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F20cm IR ERT.

FEE AN A AR, 2HERS
HYNRH B BERRE. XNHEDESAI RS
¥u] RO, vf AR IEE BTN E SRR ZH,
BRABEEARR, R 1 FR. BEREREREZ
BF, BEREHEEKBNNE. BERME MK
B, RS HASRENEEEY), BFE
AHIHSERHRBEEHE, MNAOREERRIX
50%. TS HMASRBAEDET LEBREX
TROFESRSBEALIRABERYE (RRKEAEBX
B pH F3H{EK 5.6), BRIAEM R, HHKEE
ANEFERM,

F1 OHEVELTLZEESEAHERE
Table 1. Coverage of the four plants at the four zinc-smelting sites

%

HYRR BRI K& EFO) By
BRR 50 10 20 NA
3R 20 80 20 20
AnBan NA NA 40 10
TR 10 NA NA 40

i: NA BRERLEHFEBEHEY.
\

1.2 HmabE
1.2.1 1Rt

Pt LA S 6 mm B, Bit 2 mm
i, BBRFAERERY. £ 30 CERAABRRAT,
R ATk R 100 BLUUF, EHEM.

HTFEERTHRELRPAOUERLSHURER
Z, TIHEWEEERER AR Z2RPH—8a, Eit
A T#H—HANREES R TR NH YR8
XF, KRHRRAT Maiz B2 1 AESRIEN
RE S ESROWERS, FURMBRREESE
ERTEERSHEYTESRSBHBXEA.

l22 e a2

SR EYBIIR A BRKAESES, BREEE
TFkese, HRER. THHE, BAME 105 C
RERHE 60~70 CHT. HTHHEMEREY
BRHL SRR 0, ERRFSRNT 120
HiH, $R&EH.

1.3 HRiHR

HRE R HE R F A Durali Mendil 858
4, BRZE Teflon W4LEEPINN 0.5 g MRS, KK
A 6 mL T4 (65%) F1 2 mL WEK (30%), &
MR inENREE. HREEREAE 25 mL.

3 S B T AR K Maiz S5 48 S 9 3 B4R X
Hl, EELBPb. Cd. ZnlL%ETEARX 4 H1E
FE. TRXHBEMNREETEREET). LARES
BT

(1) EshA: HE3.0g TR T S0mL &
LS, N 30 mL 0.01 mol * L # CaCl, ¥ ¥,
EHE®EH 2 h, £H O EBEL 10 min (3 000
remint), it FEW. BREPMA 5 mL BT
K, By, FEEHEBR EEHK.

(2) AIRH/E (BEE. RIE. EBREEN
BABEIE): EPBRELHEMA CaCl, #1 TEAZ
ZER)MIBAEWA 6 mLDTPA, HREY 4h.
FIERAEERS (%100 #H5): 29.84 g TEA+
3.93 g DTPA+2.94 g CaCl,2H,0, #F 200 mL 3
BETKE, MBZEOL, RFH 1: 1 B HCLAY
pH £ 7320.05, BiEEEZE I0L. REBHRNELR
WAE 4 0.005 mol » L' DTPA, 0.1 mol *» L "'TEA,
0.01 mol L "'CaCl. ZEE-LHL_EE.Lr 10 min (3 000
t/min), T EHFE®R. BEFOA SmL ZEFK,
Hil, FELER EEHK.

(3) BEEEE GRED): LIPREILHEA
Teflon # %5, IO 2 mL 3 HNO3(65%)F1 2 mL
HF (40%), 200 CEENMH#Z 8 ho

TIRAMEPHE R EBRPESR TR SEOT
SETE Perkin-Elmer 5100pc B[R FR X L JE, %
ARt R 3R A NIST 2710% R HE R, ik
VBN REAEH GBW07602 fEREBEHIZ XY
)i

2 RS oH

21 TIRBEYUTSESRENEE

i HAEL R R R BCR i 138
hHELEES, HRPTERAESRBEHEN
AR HAARD.

