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Abstract: In this study, the predictive ability of six extractants (HCl, DTPA, CaCl,, NH,NO,, MgCl,
and deionized water) was investigated with respect to bioavailability of Pb, Zn, Cu and Cd in three types
of vegetable planted soils, which were collected from Shangba Village near Dabaoshan mine. The resulis
showed that Pb extracted by HCI and DTPA and the Zn extracted by CaCl,, NH,NO, and MgCl, had good
correlation with metals concentrations in the three vegatables. Among six extractants, CaCl, extractable
Cd showed the best correlation with bioavailable Cd. Extracted Cu by all six exiractants had no signifi-
cant correlation with Cu concentrations in vegetables. HCl — and DTPA - extractable Fe and Mn concen-
trations were very high in soils, which indicated that most of Pb, Zn, Cu, and Cd were tightly bound
with these fractions and this might be responsible for low extraction rate. Comparing with Pb, Cu and Cd,
Zn was least affected by Fe and Mn oxides. Moreover, the heavy metal concentrations in roots could be
more reasonable indices to investigate the transfer from soil than those in shoots.
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WA B D IT B A BRTE IR B2 R 53 10— A
R e TS RS A 5 L B e
B R B A5 S, BAR ALY
0 R RO A 7 A O B A R 1
PR, T T 1% 3 M 0 B g e O
#H o SRR T 4R T A A 0 AT R A
BIRA W, B2 ek Myshds, MR
PRIAEE . BA 154G 0T NS Ye ) 2 18] i AH B4
FHEEB RIS, BEJR IR S
Z5to WM HIRE SR AEYA S ERE k,
e PR 2 — B BB e R ),
TREME SR IS Y A WM FIATE,
ORI by T L B A R A R T R B e, (EJR A —
FEWGHFN S L2, B[R] — b H B0 ot R i) 16 9
WA ERNFIRER . AT R ILE X H
SVS YL BN A AESE . JFSERIZESE 3 Bh3EH
%, WISPE Pb, Zn, Cu FI Cd 248 5 415 4L 11
WL T, 6 b 28— R BUA HCL, DTPA, CaCl,,
NH,NO, , MgCl,, BTN M+ 1 Pb, Zn,
Cu 1 Cd BHILAR T, FEAMHT ERIREGIN B 48
AT R A Y SR T

L ¥ RS DR

L1 #EmRE
TG YR A X B RE A TSR
WIS WL U e, BB (438, IF3k.

PEIR) MR BOURBR LRERS 10 4, B R4

FEABAS 3L 30 4
L2 sy

RS AT, BB 20 HfE A, +
FEEREE MW - HhR 41 FIkHm, Hi5

pH EHALKLE 1:2. 5 1R E, fRshBEHE 1 min, K5
# 1k 30 ~60 min, ffj pH it (DELTA 320) J5EiE
Wo LIRARBUS A M E I 528 0.1 mol/L HCI
(A7KE1:25) 0 0.01 mol/L CaCl, (F7KH 1:5) .
1 mol/L MgCl, (/K 1:8), 1 mol/L NH,NO,
(K 1:2.5) 0 ZBEFK (LK 1:2), DTPA
(HKE1:10), WAJEIRY 2 h, BLadg,

YRS Bk sk 2R EVEYR, G £
B TAHIT RV, TedET, 65 CHL48 h
JEBU, 2o EHCREESS . YRR P EA)R
R - S AR 41 RN, BEKERE
e ALY 1 TE 4> JR $2 BUUK A ICP-OES  ( Optima
5300DV, Perkin-Elmer Instruments, USA) &,

N PRUESE IR 1Y BRI BE , AP E 3RS
TSl B0 IR AR M ) IR+ (ESS-3) Al P 4T A
(ESP-1) GE47 2047 B B 45 il o T 45 R 00 5 2 1 0
AT R ZEHBTE L EoR VG o 7B 5206 P 45—
FEAARBCE 3 APAT, BBRCE S AR AR SC 56
HOAE L 52 36 v i 25048 Ak BB RN 43 7 B 1 EX-
CEL2003 F1 SPSS1 6. 0 52

2 SRS

2.1 HmEMTEEGESE

RAE LAY pH {HE 5.10 ~8.29 2 &), + 1%
HPb, Zn, Cu Fll Cd & & AT HE 5N 116,
224198 1.1 mg/kg, i BE - 398 35 4% i 8 A v
(GB15618-1995) | — % kxuE, Pb, Zn. Cd Hl Cu
HIREARE S A BIA R 3% | 30% . 90% F1 100%

3 MRS, RN E AR S BT
MCHR I [ GEBR S TAEAR BRI (38 1) o BR T A4E3K,
PSR Zn b LA BT T 3440, Ho
BRI EZ MR TH T

k1 BEHRGELELT)

