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Abstract

BACKGROUND: For the heavy metal cotamination sites,
it is very important to estimate the human bioavailability
quotients for heavy metals in paddy soils released from
mine tailings, which is a major source of contamination in
Korea, and to assess the human health risks of heavy metals.
METHODS AND RESULTS: This experiment was carried
out to investigate the human bioavailability quotient of the
heavy metals in paddy soils below part of the closed
metalliferous mine. For estimating the human bioavailability
quotients for heavy metals, 30 paddy soils below part of the
closed mine were collected, and analyzed for Cd, Cu, Pb,
Zn, and As using simple bioavailability extraction
test(SBET). The quantities of Cd, Cu, Pb, Zn and As
extracted from paddy soils below part of the mine by using
the SBET analysis were 28.1, 17.3, 34.1, 14.6 and 2.3%
respectively. Specially, the maximum values of Cd, Pb and
Zn were 73.3, 81.5 and 58.1% of human bioavailability
quotient, respectively, and varied considerably among the
sampling sites. The human bioavailability quotient of Cd,
Cu, Pb and Zn in soils near the closed mine showed
significant positive correlation among soil pH value, O.M.
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and Ex. Ca. contents, while it correlated negatively between
soil Ex. K and Ex. Mg contents in paddy soils. Also, its of
Cd, Cu, Pb and Zn in paddy soils showed significant
positive correlation with 0.1M HCI extractable and total
contents, while in soils, it correlated negatively with As
content in soil near the closed mine.

CONCLUSION: The results of the simple bioavailability
extraction test (SBET) indicate that regular ingestion of
soils by the local population could be closed a potential
health threat due to long-term heavy metals exposure in
these mine areas.

Key words: Bioavailability, Closed metalliferous mine,
Heavy metal, Paddy soil, SBET
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Fig. 1. Study area and sampling locations of the closed metalliferous mine.

o] AT B 4 Stk Jdel® B, #H3
T A FA Aldo] gle AYelMe FEE A
=7 2 A7 BAste] sk Al B 9919 llo]
“tHLee and Chon, 2004; Jung et al, 2004; Lee et al,
2005). T3t wat 0 =] T 299 et i s1sl
38 B, el sl H9-H= 3] o B4,
T AYA e 54, J2a B olgketd 5
3 BAe] w8 2o 4HA tiJung ef al, 2004;
Jung et al, 2008; Jung et al, 2012).

HolE EY w059 294, FsHls 9 AgkekA
FEATE G835 AddEl eddEH T gEo EF
Y =4 S50 AL s Sdsh A3
Utk(Ruby et al, 1996; Lee et al, 2006; Ettler et al,
2012; Jung et al, 2012). o]&fgt FojAl A5 FE F
w45 299 BAEY 9% A 9 edsEE AL
et 83 Alsr 2 5 otk

2 AN E F55 LEESY AAHEIES AR
s T Aabel] 91218 PbZn w34t dHF2] =E 30
A7E o Z SBET(Simple Bioavailability Extraction
Test)itA& AArst] 2|9 FHE9 foA FrEe 50
49 QAE4%(Bioavailability) & 3 7IaFlth ot B 5
w59 QUAIFTE TS T 820s HalY] st B

VAT = =
] shehy o FEE Yol 4. sk

=T I =

it

ATK|H

o A
R e B B s R = R R = B Bl = LA
F0 YFE W, o, 7, LOE B4 2

=
glopr]e] MRkt oo PAlsh= AYH Aegor

o

‘d¥tiHwang et al, 2000). 332 A3 4
AL WA T4 grudiel W Ados fEEs
4,199, o}l 2209= 0% LEfA] Stk A= TR
2H|71=0] 10,000m FE Ao A= Hdatgdo] ¢
gty Eokl Tzl Fa 2L e, HA
MY, 5, 7ked o] AEFE 9 v sy 7]
A Fol vEbstth H4 9] Avpas st A3, dhdd-ofd
BQ WAM T} doide] F& wJoR AEHE RoR
41 tiHwang et al, 2000)

o)

& W o oy

e

hy

AERF A 2AEHY

AT A FHE] Gk 7] ES 270 A[WRD(Waste
rock dumps)-1, WRD-2]el ZZ|¥]o] glom, EFAS A
F= 2006'd 39l Fig. 13 o] 37) A oj oz F-ato] A
FHalgleh AHA G FrrozRe] A JTFS v Pl
71=0] SIAIE AR, T FEel oe o E 5
= T3 BAY R 3 vl f1Agk CA o
stolth AlEAF A T 30AHSE AX YA 1544
(M= 1~15), BAM 8x3 (A= 16~23), CAHIM 6
AN E 24~28)2 AF oL, dEEGFOE 27) AHCPE
29~30)5 AFskTh EF ARAHT Bl g A1#4
& Eo7] S8kl 71855 A8 § EE(0~20 cm) 571 A
Ae A= 7 =IS ol gslo] AFHT & ERslo] B4
ABEZ ARSIt EGA S AR $ 7] 28(105°C)
ollA 8k ol 7Z2AIZ T 2 mm §E® AWsto] 13}
2 FINA MR 248 ARE ARSI, B S
& G AEE v ke 78S o83k 150 mesh ©]
Sk Eafleto] AH-EHltHMinistry of Environment, 2010).

