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BB R BAn i, R E Y X H 4 H 3 Pb.Cd MBARZE 518 14.1%H 92.3%; Z I E S5 LY R EirE, A&
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Abstract: The fraction and bioavailability of lead(Pb) and cadium(Cd) in the agricultural soil around mining areas in Shaoguan were ex—
tracted by modified BCR sequential extraction procedure and DTPA extraction method. The results indicated that 14.1% and 92.3% of soil

samples had exceeded the class II threshold of Soil Environmental Quality Standard (GB 15618—1995) for Pb and Cd, respectively. The

over standard rate of Pb and Cd in vegetables were 57.7% and 48.7%, respectively, when compared with the maximum levels of contaminants

in foods according to the national standard GB 2762—2005. The greatest proportion of Pb in soils was the reducible fraction, which account—
ed for 76.13 % of total Pb, followed by the residual, oxidizable, acid—soluble. Cd was dominated in the acid—soluble and reducible fractions

and they accounted for 89% of the total amounts, and followed by the order of acid—soluble > reducible > oxidizable > residual. According to

the DTPA extraction method, the content of available Pb and Cd in soils were 24.91 mg-kg™ and 1.29 mg-kg™, respectively. Concentrations

of Pb and Cd in vegetables were significantly related with contents of acid—soluble, reducible, oxidizable and the bioavailable form, except for
Cd in carrot. No significant correlations were observed between the concentrations of Pb and Cd in vegetables with soil pH and organic matter
contents. Results of the stepwise multiple linear regression analysis revealed that only the residual fraction of Pb and Cd in soils had no signif-
icant influence on the concentrations of Pb and Cd in vegetables.
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TREAYHTESRNEIRRZ —, 1P
HeRBHAANFRMNFEES, AR SHE SR 6
SPEEA RIS, I HERE M E R A
AR TR TR AR B AR BIEIN, T,
WAELERPOL B Z A TN S P EE R
YRR, EERBGAREFAI X /) 1R E
BB RIARIES LHAEYA BTN 2R
R S 44 b5 E 4 5t RS ( European Community Bureau of
Reference )7E 1987 4E N, T —& = SRR LY,
Rauret 4 X 7E1% 07 S0 5EA E4R 0 T 2#E 9 BCR IR
FPEREOT 85, T2 B TR I LA fh N E R
AT DTPA M —FAREG, B Z R T2
P ESES WSS S EY,

HRCHAL EIL, 7R IHE R PRI A . &
JEBILIIF R A B R R BRAE A 1L B K AR A 3 X
WIS R PR AR BE SR UL HEHAY
RRBIKRY X RN SRR BT YR T E
RV, AR, s X AR H NG 2R
TSR A, O RFEE BB R, A
SR IS X A IX SR I — i AR SRR SR
MR, A Z PRI S Pb Cd BAR=E", LIE
MRS ARE L RE SRR SN EYES
BERMMERKR, X HERGREIFEE K
HAYA BRI GE— IR AP EIR RN 2
B X JA AR FH A SRR SR SRS B, 1 U 4 3
HgJE Pb.Cd BB A0 AR RS BT T 7
B, BE—25 T R OCHT XK HH R R BRI
FRIEFIGR S AT SR T it , SR X &R A9
AN A R TSR . AL, ARG,
FHE-HRRL, BRI T RERXESRTE
H5HERSGREXESEBIARSTRIOMRKE,
FHiz FBE A Znk Ak BA 4T, X BTkt BCR
% DTPA REQE I AWM, #E— Ak
BCR ¥LAEMI IR RH X AR LR E S R AEWA
LR AT

1 #BE57FE

1.1 FAREHER

AN AL A7 T ARZ 112°50'~114°45" Jb46
23°5'~25°31'Z 8], MIFHER A, DA IRKE SN
F 5 MR PR R IR SRR X, B
BUA AT U ORI E R, R e EEAN S
BERBZ S, FRTHEFHSIR 20.2 C, 4EXFEW

