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Comparison of Heavy Metal Pollutant Exposure and Risk Assessments
in an Abandoned Mine Site
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Abstract

In this study, soil environmental impact assessment using risk-based approach was compared with that using concentration-
based approach. For this, heavy metal contaminant exposure was characterized in an abandoned mine area. According to the
estimated carcinogenic and non-carcinogenic risks, soil ingestion was identified as the most dominant exposure pathway. When
contaminant concentrations exceeded the Korean Soil Contamination Warning Standards, their corresponding risk values also
exceeded the Total Soil Risk Standard. Even the cases of satisfying the Korean Soil Contamination Warning Standards mostly
showed higher risk levels than the Total Soil Risk Standard, re-confirming a more sensitivity of the risk-based assessment than
concentration-based assessment. However, the in-depth analysis of the estimated non-carcinogenic risk values revealed a few
cases for soil contact pathway showing contaminant concentrations higher than the Korean Soil Contamination Warning Stan-
dards although their non-carcinogenic risk values satisfied the level of Hazard Index Standard. The findings from this study
support a necessity of shifting policy paradigm from concentration-based approach into risk-based approach for reliable risk
assessment in abandoned mine areas, and also suggest a necessity of further fundamental studies regarding risk factors and
standards.

Keywords : Abandoned mines, heavy metal contamination, soil environmental risk assessment

A% Xl

ArtE FEE0N A EFREITE} Al mdw= 7Nk 7ot Sjeld Zue] rkE mluskid o <)
A J%] A AN FEE LeES AR W] HEQ} HlEskelsl e Bt A3, EdFel 93] EFEe] 9
G} o)l $e7lEs Zakshs Aeole T AelEk Ve el fevEe 28 o A
BE 2 = 7)ES 2Aslgong, s 7Hke] Wyl w3 w T|Hke] Wyl o wzksk vlEelElis 71 914
S AT}, A EGHS Az niagkeleld d9se] A B4 A3, eV IEs 2Rl flelE Vs 239
34 o sl AEHRT & dyelre A e PR ge] B A B 7S flside @A)
wEFr|Hke] 7t 5ol A fjeld ZIek rkRe] g ko] Basde] HR1EaL, fslE Aae] 5 AdrIEe] A%
2 A 919 A Zasdo] A=

HAUBO] R, TR, BB W7t

=

N

o arolth. ElE F1845 §71240] EEo]
A BE, 4%, VAE Fo AYAZL PABA] Tt 024 Ale] A% - Aol B SslE i e
A AAE ) S A olgr Bge oF U@, 2009,

Bdo] 498 A% 22 935S AL ol B ERS 0T A0S TRt ol F AS ol

i
offt
y
N
Kl
_|>L
&
b
2
=
T
*E&‘
OE

L

© o @}
EGRe B, 3719 WA AU 28280 glold Wiea]  Aerh S EgRARAde] sk Eeedo

2 °

*OINCHE L ESSIA S ZEHHSHA - (E)MIAAILIOIE SZE AR (E-mail : jwchoi86@seoyeong.co.kr)
NG - QNS E=SstAZSH} [Hi. - BINFFS (E-mail : whitespear82@naver.com)
(FMSAXILIOIE &HE M2 (E-mail : mskoo@seoyeong.co.kr)

EAGIR - WAINAL - ANICHE L ESEA g—i 1% (E-mail : parkj@yonsei.ac.kr)