Bk e Y eEEH  EYEeEAH
(Rural Development Adminstration-National Academy
of Agricultural Science, 2010)¢] F3te] ESF pHE E9F



Assessment of Human Bioavailability Quotient for the Heavy Metal in Paddy Soils 163

Table 1. Chemical properties in paddy soils below part of the closed metalliferous mine.

pH Organic Matter Av.P,0s5 Ex.Cations (Cmol’/kg)
Parameters
(1:5) (g/kg) (mg/kg) K Ca Mg
Mean 6.40 18.3 43.3 1.23 6.55 3.95
Min. 5.20 22 8.5 0.50 3.50 1.64
Max. 7.69 35.8 481.6 2.04 10.42 6.67
Optimum]) 6.0~6.5 25~30 80~120 0.25~0.30 5.0~6.0 1.5~2.0
Soils” 5.90 26.0 131.0 0.30 5.10 1.30

UThe optimum level of soil chemical properties in paddy soils(Rural Development Adminstration-National Academy of
Agricultural Science, 2011).

?The chemical properties of paddy soils in korea(Rural Development Adminstration-National Academy of Agricultural
Science, 2011).

Table 2. Average contents of 0.1M HCl extractable and total heavy metal in soils below part of the closed metalliferous
mine.

Contents of heavy metal in soil(mg/kg)

Analytical methods

cd Cu Pb Zn As"

3.65 12.7 330 157 208
0.IM HCl extractable (0.08~19.07) (2.4~495) (7~2,848) (5~160) (0.50~13.58)
Total content 8.88 56.7 809 754 379

(297~3248)  (143~1232) (33~4,453) (67~3,208) (6.6~123.1)
MM HCI extractable
o TR HE 152 8] 307 % ¥ pH-meter 3 SR F pH gt 9 e Zadsk Huxr 47
[e] Ao =

(ORION R, EA-940, USA)E =433t} T3t {7152 7.69, 1042 Cmol'/kg® W% A Uelsith EF F2
Tyurin'}], F-AVH Lancaster, *|27d%012-2 INNHLOAC 0.IM HCI 3&4 Cd, Cu, Pb, Zn ¥ As T&KTable 2)>
(pH 7.0) FEHOoE Ttk Bk a5 7HA & 27} 3.65, 12.7, 330, 157, 2.08 mg/kgel3lom, A5

F AR T EYATIANEH Tt EAE ARZY 2 WA 2 AS &4 5 Ak =3 BoF U Cd,
10g< #3te] 0.1M-HCl €9 50 ml (As®] 7% 1M-HCl) Pb, Zn 4 As A FA= B AT (Ministry of
£ 71st the 30°CollA] 1413 JB3E § ojgste] 44 Al Environment, 2013)¢] %29 $#1713(Cd 4, Cu 150,

SR ARSI B B S A9 B4 violaw Pb 200, Zn 300, As 25 mg/kg)S X333tk
glojH. 2] 1) (Mars-X, CEM Corporation, USA)E ©]

gao] AR 05 g2 mlo]AZ o] vesselol Halo] Hal EY 3342 QMEST "It
ohel 9HHHNOsHCI=1:3) 12 mLE Z}7} 713t g 23 HTE3AE 9o AFshs FYES] $l(stomach)olA]
ato] 44 AEE ARSI tHMinistry of Environment, TrHEE 54 Fu5EY dASTEE AFHoE st

2010; US-EPA, 1997). 2 ATlx dAgd B 3] 7] $1ste] SBET (Simple Bioavailability Extraction Test)
9 T A2 ICP-OES (Inductively coupled plasma A AAEIGIT o] AW Ruby et al (1993, 1996,
optical emission spectrometry, GBC Integra-XMP, 1999)°ll J3) | A% a1 ¥ PBET (Physiologically Based

Australia) %! ICP-MS(Inductively coupled plasma mass Extraction Test) AT S FxAAZALROA Wedlst

spectrometry, Hewlett Packard, Agilent 7500cs, USA) o] Jsl Ao7 B AAtoa o)L FAZ BAAA =

