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Abstract

BACKGROUND: The objectives of this study are to
investigate the contamination levels of heavy metals in soil,
ground water, and agricultural product near the abandoned
Boeun and Sanggok mine areas in Korea and to assess the
health risk for these local residents exposed to the toxic
heavy metals based on analytical data.

METHODS AND RESULTS: By the results of human
health risk assessment for local residents around Boeun and
Sanggok, human exposure to cadmium, copper, arsenic
from soil and to lead, cadmium, and arsenic from rice grain
were higher in Sanggok, but human exposure to zinc and
arsenic from ground water was higher in Boeun. By the
results of hazard index (HI) evaluation for arsenic,
cadmium, copper, lead, and zinc, HI values in both areas
were higher than 1.0. This result indicated that the toxicity
hazard through the continuous exposure to lead, cadmium,
arsenic from rice, ground water, and soil would be likely to
occur to the residents in the areas. Cancer risk assessment
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for arsenic, risks from the rice were exposed to one to two
out of 10,000 people in Boeun and one of 1,000 people in
Sanggok. These results showed that the cancer risks of
arsenic in both areas were 10~100 times greater than the
acceptable cancer risk range of US EPA (1x10°~1x10-).
CONCLUSION(S): Therefore, if these two local residents
consume continuously with arsenic contaminated soil,
ground water, and rice, the adverse health effects
(carcinogenic potential) would be more increased.

Key words: Average daily dose, Ground water, Heavy
metals, Health risk assessment, Rice grain, Soil
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t}) 1 Ay 9%, v H4 5o Bak w715y A
9 AFARE T AdESe] adE gAY glo] FF 7t
U AZol 8l SR Ao Falkshyo] wAe} 4
A A&HA oz FFedol TSkl Ut Thornton,
1983; Kelly, 1988; Alloway, 1990; Park, 1994; Lee et
al,, 2005).

olol ujz}, FAF ol &) opr)H e
& AT7F o] ghon, MRFA = FaL,
3 ol 2l op]E FF o] AAef| wx 1% éé
s AFHoR Wrker] A% 1Ml AR A5t
1980t H-E] o] Fo)HtiPark ef al, 2003).
1980\ d] 4o dEd WEo] HAS 9E WA
AGetaA falEde] vt Ay 1
S =, o]k FAll FERAE BAEY]

F572 40 gk A48 FrpE A7E7] AldsRith
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O]I‘v
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= AAeiSith olF it eow Qs edE B As
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T7F o] FAKTHGu et al, 2001; Lee et al, 2010).
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/1 o}g3iol Hilato] BeAEE Asic i
St A=AI5E ternary solution (HNOsHCIOsH,SO, =
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A8tk A A5 A AEE FAE o] F, ICP-MS
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a7 He fald ERI(Hazard identification), -
<97} (Exposure assessment), -§3-RF377KDose-response
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Table 1. Reference dose(RfD) and slope factors(SF) of Zn, Pb, Cd, Cu and As obtained from US-EPA IRIS database

Element RfD (mg/kg/day) SF (per mg/kg/day)
As 3 x 10™(1993) 1.5 (2002)
Cd 5 x 10*water) / 1 x 1073(food) (1994) -
Cu 1.4 x 1071 (2001) -
Pb 5 x 10%(2002) -
Zn 3 x 10" (2005) -

% tHTable 1).

AU H=EHmg/kg/day) :

X IR X X EF
ADD(Average daily dose) = X IR X EDX .

