &9 &L E Holug
YA EF ok oo} Wit 02 ek )
O G AR, A DFALE] B Zn ) Cu )
As ) Cd £22 Yehytt o]= 7
BaleEgo| mEweol et S e
Yz}, Table 3] A] Zﬂ/\]ﬂ 7t Fa5d S
g =EAR, & AWEAa(ABSq), T5E4
T (ABSo), THFEFF 74] (ABSm)oll &= JFE

(Cw)7F AEEA] %2 7499} Pb, Zn 2o AUg4 3 17
Al4=(ABSer)ol] ot A= 7P FEsto] AAo] ofl g 2Rl Ao R P B3t SEAEEE ARl
AOE A R FABNHG ARHHN  A) Helolat ) ofzlo] 202 Fol & Holtd, of
ojgt A =of| o3t é o] AJujA el AL g 1 = FYYT 5B 20 F55 YA PHe Table 204
Table 9. Carcinogenic and non-carcinogenic risk for exposure pathway
Excess cancer risk (ECR) Total excess
Mine Receptor Sglface Surface soil S'urface‘soil Ground Surface Gl cancer risk
soil oral dermal inhalation | water oral | water dermal (TCR)
Adultmale | 2.3E-05 4.6E-06 2.3E-06 1.5E-03 N.D. 3.7E-04 1.9E-03
Yamnﬁi"k Adult female | 1.9E-05 | 3.6E-06 | 1.8E-06 | 1.0E-03 ND. | 30E04 | 13E-03
. . Child 1.5E-05 2.5E-06 3.7E-07 2.4E-04 N.D. 1.0E-04 3.6E-04
Carcinogenic
Adult male 1.3E-05 2.6E-06 1.3E-06 1.4E-05 N.D. 2.1E-04 2.4E-04
Jz;ﬁm Adult female | 1.IE-05 | 20E-06 | 1.0E-06 | 9.4E-06 N.D. 1.7E04 | 19E-04
Child 8.3E-06 1.4E-06 2.1E-07 2.3E-06 N.D. 5.6E-05 6.8E-05
Hazard quotient (HQ) Hazard
Mine Receptor Sqrface Surface soil S.urface.soil Ground Surface Crop oral index soil
soil oral dermal inhalation | water oral | water dermal (HI)
Adult male | 8.4E-02 2.1E-02 43E-04 5.4E+00 N.D. 1.4E+00 6.9E+00
Ya;ﬁi"k Adult female | 87E-02 | 20E-02 | 43E-04 | 46E+00 | ND. | LAE+00 | 6.1E+00
Non- Child 33E-01 | 7.0E-02 | 43E-04 | 54E+00 N.D. 24E+00 | 8.2E+00
carcinogenic Adultmale | 4.7E-02 1.5E-02 2.0E-03 3.3E-01 6.8E-03 1.1E+00 1.5E+00
ji?lmrr?i?ﬂa Adult female | 4.9E-02 1.5E-02 2.0E-03 2.8E-01 6.5E-03 1.1E+00 1.4E+00
Child 1.9E-01 5.1E-02 2.0E-03 3.3E-01 8.0E-03 1.8E+00 2.4E+00

N.D.=not determined
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Table 10. Carcinogenic and non-carcinogenic risk for heavy metals

Excess cancer risk (ECR) Total excess
Mine Receptor cancer risk
As Cu Pb Zn (TCR)
Adult male | 1.9E-03 3.5E-08 N.D. 5.6E-06 N.D. 1.9E-03
Yanggok
DO | Adult female | 1.3E-03 2.8E-08 N.D. 3.8E-06 N.D. 1.3E-03
Child 3.6E-04 5.6E-09 ND. 9.1E-07 ND. 3.6E-04
Carcinogenic
Adultmale | 2.2E-04 4.4E-08 N.D. 1.4E-05 N.D. 24E-04
Salﬁf;?eﬂ Adult female | 1.8E-04 3.5E-08 N.D. 9.4E-06 N.D. 1.9E-04
Child 6.6E-05 7.2E-09 N.D. 2.3E-06 N.D. 6.8E-05
. Hazard quotient (HQ) Hazard index
Mine Receptor :
As Cu Pb Zn soil (HI)
Adultmale | 6.8E+00 | 2.9E-02 6.9E-02 N.D. 9.1E-02 6.9E-+00
Yamnii"k Adult female| 5.9E+00 | 2.9E-02 6.8E-02 N.D. 7.7E-02 6.1E+00
Non- Child 79E+00 | 5.6E-02 1.1E-01 N.D. 9.1E-02 8.2E+00
carcinogenic Adultmale |  8.1E-01 44E-02 3.1E-01 N.D. 32E-01 1.5E+00
S"‘”;;;‘;Je‘l Adult female|  8.1E-01 43E-02 3.1E-01 N.D. 2.7E-01 1.4E+00
Child 1.5E+00 8.0E-02 52E-01 N.D. 32E-01 2.4E+00