£ o]gsto] Aotk e 2ok @ Q139 Ksynthetic stomach solution)<
Table 17} Table 2= B¢ w4 AETEA 9% A#spr] fslo] Zelil(glycine) 60.06 goll THTE ¥
TE QRIS Hrkeb] flsto] BAS SR W SE 5 2 Lo FE8de etk @ AR QAR QIA1S] 9

o

e Hehd Zlofu). B9k 318 g (Table 1) -2yt ] pHSE B7] f1el] 37°CE #AH 1L Q= % <tellA o
=2 HX|Ql pH 5.9, OM 26.0 g/kg, Av.P,0s 131 AHHCI)E AH-3te] pHE 1.5¢] 9eth 3 HDPE (High
mg/kg, ExK 0.3, ExCa 51, ExMg 1.3 Cmol'/kg density polyethylene) A|5-87]°l 80 mesh® &gk Ek
(RDA-NAAS, 2011)7} H]wste] pH #k % ol o] AR 1.0 g¥ pH 152 5 1F91L, 5 #5894 100 ml
Eokom, f7lER ARt o W A% Btk & = ¥t @ HDPE A 88719 4L AA oA & 22
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Table 3. Human bioavailability quotient of heavy metals by SBET(simple bioavailability extraction test) analysis in paddy

soils below part of the closed metalliferous mine.

stfgzgcs cd Cu Pb Zn As
Extracted concentration by the SBET” analysis (mg/kg)
Mean 3.87 11.6 385 233 0.58
Min. 0.06 1.6 5 3 0.02
Max. 19.68 36.8 2,328 1,857 223
s.D." 5.74 11.1 608 483 0.50
Bioavailability” of heavy metals in soils (%)
Mean 28.1 17.3 34.1 14.6 23
Min. 2.0 6.9 10.2 2.7 0.1
Max. 73.3 38.3 81.5 58.1 9.0
S.D. 24.6 8.1 19.9 154 1.7

YStandard diviation, ISBET; simple bioavailability extraction test.
p ty

content of heavy metals
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0.IM HCl 7H&-d g2} v]ashd Pb, Zn Aol =3kort
Cd % Cu A& frAkst AaFolqley. B Ta59] AAF
T H IS Pb>Cd>Cu>Zn>As 0% ZHZ} 341,
28.1, 17.3, 14.6 4 2.3%= YERGTE B3k AEGFE HL
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T 7FsAel wig- avar g Qitk o)} wste] B4
141 Zu4% QASTFEE A £ =E9o] Cu>As>
Pb>7Zn>Cd, 2E%Y Cu>Pb>Zn>Cd>As(Lee and Chon,
2004), FAlEY EY0] Cd>Cu>Pb>Zn>Ni(Luo ef al,
2012a), A =28 E%o] Pb>Ni>Cu>As(Wang et al,
2002) =92 Huste] el 9 Fag Sl mek & 4
g Hol= A& 45 SUSItHEttler ef al, 2012; Kim et
al, 2002). B3 Lee ef al (2000)2 H=534F 9 Cd,
Cu, Pb, Zn ¥ As?] JAFFTET} =EF 15.9~65.4%%
UER} WEQF 12.4~31.2%9} vlwste] iAo =9kt
3L &3k

Fig. 2& AT shiell S8 oke) AR %
2% QAESE WEkE ek Zloltk, AR 40
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and Chon, 2004; Kim et al, 2006; Lee et al, 2006)°l4
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Fig. 2. Variations of human bioavailability quotient for heavy metals determined by the SBET(simple bioavailability
extraction test) method at sampling site in paddy soils near the closed mine.

Table 4. The relationship between the chemical properties and human bioavailability quotient of heavy metal in paddy

soils below part of the closed mine (n=30).

Chemical Bioavailability of heavy metal in soil

characteristics cd Cu Pb 7n As

pH (1:5) 0526 0.488" 0.375 0.677" NS
Organic Matter (g/kg) 0.584" 0.542" 0.535" 0.510" 0435

Av.P20s (mg/kg) NS NS NS NS NS
Ex.K (Cmol'/kg) 0515 05917 -0.453" -0.359" 0.501"

Ex.Ca (Cmol*/kg) 0.663" 0.578" 0.531" 0.703™ NS
ExMg (Cmol’/kg) -0.529" 0598 -0.460" -0.370° 0.514"

“Significant at P=0.05, 0.01, 0.001 respectively, NS : Not significant.