BWx AT 365

C = EY 545, Askr 5% T mg/kg)
IR = E% 5&E, Z]OH o] A% (kg/day)
ED = h:% 1%} (years)

EF = =ZRI% (days/year)

151 (years)

A (kg)

AT = ¥
BW = 3+

BalsialEe) At
Cancer risk = ADD < SF (slope factor)
ADD = 49 =E% (mg/kg/day)
SF = A (per mg/kg/day)

vkl =0 g3}
HQ(Hazard Quotient) = ADD / RfD
Hi(Hazard Indices) = 2XH()s (sum of hazard quotients)
RMD = Fi#%
HI = HERkle) = A5

Za o o
EY, X5k ol FI4 CULE

Gt A9 Eofel tiet Su4e 24T+ Table 2
of Yepfigleh =E Ul $u5% 4459 FadEs ¢
el dnt iEOk«] Tuse B vusl] B9, B
e A5 ok 428, 7E=F 109, Tl 9k Blae 8Hlt

& HatElo] ek, A=rgate] e ofdd 89N, H 1.24,
7}5 24, 72 104, WA= 97k FebEol Qe o
I St Lee 5(1997)0] Hiidk B2 AEXd S04
Iix] T wEYY T4 44 FAARE olg) vlset
Avk Ba A YA SElukel B B (2001)
o] Eedd 715 nlas] & o 1/2~1/309] S
Hol QFASt FFO =2 YERTh

T3t ol HHE FH w4 U AFE A= Aske
of i3t 94 LUFFS Table 3, 49 AAF] Ut
Kabata-pendias 5(1984)> CQHJ@,‘ZE AR o A&
o] w7 #ke] W9 E AxRFA Ve stod, 7I=F 0.05 ~
0.2 mg/kg, T 5 ~ 30 mg/kg, % 5 ~ 10 mg/kg, ot
27 ~ 150 mg/kg % H]A& 1 ~ 17 mg/kg OZ AASFAC
H, 548 By Jrz 297 ek (excessive or toxic
value) & AZXFA 7|1F0%E I=F 5 ~ 30 mg/kg, 7€
20 ~ 100 mg/kg, & 30 ~ 300 mg/kg, kA 100 ~ 400
mg/kg % W4 5 ~ 20 mg/kgE AAIBISITE -2uket
°] 79 Jung(1995)°] A @A A] o2 A AeA] An)
He el s FHH9E 7H=F 01 ~ 2.0 mg/kg,

Table 2. Concentrations of heavy metals in paddy soils from the abandoned metal mine areas

Zn Pb Cd Cu As
Mine
mg/kg dw. ————-

Maximum 278.0 52 1.6 35.8 10.8

Boeun Minimum 150.0 2.2 0.5 18.3 35
Average + SD 199.7 + 47.7 30 £ 1.0 0.8 =03 25.8 + 12.1 6.8 + 35

Maximum 917.6 119 35 37.2 12.7

Sanggok Minimum 2439 0.5 0.7 135 52
Average + SD 417.5 = 240.6 63 +55 1.7 £ 1.3 305 = 11.7 75 + 3.0

Paddy soil average" 4.67 4.95 0.08 3.33 0.87

Dkim et al (2008)
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Table 3. Concentrations of heavy metals in rice grains from the abandoned metal mine areas
Mine Zn Pb Cd Cu As
mg/kg dw. ————
Maximum 20.42 0.16 0.20 3.63 0.07
Boeun Minimum 12.50 N.D.% 0.01 1.14 N.D.%
Average + SD 16.78 + 2.62 0.06 £ 0.05 0.13 £ 0.16 1.80 + 1.32 0.04 + 0.03
Maximum 12.90 0.20 1.2 1.12 0.12
Sanggok Minimum 12.05 N.D.2 0.01 0.18 0.04
Average + SD 12.49 + 0.58 0.08 + 0.06 0.32 + 0.13 0.55 + 0.47 0.08 + 0.06

3IN.D. = Not Detected

Table 4. Concentrations of heavy metals in groundwater used for drinking water from abandoned metal mine areas

Mine Zn Pb Cd Cu As
e g/ L, e

Maximum 0.060 0.001 0.040 0.003 0.014

Boeun Minimum 0.01 N.D.®) N.D.2® N.D.%) N.D.?)
Average + SD 0.039 + 0.020  0.000 + 0.000 0.008 + 0.006 0.001 + 0.000 0.008 + 0.000

Maximum 0.036 0.1 N.D.9 0.003 0.003

Sanggok Minimum N.D.® N.D. N.D.® N.D.® N.D.®
Average + SD 0.003 + 0.001 0.059 + 0.040 0.000 + 0.000 0.001 + 0.000 0.002 + 0.000