N.D.=not determined
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Table 5942} 2] Zn®} 3)2E4 eHA(SFu)
o} 3954 u]eH A (RiDw) 7k 9101 T
o A B4 RHEA 2] et D Bl
A Rk A A3

A A3} 74254042131
U HF e ETHFS 7T 5 AUUHTable 6, 8). 1
Table 5%1*19} Zol 9A] Cd, Cu? Tj¥ 54wt

=
AA7E glof AR Dgate] A 24 v RS A

3
3 o) WO wEBEY
o3}
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2ol thgh Hefleee AFSE A oFoteH, BlEer
AeEe Cdo YUB ST v AR LA o
ol A4 Ao weld

gAY WS = E BlaskH, F A
Z ZIPHFFQ)E) = (Total excess cancer risk, TCR)
7} 88 7Ha gt ek le el 1x10- Kok 24 YEet
U dkekefe ol Sle Ao m Thete T Rk Ueke]
Se7h AP E|A] R A R4 RHEH 2 E A5
AR o)A a9l a) E (Excess cancer risk,
ECR)7} -2 818 7haah drele e ot =2 4t
© 2 YEPFTHTable 9).

ZF AP = kel B AA|E] A R, g
FAkel A Aok B 29| ECRo| 7H A,
TCRY| 67.1~78.7%%] 719]&& R, tf&oz
SAEAFS REAFNB R 47 19.7~27.9%,
1.2~4.1%% TCR| Yvi#] 7]9&2 H 3 th(Table
11, Figure 2(a)). AHA|QgALS] 739 F=3gAika}
t2A FAHEA R =l A ECRO] 7Hg 21, TCR
] 82.1~87.7%°] 71182 H Atk 2|1 REAF
oF 2|5kl F 4 2ol A 22} 5,.56~12.2%, 3.3~5.8%
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Table 11. Relative contribution of each exposure pathway Carcinogenic and non-carcinogenic risk(unit : %)

Excess cancer risk (ECR) Total excess
Mine Receptor | Surface |Surface soil | Surface soil | Ground | Surface water| Crop | cancer risk
soil oral dermal inhalation | water oral dermal oral (TCR)
Adult male 1.2 0.2 0.1 78.7 0.0 19.7 100.0
Yiﬁﬁi‘)k Adult female | 1.5 03 0.1 75.6 0.0 25 100.0
. . Child 4.1 0.7 0.1 67.1 0.0 279 100.0
Carcinogenic
Adult male 55 1.1 0.5 5.8 0.0 87.1 100.0
Samsan 70 female | 5.7 I 05 49 00 877 | 1000
jeil mine
Child 12.2 2.1 0.3 33 0.0 82.1 100.0
Hazard quotient (HQ) Hazard
Mine Receptor Surface | Surface soil | Surface soil | Ground | Surface water| Crop | index soil
soil oral dermal inhalation | water oral dermal oral (HI)
Adult male 1.2 0.3 0.0 78.0 0.0 20.5 100.0
Ya;ii"k Adult female | 1.4 0.3 0.0 749 0.0 234 | 1000
Non- Child 4.0 0.9 0.0 66.2 0.0 28.9 100.0
carcinogenic Adult male 3.2 1.0 0.1 22.1 0.5 73.1 100.0
Samsan [Ty fomale | 3.4 1.0 0.1 19.3 05 75.7 100.0
jeil mine
Child 7.8 2.1 0.1 13.8 0.3 75.8 100.0
16E-03 16E-03
J 12E-03 1 203
| L . | |
Surface soil oral Suface soil dermal Sllrfl:e sol  Ground water oral s\lr{n:e wnm Crop arsl un’ti{dﬂ;x{m{;icm 00E As cd Cu Pb In 'lblx.ln;xcﬁ;]:mcr
Exposure pathways Heavy metals
(@ (b)

Figure 2. Carcinogenic risk of each exposure pathway (a) and heavy metal contaminant (b) for the Yanggok mine

wAdit male = Adult femsle wChild wAdut male = Adult female wChild
3004 20804 -
26804 | 26804 |
20804 | 20804
o
8 1ma Q 16604 1
M =)
1004 | 10804 |
50B-05 1 50805 |
L — . : ; 00800 + . . M . .
Surfoce soil orl Suwfece soi demal  Sufce sol  Growd water oral  suface water  Crop oral Total excess A « Cu P on Total excess cancer
inhelation dermal cancer risk (TCR) sk (TCR)
Exposure pathways Heavy metals
(@ (b)

Figure 3. Carcinogenic risk of each exposure pathway (a) and heavy metal contaminant (b) for the Samsanjeil mine

2 TCRE Y7] 7] &g Hol 7 it Tdefs)  3(a)). EF Ta&o] me 2Y9fsies 7 g4t
= #pol7} of7] o Qlckil B chTable 11, Figure & As®] ECRO] 79 TCR¥} B[S & B 5= 9l
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Table 12. Relative contribution of each heavy metals Carcinogenic and non-carcinogenic risk (unit : %)

