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Investigation and Evaluation of Pb, Cd, Zn Contamination in Soybean Planting Soils of 4 Typical Mine Zones in
Hunan Province, China
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Abstract; In order to evaluate heavy metal pollution in soybean plants and the soils round four mine zones in Hunan Province, central south of
China, sampling and surveys were conducted in Shizhuyuan and Baoshan in Chenzhou, Qingshuitang in Zhuzhou, Shuikoushan in Hengyang.
The results indicated that: (1)Soybean plants and the soils were polluted by heavy metals in all the 21 sampling sites. Concentration ranges of
Pb, Cd, and Zn in soybean planting soils were 269.02~6 450.35 mg-kg™, 3.04~23.93 mg-kg™ and 104.22~381.91 mg-kg™, respectively; con—
centration ranges of these three heavy metals in soybean plants were 4.69~20.05 mg kg™, 0.81~5.48 mg-kg™, 24.87~190.48 mg-kg, re—
spectively. Contents of these three heavy metals in all samples were higher than the national standards. (2 )Bioconcentration factors of Pb, Cd,
and Zn in soybean plants were in the sequence of Cd>Zn> Pb in the 21 sampling sites, indicating that accumulation ability of Cd in soybean
plants was higher than those of Zn or Pb. (3)Significant or highly significant positive linear relations were found between the contents of ex—
changeable Pb, Cd, and Zn in soils and the contents of Pb, Cd, and Zn in different soybean organs.
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TEESBE B RPN S B2
H#RE, DEPEGEREZ, ETEHRE A
B R AL TS Tl =57 RHR A K 5 7K HE Bk
HIAR A RAGFALIE A& BE 5 e, 5%
T E R YA Y BT AR, T REE I A
ABYIEE ARG REE. BrEA asmy iR
ToEE  FAMFAOAERZ TS Ate
JEA 7= R AT & 45 W B R B R Bk 22 9
7 Bt B B 7 A XA R A S R A9 75 e IR
JHEAFA GAGB R WA AR K, URA
Z R NNBERA VRS BRI R Ml L&
JREIK B B R, G DX R RS AR R LB £
BrPESRITYH 2 E, 1Y EEORIRRE R
B P HER R R BRI K . B LU W B
AETNRKEESR, NRSEHYERETE
Rt B IR AR F A Y, W T WIRRE X ARG
BX TEESRGRCEA —EHE, Hi T
BTH RARZE, BIgE i 4, SRR+ T4 X
A FI& H I E SR IS HR O R LR A MRS PR
PORMRAD . KEM N —FR B A TEY) 228
A XA —E BRI AL, DR A SO i o 9 e 4
AT A X CRR N ARAT BE A X MM S 1D X
FHZK B X BRI K 3 Tl X B 21 4>t e
st VR L B R SRR I DU A TR AR 2, W 3
SRIGREFHITI, WREFREPESESE
AT, DRI T X LR E G RIS Ya
B 22 ) PR AR

1 #BE57FE

1.1 4 NEBITH XH#ER

A SIS K IR 4 T8 X AR N A A7 e 4
X HBHIEEFH = L X BHAK O LA X AR N I 7K
PETAVIX o AT R X AL TR AT 310 X, He
ZWMA Pb.Zn,CuMn 55, % KIBARRBH AR A
TS X, H B — KRB —— R0, #F
N LA XA T TR P ELIRAR P R, HENA
FE MRS S A A8 VB2 B
7= i EAERRINE B A F AR O NG B ER A
A, R R A EE AT B R FURMEL N e, 5 FH
KAWH XA FEHBTETE, BAFEENEED
MEV , FARFEWRY IE, B “HREHE"Z
FR, RELRO BB RFIED TIN5 %, #RIEK
W Tl XA FHRM T AR, Tk kS, 4 130 &

FIaH AT A, KRB B AL T A A anbk G
B RN T 5 WA R, 4 T R 240Kk H
EATRESBCH M, TRTERF Rl A H i 32Kk
YEMI KRS K R 3 I A K BN R
3%, B ik,
1.2 H@mEE

FRE AR ZET (2009 45 7—8 Afy),TE 41>
WA TH X 21 DR GRS HT T RE 5 R
r RSB E MR 1, B EEFERE —gmiH
HR TR + A RS, BRI 5 4
Fo B SIRE 5 MR AR, BT R4 0~
20 cm RIZ T, HANR -GS B REFH R
SEERE ST

x1 HEANITRERESER
Table 1 The information of sampling sites of 4 industry and mine

zones in Hunan

TH R HHEERR ERKE/mm  REEREEA
AT X Hi 1 400~1 700 6
MR S 1L X g 1 400~1 700 5
RUNE K Tolk X E4R: 1 300~1 500 4
A 0 ILE X E4k: 1 400~1 500 6