U.S drinkingwater Standard® - 0.015 0.005 1.3 0.01

Permissible levels of 3 0.01 0.005 1 0,01

drinking water®

aN.D. = Not Detected

YKorea ministry of Environment (2011)

T2 10 mg/kg, & 0.1 ~ 0.5 mg/kg, °Fd 10 ~ 100 AAw-EFZE APglof SR o] Xl iFt AuE
mg/kg o2 AABIlEH, ATAGRA F FAk} vlws] B Table 5¢I AIA3FITH

% W ASEE AN oA LTS AATHY o3t

edE Bl nE¥e ARe v9gEs ke sl

2 Uehgth Telm vhe FRiSe] 45 olgete Asky Bl AAOR AERFOEM dHE Solut £ES Fa
o Fu4 BFYRL DAPQOINA AN B vlw AP EReINEE @ 5RES AdE SA]

3 Hoke W, W23 B Th=d, AdEate] e o ok 77§2(210 days)® skolom EHHAHY

o] 7|Frt tha | Ukt

&G}

wEYHe gdo e st

7ol ofsl Qlzte] AFsHA H=

=22 ADDE AtEdozx g & itk & ATA

TUEC] LAUCRRE SATESE

pathway), §2-E (") =F7 Z(rice grain pathway) 37}
2 gpepel o= glvk H1 @A A9 a3kl vl &

=1
%)\c_)]'é—u

FZIIAEE O] A=
%}\é'é_udTE HF

=
=

H Tl

o LE2HE AR BEY

59

Al AAEE 50 mg/day TA1E o83t

299 Aol =E2HE ARE AGE AR AR
AREERO Z A QAR F4E o] WSt ADD e F31H

b ASRAD HF Hle @ael 2k Auel ols 20
S L/day oI, 4S5l SAFRSES S84 25 Table
A HE olgak

o ©H Bl A FAB(H wEHE A ol

= TS Tl TRk sHERA ol thdt B s}ehtA1 A ?H(Table 3)% ©]-8-3l5ict.

B, B, BARAF 59 AAEIAS FYto]

= o9 saEs A AARCEA QAR FoEo F
wZ7=(s0il pathway), Ha5(215) %7 % (groundwater AFT o) wEAT L AR tjst

100%2 7Pst3itk 20075 $d5-Aksel Jahd 3= 5
7o 2 AFRE 321 g/day olv, & U HUTHEEEY

HHEFAGE
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Table 5. Exposure factors for an average korean farmer

Factor/ . Residential/

Parameter Symbol Units Agricultural Source
Exposure )
Duration ED years 25 ME¥, 2007
Exposure a)
Frequency EF day/year 350 ME?, 2007

Averaging Time
Carcinogens ATc year 735 KNSOY, 2001
Non-carcinogens ATnc year 30 US EPA, 1997
Body Weight BW 62.8 ME?, 2007
Ingestion Rate
Soil IRs kg/day 5.0 x 107 US EPA, 2009
Rice (Farmer) IRr kg/day 0.321 ME®, 2007
Drinking water IRw L/day 2.0 ME?, 2007
dMinistry of Environment
YKorea National Statistical Office
Table 6. Results of ADD for An, Pb, Cd, Cu and As with different exposure pathway
. Zn Cd Cu As
Pathway Mine
mg/kg/day —————
Soil Boeun 3.11x10* 4.67x10°° 1.25x10°° 4.02x10°° 1.06x107
Sanggok 6.51x10% 9.82x10°¢ 2.65x10°¢ 4.75x10° 1.17x10
Boeun 6.50x10 1.33x10°3 1.67x10°° 1.33x10
Groundwater
Sanggok 5.00x107 9.84x107 - 1.67x10°° 3.33x10°°
) ) Boeun 1.74x10°! 6.23x10* 1.35%10 1.87x102 4.15x10
Rice grain
Sanggok 1.30x10! 8.31x10% 3.32x107 5.71x107 8.31x104
5 Boeun 1.75x10"! 6.28x10* 1.36x1073 1.87x1072 4.39x10"*
um
Sanggok 1.30x10! 9.39x10* 3.33x1073 5.76x1073 8.46x104