A32A A4BZ - 20123 72 -261 -



7} 3 e 2E9de fElvet A=l AAlE e F-
HZA IR 5, 1999; A, 2005). F - H1E2E A
Holl= tift A=e}t HA, Fr] T 22 PV EHA
o] EAslaL lom, 0|2 Qg FAFE x| ol At
H]<=(Acid mine drainage, AMD)2] HlZ, #3343} 304
A7 Aol og Hr)Ee] B4 4 5 B9 uE 5
of ofsf ES, A, Aslr T Bl AAH A&Ho=R
LAS A A ABH FAZ diFEA ATk
A, 1996; 44 T, 1999; 274, 2005; ¥FdE, 2009).
HZAke] A2 QIgH EG o] A AR diFdel
weh gRels 19929578 M= F - dAg<s 3 93670
22 F 20093714 529702 el ALEARE AATEI e,
AP E LAY A& F1 2 BIAARES F8)
I ATEFER-, 2009). FE3Ee] JERez IgE EYe e 4
5, O Fte] A Helle FAAPE waEo] o] HF
Zloll A 91 2HdEle) Fas R SOl mE AEA B
&l ede EE FHERY T 34 2 A 52
op7Ishd, 12 Q3] Algte] 7l A FFgS 7 S
JCHThornton, 1995; Jung &, 1996; Aslibekian and Moles,
2003; Liu 5, 2005; ©}&5, 2008). WA o5 AYgse
54 FE5e A A 59 Ldx W7REE of
U}, a5 =29 w2 7Fsd AA9Ek] tig
A=} 73S Ao APgshe JIASIEIAE B
go] e A=l #e] @ 293 Hd Ml QoA |

$ F83% Ao F QIXEIL el &, 2007; °lFF,

glele] ¢ o9d EY, Askr 2 w2E o] S0
A W FeledEdEo] A3 Al viXE 54 2
WS A o2 rishe Al g7t Al=Hle] pdo] A
TAog NPHa UTHUS EPA, 1996; Kolluru %, 1996;
Akagi ‘&, 2000; Paustenbach, 2002; Sekhar &, 2003; US
EPA, 2008). 3tA|5H, Uje] A9 EY Ta559] 35489
7} Aol 549 wEss 7Nk gt a1Eslarl 9o, 23l
3 el tigk a7t vgsith. EYSERAHE &
% TRk EYR AV EY EYLANYTIES Al
AlBled o5 3437 Aol aEskar ok W EYe
HEd Frke Atellwt wekE| e (o) 5, 2001; &
4% 5, 2001; o]FS49} HEH, 2004, 2005; Lee 5,
2005; ¥FEE, 2009), BEAEE g flEls A AlE
o] &-go] M=ol Hls) thi mEg AAolar, A=A |
o] B=31 Agtolrt, 2006d 9ol AR EUH 2l3H
7R3 A7 (20099 82 NGyl A S84 7t
o] &8alal JrhEHEH, 2009). 1 Hxp} FAER ZFo
2 A= ok, AR SEAH 7] A8k B2 Kok
= A B Al A8k H2ol AlgkEo] 3l
o FE5e] viEe 2 et flaEde] QA riXE F
Sk FES aHITHA, AR ST IME el 57t
o] Aide] Aoz wido] Hojof & Holt}. 7|4 3
Al A EGRARAYANA ArSe TES TR
Ho] 71Eo s AAXALE IS W, 1 s B=t ¢
Zg7telct, olgjgt ZEAR] olirE AT} AAIEH] Sl
A, dAlY B 7E2ATECIRSF T, 2001; o]Xge}

AL,

-262 -

Z&e, 2004, 2005; Kim &, 2005; Lee &, 2005; ©|&
I, 2008)= F83HARE, A TN VES wES)
= AFolE Pk QA flEld S WSkl tig
=] 7IRke] AR A7 Q)

B AT EHL dA s BEY 5 7Y
FlENE 71HEe] S QA = HIwE Sgh @A) 7t
o] AR AT ArJoltt. ol Ll £ AFelxe Hesd
b A 2o EYLARURALE AAF R g A
e &8sl AT AYGolM ESTESE 2 =E5F5E V)
Hi} flald 7Hke g wrist AuE vlatAsieir.

2. o1y

2.1 47 A x|

£ AT gPAGe XX dAFEsgt 12902 1972
ol Al e Fakog FQ33%8 Cu, Pb, ZnolH, AZL
7B Eelr]e] ArlekRel oF 7l BYT SMILHE
TAEe] ok BFe At 3 Aviehd dgd de
o @8] Yoz FAE st otk AF ES
L =255 B4 984 201040 EY FURALE
AN A AT S 4TH(A-DT)E AlESts)
At AT BT dadgitel Ladel ria,
CTe3 DT 739 A Brlge] FnRA7] Sol 4
Hol &k B sleR f9, Wg, S Agom 7

sjeprigict.