1.3 HRmLESHH

IR RS, BT, KBRZeY), B fE
100 BJe e, IR A5, RAFFREIN . R AR )
FH B RAK FZEIEK G YE , BT 5 A AR , 7E 105 °C
A 30 min, SRJG7E 70 CFHFRIEE . 4 HsEfE
G MR 25 IR, RSB AR U A
BEAN(0.5 mm) , FEER) 8 O A SR AZ AR

+3 5 Pb.Cd.Zn Fl F/K-RABRFEME; KEM
R TR B4 8 B R A R - = SRRV Y -
HEEELRSTESITIRA 1.0 mol-L™ Mg(NOs),
VBRI B S P E R U R MR R T Iy
St H Sz Z-2000)H5E .
1.4 RS

K FLRA 15 Qe d B0k (N B 15 Jeda $iod )Xk
F 5 3% Pb . Cd.Zn W& G5 AT 45 8 T,
AT AR BTN

po/ (Po+(P)

AP N HINE TR S5 PR B, P TG HEY)

PRSI AR R G BTG Y FE (P, PO HIER B4R
SRR RSP IE, HIH R AR -
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P C; %, T3 Pb.Cd.Zn S EVEEDHH 269.02~6 450.35
© S mg-kg™,3.04~23.93 mg-kg™,104.22~381.91 mg-kg”,
Pe rll_ Z P BB T {E 4 3y 857.92.8.63.247.74 mg -kg™,Pb

AP o R AR G ATRLH Pb.Cd. Zn [ BRITTS Yy
F8EL, C F Rt 5 L IES KRG APRH Pb.Cd Zn TR
&S M Pb.Cd.Zn MTEMbRAE (1B R IR
B E(GB 15618—1995) ) = H/ARUE) o P u<l Frm
KRZIGY, P>l ARZHNTI5Y, Py HBK, FH

2 HRESH

2.1 TS Pb.Cd.Zn §E

R2EW AN KBRS LIEELERFAE
HbRo Pb.Cd.Zn BE-FIELEMMIAATE 6 4~ 13
REF 45k 833.84.5.80,256.63 mg-kg ™!, HEH 1L
S ARG BM 1 531.76.8.79.180.70 mg-kg ™,
PRINVE K IE 4 > A i v 4331 0 504.03,12.43,
334.22 mg-kg™, HFHK O 6 >3RS 5N
556.38.8.81.,237.06 mg-kg™', M 21 IMREG IS EE

R2 RESIRESCESEITN

Table 2 Evaluation on heavy metals contamination for the tested soils

B4R N E/mg-kg!
Pb Cd Zn

REDX KA HHRITR Py

WoIHARIAT FILSFAT 34924 506 19606  Cd 3.86
E'HZ'Z BREAT 31002 3.04 20499  Cd 235
AEH 1# 100105 650 28083 Cd/Pb  5.07

AR 2# 103168 730 28674 CdiPb 567

AR 34 123499 687 30010 Cd/Pb 539

R 107608 604 271.04 CdPb 474
WML dbfkss 30331 452 17355 Cd 345
TXn=5 2kt 28006 653 15285  Cd 4.94
LHEF 35608 534 13548  Cd 4.06

ZMA 26902 363 10422  Cd 2.77

AhAM 645035 2393 33742 Cd/Pb  19.09
RN K WAKIE 14 67920 19.19 38191 Cd/Pb 1447
%Iik'z WAkYE 24 627.13 1392 373.14 Cd/Pb  10.53
" WAKYE3# 409.61 1027 32583  Cd 777
WAKYE4# 30019 635 25601  Cd 4.82
#wAAD =FN 38785 693 21056  Cd 5.26
AKX seprit 14 65350 1161  268.17 Cd/Pb 880
=6 SRYER2# 88750 1178 29822 Cd/Pb 897
FiMAR 1# 42777 756 21745 Cd 5.74
Tkt 24 52977 776 22452 Cd/Pb 591
WM 45191 719 20346  Cd 5.46

1 Cd i & B E K T A R B A (GB 15618—
1995 ) = 57 (Pb <500 mg-kg?,Cd<1.0 mg-kg?),
In G EAM T + BEIAEERER R =R (Zn<
500 mg-kg™),

