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Cadmium Contamination in the Soil —crop System Induced by Local Zinc Smelting Activities in Hezhang
County, Guizhou Province
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Abstract: The soil—crop system was seriously contaminated by cadmium due to local zinc smelting activities with indigenous methods in
Hezhang County, Guizhou Province. Cadmium concentrations in vicinity soils were as high as 5.3~144.7 mg-kg™, and were increasing with
the lengthening of the smelting history. Generally, contamination level of Cd decreased with distance from the smelting area though this trend
differed somewhat in different smelting areas. The vertical distribution of Cd in seil profile showed that Cd was mainly enriched in the top soil
(0~5 cm), however, the deep layer soil (50~60 cm) was also contaminated by Cd to some extent. Chemical fractions of Cd were extracted by
0.01 mol - L-* CaCl, and 0.005 mol -L-! DTPA, the results showed that the CaCl, extractable and DTPA extractable fraction accounted for
2.47%~16.80 % and 3.18%~10.11% of the total content, respectively. In addition, these percentages would decrease notably with increasing
residence time of cadmium in soil. Cadmium contamination in soil resulted in high level Cd content in crop tissues. Cadmium content in edi—
ble parts of maize, potato and soybean averaged 1.8 mg-kg™, 4.8 mg-kg™ and 2.0 mg-kg™!, respectively, which were 9, 24 and 10 times high—
er than the maximum permit limit in China. Correlation analyses demonstrated that soil CaCl, extractable Cd was not correlated with Cd con—
centrations in crops, whereas the DTPA extractable fraction and total Cd concentration were correlated significantly with the Cd concentration
in roots, stems and leaves of crops.
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CHEN—FAEFBHNESBIF L TEKLUE—
HAZRES, FEPH Cd TERETAAHRL
R ANFESIHA, BT Cd £ Zn B4 E B
THEFEARRN C SR, BV TR EEER
B ANIEShE RERE od BRVEEREZ, BAS
AP IR EEREER Cd 153 IZ iRiER,
MM THAELNHEE EREERZ WL REEER
i, B E 300 ZEMEREDE, KBEE EAFR
R LR R X MG R T BRI E, B
T Cd.Pb.Zn Ml Hg FEE B HIE Kk KK P
R AR RS, B EH R S M HiE Cd &
BEEIA 5.3~144.7 mg-kg”, i Cd 7£ +3E 3 Cu,
Pb Hg Fn X EAEHNEYE B FHifdE
SHARYHGENREE,

A SCRE BB - RS E A Cd X
HIE-RAEYM R GG YA TIRGT, Ut —2 T #% Cd
TS YN X Hh R B B R 0 ] REVEEE B .

1 Xig#tR

MR BT RMAE IR SIS e L g, R &
104°10'~105°03", b4 26°46'~27°28' . HEHER
1996 m, X H &, LB 2 , PSR 134 C4F
SEHPETN R 854.1 mm, XN FE HIFRE IR,
HKAAKL BEe+%, FEREVAERNLE
(FFHEREKT 80%) , HIKA KE (BE) MIFEE,
T BB — B E LA R E RS A IR A
FEHINBET (ZnS) FIZFZEED (ZnCO,), FF T A F
Cd &5 918 438~1 289 mg-kg 1 304~1 291 mg-
kg 1653 O] ) AR YE N

2ZnS+3C+50,—2Zn+3C0,+550, Fl 2ZnCO;+C—
2Zn+3C0,

BEBREREy GRE(EEELRFIERH)ES
ABBENTHJUEX B 60~70 cm BIFGHIBBR KA HE
BRI E B E R GEIMBYER) B A
AR, BIRIEE SRR Zn BRES TR, 16T
A, REHEM4EE Cd. Pb Hg S8 kBB E]
KEBZRE &S,

2 BRREMARAE

EMEEEET 3R ARRSEEL R L%
SRR AVE BRI R BT (PRI 325100 4E) K
FEN (S0 RG50S ) MIEF ) (10 SRR 8 ) . o0
BIRE T TIRRRIEYRER R T RE T St