Table 1 Total concentrations of heavy metals in the vegetable samplesg mg/kg

BRI Pb Zn Cu Cd

S b 5.59 +3.18 164.3 £97.8 18.4 £6.6 2.11+1,14
KT 11.46 +9. 46 132.8 +84.0 42.0+17.5 2.53+1.48
FFEH 4.04 £3.17 73.4 £28.0 31.6 4.5 1.31 0. 90
TrEE T 8.50 +7. 03 120.7 £59. 1 112.2£35.0 2.31+1.03
ZEEH | 5.33 +3,65 130.3 £122.7 17.0 £4.7 1.73 £1.99
TEEM T 6.93 x4, 04 120.2 £106. 6 130.5£10.3 2.11£1.07

B SE DL AE AR HERRAH

0.2 (GBI18406.1.2001) 20 (GBI3106 -94)

10 (GB15199 ~94) 0.05 (GB18406. 1.2001)

e RPPARNIYES IR, n=3
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2.2 6 FIRENFIRENHE 1 b B R o

i3 2 A4, 6 FHERIBGAIXT Pb, Zn, Cu Al Cd
HOHREBCRE SRR . HCL 397 B e 4RI 3L
Y& DTPA, {H DTPA % Cd iR BURIR D, LT
o R s K B A B0 R & R e 1 Call,
NH,NO, , MgCl, ff5HRE )t X < JR Al 2N R i A

[, o MgCl, 1 NH,NO, 43715t Pb Fl Zn fl4HL
HOREST, FIES 51 0.34 F1 5. 14 mg/kg; i
NH,NO; #I MgCl, X} Cu Ay 4R H 248 2 Him T
CaCl,, HPEME 5K 1,22, 1.24 1 0.76 mg/
kg, HA CaCl, $2HLIY Cd fef i, F¥{H N 0.05
mg/kg,

k2 BRBANMNLFHKETELBGRRE

Table 2 Extractable heavy metal concentrations in soil samples by different extractants . mg/kg
I H HCl DTPA NH,NO, MgCl, CaCl, H,0 Total
H3E 18.25+5.25  11.35+3.91  0.04 +£0.05 0.31£0.40 ND ND 121.51 +34.34
Pb FF3E 17.15+8.71 10.30x5.88  0.04 £0.04 0.37 +0.49 ND 0.01+0.01 96.83 +21.17
ZEE 17.35x6.17  12.06 +4.51 0.04 0. 04 0.32+0.34 ND 0.05+0.06 114.39 +40.16
A3 32.97+4.08  19.49£10.40  6.22 +6.55 3.93x3.77 3.74 +3. 64 0.38 +0.36 217.91 +£10.40
In FF3 34.16£11.72 19.14 +11.39  3.78 4. 56 3.37 £3.37 4.14 £3.33 0.60+0.75 216.18 +74.88
ZEFE 34.66+11.66 21.27x£16.51  5.42 £6.59 4.35x5.01 4.18 +3.29 0.51 £0.36 228.54 +75.18
A3 30.72+6.49  30.35x7.21 1.17 %£0.35 1.21 +0.36 0.73 +0.30 0.97 £0.31 20.902 +42.25
Cu JFF3€ 28.70+8.4 27.88+11.39 1.37x0.51 1.26 +0.21 0.81 +0.22 1.06 +0.23 189.19 £55. 58
ZE3E 30.46+11.8 29.95x14.25 1.12+0.46 1.25 +0.42 0.75 +0. 26 1.20 £0.39 200.79 +£76.77
H3E 0.17 £0.05 ND ND ND 0.04 £004 ND 1.1x0.3
Cd F3% 0.1520.06 ND ND ND 0.05 +£0. 05 ND 1.0+0.4
ZEHE 0.18+0.07 ND ND ND 0.05 +0. 05 ND 1.2%0.4

W ND—RAGH, FAPEUENIELRERZE, =3

HCI fY32EHCRE S e DTPA 3, — 5 H&H T78
F DTPA B RS, £ RE TS5 DTPA JE U
U () Me-DTPA, i i — 2 ) A+ 380 i 22 IR,
TEJRF VR T 7 41 HL i) Me-DTPA 45 5 450 35
WiEHSEE AR B B—Jrm, ST S
FIRIREL SR Y R E M ESE, DTPA HiE
EEUH Y R EE T E e ESREY; Bt
Bed HCL 2 HUES Fe, Mn 2 8 & DTPA 2SR
2.0~45.54% (F£3), IFHIET Zo LI, HCL R
BESHESBR SRS Fe, Mn S EHBEMER (P