BT 21 REERH,PeYIRT 1, S 44T
T X AR R R AARRENESRT
Y, Hodr MM AT BT XA A BRI A R A
Pb.Cd E & 154, F LN JRBE R Z 28— Cd 75
Yo WM I A IR S R B A S B
FE— Cd 54y, Wi AR Pb.Cd 51554 8k
KR 4 A RAFE S, 1424 R Pb.Cd B
G154, H Cdi5YLR™E, 34 4# RS 8 — Cd
15 4y B PHK Ol = A BT AR R 14 bA a4 R B —
Cd 15 5% , RYEAT 14 IRIEA 24 B A 2# >4 Pb.Cd
BE1EY. A BFTHI(ER 2), MM EEFE 5 1L A2
B AR GORBE B T8, PRINTE K IE 1#, 2# KA A
TS YUt G A 24
22 KEFFHH Pb.Cd.Zn EEDH

#3021 RS KRE R R H Pb.Cd.Zn &
o MMAIATE 6 N REAPRAFES S Pb.Cd.Zn &
SEHE 4R 8.90.2.46.45.18 mg-kg™, WM EIL 5
ARERR 351 13.08.,1.59.50.04 mg- kg™, BRI K
A4 NREG AR R 17.18.3.41,143.21 mg-kg™, 5
FEZK 1L 6 MRE 43 51K 18.00.4.07.88.18 mg kg™,
ZRE5HT 21 MR, KPR Pb Cd. Zn B TS
Bl 43 5] 241 4.69~20.05.0.81~5.48 . 24.87~190.48 mg -
kg, SEIE SRR 14.07.2.89.77.30 mg-kg™,

HRIE N Z 15 P B0 A R 228 & Pb
1 Cd FREARHE (GB 2762—2005,Pb<0.2 mg kg™,
Cd <0.2mg-kg"), DINERE RS Zn RE TR
7 (GB 13106—1991,Zn <100 mg-kg™), B 21 4
R R KRR Pe KT 1, U B BT R s
MM KEHZIARBENESRIER(EI) A
KRR Pb.Cd S EMAn, THA 6 %A
SRR EATR Zn SRR (BN L0 AR,
PRINTE K IE 14 3# A4 RAE o, A5 FHOK 01 1L A SRR
24 WAHEH ) o Zn TS YRTERRINIE KI5 Tolk X RIIFEL
R, FERE I BRING R L R Zn
R M RBECHA Zn &85 THAM 3 MRS,
WAL BT YIabn e, ARINEKIER) 4 SR
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R3 RESKEFNESREITRITN
Table 3 Evaluation on heavy metals of soybean seeds from

sampling sites

R4 RERJKEEES Pb.Cd \Zn BEMEERB D
Table 4 Bioconcentration factors analysis of Pb, Cd, Zn in soybean

plants from sampling sites

% HERB & R/mg kg o KoM PESREERH
L T et T REGE R - - -
HEMIRE FILFER 4.69 2.63 27.10 Pb/Cd  18.72 HRMAAT  AFFILIER 0.04 0.34 0.25
Eﬁfg FREK 750 305 7598  Pbicd  29.36 WIXn=6  prmpt 0.08 126 0.56
FEM 1 577 294 2908 PbiCd  22.87 e 1# 0.02 0.33 0.14
FEM2# 1111 233 4107 PbCd 4239 T ot 0.01 0.30 0.16
FREM 3 1153 267 3444 Pb/Cd  44.10 T 34 0.01 0.40 0.18
WA 1281 1.14 63.43 Pb/Cd  48.23 MR 0.02 0.77 0.38
WM s ks 12.06 1.04 24.87 Pb/Cd 4537 WML Rk 0.04 0.60 0.32
WK zyk 783 227 2498 PbCd 3016 TEn=S g 0.06 1.00 0.32
" Lmm 1304 081 266  Pbicd 4893 LR 0.03 042 0.29
HWA 1406 200 7275  PbICd 5325 HIA 0.06 1.64 0.87
HHAKF 1841 184 10102 PbICd/Zn 69.41 i AR 0.01 0.46 0.45
WIS EKYE 1# 1448 3.11 19048 Pb/Cd/Zn 55.40 MR KIE  TEKIE 1# 0.02 0.27 0.36
KT wenopmon 1645 393 16390 Pb/CdiZn 63.07 TR =4 gy o 0.06 0.66 0.57
inkj WA¥EM 1773 305 8360  Pb/Cd  67.37 Wk gk 34 0.06 049 0.28
WAkYE4# 2005 354 13486 Pb/Cd/Zn 76.26 WK 4 0.22 154 1.09
#wHAK =&FN 1783 367 7634  PbiCd  68.01 wkD  =FH 0.08 139 0.72
'lzz‘”f; Sebikt #1864 382 5569  Ph/Cd 7107 WA n=6  gptt1s 011 0.74 0.44
AR 2% 1884 492 14682 PbICd/Zn 7239 SRk 2# 0.09 1.14 091
TN 14 1783 405 7162 PbiCd  68.17 Tl 14 0.08 1.19 0.88
gkt 24 17.73 2.45 73.86 Pb/Cd  67.11 B 2# 0.06 0.83 0.55
W 1710 548 10476 Pb/Cd/Zn 66.15 el 0.07 123 118