22 N2 ifF ¥ B35 s 24

AT E 7277A 12089 AlEE, BFHolx e 72
A A 12389] AFE, CTFIAME 100A301A 2247
o] AIEE, DTYAME 210%1-IA 40552] AEE AHF
sl EA AR AvE 12459 49 30cm 7HEL
2 0-30cm, 30-60 cmellA] AFH3IA L, o]F AHEFRE=
50 cm 7FA0 2 AFSAL ol T LUYEY HIA] =
A7V sAEE B3 Aotk EYAE A3 WHL hand
augers 83190, AT ABAFHE S-5EFE] (Manual
Geoprobe)- ©]-8-5}4t},

[¢]
TAAAHES ARSSIATEET, 2009). AHF A= G
Ao g JRsishe AR es dARlsision, A2t
Az AL EY Tl 3575 45k WHA Icp
(Inductively Coupled Plasma-Atomic Emission Spectrometry)t

ol we} sapeisc.

2.3 EL2 flaid ot Wy

heEAZE 23} Bl AAE ER] & 13} oY
wjHQ) Eko vRE] AHAHoT w=HE ‘EY A9}
BY AE v ARg B d7M nsian B9 A
2 g SFIE APtell Bagh AA=ZIS, meke-day)
& B SR P @A, 2009 ARHE F&
S, Aol AHEE QAR ELQYE(C, mgkg)]
7S UZAL AARANE 01831300, EFIHFHCRYS F
F&2] A71E2] 100 mg soil/day2, AHFFAS(F)E 1

HEES}sl=73



S, =2V (EF)e /59 365 days/years, =Z7|7} (ED)
L kel 9 7ERd 79.64, vldeke] A9 AJVIE
2 52k A X FZAR] w2t A<
62.6 kg2, JQ;FL:%/\PP(AT)—— KNS020109] 76.5¢< &8
SIATHEAA, 2010). EY HFHo= Qs SlEl= Al
o3k _J,] -o‘)\ak(DAD mg/kg-day)—‘ E_o]:OOﬂ HOH}"Lﬁ
7R ARAe 83, Aol ARSEE AR =
ZA|EHF(SA,, em?)e] 7$- US EPA AEE(US EPA, 2006,
2008)° 2]A, A2 5,700 cm*S, ES-H FZAI4(AF)
= A2 0.07 mgm*E, JREFFAGH(ABS= Cd, Cu, Pb,
Zn 0.001, As 0.035 Z83tom, 1 9 Qg ES
AHAZ A JMA=ETF ALY AR sYEA AE-
sidth. =g SSliE ALkS g WHAIG(SF) R vt
FAA(RMD)E Pl= EPAS] AHE Z-83}THUS EPA,
2006, 2008).

ZAM(A-DTEHYE, 5% FEE(Cd, Cu, Pb, As,
InE AT =E Tl %?.}ﬁlT(SF) 2 Hdgt FarA]
RMD)YE A&3te] LA E(CR) E IS I=HQE
ARFetR o, faid a7 IER Hlﬂo}oq ek e
o fEiAd oARE ADSIlTE Cuot Znd Mol gle
Ao dukxog AdefA glom= WRIRSE AR A
QJESar, Cdo] WekREg 2 Cuel HIERkREAdS LA
T Fe Aol digk A57F quijejdes nlEst
o] A)Jstsit.

l‘ N

3. &3 9 o

31 EYLEST
’éﬁﬂ ATAIHS] FH EYLAEE vE9 H _5454 H
3 100 JERiITE SRS 2tk T
EA Zﬁgﬁdt ZIME %)= ATGd= CdY @ﬂrtﬂt
7]’ }\oh:H;ELQ«i xtj, B?—v, C:FLO—!:], D:FL@I“Q_‘ Zl‘l«] -715-"]"?_]_
Tt =& A0E yEitow, FEEE BT D79

