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Abstract: Indigenous zinc smelting activity> widely spread in western Guizhous China, had caused serious pollution of heavy metals of lead
(Pb), zinc (Zn) and cadmium (Cd) in soil and water and posed risk to the local ecosystem. Geochemical distribution and mobility of Pb, Zn
and Cd in soil, waste residue and waters were investigated in a small watershed in order to provide scientific base for the approach to pollution
control and remediation. Concentrations of Pb, Zn and Cd in smelting residues averaged at 4 632 mg/kg, 8968 mg/kg, and 58 mg/kg,
respectively; whereas Pb 234 mg/kg, Zn 400 mg/kg and Cd 9.6 mg/kg in average in the soils around the smelting areas were measured. The
sequential geochemical extraction test showed that Pb, Zn and Cd in the contaminated soils had high mobility and bioavailability for the metals,
whereas smelting waste residues had lower mobility and bioavailability because their concentrations presented small percentages Call less than
0.2%) in the exchangeable fraction. Concentrations of Pb, Zn and Cd were high in the local stream water but low in groundwater. In the
surface water> Ph, Zn and Cd were significantly concentrated in the suspended sediment. The results indicated that metal-rich erosion process
of smelting residue and contaminated soil contributed to mobility of the metals into stream water.
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Fig.1 Map showing the study area and the sampling sites
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Table 1 Procedures of sequential extraction for soil and waste residue

BRI

1P A AZ AR I 1 g FER SR A 8 mL 1 mol/L Mg(NO; ), (pH = 7) £ 25°CHR 1 h, 5.0, 1L &, yEHBAT I

Hod BRIREh A L DI ISR R 8 mL 1 mol/L NaOAC (pH =5), 7E 25°C F ¥ 5 h, 250, i 9, JEIAF I

3 R : LB ERAE N 20 mL 0.04 mol/L AR E (NH, OH-HCD GEFI K 25% I HAC)» 7E 96°C /K4 7 6 hs [A] B HR
Wi B0, L E, BRI
A IR NN 3 mL 1 0.02 mol/L HNO; F1 5 mL 1) 30% H, 0, (F5E I HNOy K pH {E I 154 2, 75 85°C/KAB A2 3 h,

¥4 HHAWIRG ARG TN 3 mL 1 30% H, 0, (TS FIHASBRAG pH AL 150 2D, (B & IR A E15, I 5 mL [ 3.2 mol/L BA TR
J B U CHS 7R 209% 19 HNO; ), FiBE 2 20 mlL, 3 LB HE 30 min, 250, 1 38, JEBFI

Fsb o BRIES: L PIREHE S IR CMILAN, 25T, HNO;-HCIO,-HF JH A%, 250, 2 98, SRR

2 HR51TE
2.1 R SR SR A

W AT R R Py ZnCd S EILE 2.0
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mgekg™' . 5t LI PbZn. Cd V& EON 79,



7

MROCASEE : B VG IR BEX PhZn. Cd SIRAL 22 1T R RFAE

2067

112+ 0.79 mgekg™" . V544 -4 1) Pb.Zn. Cd P35
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FERT(9.6), R W] TAEIG MR R, K7 Cd 28 K& 72E KEEIr Cd AT REZS R BE AN KRR A, K &R ) Zn i
NRAL B Cd 8 1k 767°C, TERFER > Pb T IS MRS, AR 5 ¥ 04T RIS, K384 Ph 5k
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Table 2 Concentrations of heavy metals in various horizontal locations
B Ph/mg*kg~! Zn/mg*kg ™! Cd /mg*kg™! Ph/Cd Zn/Cd
" FEME Ju [l FEME G FEME G PHME [ EHME e
V5 =14 234 95~486 400 182 ~ 687 9.6 2.8~23 31 14~92 53 ~ 106
HELH(n=3) 79 46~105 112 83~ 136 0.79 0.42~0.98 73 70 ~ 100 153 125~ 174
YRR (= 10D 4632 1626~ 8502 8968 2563 ~15418 58 32~87 80 28 ~ 204 160 80 ~ 333
B (n=3) 5800 3100 ~ 8 600 234000 155000~ 334000 580 450 ~ 760 9.6 6.9~11.3 415 282 ~ 619

2.2 KBRS E R E A

JR VA YRR S R Y Ph Zns Cd AL 22T A48
ARV 3. K HE P Ph EZ LA A (499 ) Fl 5k
B QTIOAAE, IR NIE R (17.8% ), IR EL A
AT AT e 2 5 B LO ARG, A BB 1 6.2%
0.004% .5 P2 A b, 5 % A RN 5% o 18 (1) ik R
SBAEM AT R CHE M, M 3 EE
T LW R R IAR IR Zn EE DLR RS AE,

SPRIE R 44.9% » Ho R S8 (23.7% ) R &
(21.8% ), 7] A8 e 245 R 2 3h 2 & ' B A, 39K T
10%,1 Hom e TP Ph & Rl
TEMAE Zn BA-H BIERES B RS, T
;FEJE/JIE Cd AT P ARG IR £h 25 LU o vy V5 e 4%

