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BN FHE L R S B0 B & RIS R
WM, x|, £ %, KEP

(PEBERE MIRAFTFRLT, |M /B 550002)

B E: SUMHAHEEDAEICEME N L EAREANFEAE IR, B EHE LR ESREARRBER
R ,Zn 5% 162. 23 ~877. 88 mg/kg, Pb i 37. 24 ~305. 56 mg/kg, Cd & 0. 50 ~ 16. 43 mg/kg, KKt T LY
THERBE . MAESRIE(FHRPb MZn FE) 5 LW H Fe,0, M ALO: FHRBEWIEHLXER, B LS
BEAYFR LT YN ES BYBEEIERALFESHRRNA, Pb A ZIn £+ BEF ETERIANBEEAMDEEES
A, CdERS Pb M Zn B2HR, HESUAZHRENE, AXLBRUEDEDE (HITREBERR) KK,
X3 57.00 ~388.00 pg/g, MESHTMELBREFE B ERNHXXE, RS Zn WHXZEEFIX -0.780 1, K
2R3 HBEYWHE—-EEE

X REERIAE . A
0 351 &

=

M E SR YR EEN. Biolog MHREE RERW, HIRMEYRESEHERAEREMES; LM EY DNA
% PCR(E AWM )M DCGCE( B ERMBIK) RN EHREREFBIES B, RREARAABRENESE S H
BE S EFEDBEESRNMEMERTYG, 5S—rmexS, 1A ERIINEEESEBES, KW TE
XA LA, BEER;, LM AY; Bioleg PCR; DGGE
HhES¥ S P595; P593

D70 : BV AEY A0 pH . ER BIWIIE | FoA 45
BRI E ERAEYUE S B B AR
2. WAk BRwEaE R L R s S sh B R &R M
T EERNAESHERERE A% EBWESROESE, METLWARXP=ENES
FE, BRMFSEBENHRANKERGE, B BEXLEREYNEREREL. BX L, 528
T IWT R R SBERESEBIAMEBEMmEs, o NEHEMEYHNESTEACER SR, ELSR
HREFERA FTYEEIERESR) BN S 3K
EME, FHRREAXGTTILEFY (LR
W RBRPEI T YIRS -2 HEAR R[] ) JREEE 40

FHERMEY EY R BEY PR AR

oA B2 3 0 i e 280 (RIS R SR R B E AU
) R, A—RIBIRAERROERT (05 FEFED LR B SRRk A9 F) R &2 1 mmi # A

HFEEC A SUAE U R EEZ N LSRR —

U RIEEY %) RENALER, ATT 2B  #EESHEAH, BI UARP-ENELSR
P EK (AMD) =l BMmRENE S PR IBE LR YA SN
JRITR, HHBCR U & 5L . A . WITE K B B ot
B mEF -, W EA RS AR E
RGBS 22

FUSTREEIR T ROBEYR, BiiEE

MRS 5k

1
NETRENUFHTHREDHNT LEDPESR
BN E I, Ledin et al. P HEE QL HLIT N

W R BIE M 326 B ES B ER,
B R: 2002 -04 -21; HEZAM: 2002 -07 -23
E2mMAB . FEESEEARAE LETE (KZCX2-105) ; BR B354 TETE (99491010)
EEWNY: BHIUR (1965 -), B, M+ R, HERLEED,

W, FARKEREE, B3 EMIAMET
JTRGERE T SRR O R R T EER
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Bk, AT RGBTSR 300 L4EFHE, E 2000 F
B4 B4 1000 41 “SHEP 7R L EHREE, &
Fa RPN RAEALFE F BT EARE, 1
¥ b, FEERRAMRBEERERE, FEIFE R
Bfo AP RESEPELGEETXE L ESR
PR MHE T, AR, HIEPRENE
SREERTIEHEEP=ENBALOTE, FE
RETELE (0~20 cm), FAHHEPEILEE 0 ~
20 cm #1 20 ~40 cm R,

A BAEST 6 mm A, B 2 mm i,
SR A TR Y, BoraE AT I E 1 B
B, OR300 CRT, —BoHTLE
pHWE . X LB EIT; H—FAEZRT 0. 15
mm 7, F Tessier WEZEM X 4EHEEBILFE
A I 1% ALO; . Fe.0; 1 Si0: & &, F TOC {3
ERWSTBESWRSEMAIRS R, HRTH
AT 4 CHREP S EMAEYHRZA, KPH
T8 A Y DNA RS FTESEET -20 C
FIvKAEH

FH Tessier EZE R EP® M+ EhEEIR
ML X A0 TS BRBREES S SE ety
ZEE FUS (Hy) FRES, REUE Y Pb.Zn
MCdFEM AAS B, BENMERIBEAXEE
KINMR AR TIRRYIFE 5 Mag# L E N FRBE RIS
Y,