W& 2 TUEHEEVR B LR E RS E
SRABRCLNES TRME Ly RE". 8m
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FHERNM 33181 mg-kg', RAMELIRERME
84 mg kg [ 3.95 5. I TFIYE B R 5.63 mg kg
RFME IR TH 0.1 mg kg (9 56.3 5. HHIF
BERR 56133 mg kg, BHFME LT RME 293
mg - kg' {1 19.15 f%. MBI RESRESREEL
TEEWTHWEK, MAAXK LR pH 454
iR, AR IRAER Y pH FHER 5.6.
Eriksson' B3R, tMPELRBITENEN
5RO R IEAEX, BLROMERE, TR
MELRGEHERER, HYBRKNESREE. HR

L RB I EIFRAL, KESHEDHPRKS
RF/ACFL. Tomset AN Y ELR M2
HEEYREFTE RENSERRNESRS
HPMASHRERE TREFLCFHFFER. &
S HEWT A 5B IR K YR SE A 2 I @ Y A
A, ZLRESETREEROBTHRRATLUR
FAEKEENAKBEE RS, ERXLEEYN L
BARPNESRTRAMBHOGEZME, EEEL
RESRSFURAESERTIARBNAANE

(s

F2 HPEAPL. Zn. CAMESBEHBIBLIND Pb. Zn. Cd LRSS

Table 2. Pb, Zn and Cd concentrations in the plants and their chemical forms in plant root soils mg *kg"'

- THREBUEELR THRBLATEER HYRTHL SR HYsh SR
Pb Zn cd Pb Zn cd Pb Zn cd Pb Zn cd
BHE SBT.34241.1  479.1x175.5 8.88+3.89 2376427951 135203681 61204207 849.7+470.1 112146615 7.80:3.10 3832£180.2 849:339.1  7.90:530
B IR 566343032 359.6:1166 6.40:236 16307:9860 114885575 435242927 544112814  SI8187.6 6.90x1.99 424812438 951x3839 1236483
KHEEAEE 1038983513 362551145 4234334 04514872 6960 £3530 19.74£10.74 28331202 226:1457 3114236 2862:3274 9891652 523+29
FRN 109621515 380.6481.0 3.87:224 360645352 759545506  46.13:2832  104.1x134  1009£137.7 7214280 88.6:81.67 23829452 5911295

¥: BORRTRNTHELRENE.

22 EMEAMEERSE
22.1 HHptkhtha4 R

AR 2 TUEHBRREZIHNFTRZRT L
RPTR, HTHINTERTHERS. XT
KEREEHEERL T RBELCRAFEZY. B
REFEZIHAHETEREANFNEBRFILT
BELEMORES, BRETUEHEMNRKE
ERTRMEENRREN, NESRISFMEHKE
SBREMATERUN . T EARBFZERR,
BEHhED, WHARNRFNIZHEENRR. JLF
YT HIRACHE N . KH BE & B >R B> A
wER>T B k.

222 kA AL R

BE—FHEERENOTE, OTROEES
MEMEK. KE . GRETETENRM, .
FE Ay EEEER. ERRR P
HY P RBWRIRE B E KRR EE
X, HEHERENEE SRR, Bk 23.2mg kg,
HRRERE. LAHEYRBRAHENHEF: MM
LICBBFE>TREASAHBAE,

2.2.3 Mk h itk

TR, BEERNE L, REFX
BHERE, RANBEBIHEREE TE2H . 6
HEER MR EEESARY, HRAFEYAHBE
BENTEANEREAKAE. TRER B THxt
XAMEMOBEERA, NHEYEETERRNESR
fER, H THYXBHEERYE, EREYARN
HERRTHNEE.

ERUAEYERBESRNE— A LRNAR
#, BRMMNIBAESR TR SBEZG>4>
R, BHNREENEANSEREESRZRK. B
FLEPERBOTRTETH. &, FLEYME
AR ERAHROHTER, BHEYEANKE
SRNBETLR, HAXEHEYNTREFRSER
rERio,

2.3 HYH T MPRERSEE R BRI #

L

MERIFILLEH, ZHESRTEPHERS
SRENMNHEIRENESRSBRAUT —EM
EMXHE, MERPEALESESRTBSHIR
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HESRTBOMLERRE, FUELIRINS B.EIBLEESHESRTEADRERERA,
P, TUEHMNEYESRREGEXREANALZ HURIIANIARERENESRITE.
TRESENER, MELRPERSESRNS

£3 TRAAPHRBESRSES LINESRFEREEHMIAXRE

Table 3. Correlation coefficients between heavy metal concentrations in plant root soils and soil available metals and soil

strong-bound heavy metals
. BAE g% AMHBaE THEX
fAE ECEE S BELE S BEAE AL BEe
Pb 0.611 0.279 0.867* 0.608 0.600 0.374 0.658 0676
Zn 0.824¢ 0.100 -047 -0.03 0425 -0.147 0.664 0.226

Cd 0.45 0.034 0.729*

-0.076

0.711* 0216 -0.663 -0.061

. ¢ ke =005 MEFHAT.