R 5 HIER T A e AR cd LR Be 38 0, 435 A
27.8%F1 25.5% .
GBI A A T PR Bl o 2 IR YR

*3 TES5KEH Pb.Zn.Cd SN
Table 3 Concentrations of Pb, Zn and Cd in various geochemical fractions of soil and smelting residue
Eem SR AT TRIR Eh A& £ A B R SR
2R 0.81"(0.02)¥ 386(9.5) 652(16.0) 1932(47.4) 1105(27.1D 4076
Ph B 0.20€0.004) 331(6.2) 956(17.8) 2630(49) 1446(27) 5363
V5 Y 1.18(0.49) 47.1(19.6) 69.2(28.8) 99.5(41.5) 22.7 (9.5) 240
[Ep e ! 0.620.77) 25.1(31.1) 24.1(29.8) 22(27.2) 8.95(11.1) 80.8
Z IR 1.87€0.02) 971(12.3) 3 140(39.9) 1610(20.5) 2144(27.3) 7867
In B 1.160.01) 891(9.7) 4121(44.9) 2173(23.7) 2001(21.8) 9187
bEE st 15.0(6.3) 59.1(24.8) 61(25.6) 49.3(20.7) 53.5(22.5) 238
P 7.64(6.47) 31.2(6.53) 29.7(25.2) 25.3(21.4) 24.1(20.4) 118
AR 0.20€0.45) 12.2(27.2) 18.6(41.4) 4.91(10.9) 8.94(19.9) 4.9
cd B 0.09(0.15) 9.13(15.4) 33.4(56.4) 6.01€10.2) 10.6(17.9) 59.2
b 3.85(28.7) 2.43(18.1) 3.43(25.6) 1.43(10.7) 2.210(16.5) 13.4
5 0.25(26.6) 0.21(22.3) 0.23(24.5) 0.15(16) 0.10€10.6) 0.94
DFERIEEE 1, PR mgekg™ ' 2DRRIZIEE 7 S (KB 2240 1008 %

SER PR AN AW A 2N Harrison 2515 42 1L 42 )
(V32 Sl AN A WA 280 i A S0 BT P 6 2 e
% BRI A AL, e I AR — 2 L

AR RO DART AZ 3 A RIR R 16 245 1 A= W0 ik
KN Hsed HESE T A HANBER IS In 5
DTPA R $EHES BAT f ok EF I 0 2 A O, nI/E N
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Fig.2  Concentrations of Pb, Zn and Cd in soil profile
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Table 4  Concentrations of heavy metals in water body
K AT G R /g 1! IKARTE G ) /g 1! A R R % BIFWEE)E /mgr kg ™! E%(?%Jﬁ%
Pb Zn Cd Pb Zn Cd Pb Zn Cd Pb Zn Cd WeSE /mge L~

SW1 3.24 58.2 1.82 68.4 314 5.63 4.74 18.5 32.3 562 2209  32.8 116
SwW2  3.53 68.6 2.25 38.0 381 6.67 9.29 18.0 33.7 238 2155  30.5 145
SW3  4.26 56.2 2.82 179 418 8.66 2.38 13.4 32.6 811 1677  27.0 216
s SW4  3.63 60.6 1.23 270 582 9.65 1.34 10.4 12.8 1005 1965  31.8 265
SW5  2.85 72.6 2.4 236 524 8.22 1.21 13.9 24.8 825 1598  21.9 282
SW6  4.42 102 3.23 338 726 12.6 1.31 14.1 25.7 940 1752 26.2 356

GW1  1.62 6.24 1.82 2.84 10.6  1.94 57.0 58.9 93.8 52.2 187 5.2 23.4

GW2  1.83 5.25 1.43 3.46 8.5 1.51 52.9 61.8 94.7 88.9 178 4.4 18.2

SW1 1.09 12.1 0.57 12.4 65.2 1.42 8.79 18.6 40.1 375 1770  28.3 30.3

SW2  0.72 12.5 0.34 17.0 92.7 1.85 4.23 13.5 18.4 363 1782 33.6 45.6
SW3  3.65 87.1 2.16 117 251 7.76 3.12 34.7 27.8 1015 1482 50.5 111
P SwW4  2.58 53.1 1.28 171 254 6.45 1.51 20.9 19.8 1316 1573 40.4 128
SW5  4.56 61.0 1.23 233 397 8.69 1.96 15.4 14.2 767 1126 25.0 298
SW6  3.74 118 2.06 358 643 10.7 1.04 18.3 19.3 1055 1566  25.7 335
GW1  0.32 6.84 0.12 0.32 6.84 0.12 100 100 100 nd nd nd nd
GW2  0.45 5.60 0.08 0.45 5.6 0.08 100 100 100 nd nd nd nd

Dnd FoRARA H

SW3.SW4.SW5 Fl SW6 (1) ] i 5 42 8 7 i A
A2 W BT ZE R SWI A Sw2 I m ik
Pb~Zn. Cd 75 5t 7E MY 25 i 15 3 & ROk B i AR —
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