TEMEDEY RO ERASKMGEX 0.5
mol/L K.SO. £ B, fRMBEP AT EH
TOC T {3 E -

T A P B —BRIEFI A (Biolog) W R
HHLK Biolog ik, FWHK 125 MpkiE (REES
B )P RS 1 B,

3 A Y iE A0S P9 DNA R B 4l 1k 3R
Miskin 82 H 820", R G H 1% B3EIEEE (agarose)
BEFEHLFE 100 V &4 T H ¥k 50 min, MM, gifbfs
i) DNA FEE4T PCR(R S BEENRN) Wik, &
PCR Y ERIZITRAF N :94 C, S min; ¥# 30 /s,
94 °C,0.5 min;55 C,1 min;72 C,1 min;72 C,
5 min; %H, SREA 1. 5% BBISE B 3K 45 min
JEHAH, & PCR MG MR, RTEHESER
(DGGE) |k, 7E 60 C &k Tk 4 h, 2R /5 F Sybr-
Green $¢ {8 DNA, ZE#RBHLELL 100 r/s HERS
20 min, A 5 min,

FEELR T/EFE XK E Newcastle K27 1 53K
B ERIL2E R o

2 HFRETE

2.1 THMPEESRBSH

F1IHHTHEPELSEITE (Pb. Zn 1 Cd)
B ER T LR, ELRTRELTEFHS
AAERBR,HAERFLEERME;MAS —EEK
MR RMEBEMAL, FRXATEFEEZRE
SRR TXERME, RAZBX +5EHE
ZIBUTHHELEPEHESEITE Pb. Zn F1 Cd A
BHRE, Biiz@E T AN ELS /R
FHRERAE, BRSHSHBXEEEETESR
SEHALAXNRME AR ZEX R SHIRR
BB . NE£RTEETEIEPRENS
(B ATUES, REZEPb M Zn FEPREE TH
2,2\ Pb MZn FELEPELERE , M TEBH
BEKMK, N CGdmE, HERELMRESHEER
B, W CGd MEBEENTIBESIEGR, X7
BBS Cd EX P HABRHREER A X,

F£1 BANFXELTNIESAIBRIHFTER (mg/kg)
Table | Heavy metal contents in soils in Xinguan village,
Guizhou Province (mg/kg)

TR Zn Pb Cd
¥{E (n =30) 515.56 129. 72 7.48
B/ME 162.23 37.24 0. 50
b5 877. 88 305. 56 16. 43
PRHERZE 188. 34 89. 63 4. 47
— 46 B R R ki S Y BR 1L
fip 208 200. 00 50. 00 1.00
R AL ) 150 ~ 300 50 ~ 300 1.0~3.0
=t 30 ~ 70 50 ~ 100 0.3~1.0
)= 200 250 0.30
o] 4 R 100 35 0.20
oh B B 1 S R 82.4 29.3 0.13

2.2 THRPESEHLERS

HAESRBEMN T EPESBNG SESHT
TG 7 - THE2 P BP EHERRTE -4
BREVERESE, THRUIEB/NESE,
BmMBR, B4R In M P HEERSNRBLSH
HREIYEESS, W ZnTis , REST HHES
HEEBN 4.70% B 72.15% , S BN G
19.20% %) 35.00% ; i Pb 5 Zn B8 H X9, Hiksg
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Fig. 1 Heavy metal distribution in soil profiles
from Xinguan village, Guizhou Province
L. 0~20 cm R FTE; 2. 20~40 om 12,
1. surface soil in the depth of O ~20 cm; 2. subsurface soil in
the depth of 20 ~ 40 cm.

Y E AT ESRESIVFRSFEE, Edi
i 27.98% = 46.89% , MARBZAEN A 22. 64% ~
49.36% ,Cd WIEM S Pb.Zn LR, HESES

AT A2 #a SR 3, 5 35.46% 3 64. 58% , Yk Mgk
HEALYE ST, 18.75% ~39.90% . 7T 0L, B4R
+3#$ Pb, Zn WERER, BERENNIESIHER
/T Cd K& B BK, HEESIHEE.