()9 2R R WE FE5EY Y4BT eEY AEd
£ Table 6°] AA|EI3IT

SY-HIZ WIHSHTTN
=EWNE B ABH F259 DAnEFE o3
RIS INAEYIAEE LI A 39

‘{g-‘éﬂ——‘ EEH L Z:LJ_vo/] oL;d-;(Ha(SF)J,} zl—"r/d
HBHRID) FA7F st oA A ﬂ%i olF TFAE
)= EPAQ] IRIS H|o]EjH|o] A 2] ><+ £-3te] Table 1
of AAEISATE &, SF] gk HehEAe 1 H] Ao o siA sk

Wgslel o Wae] DHIAETE AIE + AN

A A5 et Hlx, AH=E, T, L okl
HpaeslAEE A4s] Y e HQ ¥ HI A58

Table 7, 8¢l #IAIa5ich W, 7F=H 9 W4 59 HI A5
7} A B 1 oo vtk mehy o] oo 7]
TO}T: ‘ZF‘?_]’E‘E] o X]J_ﬂo l::Z]—‘j(M]—) ;qo},]_ Eok/]
o, 7}5“, Hlzze] ofel] npereislz g
7Ferdol Atk e & ASITk
SHA IRt 21 o] SFO| #te] W]l thant A s
glo] & ol 7o) Bzl e vlao et
Gtk Table 9). 2 A3} 5243 e) 49
& u)20] welolg v BoRake] g ko 2] 5
o ek, ¥R 45 A W 7O 12903
uhebskh. US EPACIA AlAISE Ssidel 278 3] gaks]
AT 13100 ~ 1x10° 2 H&, Argal Ao BF E
Aok 8 S 43S 26 kel BaAE 8

FUBNINES 2ateka Gk Wby o]F AY FuSol
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Table 7. Hazard quotients (HQ) of As, Cd, Cu, Pb and Zn in these study areas
Pathway Mine Zn Pb Cd Cu As
Sl Boeun 1.04x1073 9.35x1073 1.25x1073 2.87x10 3.53x102
Sanggok 2.17x1073 1.96x102 2.65%1073 3.39x10* 3.90x1072
Boeun 2.17x10* - 2.67x102 1.19x10°5 4.45%102
Groundwater
Sanggok 1.67x10 1.97x10! - 1.19x10°° 1.11x102
Boeun 5.81x10"! 1.25x100 1.35x100 1.34x10°! 1.38x107
Rice grain
Sanggok 4.32x10°! 1.66x100 3.32x107 4.08x1072 2.77x10°0
s Boeun 5.82x10°! 1.26x100 1.38x100 1.34x10"! 1.46x107°
Uum
Sanggok 4.35x10°! 1.88x1070 3.33x10° 4.12x1072 2.82x10°0
Table 8. Hazard indices (HI) of As, Cd, Cu, Pb and Zn in these study areas
Mine Zn Pb cd Cu As
Boeun 0.58 1.26 1.38 0.13 1.46
Sanggok 0.43 1.88 3.33 0.04 2.82
Table 9. Cancer risk of As in these study areas
Mine Soil pathway Groundwater Rice grain Sum
pathway pathway
Boeun 1.6x10° 2.0x10° 6.2x10 6.6x10*
Sanggok 1.8x10 5.0x10°¢ 1.2x10°3 1.3x10°
HlZef o8l edd EQF A8k, 2Elal sEE(R)S A% Wtk US BEPACIA AAgE $lalldel 273t sj8ad9lsi =
Aoz A7k AFASA "okd vA7F A7 vAE {8 £ 1100 ~ 1x10° 2 K2, A=34k A9 25 Bk X8}
Qe vty eEch T 9 A=Y AAE Sl vAe] HEer) 58t
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