MREARIG Y i, 5 HK OB R IER
T RS 2# SRAE SURIAR N 56 11 2130 A S Bl
2.3 KE##kH Pb.Cd.Zn HIEEREHH

AV E £ R BCREM YR E 4B W
HERIKNEIRN, ERBTESEAE T E-H
VARG T EB WS FRE AV E £ R BEREY T
FICR RS BT R RE S, B A
BEARY= EHEY P TERES U LIES TR
e s Gamde

F 4 FRAE S KA Pb.CdZn B R RS
ATRIEH, 21 REES T Pb A B4 RSO 001~022,Cd
HIBERECH 027~1.64,Zn EERECH 014~1.18, K
TAEMNIX 3 FE &R E & REOV/IMRIKCH Cd>Zn>
Pb, FIK ST Cd BERE I KT Zn 1 Pb,
24 +EHRTEHAPL.CdZn EEESAXEREA S
Pb.Cd.Zn EEXF

A1 FmHEPZHRE Pb.CAdZn FEESKE
RSP X3 MELBETRETENRR, K la

R, DEZHMAE P SRS KEMR ZE o Pb
BZRAGFEEREEEMNLEXR(R=0.331~
0.790,n=21,R0%:=0.301, R.3=0.187) , 5 & JEFIFF kL
Z AR R B3 (R3%=0.101,R¢x=0.148 ) . K& £
WAL Pb S EARFIT . M A >ERSIRASE
F~Frhi, NE 1b ATLAFR H, TERHE Cd HF&'E
KEETAL Cd & EZAIFETES B Sk 5 3& EK
LXK R (R=0.189~0.594), KE&ZMAIH Cd &8
HEBIL A « 0 H>Z5AF >R R>EISH R, WA 1c
DA, TESHRE In SESREMR . ZE .2
e In G REZEFHEERBEIENEREXR(R=
0400~0.821), 5¥FRLZ A ) K RN B & (Re=0.074) ,
KEAIOIH Zn & BEHFTT Hy : 0 Fr>ZEF >R R >
GIESHRL, FTA 21 IREEE T, KEMMRM F
Pb.Cd.Zn & BB E R T KGRI M E
EREEE, HFEREETRER THERX KIS
HER T EPRAE R TR B B RTTREFIa T
MHE R SE &0 EE BB BRHERR T R AR
EH
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Figure 1 Relations between the exchangeable contents of Pb, Cd

and Zn in sampling soils of four industry and mine zones and the

contents of Pb, Cd and Zn in various organs of soybean plants

3 #ig

(DB EREFRE =R ENE R PI5 Y
YIRR B bR 2 PR, 19 R 48 MR N AT el 4 DX LR
AR S L X BB O LA X BRI & 7K 358 Tl

DX B FH 21 AN SRAE i R AR & S - A
MmO A% TESREIEY, 3% Pb.Cd.Zn FIKE
T B4 Bk 269.02~6 450.35.3.04~23.93 ,104.22~
381.91 mg-kg™; REFFRIHIX 3 FEE L& WK VL
435K 4.69~20.05.0.81~5.48.,24.87~190.48 mg-kg™,
YO AN PR . 3 Y i A RN
2R AR, P 5=19.09; K G ATRLTE Jed5 M (1) iR
PNIE K 4# RAER, P & =76.26,

(2)21 RS RSN Pb.Cd Fl Zn B4
REK/MEIR K Cd>Zn>Pb, R REHMENT Cd &
£E6ESIKTF Zn F1 Pb,

(3)21 AR P ACHA Pb.CdZn B ESK
GHEMEMRSTRVPX 3 ESREIESRAES
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