P d AR BT ol TR, Lol A
HE QARETE A Aolg Bl 7RIS Jung et al,

a5 UMETERt A PERIXE 2

Table 4= A HaHdAt o =2 s}
AFTEete] dAE veRd
Zlo|tt. E"ok % Cd, Cu, Pb ¥ Zn9] JAEFTEE pH #,
T71=, A Za e B Adks, X Z4E Y vt
TUlEIRE Fo) s Boith PJ‘a E F AsO] QJUAIETE
mtvlEdE g9
o]¢} #ste] Poggio et al (2009)> EoF
5 Cu Pb L ZnJ IAFTFEE 718 T 159 4
o] AHE(r=0.69~0.99), AES = 15 Fo A
(r=-0.73~-0.96) Rtk sk FEdt 7|2 A Lee
et al, 2005; Luo ef al, 2012a,b)ol- ESF THEH oA
FTrEE BEA(YEEE) N ohlet B9k pH, EC ¥ V1%
SreFate] yhAJo] Avkal spgictk olegh A= dntA o
2 EF Y olglsHdo] Tu&e frad e tieo

Fe A e Ave 25

AEgreel A 9=

Table 5% EX 5% %0.1M HCl % Z*é, gk
Y FEEE QAT WAE veR Aotk Bk

U Cd, Cu, Pb ¥ Zn9] AASFFEE 0.1IM HCl HE4,
T3 I AT, AsES Fo TS B
E3] Zn9] QAESFEE AR 0.M HCL &4 &
(r=0.967) ¥ H&2Hr=0.917)°4 t}& 2K =4 YE}
sl o]} $Asto] Ettler ef al (2012) FAF W Al
A1o] EoF U] Cu, Pb, Zn, As JASTEE SH5E F
gl 0] o] s Bl egdgo] Aol ofe] 1
J(Wang et al, 2007, Poggio et al, 2009; Prathumratana
et al, 2010; Luo et al, 2012b)°lA = Bk U =759 ol
AFTEs T8 5 74 $959Y L9458 ¥ e
ohaL 33l

B o Ayl B F Cd, Pb, Cu, Zn Y As?] ¢
ATSrEs 2171 281, 34.1, 17.3, 14.6, 2.3% 11, £3] Cd,
Pb @ Zn9 QASFE H gk 217 73.3, 81.5, 58.1%%
ol A JEbsith webs] #3ak s =EFS] SBET
Aof ot 5% AAFTES & W FAH G| AFsh=
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Table 5. The relationship between the heavy metal contents and human bioavailability quotient of heavy metal in paddy

soils below part at closed mine (n=30).

Heavy metal

Bioavailability of heavy metal in soil

contents Cdbio Cuvio Pbyio Znypio Aspio
cd 0.817" 0.776 0.703" 0.905 -0.437
Cu 0.678" 0.613" 0.613" 0.552" -0.499"
0.1IM HCl extractable Pb 0.469" NS 0.415 NS -0.392"
Zn 0.753" 0.742™ 0.698" 0967 -0.393"
As 0.701" 0.581"" 0559 0.789" -0.328
cd 0.758" 0.770" 0.708" 0937 -0.430°
Cu 0.784" 0.696 0.697" 0.698" -0.539"
Total content Pb 0.661" 0.508" 0.535" 0.526" -0.488"
Zn 0.819" 0.774" 0.705" 0917 0455~
As 0.797" 0.757" 0.679" 0.874" 0477"

“Significant at P = 0.05, 0.01, 0.001 respectively, NS : Not significant.

fa/del

HeS5Pt shr B S5 JASId S Bk
flate] Pb-Zn #3} abi =EY 308S thd o= SBET
(Simple Bioavailability Extraction Test) #4]3t] w4
] AEFFE(Human bioavailability quotient)E %7}t
A= vt 2o

EY % Cd, Cu, Pb, Zn ¥ As® JAFTEE
28.1, 17.3, 34.1, 146 ¥ 23%= el 53]
Cd Pb 9 Zn®] QIAIEFFE HIAE= 73.3, 815 2 58.1%

= ol kAL, AFHAY 9 AR 7ke] BApF AA vER
th B % Cd, Cu, Pb ¥ Zn8 J[AFTEE pH @,

Z}

Z]
ok

ofN 1N

75 XA 24 Skl Aol v X 2 Ul u}l
Uik 7o s Bk B3 B9k | As9 °1xﬂ
T f71E o A A Z2E 9 rkdle e XU
e Btk % U Cd, Cu, Pb @ Zn9] QA EFEE
0.IM HCl #&4, 18l1 F38539 43S, AsidE
7o) s HOﬂE} 53] Zn®] JAFTEE AT
0.1IM HCl #&43Hr=0.967) 2 A3rzHr=0.917)°l4 t}
B ARET A Yelsith ool AdellA #3il et B
X FEE AFTEE & o P AlA ATk T
WEANA 713 wE:Hoh A7) ZAF flsidel 9l
S Qo7 Eieh
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