Pr

ZIET} e ool W) e Rl e,

3.2 wet 9 Hjget 2ISHE

Z Bl =EThE ATY 5.60E-03, BT 6.83E-
03, C7"Y 4.91E-03, DT 5.75E-0322 479 2% 3%
7Fs8r ZIPRIREIE(107%-104H2 Z3}sle] Lt siixdo]
A= Aoz 2HEAL) ol WMol §ie Cu, Znd T
A9slde] ot Yeke] AET) HHISH CdS F(0) o=
7HgE dijo|BE e Foox Wt s 2AE A
2 BpARl Aolglarl & 40 k. ¢4 HReElE
HoZ= ATY 9536%, BT 92.68%, CT4 93.89%,
D79 92.17%7} AselA] 7I91eks ASE ERIFRA, =&
AzEzE JF 93 H27F ATY 89.82%, BT
90.04%, CT% 90.02%, D79 90.09%= el gt 7
2 Ho 3eF el vl A 71edshe AeE YEhs:
th2d 1).

ZF v =@ T HE ATY 2.94E+01, BTY
5.10E+01, CT9Y 3.16E+01, D79 4.51E+012. 2 479
w5 oalkk Sed AE 18 2sie] vt QA
o] = AoE AAHUE o= AT HIIREIE A=
o] mlgoE Cuol HIHRIREIEE 4’\ = G0 =
7S Aolug, BE FollA vt 9eid 2AE 4
22 frasida & 4 ok —%J_ﬂgif Pbo] ATY
79.93%, BTY 86.47%, CT 84.18%, DT 88.25%%
7V 2 8ES AREkL 9o, As, Cd, Znieo 2 YERG
on, =EAHRE dFol gt BE7F AT 97.96%, B
T 98.63%, CTY 98.42%, DTS 98.67%= 3t Sl
I vRPIRAE AFH AEVF HE o3t A= B} Bpuet
SaiAgel v =A 71ofsle AoE BAHJATHE 2).

3 RUSE Il 7|ED 9y 718 7|F BTN
BT TN EFOGSHYIE 2} ool <))
3 719 Aole WeksIshst v

E 1. 7old 538 sUrSse PHIE A1 U
T Cd Cu Pb As Zn
A BSFN) 120 120 120 120 120
EdesEn 2.84* 49.87 51.24 5.24 145.21
AT (mg/kg) (0.18~11.16) (20.27~214.28) (8.20~372.90) (0.00~22.81) (55.95~708.45)
ZIMN T (%) 1333 2.50 5.00 0.00 833
A ZF(N) 123 123 123 123 123
EdeEEs 3.32 61.02 95.96 6.21 244.64
BT} (mg/kg) (0.22~23.00) | (7.65~506.83) (6.26~876.86) | (0.72~4447) | (29.81~2,571.17)
ZIRE (%) 13.01 11.38 11.38 731 15.45
AZF(N) 224 224 224 224 224
EdvEEn 2.24 38.57 57.90 4.53 183.35
C7e (mg/kg) (0.00~28.31) (0.00~383.72) (0.00~738.93) (0.00~26.83) (21.85~1,906.97)
ZINE (%) 9.38 5.80 7.14 0.89 10.71
NEFN) 405 405 405 405 405
D7l Edesss 1.41 51.52 86.65 520 287.70
(mg/kg) (0.00~20.47) (0.05~696.59) (0.62~1,254.63) | (0.00~52.65) (0.05~2,448.52)
iﬂ]—‘ﬂE(%) 8.89 6.17 11.60 1.48 25.93

wsgps] 57

#3238 #|4B&

_6J:L

<2012 79

ek (@52 ghe HAkAIsh HriX)