& 1900 mm, &4EFLFEH 310d &4
1.2 REmFRE

FRIEFHOC 20 XA Ry = HECIR B0 A B
SEFPRETE AR T R, SRR TR T BT X
R X FLRE HRE A E S MR B FETXE
JAARH, T 2010 48 7 A 12 A 4Pk AER &R H
SR E 3 (0~20 cm)78 AN, I RES LI ——3F
PRI BRSAE B mIRE R A B AT BT,
HAEAE DREEM PR, A RE T &35, 4%
H% N (Daucus carota)11 /> 5L 5. (Vigna unguiculata)
16 ™ B (Capsicum annuum L.)24 4~ Fr3€ (Apium
graveolens )15 /1> . /1N H 3¢ (Brassica rapa chinensis )12
o REFBFFHEZ SR (10~15 1 5) 1B
SR HIMES | kg ZE A AR G
4%, TR ERMT, #8513 20 B, HLAE
14 pH FUE B ; 20U 535 BUER 7 1 388 B 40 it
100 i, FLAIRE 13 Pb.Cd £ BEMEIERETE.
BRSEHE G R B KU BT REAK S, SR
F-20 CRGRI A o
L3 HmathAE

+ 3R pH B (7k:+=2.5:1) i pH il & ; -3
AHLE KGR EEIRA AL aEE", 1%
#4845k HCI-HNO,-HCIO,-HF YRR JHA#"",
FAHBHE G 5 B 1R & 5 61E4L (ICP-AES Thermo
iCAP 6000 2% )W5E . BikESE S ERH HNO;-
HCIO, JRERIA AR, A 0 [ F BB (GFAAS
ZEEnit 600 &% )M %E

THEESEJE Pb.Cd AT R Akt BCR %,
53 R RRAR IS (A AT A FIBRIR AR5 5 45 ) VAT Ji
A(PEEMMYEED) TR WY KXok 4s
B FIFREL 4 M 5 RBCPRFEAR T FRE L
# 1.00 g, A 40 mL 0.11 mol - L™ HOAc ZE =R T k%
16 h REER FT4RIAS TR s IR AT IR IS ST R IRBUG 1Y
Y 40 mL 0.5 mol - L NHLOH-HCl ZE =B TR %
16 h RIANEFEASTTR s 5 _BRBUR Y+,
Hl 10 mL 8.8 mol - L H,0, 7 20 CTFHCE 1 h J&, fnk
Z 85°C(1h), Hh 10 mL 8.8 mol -L™* H,0,, 7£ 85 °C
ks m# 1 h JFA 50 mL pH % 2 & 1 mol -L-
NH,OAc #¥% 16 h f2IUA AT R . BEHERAR T
] HC1-HNO,-HCIO,~HF DURRIHf# , 15BN FRE

+ 3 ®E 48 Pb.Cd F 3 E KA 0.005 mol -L™
DTPA $2BGHFRI FBGRICE T AN T FREX 1.967 g
DTPA ¥ F 14.92 g TEA FI/8/KH, Fi¥ 1.11 g CaCl,
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BTKE,—IA 1 L AR, K ZEZ) 950 mL,
A 6 mol- L™ HC1 {5 ¥ 875 pH & 7.30, &J5H/KE
o FEBEBCLTRFREUS 20 B 8, I A2 BT
25 mL J5, EiR FRAEAK PR EE KRG L, B4
AE IR 200 Y, RH 2 h, BUT 138, FERWET
AT 5~6 mL, FIRIER T B S FH RN
Hei A EALIRE

S0t BT B SRBR IR R R i, TR REE SeAE
wh 23 BT o R RO A [ 2 AR v ) R £ 3 GBW07401
(GSS-1)F1[H 4 3% GBW10014 (GSB-5) # 47 it & 5
i, R Bt T2 B AR G SE R0, 76 ICP-AES il
LA EITRES, B 10 NI R G ] AR AR 25
B DRI ERS . F ICP-AES Il & +EHE 4R
Pb.Cd £B XK TLASELE RN R 8.
0.3 ug-kg™; I GFAASIIE# X E 48 Pb.Cd & &
e s R 43318 0.5.0.05 pg-kg s

