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1. A&
FAb BFo] FAEQA Frle I F3 FEFEHE Rtz ev, o AFSFY
299 FuAE FAAZ o4 BolE AL vAE HIY FIFH] F7H,
AxHqog olf FAEL HFste AN AR dFFS vAA F(Jung, M. C. and
Thornton, 1997). ol AFAE HFd d-olAFAe AFrF RAE BEY =24
o] Zol A Aulg W] B, F7] R o]Ag F4 Mo AHdA FIFEHE Foo B
A g, peoA £7)9 olatere FEE olF= HE FTEE WA SAUTh

2. 449

2001d 109 FuAe BEF =% XA Aulg vAg T 2 LF49R] &S
=EGlAESD AR 218 AAsA AR AFP A RAFEY =EFE
AR e A, st F7) 2 n o)A REoz FERIYLH, FHAAACAA
wa] BRol E¢g A s 2SAAHZ £ ARE g AFF 4L
3 A 2ZA A8 1go) HNO; 5mE 22 3 sand-bathE ©] &3 110Te &£=2 71¥
s @A 29 A7 F, TFAHHCIO; : HNO; = 5 @ 1)& 10mE 713 110Te 222
g8 7)stEE Q7)7F BolA & WX FE3 HEstgh AFE 6N HCl 10mE
W3 3087 719 F, filter(0.45m)2 A F3 At #£442& AAS(perkin elmer 3100, perkin
elmer 5100)2 3ttt

3. 28

1) 2498 =EF9 $3&5 43

pojo] o3 o¥9¥ =E% FFS 8% HFL Zn 1992.2pg/g, Pb 1308.0ue/g, Cu
114.3ug/g, Cd 20.7ug/g, As 70.7ug/g, Ni 37.0ug/g, Cr 189ug/g, Mn 4333.04g/g2 2 Zn, Pb
2 Cd7t 53 Utk olE g uigl o] AF i FFol A-okAor] HEY
Aog Azttt AEST sBlusE A 299 =EXS Zn 209, Pb 18u), Cu 34,
Cd 16W, As 121, Mn 62¥] A vebden, Nid 4t WZESH 2L F3& B
on Crol A% 238 WAESY @] ¥& A2 FUSAHTable 1.
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2) W9} 718 F35 ¢ F

o949 =EQoA N v wYe FF4 ¢ PFL Zn 7959.8u8/g, Pb 5183.648/g,
Cu 594.1pg/g, Cd 305.4pg/g, As 1265ug/g, Ni 56.7ug/g, Cr 15.4pg/g, Mn 47245p8/g 2.2 &
A=t W A 24F EYI nIvtAR Crg MY ZE 947t A EFAA A
g vo] ®a gt Fujaa 4 W FHE e Aoz FAHAY.
2499 EL ¥ Zv]d AW 3% §%& HT Zn 285.0ug/g, Pb 82.5¢8/g, Cu 9.8ug
/g, Cd 5.6ug/g, As 10.3ug/g, Ni 6.3ug/g, Cr 2.1ug/g, Mn 185554ug/g 02, 73 E %ol Hl3f
A Zn3 Pbel ke 5, 8u) Hou urx YAES wiZEFAA AT 6o E719
H)Z=g 3 Aoz FAHUT FH Mno Z¢E 238 298 EGAA AHT AE
7t GA AEHAY 298 ESAA AAG ¥ o2t i FFL Zn 44.8u8/g, Pb 53ug
/g, Cu 249ug/g, Cd 0.6ug/g, As 1.4ug/g, Ni 16pg/g, Cr 1.3ug/g, Mn 45.1pg/g o2 215
A HTable 1).

3) Y4 &= guideline(Z71 £33 vl®

S ygtos old BuZ 2dd EFNAH AP 522 YAFFE 2 29%9E
A% 71Fo] GYHo] UA &) wEty WEA= JEFRS o) E5e JFrE 2¥d =E
%o LHAEE nlEed Bt wMFESS] B$T target valuest FAMSAY ¥ &
d Aoz #AAHYLY, 298 EYY A+t Nitt Crg AYS UvA] 9252 target
valueBth Fujol X 4 u) ol ZHste Aoz HAHAYG ¥4 EF Wl WY B¢
malo A Nist CrE A3 2E Y47} intervention valueE 23891, Z7]9ME Znd
Pb7} target value(ZE7|FE) x3stgdon, ol Z9E target value(FE7Z|F) Eu=E
2o g Aoz HAHUTHTable 1). whebA He] o &7]1& Hy] 2 7159 As
2 o]&& APl A& ALE Atgdrt