KFEESM(EXR . EEMKE), FH R 6HREHBE
B3, FHINMERE T HEIY HIRTIEEES

Frif 1T 6 mm 7, Bt 2 mm 7, BIBRANA
FY EZRTQSCORNT, REHEENEES
100 BULF , BT, REYHER S AHT (R) M
b (ZEM) BRI 3 #Ar KK BRK EBFKE
Yo AR RER T HME K s &8, LI
& il HNO, 1 HF f& , R 2 S RE L T 0 R
fin HNO, #1 H,0, f& RS TH AR SR T AR, THARWR
Cd B9 & & B # 4 2B 4 89 Perkin —Elmer 5100PC %!
AAS WE

8t LA CaCl, F1 DTPA fE RRBUH i A4k
BB THHME LB Cd WIES , Kb E—4
CaCl, A AL MES (B KBS )WER ., £
# DTPA ECSEIEHR S RIS L R LR
TN ER, LEBRERE N R 3 g IR
Sl 30 mL 0.01 mol- L CaCl, 5 , ZBIEH 2 h, 5
OB, PSRN TRAEESFKE 2 K, B
DHFREFERE, BEESFMA 6 mL 0.005 mol L
DTPA .0.1 mol-L-' TEA 1 0.01 mol-L" # CaCl, B4
YW (pH=7.320.05) , EiRIRH 4 h, L8, LR
B+ cd & & W A 258 Perkin—Elmer 5100PC
%l AAS HIE,

TR LY R TR RAXEE R AL
3 (NIST SRM 2710) Fi+ ExA4EM Y (GBWOT602 .
GBWO7603) 1N R BIEHI S YR,

3 ZREitie

3.1 TH#heR Cd 9T
3AFREXETIECA SR TR, hiF 1A
W, TEEEESIERT Cd X HIENEGY, 2
5%+ 3 Cd S8Rk 5.34~144.68 mg-kg”, 3 H Cd
7£ 3% P O FR R AR B PR 16 B e B A T A B
BRKEEED B B L cd WP &
BEIL 79.73 mg-kg?, KIER (SOERBEHL)N
65.11 mg kg, TiEEED £ BEE D) 10 48
TR ERE Cd FREBT 9.97 mg kg,
XEERETRMNE HET SENERNE RN %
BREAFSE 1-3 MER, Fws TEHNRERZ
HET R EBHEBLENBX ) (LR CAEEN
0.87~22.6 mg-kg")® FI#iRE (+3E Cd F &N 2.25~
11.07 mg-kg™)¥,
BESBREXEMELETELBRNSERNE
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1 SRtb2E Cd A Bmg kg

Table 1 Cadmium concentrations in soils(mg-kg™)

AR B/ ME BRME FIHE PRfEE

R 22 13.35 144.68 79.75 7.99
KR 12) 10.64 141.41 65.10 10.68
BTN (26) 5.34 22.18 9.34 0.62
o [ - S i3 S Rt 0.30
B A I R 0.13

WS PR,

E S5EH B R i N 2 BT RE AR, 2B 5T th & B
TEUHRSE, BEAFRLEFSES, IR A SEE
KFoH L HEE—ENER AL T MEFD)IK
TR R IIOUE LA TR T XUe) B REE  7E%E
W BEE SRS R R AN, +3% Cd
SREETHR WA 1, 13 cd SRAEBEKS S AH
EBEHE S0 m L E AN 101.57 mg-kg™ (71.84~
144.68 mg kg ),100 m 3 T F& R 74.01 mg -kg
(36.37~102.33 mg *kg™),200 m & 4 22.81 mg kg™
(13.35~30.78 mg-kg), MR REEHNE D)
HEA, TEESEYN Cd WA SRHER
Y20 m WIS, LASHEE SHE SRR B
BT & A A B2k ; ST M, 5 Cd
FRUABMABE X R E RS SHE AR
FZRMEEATIEN KW, R REFESRY
RO BE 3 Cd WA R A EETM, X
ME, REILENEEREES, DEP CdTEEE
BOR B EHRA TR, T BB B BORIR Y Cd 7258
BN R FIRE AL, REBS MDY R4 &
THEEBTESBWERE - TREHTE,
TEHE P Cd WAHHEER,Cd FERRET
TIERE(0~5cm) , FES R BERRE, WA 2, Li %0
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Figure 1 Distribution of Cd in surface soils