L4 IR HT

BB SPSS 17 BKPREFTSEHHAMT AT
ST ST RO
2 HRSH

21 TENHXESESE

RN XA H -3 pH {E7E 4.58~7.41 Z 8] ,F
BIER 6.07, IR+ H R F (R 1), HEAIRE
2T 0.62 %~5.32 %2 [A], 13 Pb.Cd SEKFH
B 43530% 120.43.3.21 mg-kg™, WiB T G 1%
H5t{E(Pb=35.87 mg-kg™,Cd=0.094 mg-kg™), S0+
IR R B AR E(GB 15618—1995) i —ZidnifE : Pb<
250 mg-kg?(pH<6.5) ,Pb<300 mg-kg(6.5< pH<7.5),
Pb<350 mg-kg'(pH>7.5);Cd<0.3 mg-kg'(pH<6.5),
Cd<0.6 mg-kg?(6.5<pH<7.5),Cd<1.0 mg-kg(pH>
7.5)0 TR XA H -3 Pb.Cd & EREARESFE
#| 14.1%F1 92.3%, Cd I5 YL i = ,

R BRXEIETXRATBREABUMERRECERE
Table 1 Basic properties and concentrations of heavy metals in

agricultural soils around mining area in Shaoguan

i H (n=78) i AR PrEE
pH(H,0) 4.58~7.41 5.99 0.61
OM/% 0.62~5.32 1.80 0.90

13 Pb/mg-kg 20.01~688.32 54.22 147.51
F A Phimg kgt 2.89~214.50 8.38 37.11
+4 Cd/mg kg 0.10~19.07 0.71 4.89
AN Cdimg-kg? 0.04~11.03 0.24 2.14

ZHRERTPIERYRERE (GB2762—2005):
Pb<0.3 mg-kg(H3£3%),Pb<0.1 mg-kg(HR2£3%),
Pb<0.1 mg-kg ' (JF3MHEME);Cd<0.2 mg-kg™ (At
¥35),Cd<0.1 mg-kg'(H32£28),Cd<0.2 mg kg (/&
32),Cd<0.05 mg-kg ' (M), REFNK Pb &
HIBIRZE R 57.7%,Cd HIBIRER 48.7%, WM& 2 7]
LIEH, X ELE Pb Ml Cd, AEB MR EEM
BERBERS MR, BN Pb B HERBO/MKIK
H/NAFESHM=ESTAE M=ILE % Cd B R
BR/NR A DSIrsessil>/NaR>IL G, ATLLE
H, L EXF Pb.Cd M EERERSS , /N XS Pb DA K
BE M Cd B4R iRk, DMEM R tR,
SRR 2R B 3R L HA SR g 3t LIRS R A
AR E £,

22 TEEERESHH

PR IS RV RA SRR IEE, TR EE
RHYES PRSI SRR
B BREDREYILFAREF FHMIEA , WY
SILPFRIAM, W 3 AT UE HFAT X EnR
HAE#Pb IATRES N E, HB 4 MIBSFH
76.13%, Pb ZILAS BT EUIF A : FIRJFAS(76.13% )>5%
i 25(9.97% )> T B AL (8.16% ) >TRIZEU (5.73% )
VBN S84 X 3 Pb MBS 5 £,

R2 BXEEVRERERKESESE

Table 2 Concentrations of heavy metals in vegetables around mining area in Shaoguan

Pb/mg-kg™ Cd/mg-kg™
R En ]| i P ER R i A I ERRE
% b (n=11) ND~1.75 0.18 0.03 0.05~0.57 0.16 1.73
FLE (n=16) 0.04~0.88 0.21 0.03 ND~0.16 0.07 0.25
B (n=24) ND~2.40 0.19 0.05 0.01~0.47 0.11 1.18
73 (n=15) ND~3.47 0.19 0.05 ND~0.90 0.17 1.53
/NEFH(n=12) 0.18~3.35 0.21 0.06 0.03~0.75 0.05 0.88