4) FE-(8])9 A E &4 %(bio-availability) 87}

299 =EYozRE v RE-F7]-Hol ()R olFIHE FTEHd U FFEE
Frkstr] H38td, S ¥ E ELT He ge, F71, o4 ll FFE FFEFE ol & 77
9] FTd v&s v 2o Ak
Ego A Balze] 28 F 4= (bio-availability fraction soil-root) (%) = —%%—E'E%- x 100

walo] A 2729 42E% % (bio-availability fraction root-trunk) (96) = % <100

N b
oA o]Ato g o] AEF 4% (bio-availability fraction trunk-rice) (%)= —%%—;T]!%‘]- x 100

LEE =EYAN B2 48 FFEe Cdo]l 1476%2 71 =& o|FE & Holxn
Cu 519%, As 439%, Zn 399%, Pb 397%, Ni 153%, Mn 109%, Cr 82%< ZAoZ #8953
o RBYdA FFd FFEol F7]2 olFd #THHE wlwId, Ni(11%), Cr(13%),
Mn(39%)E Al&J3td HA 1.6%(Pbt CwolA Hdl 36%(Zn)e2 Yey dEEe F58&5
o] B F7]1Z o]lF3HA AU FFEr FH3] FAsE o] IAHJUD F7]40A
oj2t2.2 o]FHE FFHY ¥EL Cusl A4 2540%°]% Mno] 24%2 7H¢ R °oF
AL 71 Aog FAHAHTable 2). oA H 299 EQA P2 FFHe ¢ E

- 193 -



Fo BAE 2FAAY 2712 oJFHVA FoEol AYS WolAA ek #H, F71o
48 35 JFUEQ ol4ozy oJFHE F& A2 FAYAoY, =EFT v
a3 wge W AAHY FIEY C1FAL S Ree T & Ak PAAN 279 F

AR G oldoE vlE o]FEHE YiE CuZ E7]dA oo ojy:x: EATY F
1A EA o] o]FHE FdHTt MM ulEZ o|FHE %ol B Aoz #HIAFHUT
(Table 2). o] % &8 229 AU F4 S(bio-availability)e ohg3 2t

Eoko A ®a(%) :Cd >> Cu> As > Zn=Pb > Ni > Mn > Cr
MmaloA £71(%) : Mn > Cr> Ni > Zn > As > Cd > Pb > Cu
BaloA o]2H %) : Cr > Cu > Ni > Mn > Zn > As > Cd > Pb
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Table 1. Mean concentration(zg/g) of heavy metals in soils, roots, trunks, rice of rice
crop from a abandoned lead-zinc mine and the Dutch guidelines for soils and sediments

information adapted from Bird et al.(2003).

sample Zn Pb Cu Cd As Ni Cr Mn
soil 90.0 70.0 345 1.3 6.0 29.0 48 695.0
background B '
root 4700 1820 1750 36 324 15.2 72 1874.0
area unk 620 96 72 08 00 24 24 35100
soil 19929 13086 114.3 20.7 70.7 37.0 189 4333.0
contaminated root 7959.8 5188.6 504.1 3054 - 3102 56.7 154 47245
area trunk 2850 825 9.8 56 10.3 6.3 2.1 1855.5
rice 448 53 249 0.6 .14 1.6 1.3 45.1
Target
Dutch et 0 & 3 08 9 ¥ 10 -
guideline ~Intervention .o, 537 g9 12 55 210 380 -
value

Table 2. Average percentage of heavy metals and trace elements

compared pollution soil with rice crop in a lead-zinc mine

bio~-availability,

Zn Pb Cu Cd As Ni Cr Mn
root VS soil(%) 3994 3965 5199 14762 4385 1532 81.8 109.0
trunk VS soil(%) 143 6.3 8.6 213 145 170 114 428
trunk VS root(%) 3.6 16 1.6 1.8 33 111 139 393
rice VS soil(%6) 2.2 04 218 2.8 19 4.2 6.8 10
rice VS root(%) 0.6 0.1 4.2 0.2 04 2.8 8.3 1.0
rice VS trunk(%) 15.7 64 2540 10.1 132 250 600 24
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