HA#EE+T 5% E 1% (50~60 cm) TTE S H I (H
KREER)RMELRAELTERENEERE, i
B GRS MHENERE L EARRNESE
 (104), RAZFTETEHAX 3 4~ HS
Cd A RABREHNEREEEFE(54~148), BREE
T Cd FRMEMNRERK, BEHEXMNSERNBR
(0.60~2.60 mg-kg"), RABRE T EHHEZ T —ER-
R Cd 5%,
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Figure 2 Distribution of Cd in soil profile

3.2 1ifih Cd SN THISIT

TEPARES Cd FREHG SRS TE 2,
Fi% 2 AT, 3% CaCl, £ BUESH DTPA B Cd
B 5 280 L BIRHE , 78 3 N REE XIS S (B 4
B8 :2.47%~16.80 %F 3.18%~10.11%, #R 1 H 4%+
SRNBE, 5554 1.49~2.40 mg-kg™ Ml 0.72~6.41
mg-kg!, MR &R AE I Cd SHEMFERR A
BHBM,

REMR LN, ELREL PR BRI ZE
REESENEERRD AR, FELREEK
FRHFRTES CGdHHFBERBK, BF 27
H, T3 CaCLERE CAHWBEFSBNEHRTIRE
EHED) PRI EBRKNER EEETRM
P B 16.80% (K3 2.47% ; DTPA PGS Cd WE
SEEE R TREES, CaCl, 1 DTPA fFig
BHEE B ESIERBRIERS , SR EH Cd W
Bhitk bl & FL7E 4 45 P B B DR A3 I T B 3 R,
McLaughlin PRI H ZBL T HEIMRE , XATRERE
biE R uEAE LT EHERRIKMK, EEER
Al IR AT Y B LR R a8 Ui
M RNEEBRRN G TS, FETERT BB H TR
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F#2 BSRIMPFEES CAHIBEETHE

Table 2 Cd concentrations in different soil extraction fractions and their percentages in total contents

; CaCl R & DTPA #RE&
Tt

B/MME BAE SEHE PR BME PN | P PRAfEE

BEI @) A8/ mgkg! 0.15 11.73 1.82 051 0.79 7.59 3.18 0.40
B %% 0.48 15.79 247 0.68 0.96 1293 492 0.74

KER (12) & B/ mgkg' 0.25 7.93 2.50 0.55 291 8.68 6.27 0.50
B4 #1% 0.25 33.18 7.84 3.17 6.05 44.54 12.98 298

F5) (26) &8/ mgkg! 0.18 2.62 149 0.11 0.20 1.50 0.73 0.07
B4 #1% 239 35.89 16.38 1.41 2.49 22.87 8.04 0.87

o BES RS,
Y RO , 3 RIEWD Cd ER(mg-kg?, TH)

33 RIEWF CAHRR

EXR T THKT 3 RKRIEY Cd FRFITF*E 3,
MEFIEH CAELTPEERE, IR Cd
HSBEE 4.‘78 mg-kg”, IS ERMERETH
BE SR 0.2 mg-kg', Liv 99Tt A B7E 3K
HERX,CdEREREYH (EL EAREN S
B, EXMAKG &I Cd ERSHH 1.81 F
2.01 mg-kg™, 53 FIAE 3 B R 9 50 10 15, i &
EHIFEBFRX EXRMKEH Cd FE{UN 0.003 7
MOl mgkeg' P EEHPRUNESL B LETEE
£AERI, LCEIB M Iy, MHFRRX 3 BK4E
YIZEH PR Cd R SMIBHENMESE, W CcdE
L RIEVEN BB BSRMTEBEES