-263 -



2.50€-02

2.00E-02

W
F 15060

F
ol 1.00E-02
3l
5,00E-03
0.00E+00

Bz A 24 87 A 34 7 A A2

EHH EYHE  |Total WUAYSE
¢
3.00E-02
150E-02
5 200602 +
£
F 150602 |

o

3 LO0EQ2
5.00E-03
0.00E+00

Y A 34 FF N L Y2 A A2

E%HH EYHE  |Total RS

Y 1. P o

ATY

2.00E+02

1.80E+02 |

1.60E+02

g 1.40£402
F 1.20£402 |
3“ 1.00E+02

8.00E+01

= 6.00E+01

" 4.00E+01

2.00E+01

0.00+00
B A 22 37 A 32 FF A 2

e L E

EQNY  EYNS Totd
H gL
¢
400E+02
3506402 |
1 3.00E+02
T 25000
o 2006402 |
sy 1506402
T 100E:02
5.00E01
oops0 - B e =
B A A4 ¥2 Ao A2 B2 A A2
EQHY | EYNE Total
H LA

uPh
BAs

#Pb
BAs

ncd
#Ph
BAs

ucd
#Pb
BAs

I Vi)

5.00E-02
4.50E-02
4.00E-02
3.50E-02

7 30060

oF 250602
ol 2.00E-02
il 150602
1.00E-02
5.00E-03
0.00E+00

6.00E-02
5.00E-02

W 400602 |
=
©
oF 300E0 |

o

31 200602
10002
0.00E:00

uwPh

BAs

Bz Ao 24 37 Ao A4 ¥ HO) 52
L EQHE  Toul TAAYE

D19

#Pb

uAs

BF A A4 ¥ A A2 BF A Ha

EFHH EYY% ‘Tml EEpils

AT Albrzznt

450402
4.00E+02

U 3506402 |

F 300402
oF 2506402
o 2.00E+02
1l 1506402
T 1.00E402

5.00E+01

0.00E+00

6.00E+02
5.00E+02
& 400602

g 3006402

all 200402

I
1.00E+02 +

0.00E+00

uCd

WPb

BAs

]

L B
Bz A 32 B2 A 32 ¥ HY A2

EQHY | EUNE Total
HgeesE

079

ncd

#Pb
BAs

[T -
B A 32 BF A 22 ¥ A Ha

EYNY | EUNE Tota
HgeoE

38 2. P9 vl AlktZzt

A9laIol sl 27 mmEae Saslsir, $41 wek
Sl BETIEY R IE ke AuE 2 7Y
M i RS BUIGE 2), $E71E 9@ A9t B

Z33F Ao F VR,
HE HWNES 2=
- 5z 7

0‘—_’;:‘17120
'T‘"] T

o] ) HA

-1>

HEES}sl=73



2 EY =34 fEV|FE =3} vlze} RSl 7|F =3} vl=Znt
B e 24
T | ANET | unE e eElE] FE | SEE (B REE| TR | e E (e e T oE
21 |T E | BN A9 | &2 39 | BN x| e x| B4 239
A 120 20 120 20 20 119 20 20 120 20
B 123 20 123 20 20 123 20 20 123 20
C 224 26 222 26 26 202 26 27 222 27
D 405 107 405 107 107 391 107 107 405 107
E 3 £ E34 SH|E 2NHITe H|WAE J|E £} TS
=3 EOHE )
T | NEF | 98 7)1F PRk ElE FoE | S8 F PEREEE T FE | 8 E P selE FooE
%3 o | SA xR | 29 = | SRS 2 = | $A =%
A 120 20 120 20 20 15 8 20 120 20
B 123 20 123 20 20 15 14 20 123 20
C 224 27 223 27 27 25 16 27 223 27
D 405 107 404 107 107 56 40 107 404 107

H 4 535 14 ol
BlE dlEs
Q)

FH7|IE zotetn v|LALRTIIE

™ |91y Bl

AT

B

W

12

6

>

=
Rehy
R
L

£,

Fll‘

g
o) 924153} 1

o

- T A FENOE
o] Sel7lEe BNt sicieka weela
slob @tk e AfskaL el FEs
ISl P TS

Z=o] Ha 0% oS tir AAsRE Aoz Uehdt)

SR oleld Az

25 =l ==

== A

o il S5 A U A, 4 e =

FHENA 1 A, ¢ 7] BEFEFANN 2 A

T, EOO]:Xd

FollX 22 73, D 792 EFHSIA 14 73%01]*1 Fr

N

‘IZO o=
= T

o

o

7l B R

= sfetser.