ERESR AR ESR S PYEER IR RGR TENES R &/ R ES R &5 ND R,
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HrHPARESHRESZ MG LELED
86.54% ; A SC ) FH Bl BCR ¥ %8 BK I AL X+
BRI ESBRALAES, 3 Pb MRS
Fe BB R, KB T 41%, 3% LRI 645 R 5 AT 5T 45 1
—3, BB ERN, £ Pb 55 Fe-Mn & b (R]
FIRJRAS )Y BAe R 2 (48 ) & 0™, A PR B IS
AR BIATEHE, HEMHHH XA H 135 Pb 1)
15 Y KBS AT BN . (AR R A2, 145 pH [EEA
R E AR SN BB R RS A EEY
M U6, -39 Ak o AR fE PT BB AT IR RS Pb
A ERAR A Pb etk E— B BRI e b 25,

P P A 2 BSR4 ] 3T 4 ) W B ) S - AR
A IEE  RIEST B, 7 P BRI 4
TS EGEERRR, X a4 E RNE
USSR A R R SO STAE H , H IR RS
Cd FEREURM TN ERAESLEEH. HERITUE
H, 3 Cd BRRBGESFIAT B R4S &5 2 4 FpE A AT
89%, TFREA N 53] 4.67%,Cd FIEAM BT
R BRPE AR (57.42% ) >V 18 JR A5 (31.32% ) > AT A4k
(6.59% )>5REA(4.67%) . #H—F W5 R, R
IX 35+ 38 Cd AR 42 B AT 38 R 245 ¥ 18 2 ) ik )
2.09.1.14 mg-kg™, XM AKMH T (E R L EAE T
BRI H Y R ERLE A BR BB, AT L, H e X
A% H -3 Cd FFEAER KBTS e XK . #5E XOR H +
HELARRYE + 0 3, SO AT RESE—A ] AR B EE
AR JRZS Cd BB, TR LA 20 R U 355 it Yot
X A% H 43 Cd V5 et A7l

23 TIRESRHEMAEN

He RN EYABMERIEE SR gAY Rk
R PR A 7= A A R L AR , BT el B 3 A R
KA W AR TR BERAREARTEN T, i E SR A
AR T ERNRWT : —XRE AN, int3 pH
BB B TSR AR B —REFET
TIEPE SR A RIES K Z A RSP EAE
Mo

K AGIH THREZY KARMGEN Pb.Cd & &
ST BEESRAVGERFILSESRE L% pH AL
JREGHRMENE DL, FTLIE H , BR THLE Pb,Cd FIBHL
Pb &85 A ML LA B Cd 3 & 5 13 pH
AHREZS, ik Pb.Cd & &5 13 pH A YR
TEMXMEAR, XA R TEMKHiERESR
SEMNARARS , G RSP BT, HE B
IKIEDL , A& RAEAE I8, A& B 7 05 , iIX e R R
EMPLER A R — P RARI I bR T A% b Cd 2
Hb, 52k Pb Cd & 25+ HIRIZEUS A JEAS ]
AN T IEARE T RAA BRI RN, XA HE
JEHTHE MAORZEBHMR RIS RS, BB
W Cd 38 T 75 A2 3 SRR Y , AT el 2
IR PRI A pH AR ALIE S 7 25, FETT k28 +
BEGENNSHRAIE SR, R 5 HAN A5
KA ARFSKEESE Pb.Cd FTES 1%
RIS RERNARF, BR T F3M/NEZR Pb,
Cd, B Cd 55 1 3EFRAEAEA XM Z S, HAETE
AR, X AT R T ek gise st HIRE SR A

K3 PAREEFTXKELEE Pb.Cd WEEIHER(n=78)

Table 3 Results of speciation of Pb and Cd in agricultural soils around mining area in Shaoguan(n=78)

