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Speciation and Bioavailability of Heavy Metals in Tailings and Agricultural Soils

XU Chao'?, XIA Bei—cheng?, WU Hai—ning?

(1. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. School of Environ—
mental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: The three—step BCR (community bureau of reference ) sequential extraction procedure method was used to analyse the speciation
and bioavailability of heavy metals (Cd, Pb, Cu and Zn) in tailings and agricultural soils around Caoduikeng mine tailing in Dabaoshan
mountain area, Guangdong Province, China. Results showed that Cd, Pb, Cu and Zn were dominated by the residual fraction. The residual
fraction of each metals accounted for more than 85% of the total content in mine tailing. And the Cd, Cu and Zn in agricultural soils were pre—
dominately located in residual fraction. The residual fractions of Cd, Cu and Zn accounted for more than 60%, 60% and 90% of their total
contents, respectively. However, Pb was dominantly released in the reducible and residual fractions. The both fractions accounted for 93.44%
of the total contents in agricultural soils. The bioavailabilities of heavy metals in agricultural soils were higher than those in mine tailings. And
Pb had the highest bioavailability among these metals in the two both of tested samples.
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BEHEYAREEB A S — AR, B TR
B LT AR H P ESRIES 0 HAY
A BRI R e o AT i B S RAE R AR N
SLE AT, SHEILRE LA XTSRS
TRE:EHEEE(CA Zn Pb,Cu) WFEE T ER
AEFEATHIIE , o i VIS mT AT i B o X R L A 1 75
B+ AR BRI PR AR o

1 #REFZE

1.1 PERXRERE R

KEIH HALT ZRFIES ML A AL , FsE
HIRZ: 113°40'~113°43", Jb45 24°30'~24°36' . H" X b
b B Z SR X, AR 3SR 20.3 °CL AFE [k
&7 17827 mm, REINGT R—ERE%Z B 4T
7 Ve =X N w5 o E 7 % NN 2 o T O % Nl
RESEER R, RS BV SRS E LR
T HEMMEITE 20 4D 60 FAURFFIRNER K
& EA MAMER X R R B S X E B+
B R B Y ERE ISR TR ERE 3 B/
R, TERD T REE 3 M H L3 . a7
5 m? YO FEI SR A S RUIRAE 0~20 em RJZ RV 138
HRIRAERE AR CHEERES O48a%, #
A E IR, B, i 20 B, RS pH, 5 B
BB 2Rk 100 B, HTE Cd.Cu.Pb Al
In BEKELEBIVAS
1.2 HRSHHZE

e pH (K HE 2.5:1)F pH HHIE ; EE TR
SERA HF-HCIO,~HNO; JH &,

R EERITE(CA.Cu.Pb F1 Zn) 39 R
Bi ek 2 1 F] (European Community Bureau of Refer—
ence, BCR) 1) = 20 7 L $R VAR 7™, 3143 A B $R A
(AT RIS FIRIREE G A ) TR RS (R A
EAD) TEAE (B K678 ) sk

B4 MGy, RBCPTRERINT . FREEM 1.00 g, H
40 mL 0.1 mol - L BEERYE 20 CF ¥z 16 h $EFER 7]
REGSTTER ;IR IR TTR R BUS 195 Y A 40 mL
0.5 mol - L LR ¥ % +0.05 mol - L' HNO; 7E 20 CF ¥R
U 16 h -TIRJFRSTTR s AR REASTTR BB K
By, i 10 mL H,0, 7€ 20 CFE 1 h J5, in#iE
85 °C(1 h),Fhn 10 mL H,0, 4k£27E 85 C T hn# 1 h,
ZJaH 50 mL pH 5 2 £ 1 mol - L BEEREE PR 16 h
RITAMASTR, RESTROSEHAES L3
R 4R S SR 2 E TR,

A ICP-OES (Optima 5300DV, Perkin—Elmer In—
struments, USA )Jl 5 +-3% Cd.Zn .Pb 1 Cu & &,
1.3 #igs i

R SPSS 13.0 #7447, BEMEDR
EZHE L,

2 GHRESH

21 BORRATEESESEST

R E4JE Cd.Pb.Cu fl Zn & B HIE
% 8.90.954.49.2 131.56 1 1 854.99 mg-kg'(F 1),
ENMEASTR R, FEERKHEARRZ
RO EEAR W EERE . REHEFEEE Cd.
Pb.Cu i Zn SE-3 4 B4 51k 4.82.864.79.1 007.34
F11507.50 mg-kg™, J&EZK IR ER R
(GB15618—1995, pH<6.5,Cd <0.30 mg-kg™.Zn <200
mg kg™ \Pb<250 mg-kg? .Cu<<50 mg-kg?) HJ 16.07,
3.46.20.15 1 7.54 1% , W W FE T A H HIEZ 3 E
4% J& Cd.Pb.Cu fl Zn B EHY(FE 1),

i pH{ES Cd.Pb.Cu.Zn BEEFAHKE, MK
Z B4 540840, -0.172,-0.912.,-0.983, H: 1 pH
{5 Cd.Cu.Zn B&E BERMHK(P<0.05),Cd 5 Cu,
Zn Z A Cu 5 Zn B BFIFHR(P<0.05) (£ 2),
2.2 Cd.Pb.Cu #1 Zn 75527