24 BEEEATREAEVPIBHOMSIZE

ESREEARBTUARRIELR—EYER
TESBRIBHRELEE. NRITLEY, LW
ENESROERRYEKPIYRIRN: Cd>Zn>Pb.
MRS Sims FUWMBAR—B. BRBEAY
FHRSBUHNHR, ERNEERBERAN,
HHRE LREYTNTBBRENREFAERR
T4, &, BEAS N LRPE YR, &
ERMMEYS, BEEANHSERNEERL
BT RHRAaENTRE, RATHEHEDESR
R BELER, BEER. FIUEMNRAXEEYE
HESRIAIHRAMBEA, BEBZRSBY,
HOXA R .

R4 TRAHRBHESMEERRY
Table 4. Enrichment factors of heavy metals in plant roots

EHEE W ER A BEE FEX
Pb 0.03 0.032 0.029 0.028
Zn 0.03 0.044 0.031 0.126
Cd 0.11 0.14 0.134 0.142
T RRRN-—HYRSELAYR/LRPESRESR.
5.0 r B7n

40

3.0

S/R

20+

1.0 r

0.0

[ 1]

25 ESAAREEVEANIE

B 1 EHEYR TSNt ERrESR
SBNER, BRTESRERTBGENEYEE
HYEARNEBIE. INESREEDEANE
BEEEYH SR ¥R, SR HWALBEYH &S
ELREBRERTNESRSBENHME. ERK,
RAHEYEARNZRESENORR IBE. BB
Reeve FIML A, S/R MIGFEN 0.5, WREDM
SR {E#it 0.5 MRAZEVAR TBHEESRS
RpRe ™. TR SR EXTF 1 M0iE, WZEY
A&BEREYN—MEET". NEBSALUE
B, RXKRRFROEYP, £XBHEWH SR
HAEKTF 0.5, BRRK—#4 %7 1 UL, MEB®KN
BEEXFT 4 L. LA N EDEESR
HASTERAFTREBNEEES.
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Fig.1. Migration of heavy metals in the plants.
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SR EHBRKXMEYMEREFEHGH 5L
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E&RizHte. TEARERMEIANE—,
ARFE=fMEY, BE2HEET 05 XME, &
TEGERESERNRARANNE.

REEYN TAREERNERENBES—
FEf. B 1 ATLAE S, BB EImM 35 353 T
FRRRIEMEE LR, BHER, FERRE.
stFuESE, LMEYNERENBRN TS, B
BRI 3RO R E RN — . X=
MEY A EREMNNEEBERHEESN:
M3 F>T Bk,

3 Zkie
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(3)7E LRI B K B R 3 ) R SRR X
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Wi, XPREYI AT LU RO B A AR S IR
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FEAEMOERE, RIBE, EFAKTRELSE
Y, HIFBFRZMX T EEMAHELRAA KR
. ARA. ERREAREFER, FLUESTK
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g5t LR HURBIER .

E LA X BARAEKIEE S
SESE R E I 2 HAFR I 2% 5 g R AT IR B YE Bty TR IR
SREEY), ENRAL T REFFXNGREESR
TCERARY. B8R, BWEES. ZEYHRERE
GREAFERIEIATELBHNTARE. HE
TN ELBRAREYE. ERHAEESRSREL™
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B9,

i MRk fda AT INAFHAEATANEHFERRHG K A8, FEGHHHT.
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HEAVY METAL ACCUMULATION IN NATURAL PLANTS IN THE ZINC SMELTING
AREA IN NORTHWESTERN GUIZHOU PROVINCE

SUN Li" %, YANG Yuan-gen', BAI Wei-yang"" 2, BI Xiang-yang" 2, JIN Zhi-sheng'

(1. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 55002, China; 2. Graduate School, Chinese Academy of
Sciences, Beijing 100039, China)

Abstract

A survey of soils and four flourishing plants was carried out in the polluted sites by zinc smelting in northwestern Guizhou
Province. The fractions of heavy metals in the soils were distinguished as mobile fraction and residual fraction by a short
sequential extraction procedure. Heavy metal contents in the plants were found linearly increasing with their concentrations in
soils around the plant rhizosphere. The concentrations of Pb, Zn and Cd in the four plants increase in the order Zn>Pb>Cd.
Sambucus Chinensis and Ixeris gracilis were proved to have good metal-enriching and transport abilities, and these plants would
be useful to recover the ecological environment in these heavy metal polluted regions.

Key words: zinc smelting; sequential extraction; plant; heavy metal accumulation
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