EMEERY (HYPENTESRE/ L EPZoT
EEB)RMETHYN HBPTRNOEERE S, HR
X 3 RRAIEYRT Cd EERECN 0.07~0.99,FH1N
0.40, WA 3,iX 5 Liu 9B F 45 AR, 08 % 4H
Yixt As BOE £ RN 0.01~0.1%, Cu . Pb ZE 0| —f%
/NF 0.204 FRBAX 3 RRMEYXT Cd A B AR UL
611, MIEZTERBE B ARRIEDT 1 Cd R
BEEHRPIKRESEHR>T T ; EWARZAIXT Cd
B BRBE S A/DARSZEMSREL, HPEBEEN
2 BRTGEILREKEYS Cd TEBES, BHEX
Cd EMABHBRIK, X REh T+ Shpiss + S
CdEREYREE (¥ 741 mg-kgt), M+THH
CAEFELRLREHR R —EBEEHASHE
3% Cd SR MMM, Dudka ZEPHR K
P, M+ Cd SR KT 60mg-kg' B, + T Cd &
B2 TREBEE,
34 TMARAES Cd SRERED S Cd SR E
XX R

TRFPRFEES Cd TR EREYWAFRTBAL Cd

Table 3 Cadmium content in crops(mg-kg”, dry wt)

Rk #HE BML O BKME  FOE REE
E£X32) " 2.00 18.60 7.70 0.66
%0t 1.78 26.25 7.82 1.16
f: 3 0.19 6.79 1.81 036
1.5¢6) ®” 6.53 15.60 1030 139
=t 9.50 12.96 11.24 0.56
B 2.66 7.65 478 075
KE(10) ] 2.13 14.53 8.51 1.15
%0t 228 13.76 629 1.06
2% 071 4.51 201 043
o B 5 A prd 02
TSR,
121 @R
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Figure 3 Enrichment coefficient of Cd in different parts of crops
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F 4 THUREAES Cd SREREDTEIE Cd
BRAHAXRY
Table 4 Correlation coefficients of Cd in different parts of crops

and different Cd pools in soils

EMEA  CaCLREES Cd DTPA A& Cd 2B
ic] 0019 0.337" 0.353"
EH 0.111 0.513™ 0471
R 0.206 0.105 0.270
¥ * P<0.05,** P<0.01,
Mo Mz CaCl, TEZ Cd ZEAF R X H3EHAyARXT &

BEE, HENZ RSN TR LS 8 kst
HYAERSEBWTEIRTREAR SIEEZE A, DTPA
BRE52E Cd 5REYH Cd SEWEBEIEHRX
KERAMATE —EBE LEENTEM LE S Cd
WHEYIA B REERE, RIEVRIZF Cd R
5+3EEE Cd SRR HARE, BT REE
YWRLTHA MR B REE SR A A
PLESERAEENEE MARRAZEREIEY
i, '

4 it

THEEESBTHRX L% cd a5
Yu 43 Cd S BEIL 5.34~144.68 mg-kg, HIREER}
R, TSR, G R B X I+ 1 F] B
ZERERL BRI E SRR E N , T
BRI S M 3 Cd B R AR
Uikg, EERTEP A FTEEETER  BEC S
BEERK, BHOZH—eBENEER, BSOS
ZR B /R EH CaCl, /B DTPA #EE Cd 4
MG LB 2.47%~16.80%F1 3.18%~10.11%, W&
Cd 78 - 58 v Z 6T | B34 i, CaCl, LSS DTPA
BEE Cd WESSBRYEEETHES,

TEELRFEREDEANCAWBHEER, £
K. EEMKAE 3841 FERIEY RIS Cd &
B4 50K 1.8.4.8 F1 2.0 mg-kg, BT EEK
METAREI2 M 1015, MESWERER
CaCl, 2B Cd 5RIEWH Cd SBBERHELRKR,
il DTPA 2B Cd 12 Cd SR EWRFZEH F
Cd B EEFIEMX, RACNE—ERELTLUE
FPEYr 3 Cd B E B SR AR
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