B Cd £ 745 & B W 4 BL0UT 3R E &
(86.34% )>T] B2 (6.08% ) >TRIZEUA (4.51% )>T]
WIFEA(3.07%) ; Pb £ IEA & B A BT R 3R 4

R HAEREESESER pHE

Table 1 pH and heavy metal contents of tested samples

BELRBITEEE/mg-kg?

o s H
R R P cd Pb Cu Zn
R 3 3.38+0.54 2 8904039 a 0544912397 a 2 131.56+143.61 a 1 854.994128.87 a
oA P - 3 5234041 b 480084 b 8647947388 a  100734:5143b 15075044335 b

AR TR B (P<0.05),
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Table 2 Relationships among pH and heavy metals in

tested samples

pH Cd Pb Cu Zn
pH 1.000 -0.840* -0.172  -0.912*  —0.983%*
Cd 1.000 0.575 0.966%* 0.896*
Pb 1.000 0.441 0.271
Cu 1.000 0.967**

e SRR P<0.05 Fl P<0.01 B K

(91.38% )>TA] & JF 25 (5.57% ) >FRIZ B 25 (2.88% )>T]
AHA(0.17%) ; Cu BIEEEH BN/ ELIT A5 A
(88.87% )> Al B A7 (5.44% ) >BRIZ B ZS (3.26% )> 1]
WIFEA(2.43% ) ;Zn BT B B BUTT AR A
(98.02% )>A] B A 75 (0.85% ) >R B 75 (0.80% )>TA]
WEA(0.33%)(F 1), BRHEERITERES S
L X HE#, Cd Pb.Cu F1 Zn MERIES S HEEME 4
BIIFE 85%LA I, L Zn B, iK% 98%. 4 FPE LR
A ER PR EAS BT o S B Y EL B R/ MIRYR R Cd>Cu>Pb>
Zn, XUiEH Cd WRT BB AL B & B L5
4 MESREN TR ES S BT 5 SN R
Pb>Cd>Cu>Zn;4 FE 48 AT S LS i B2
HeA R/ IMEIR S Cd>Cu>Zn>Ph ;4 FivE 4 R HIERIE S
T S EERIF A Zn>Pb>Cu>Cd(E 1),

A H 8 Cd BB A S B I 4 BT 5%
25(63.68% )>FRIZIAS (17.46% ) >T] 18 JF 75 (9.46% )
>A[ A5 (9.40% ) ; Pb ZILA5 & B 43 BUDUT A 5%
ES (6237%)>A[ R JEE (31.07% )>RS
(6.39% )>T] B2 (0.16% ) ; Cu RIS B4
WP A5 45 (60.91% )>TT 38 A (19.82% ) >FRFZEL
75 (14.66% )>T] EALTS (4.61% ) ; Zn KIS S B4

BE I 7 Sk 5 25 (91.03% ) >BR IR E A (4.78% ) > T i
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Figure 1 Fraction distributions of Cd, Pb, Cu and Zn in
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tested samples

JFA(3.59% )>7] E k25 (0.60% ) (B 1), Pb #£ -3
FEUBREDHURES (FEEMYEES)N
&, ULEH Pb 5 BV B T R 1) AR S S RS
WY E, R HAE T EP TR K,
HIRFEBS M & & LB, = L35 19 Pb BEFN/K
WRE T REMEE/N; (B Pb EERENEMYES
B, ERREEAMT , X8 Pb BBk, BA B K/
W%,

KHTEPESRITEURES N FE,C.Pb,
Cu Al Zn PYRRIES 5 H BB E 0 BI7E 60%0 |,
Bt o B B H R /IMKIR A Zn>Cd>Pb>Cu, LA Zn B
B OEE] 90%LL F(F 1);4 FhE 4B IR IEECS AT 5
BEMHEIR/IMEIR A Cd>Cu>Pb>Zn, X168 Cd /Y
AR SIEATE LRI IR 4 MELE TG
JEA S BT 5 B E BT R Pb>Cu>Cd>Zn, KA,
Rl KRR ES P, SHEER
31.07%, %2 T 54 Fe #1 Mn (S L4
& Mn FYEEALYIXT Ph> G 1R 58 1Y) % 1 I B 8 722
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2.3 Cd.Pb.Cu #1 Zn HELHES
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b Cd.Pb.Cu 1 Zn B 342545 £i7.58%
8.45%.5.69%F1 1.13% ,Pb (B ST , Zn B 3K
AR (ZR 3), KRH 13 Cd.Pb.Cu Fl Zn B9 3L
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Table 3 Bioavailability of heavy metals in tested samples
A% FRES/%
Cd Pb Cu Zn Cd Pb Cu Zn
Bk 758 845 569 1.13 9242 9155 9431 98.87
RHETIE 2692 3746 3448 837 73.08 62.54 65.52 91.63

R

S FRRIEIS N £, Pb IR E SR L FAR =+,
Cu AR A, AR JRASFIR AR L, Zn LASRHE
SAE; BOMKHEPESR VARSI
Pb N, Zn N fi.
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