3

I e e o e

ox [
o m{n
52
XL

18, & 74 71es

E;_Q_‘

W

1o

ol
o i
%JHU

o]
A IS
% 4).

32 2o

,{i
Rl O

=

4. £

B R AR F

=+

o

EX EERRE
S Ed gl
Bl
Shel TiFeleke 2ues A7
shge] Aseke del, BATh
fe1EE Zakidon, S5
g wEshs Al RE TojolN B

HESISET, As B

£ A} BUE o)

T 7S

ZO

U"‘l

A Aol B EL-/\%

A328 A4BE - 20123 79

FEIE 7IE
e Adske T8 FEE

sH]

a5

!
UL,

3). BY

A%o) FEHOE ek
o} ekl

AZER1A}

afeplE Zsobiel 2

P37

22 5} 4l

=

357t
2519

==

5

o
75] L__

ulelels ) Ao
=

o]

S

1-2749]

139l

olF fiM TEE EULA 3ol te wle T
OHH AU 25 o834 EFFT 7Rk 527
Zajojte} Qe 7uke] 71% Zajeiiol] gisiA Bl
BT, ekelsi =t Hidekelsle Bt A,
EHFY 93] E"*’ﬂ&«l dﬁkiﬁ} X]‘ﬂﬂx-‘l 1L, ¢

o2 J_JJrOP— Tl & fleies l B
ZHHA = A= Ui F H;HE 71
o]-f&,__j ABl= 715ke] Jﬂ7}7} Ho} o 9
7S & g AT Sl 7INke] el A=

04)7]1:1},] o] ek 712 Qda AL & 4=
?14. SR BYRE AR ANES AF B8 ® 2

:r‘.z_

o{

% 7S

3}, olEl@ 71E AN DA B Ao £EHY
o 58 SRS APl RlE VRS ZusA
S 4950] MRl sl TR, olele
A9EE 2 ABUELE B W D W i )

SA0] &) wEhd $e71ES ZAFThL diA HisA]
Bkl Ado] =tielely Frst = itk AL E A}
Al ATl B
WAARE AR @ B droiie B FEE09
TS UESSln siEEtE QAIRls| o] Eshe A
7t APA el EAE U ATHCE B o=
o] A EE TEe] Hrlolx] FFol| sl 7t
o] Hriz A HFe] I gﬂo AR}, B drdap=
Mﬂ g Take] EYETE A mEsior & b
Fog ARIAT7IREe 2 AXJEl] =30t 53] £ e -
2T SelE sl A e F= 5
%’3}2511 Hoy A= o= flElld 37E
234l e °JDM = 9 o
L% S4A7e] daie Akl i

?471L

\:

HAle| 2
B A= 45 GAIA Project@HAIHS: 173-091-006)
o] Aoz FYPHJFUH



m
rot

nt=!

A79t(2005) 9= HFEAA G B9} FHES] TF
& 29498 9 2% ot oishEAEtE|X|, oiglgakelE],
#1224, pp. 207-214.

HPE(2009) ME £ Ro| HIZHEL FH EQ| IsHMEIL
ARl Zdtlsta.

A, MEE ol 71173-8(1999) T T34 TR 9]
H A& gl FF5e] o3t ey} HAkEe] §54. 8=
RhelZatalX|, k=33t 2367, pp. 159-169.

ST, §48], o1BT, ¥, olFF001) T EPQY
AARPEE FE% DA Suurte] BAEa AR,
2| B4 ELBIAES|K|, STA|SRE YA, A6, pp.
63-83.

0]F47(2008) HiZAH FH 7% ESF & 3520 9f
Hiloha Bt AAFEFR=E, AEAH S L.

o]%4, Ben Klinck, Yvette Moore, & 8](2001) Th34F =+
WA GA 2] 54 A5 BEA E JAFTE. ekt
HerAX| = eS| K|, oA AR des], A3, pp. 273-
282.

o[, AR (2004) FEFAY B4 FEELLEY A
Sl 7). CHBIRIIBIARIRIBLSIX], haA e~ 15t
#1374, pp. 73-86.

oI, H&H(2005) LA EF, Ak B Ao QIA=Z0
w2 v $JEld W7 CcheRtlStE X" stE( K], oigkakd
AR A3, 38, pp. 535-545.

o)X, AT, A4, HEH(2007) FAGEFA FE52
38 37t st=EX[ShrEYetdEts(X|, S AErEYSH
8}3], A 124, pp. 97-102.