2.3 TP EESRERETMUFRSTKR

TIEESLE Pb M Zn W RS LBA GFW
SR AR I 3 B, A WL, Pb #1 Zn B 5+
B Fe.0: FEFEMRBEMNHLXR, 53R Zn
5 Fe;0; BIHIEEEN 0.755 2, X 1% BBEEEK
Y. X5 EESBAFESHITSERIEY -3,
Al REX BT L Fe.O: (W4T ML ERE) XNE
ERHMEHRHEA, TP ZnFPb 5 ALO: B
A—ERIEMXXR; @F LB ALO: FENE
RRB TR ETEERAKFE, XFHEHRAT -
Bk + 9 Y%t Pb M Zn BIRERVER . T Si0. W 5
+EPEELE Pb. Zn F Cd HAEAHBHMEXX
#; 1H$ Cd 5 Fe0s. ALO: A1 LA FELE B EH4H
KRR, XHHEERAFEESHNINEREYE

60
£ 3
EF CF IF OF RF EF  CF IF OF RF
2 HMFXAELWMPESBNLERS
Fig. 2 Chemical forms of soil heavy metals in the Xinguan village, Guizhou Province
EF. AIZ#5; CF. RBRELES,; IF. ZEAAYESS; OF. HHA (BLY); RF. REX.
1000 1000 [
eZn ePb eZn ePb
< e
800 Fg 800 | .,
- — e ® .
[ [ L J
= 600 2 600 ¢ o e’
g L y=173.359x - 521.63 i L ) =1754x+231.77 %
% 400} r=07552 * &  400f r=02796 ‘.,
L e . e
| > o
C X 1 e 9o
200 | 200 |
y=24399x - 21559 ¢ y=16395x - 136.47¢ .o
[ r=0.5282 e® r=05496 ® s2°,
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Fig. 3 Correlations of heavy metal contents with soil chemical components in Xinguan village, Guizhou Province
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2.4 tHRENEDRERASIRESRE SR
XE

X IR P AEMAYR (ASKRESR
R BAIR K, BRKAE R 388.00 pg/g, B/MECH
57.00 pg/g, FHIH 167. 81 pg/go LM AEYEY)
BEEFESHEAIBRAX; BEMRAXH TEZLE
AR R E AR, LIEP AR S B
&, EHET 4% ; B HEBEYAEYESAVKEN
EAHX X AKRRELE (B 4), HHEXERETTX 0.5 U
b, =R Y RS AR E R

MNE4EELRS HBEAEYEYENHEXKR
AATUEH (BT cd ®WEE5 Pb 1l Zn KK,
KA ERR,EREBOC 10 %), MewEyBEE
£REPb. InFICd SEBIEAHBHRMEXLKE,
MXRBERA -0.5 I, #¥FES Zn F1 Cd KIHHE
KBB4 HNEF] -0.780 1 1 - 0.714 6, K KiBid
T 1% R BEKFE, RBT LBEHESEPHRR

35
3.0r oe % *
- L J
:\; 2.5 .0
& 20} %
= e®e o s
' st »=00024x+1.94
fj r=0.500 7
1.0 |
05|
0.0 . L - G—
()} 100 200 300 400 500
BAEME DR (ug/e)

E& B (mg/ke)

Xt HIEAAE Y B REHAER. TR, BEL
WPESBPb. Zn fl Cd AR R, HIBEPHAEYE
YRS EEE.

2.5 1B4EW Biolog FRER

Biolog J5 ¥ A4 J5 FL 8 3ok I i AR 1 X 2R — B
TERA IR, ok B AE BT I ThRE SR Y,
ARG R BHE T LR BRSBTS
AP, LS, X Biolog B HE e ITAnHE LT
BEEERS T (ERAENERSE TS
HFRHN PC1, PC2, PC3 fl PC4) ; BT Biolog (i
B PR o O R R B T A VR B A AL R
EHBE SRR R4S, HikR T
T EE R B LR B & R A T P REY
BHNERThR. BSERBRTHREARKEESR
B 3P A ) B Biolog 5 R AIH FHBAT I, M
EdaLUEY, BRARREGENESREEAIR
KEES FHHNEZIn HEBUEAR,BKEF Zn K

1000
Zn= -1.6903 x + 822.8
800 +* . r=-0.780 1
¢ Pb=-0.518 1 x +228.43
o 7=-05009
600 - e« 10Cd = - 0.375 6 x + 147.7
r=-0.7146
400 |
o %O’Cb ¢ Zn
o
200 o Pb
o
' m g
0 " A A .

BAEDEVE(ug/s)

4 FMBXELEMEVEVES T REIVREESROBEXKR

Fig. 4 Correlations of soil microbial biomass and organic carbon with heavy metal contents in Xinguan village, Guizhou Province
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Fig. 5 Principal component factor loadings of Biolog data for soil microorganisms in Xinguan village, Guizhou Province