JLER BA i FEl/mg kg™ XA /mg kg™ Pt mg kg BT o5 L f5il/9%
Pb RIS ND~111.34 7.51 17.74 5.73
AR 2.09~587.68 99.77 133.98 76.13
AIEALS 1.32~56.38 10.70 11.90 8.16
BRES 3.32~36.25 13.07 6.90 9.97
4 FIBAR 131.05
TE#ELE 120.43
S IR /% 108.82
cd BRIRBGS 0.02~18.39 2.09 3.63 57.42
CIBZYEE ND~6.28 1.14 1.84 31.32
AIEALS 0.01~1.30 0.24 0.37 6.59
BRES 0.02~0.84 0.17 0.17 4.67
4 FIBAF 3.64
TE#ELE 3.21
X IR % 113.40
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Table 4 Correlations between heavy metal concentrations in vegetables and each fractions of heavy metals, pH and organic matter in

agricultural soils around mining areas in Shaoguan(R )

e JUR pH oM PRIEHS AR A AR S  HHEANEE(DTPA)
B M (n=11) Pb NS NS 0.9397%#% 0.734* 0.821** NS 0.877%**
Cd NS NS NS NS NS NS NS
HL5 (n=16) Pb NS 0.549* 0.537* 0.684** 0.734%* NS 0.664**
Cd NS 0.727** 0.599* 0.739** 0.687** NS 0.535*
BB (n=24) Pb NS 0.443* 0.563** 0.723%** 0.614%* NS 0.640%*
Cd 0.441* NS 0.632%* 0.542%* 0.586%* 0.470* 0.647**
3 (n=15) Pb NS NS 0.898##* 0.924%** 0.934%** 0.589* 0.920%**
Cd NS NS 0.711** 0.515* 0.650%* 0.699** 0.724**
/INEF(n=12) Pb NS NS 0.837** 0.930%** 0.982%** 0.922%** 0.888***
Cd NS NS 0.861%** 0.885%** 0.934%** 0.719%** 0.866%**

T NS FIR T ; 7 071 ek 3RIFORTE P<0.05.P<0.01 1 P<0.001 k¥ 7 BE, TR,

SR EEERE ST, RN L T S e T H IR S EH 4
JEAR G SAEYIR MR

Dk ES RS EENEAR, I3 pH AL
B IR EGS AR RAS AR R AL
T3 pH BAHEM L EELBERBMENEEZR, 5
Xtk BCR NS TEAE 4B M DTPA $2EUY
TS E LR ME T RIR AT, R %A b
A, BEHFATRENRRBEEKERN 0.05,
MITFEH SRR B MK R 0.1, PRt il I,
x5, RPEBELEELETERN R EXER T8
FEIKF-(P<0.05) , RBA BT 7 R BN B BE 200 o

MF 5 BEIEHAFE v ATAE 1,5 R SERT
By RESAER. BERE RZELGEAE D)
MR CMNEAZ)M R E L HARRIE RS . AR
R RAH RN HEEIS A, T
Pb, NFIZEHIERSE Pb & & B 3% 37 3] + HERR R HL
A(B1) AT JREA (B2) AT &2 (B3) 1 pH (52,
He A b Pb & BB E 3| L IERIEIES
(BRI, X—ZRE5HYWNEESELBHE
W RE I AHEART . ST EATBER AN R B SeRT
REEH T HIERANE G, 1IN S TR
TAREE ML A RSB B RFEHE
AR Z2 0 + T £ R M 38 T BB & 7= A R R AR B
SyIBH , BT SUEAR PR 3809 pH Eh B HLIR & 2%,
XIS R N E AT E & B YRR e Fad
2, HMARGEEN S RSB R A—AR
W BRI HK, 5T X S X A FH -4 Pb DATT IR
JRAEA R E,Pb MERRBGES 5 &2 BRI, 1