Excess cancer risk (ECR) Total excess
Mine Receptor cancer risk
As Cd Cu Pb Zn (TCR)
Adult male 99.7 0.0 0.0 03 0.0 100.0
Y‘igignge"k Adult female| 997 0.0 0.0 03 0.0 100.0
_ , Child 99.7 0.0 0.0 03 0.0 100.0
Carcinogenic
Adult male 94.1 0.0 0.0 58 0.0 100.0
Sa‘ﬁ;‘yeﬂ Adult female | 95.0 0.0 0.0 50 0.0 100.0
Child 96.7 0.0 0.0 33 0.0 100.0
. Receptor Hazard index
Mine .
As cd Cu Pb Zn soil (HI)
Adult male 973 04 1.0 0.0 13 100.0
Yanggok o it female | 97.1 05 1.1 0.0 13 100.0
mine
Non- Child 96.9 0.7 13 0.0 1.1 100.0
carcinogenic Adult male 542 2.9 21.1 0.0 21.7 100.0
S"‘“rlrfizje‘l Adult female | 56.2 30 218 00 19.0 1000
Child 613 33 218 0.0 13.6 100.0
g 45EA0 | O isem
00Ew0 L —_— = s : I—I - 3
Surface soll oral Surface sol dermal SE:E‘:::‘ Ground water oral slr(;:m‘:lulcr Crop oral Hazard index (HI) 00E+0 ™ @ - n Harard ex G
Exposure pathways Heavy metals
(a) (b

Figure 4. Non-carcinogenic risk of each exposure pathway (a) and heavy metal contaminant (b) for the Yanggok mine
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Figure 5. Non-carcinogenic risk of each exposure pathway (a) and heavy metal contaminant (b) for the Samsanjeil mine
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(Table 12, Figure 2(b), 3(b)).

AR, vl =B HlasHH, AR B
E 8 Ao A Yd A4 (Hazard index soil, HI)7}
712 1 2stl e nm vEerelsidol Sl A
S 2 HltK(Table 9). 2+ FAE= BLe9Is| =S
ARA|E] A EH, FagAtel A= AseA H A 27}
66.2~78.0%2 7} E& 7|08 BT theo
2 5AEAHAE R} 20.5~28 9%% =2 7|9E&S
HItH(Table 11, Figure 4(a)), S}A|RF gl &2 ARAk
AdgAatol A= s2EAHE 271 73.1~75.8%=
M EE 7S HAA thae g Akl F
27} 13.8~22.1%% =2 7|98 H )t (Table
11, Figure 5(a)). Faol w2 vl elees %
Sgake] 79 Asoll it HQ7F 7Hd A Uekhst e
™, 96.9~97.3%2] 7]o1& X tHTable 12, Figure
4(b)). Leuh APAA Lagate] 79 FaagAbat uhxk
7H & Asoll et HQe 7Hd 4|9 54.2~61.3%
2 7)o} go] W2 §hd Cu(21.1~21.8%)9} Zn(13.6
~21.7%)9) 71 &2 A H o ® =4 Yerslt
(Table 12, Figure 5(b)).

AR el g B efe S Bl s,
oF & HPERE Y R FaE ol As, =&
2 Zol= Akl HH 2o ECRo| A dgAte]
HJsf Fargatoll Al A ek ek 9 uEkekel sy
A= A FA R Al A B & Ao m
TetEIch(Table 9, 10).

SERS

V.4 &

w2 AFY i FEE LAEES As, Cd, Cu,
Pb, ZnS 502 EH(HE), A5}, A FE(EA
F) W FEE BAS] 1 seE aiges 7 ujE
Y LSR5 AMYELL, o] S EE ORI
A e AP AT S 5 Fate] E3td
ofg] leEAE o]gsto] 7 =& =Y YWt
eSS APFEIGITt e 7 a4 el
A 9 H XS o]g-5ko] Wek 3l v

TeEFE A A eEe=e] Yol 272 7
GE, 2P REEE Be Sas] dd s2k=
AFeE Alskr 437 TR EE 2R ARG
th $u% LHEdEEE ka3 R uet tEA
Uehgon, ke ka3 59, AUlg
A5 (ABSa), ¥45A42(ABS), &7

(ABSw)®] RS © Wi Aoz BaE, 4
S e A Uk s A5 Aoy
24y ARlei) ofglo o] 2
2 ojglo] ) Aoluat) 4
stonl, ol 7 g4
2belcy,
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A R F 2P T} 518 s g Ee s
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of 108 A= FagAte] #& & Hol=t|, ol&
A D3l HEEHA g2 AsY] AlgtpleE
SE7F FEAtlA =8 g A AR
A=t of 10 Be A vEhd Aoz Aok
o}, v e S A E | ek 9fsf=of upkvt
A& 7 B Be g4 SR A7t 15T
Z wez ehd uiekelsidol Sl Al ® vet
Tk AR vEer el =S w el E T of 4uf
B oAbl 2 gk 7HE Al s Uehile
, Ol et Sl w7 A = AR D Atl

Sl AsO] AlstrleE w7t FErgAtolA 2
= 7HA Fdake] Bl Rlsi st A Vb
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