<0.05 1 P<0.01) (34), Hik HCI AT s i
FEL MR (AR B, I 2 1 T
SR IR R, 3 4 VB R U 13
HH Zn 8 Fe. Mn SALYI B9 W LN, T Cu,
Cd 3% Fe, Mn EALYIMEEF, Pb 5% Fe G ALY
ST Mo G0N, B T 4 R BRI SR
TR S HAE P G IRTERAS A 5, LI Fe,
Mn Ak Ph. Zn, Cu 1 Cd i [ VR 1 BB
0T 3% 4 BRI Y TR MBI, Hp Cu, Cd 1 Pb
A A e A

£3 LM+ HCL, DIPA REALGS T

Table 3 Extractable Fe and Mn concentrations by HCl and DTPA mg/kg
i H HCl-Fe DTPA-Fe HCI-Mn DTPA-Mn
e SEiE 3378 98.1 66.6 33.7
(iﬁ) R 369 ~ 4393 14.0 ~ 194 19.2 ~ 129 14.0 ~90.3
5 RS/ AR LRl % 15.2 0.43 15.2 7.67
e IME 3423 75.3 56.8 24.3
(njt%O) HELE 2446 ~4622 11.5~152.6 31.0~101.1 11.6 ~56. 1
o Bk 4R Y LB % 15.6 0.34 15. 1 6.48
e SEIE 3464 79.8 74. 4 31.7
( %i) SEEE 1059 ~4947 10.3 ~163 19.6 ~156.5 14.7 ~67.9
n=

R R Bl %

15.2

0.35

15.2

6.46
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&4 E4% HCl, DTPA JRIAAF 1A 4948 2 b oA
Table 4 Pearson conelation coefficients between heavy metals extracted by HCl and DTPA
i HCl-Fe HCl-Mn DTPA-Fe DTPA-Mn
HCI-Pb 0.455* NS DTPA-Pb NS NS
HCl-Zn NS NS DTPA-Zn NS NS
HCI-Cu 0.525** 0.514** DTPA-Cu 0.423* NS
HCI-Cd 0.454* 0.486" * DTPA-Cd - ' -

# Mk w RIFRIRTE0.05 F10.01 K FRBBEH; NS BREMAENE, - S BIRBESERMRLT .,

CaCl,, NH,NO,. MgCl, 5% 3 7h$8 B30 10 72 i
We BN A, CaCl, 2 0.01 mol/L. Tij MgCl, FI
NH,NO; 44 1 mol/L, 1 mol/L MgCl, 4 %% 5 Wk jiF
HCl, MERRPHESEE TERTESES
Wy, AR T <55 R T R ) S - LR
0.01 mol/L {4 CaCl, [H CI~ B 738 & 48 XJ %% /N,
CUBTFHERAAREE", 1 nol/L iy NH,NO,
KRKWEFIRE, 2140 ICP 4558, thopEL
FERRBUI R STE R Me (NH, )™ 844, HRB
HH® (40 Cu® + 2NH, = Cu (NH,)?* +2H"),
SHEGRBOR Y pH (TR o B4R pH {8 # A% T
iR IR 2, (HARE R T w4 RN A A
R . ERETIRA LR IR A RE & 5m ik
3 PP AT AT AR TR 1 FRBCAE . D Mg?T, Ca’t
NH,” = KW M58 #e 6 R ), Ca®* > Mg’ >
NH; U @ BB v s 058 T AT 5 5 4R AT
WY, NG EA WM, @ NH, BB
e Me (NH,)"™ B)48EY), B H ;. @ 425
SR BURBEART . BRI 4 A T8 4R B

RN E GBI E, ERAMARNERE, Hhe

R EAERAR, EESERNETISE A
M, WIMTSEEREGRAZER, BTHTFOQO®@H
2, —BEBEMRTF, 1 mol/L MgCl, 1 1 mol/L
NH,NO, X} 4> /& i 32 B . F 0. 01 mol/L CaCl,
HISRICEL, WASSLEG T MgCl, 1 NH,NO, X§ Pb #
~Cu fYHREUR R T CaCl,, {HABFIERIRIBR™,
X FUREEIL/NF Pb, Cu i Cd T, 3RBUTH iR
SRR B2 XHR BB Y M 25 ARG, et PR QD] g
BESIEN, AR MSE 3 h Yy CaCl, 25
Cd &K T MgCl, #1 NH,NO,
2.3 BRESBEEES5TEESBRINGAEN

EES ATy

RS AL, P L, TS Ph 5
HCl, DTPA, MgCL, 3RIAS Y Pb 5 B84 (P <
0.05), Juih HCl, DTPA $EEUA Y Pb I Wik
BEMRK (P<0.01); A3 TH0 Pb i s