FIRESZIN T A% Pb BREEEAS AR B . X FIT
% Cd, RRIZEAEIB T Cd &2 55523 1 15mkie
B (B1)F pH By520 , Sl g H Cd & &k 5%
37 3] + AT AL (B3) B, Rk, ASCR &
HLk 2 ouEA T R LI E S B A AR
R BN 5SHEYN STEESELSE NI IR
TEA—E W HTT , BTz BRI SC bR A
HImBR M, T e — LRI

M= S EIEFRE v, ATAEH, 5 9 —HE RZE
FKOAZ N)FMHZEECNEZ) B R A RS
i BRILE A Cd 4b, 5 FhER3E Pb.Cd & EHRE3E
32 3] DTPA RN E LB A ST EMZM, AL
JiFl pH XfHE AR, BRTILE Cd FE&Z AW
R AR Cd & &3 pH BEF Wb, XM —
AULA , DTPA $2 I BE a7 B A R s s PP A T3 =
ERRNEMA R

SHH yiy, BN T HR 5 FERSE AR v BRI £
B LR v BT BR T BRI SR Cd R A
AR Z S NIX—FA BERT AULRA DL + S S R &
AR B AR 72 DL DTPA 2B A 3K
A B RN PR B S, BAR DTPA 25
T RE PR TR 5 1 S B+ 3R R A AR A AR, e
BCR LA MM T ML EREE B SHE
o, Be— R E AN LIRS B ERES KB
DIEBFAC A SR TE RIS , T F )+ 8 8
&8 MK B A RS RS o H 2 A SCF) F ok
BCR LA 15 B 1) 7 PR B A SE P b F iR —E
RRRTE, TR NERNGEK, L IEESRES
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Table 5 Stepwise multiple regression models between metal concentration in vegetables against the available heavy metal and each fractions

of heavy metal , pH and organic matter

e JCE REGH 2, ANy g R?
YW b (n=11) Pb BCR =0.016B1+0.171 0.882%%*
DTPA 7:=0.009DTPA+0.091 0.768%*
95 (n=16) Pb BCR =0.032B3-0.286pH+1.826 0.701 %%
DTPA 7:=0.009DTPA+0.075 0.441%+
cd BCR =0.044B3-0.024B1+0.015 0702
DTPA y:=0.0410M-0.045 0.528%*
ML (n=24) Pb BCR y1=0.005B2+0.202 0.523 %%
DIPA y:=0.021DTPA +0.227 0.409%*
cd BCR y1=0.026B1+0.103pH~0.492 0.536%*
DIPA :=0.049DTPA+0.101pH-0.478 0.548 %%
3 (n=15) Pb BCR =0.061B3-0.322 0.873%%*
DTPA y:=0.017DTPA~0.012 0.846%%*
cd BCR y=0.041B1+0.18 0.505%*
DTPA :=0.071DTPA+0.167 0.525%*
/NEZE(r=12) Pb BCR 1=0.176B3+0.1440M~1.102 0.980%#*
DTPA 7:=0.038DTPA+0.045 0.788%%*
cd BCR y1=2.751B3-0.399B2+0.087 0.973%%x
DIPA :=0.152DTPA+0.052 0.749%%x

1 :B1: RIS s B2 AT 55 B3 : AT A ALAS B4 - BRI A5 s pH - 13 pH; OM: R ML ; DTPA: T HEARGE 571 AR RN HEARBEES
JBE RN pH OM BRI S 5y, B R L34 BAI 43 pH \OM B (Y[R 28 it

AT SR Tt — 9, A SC R EHT
+3% pH FUA LR IR R J7 R i A AR R G —
oy, SRR EH— S ST HA L R AR L
i, PRER S INAF 2 Br N B 7 R

3 &g

(DR EEY XE IR H L IEEERRREE
Pb.Cd 54%,Cd {5 4L L R ™8,

(2) et BCR a8 i X £ 2y X A7
A< H 38 Pb DAFTIR A 3 5 Cd DARRARES FIAT i
AN E,

(3)ek3#t BCR ¥4 Ht DTPA $2 HU: G XF +
BE LR WA YA S T A B0
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