AEA(1996) B8 Cu-W B 73 A1 s A= A
9] Cd, Cu, Pb ¥ Zn 4. CHEHRIQIStAX|RIsS|X|, o)
SRS E 2| H 3], A|297, pp. 305-313.

A7 010) 2010 Q1 - 7H- A3 AR (http://
kosis.kr)

F785-(2009) ESSEEAH(H, AlBE, AJ8THE).

F74H(2009) EGHA 71EAF.

2735-2009) EFLZARRAR @FILA] A12009-1813).

73H(2009) EFL A AAeB7 A @7 el A383%).

Akagi, H., Castillo, E.S., Cortes-Maramba, N., Francisco-Rivera, A.
T., and Timbang T.D. (2000) Health assessment for mercury
exposure among schoolchildren residing near a gold process-
ing and refining plant in Apokon, Tagum, Davao del Norte,

]

o ol

o
re

—266 —

Philippines. Sci. Total Environ., Vol. 259, pp. 31-43.

Aslibekian, O. and Moles, R. (2003) Environmental risk assess-
ment of metals contaminated soils at silvermines abandoned
mine site, Co Tipperary, Ireland. Environ. Geochem. Health.,
Vol. 25, pp. 247-266.

Jung, M.C. and Thornton, 1. (1996) Heavy metal contamination of
soils and plants in the vicinity of a lead-zinc mine, Korea.
Appl. Geochem., Vol. 11, pp. 53-59.

Kim, 1.Y., Kim, K.W., Ahn, J.S., Ko, I.W,, and Lee, C.H. (2005)
Investigation and risk assessment modeling of As and other
heavy metals contamination around five abandoned metal
mines in Korea. Environ. Geochem. Health., Vol. 27, pp. 193-
203.

Kolluru, R., Bartell, S., Pitblado, R., and Stricoff, R. (1996) Risk
Assessment and Management Handbook, McGrowHill, New
York, N.Y.

Liu, H., Probst, A., and Liao, B. (2005) Metal contamination of
soils and crops affeted by the Chenzhou lead/zinc mine spill
(Hunan, China). Sci. Total Environ., Vol. 399, pp. 153-166.

Lee, J.S., Chon, H.T., and Kim, K.W. (2005) Human risk assess-
ment of AS, Cd, Cu, and Zn in the abandoned metal mine site.
Environ. Geochem. Health., Vol. 27, pp. 185-191.

Paustenbach, D. (2002) Human and Ecological Risk Assessment:
Theory and Practice. John Wiley and Sons, New York. N.Y.

Sekhar, K.C., Chary, N.S., Kamala, C.T., Rao, V., Balaram, V., and
Anjaneyulu, Y. (2003) Risk assessment and pathway study of
arsenic in industrially contaminated sites of Hyderabad: a case
study. Environ. Int., Vol. 29, pp. 601-611.

US EPA (1996) Exposure factors handbook, EPA/600/p~95/002Fa
(Update to Exposure Factors Handbook, EPA/600/8-89/043).
Environmental Protection Agency Region I, Washington, D.C,
USA.

US EPA (2006) Risk Assessment Information System (http://
rais.ornl.gov).

US EPA (2008) Intergrated Risk Information System (Electronic
data base) [EB/OL] (http://www.epa.gov/iris).

Thornton, 1. (1995) Sources and pathways of arsenic in south-west
England: health implications, In: Chappell W, ed. Exposure and
Health Effect of Arsenic. University of Missouri, St. Louis. pp.
93-103.

EFY: 2012.1.6AAF: 2012.5.18/4A 15 Y 2012.5.31.)

HEES}sl=73