BEZERL, 5T A 3E S fse B BT oY 45 R
M. LTS, HCl, DTPA J8 B RS &5 4 H 57
W Pb B A PRI . 33X 3 s Cu i 5 4
gerh Cu WETER B B EMELR, T Zn
&, 3MEEM L, b TFEH Zn 5 CaCl,,
NH,NO, | MgCl, 3% 3 il 284 2519 Zn ¥4 538
TSR (P <0.01) o T IR 5 0 P 33 338 o oy 3
A 2o GREE", FRZRRER K TE Y ks
5 338 Zn Z2 AT AR S LR B T B =X
WX 3 FHBESEWIC, 3 FERSE P Cd R CaCl, 2
BUS B Cd A AR 47 1A 6 ke 3% 4 35 CaCl, |
NH,NO, J&IGESH) Zn, Cd 5E A Zn, Cd &&FH
CaCl, RIS Zn 5K 40T ¥4 B 51 o
M Zn & B 1 MO R BF T A A

o S N i A TR R i o A Sl g K
BESEBERMCHAEZES (FES) . A3knH
TR Ph &5 HCL, DTPA_BUKIRASHY Pb &
B, WTFEH Cd &85 CaCl, BN Cd A&
WA BAEI MM (B L3 #4569 Pb, Cd
RSB Pb, Cd A8 T W E X
Fo IFEMZESLAIH - T4 Pb, Cd R 5+
B Pb, Cd FAGES & B AR IR, X
VB St T B 50 1 EE 48 o T LA v A o 52 ot
TEREERBPFIHOEI, X 5KE, ERMEE
o RS 1A b B B S T E AR
WA R A —B
34

(1) 7£ HCl, DTPA, CaCl,, NH,NO,, MgCl,
EBST /KX 6 FhAREGH o, HCL 3R TRE ) 5
S, FUCR: DTPA, 28 F /KA IR BUAE 1 & 5.
CaCl,, NH,NO,, MgCl, 33X 3 AT 28 e 25 i $R B
FEX AR 4 B SR e A 20, e I g
FOBRGEEAT Pb, Zn, Cu 1 Cd % [ 2 VE Fi B B 840
X4 TESEMPL, HPb, Cu, Cd FF3ZH %M
KF 7n,

(2) HCL, DTPA $2IUfY Pb, A28 e 253 B
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(CaCl,, NH,NO, Fil MgCl,) #EHLA Zn I CaCl, $2
B Cd AT A S ek 52 L R 3 0 ¥ e b 0
FESBREYA S, 3 MEETN G B RS
TP Cu 2B K 6 BRI Cu SR TR
TR

(3) BRICHLT #4310 B 45 8 2 H AT v

J5 TR 4R A LA T R, T A
B4R R T LGSOk UL AT BEIF AE— MY E
2B A W T I B O AR AR o

k5 rHTFPELERBELSELSRETHELRLS WML AL

Table 5 Pearson correlation coefficients of heavy metal concentrations between vegetables and soils extracted by different extraclants

SR He ST R A HESEHL A
N Pb Zn Cu Cd Pb 7n Cu Cd
HCL 0.758* NS NS NS NS NS NS NS
CaCl, - 0.765* " NS 0.639* - 0.763* NS NS
NH,NO, NS 0.761¢ NS - NS 0.774** NS -
MgCl, NS 0.819** NS - NS 0.769** NS -
H,0 0.813** NS NS - NS 0.682* NS . -
DTPA 0.868" " 0.749* NS - NS NS NS -
SR I T E S Iy e B4y
: Pb Zn Cu Cd Pb 7n Cu Cd
HCL 0.880"" NS NS NS 0.801"" NS 0. 660 * NS
CaCl, - 0.793" " NS 0.889** - 0.793** NS 0.889" "
NH,NO, NS 766" ¢ NS - NS 0.818*" NS -
MigCl, 0.666° 0.775*" 0.662" - 0.674* 0.785*" NS -
H,0 NS 0. 624 NS - NS 0.707" NS -
DTPA 0.790* * NS NS - 0.656" NS NS -
MH TRy TEEEPY
A Ph 7n Cu Cd Pb Zn Cu Cd
HCL NS NS NS NS NS NS NS NS
CaCl, - 0.958" " NS 0.907"* - 0.791° NS 0.733"
NH,NO, NS 0.982%" NS - NS 0.855"" NS -
MgCl, NS 0.898** NS - NS 0.915%* NS -
H,0 NS NS NS - NS NS NS -
DTPA NS NS NS - NS NS NS -

* Fll % % SPHIZRIRTE 0.05 0. 01 AKF AR RFEME; NS TTREMAN:, - BBBESTERIRET
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