XGD1. Zn =162. 23 mg/kg; XGZPS5-1. Zn =345. 21 mg/kg; XGZP2-1. Zn =676. 40 mg/kg; XGZP1-1. Zn=2877. 88 mg/kg,
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162. 23 mg/kg, T E#& Xk 877. 88 mg/kg, {HEMAE
) Biolog B #& Ay £ 1 57 H F % S #E PC1-PC2 0l
PC3-PC4 HfE LB AHEMNERE, XIRBTH
RIBPELBRHOSEFHASNARE, BEREME
VI BIEENBEEHBRNERE, XRBRT WA
Bt , — bR R — i X+ R T AR, S AR
HEA—H, MEIRIPESEWHEREAZTY
EWEYEOR B S50, AT E LA M2 #a 1)
RETBHLM; F-MRELHELSERNWRES
BB EENNEERNEMERATY 1L,
AR L EAE Y BESWRRBBIFAAHEM
., WNAMXER, RESFHBER X LHS 5
BepT HE AR AN R —B, FEar—F gt
BRELBRE A

2.6 B4 PCR 1 DGGE AliR&E R

T3 DNA 2 PCR Ml DGGE 2 v J5 ) B8
FILE 6, MPCRIZERLIEE , 5 DNA fFREMHH
W, BRZAFRBRENESBRNTGE, A1 X + %P
HAEYE DNA FEREELT 2 000 ~3 000 bps(#,
HXT) SEEA, T ELA [FRE S R] B4 A A — B, B
AR PR AR A A AR . D T 33— 2B X 434 DNA [|]
RIZEFPE, TEXT LY DNA £33 PCR R g
RIZERE ., #F— 1% DGGE kAt , EEHK

e

-
-
-
L
-
-
-
-
-
-
o«

PCR % &

DNA F B T LI BBk (WHE 6 #Y DGGE i
#). B DGGE i&H#rILAF i, 5 DNA iR AH .,
TR A Y E) DNA R BUGEEH B AR, BT
Ef1Z 6 DNA ZERM B E2E R WA FE 8%
jB] DNA Fz Bt 3K B9 DGGE 38§48 303 — 3, B L
WAEYTE DNA L BRA B ERNE, R T ZHX +
BPESREMARAEESBEEHEDERR L
.

2.7 it @

P ERIBRR RS, SHEERMEML, A X +
BWHPELEPb, Zn M CdEAARRBENER, #
B EOMEDEY B OFERKEEMNREME, 4k
YVEYBSIRESRSBRAEEN AL
% ; {82 M Biolog 1 PCR, DGGE W% Rk EH, 113
MEMAERESAMERE FEEA BENEE,
XSWAHRER (ELERRBSR LR EYAE
HESERT IO ERE) HERR 4F5RS Erc
et al. “YEB) 16Sr DNA JrE: AT iAiRAY Cu 75 JeXdi%
EYHERSHBHHKBEHBRE, XTS5
YR MR ALFTE R D R A 5Bt
FERRFUMEE, FLL BESBHEALEE, T
5884y BT — R YR MALEE A, 4L
FEEE —EFHZ , AR ERE, FiHERN.

DGGE i%#

6 SEMFRE T WM AEYH PCR EE M DGGE WO
Fig. 6 PCR and DGGE spectra of soil microorganisms in Xinguan village, Guizhou province
0. DNA #R7EM: 1. XGZP2-2, Zn=532. 26 mg/kg: 2. XGZP2-2 Z DNA, % 10 f%; 3. XGZP1-2, Zn=595.21 mg/kg; 4. XGZP1-2
Z DNA #¥ 10 f%; 5. XGZP2-1, Zn =676. 40 mg/kg; 6. XGZP2-1 2 DNA,## 10 /%; 7. XGZd-1, Zn =162. 23 mg/kg; 8. XGZd-1
Z DNA, % 10 f%; 9. XGZd-2, Zn=300.26 mg/kg; 10. XGZd-2 Z DNA, # % 104%; 11. XGZP1-1, Zn =877. 88 mg/kg; 12. Xt

H; 13, xt#8; 14. IF DNA tR&EY; 15. A DNAREY .
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+HEMESRITENXF AR IZIREHES
SREFAOEEH, Blume e ol “WERNTIELE/FER
(Binding Capacity, BC), H K/N% 188 pH fH . HHL
FaE. FHMR=4_DSENEN. GE55E
K, G4REKR, BRSBTS, X TEX
B EYHEERE /N, AR T EIEP R pH
i (5.5~6.5KE%G). BEN=E4_YEE (I
Fe:0; 7F 10% ~20% 2 [A]) Fl—E R WA IR E
BB T ARG S AR (O [47] 3£+
WA ELER), MEMNE 2 TLEL, LR
£ Pb. Zn UREBSHEZELYESEFHETL
R E, A RBEUE 10% &£Fh s BIR Cd BRI AC
BASHARE, BLERFRE TULEPHES
BXEFEEE. XEUAMRX T EHNHES )RR
W B ERE ST BT LA VBB, BREE
TEMEVNEYRB/DCGXAIRESESRHFAL
B RMB B, BEYNRER N SBMEYE
RN, BEANKTRE, ESRRRZ LK
BE B A X A i BT 5 4 R R B L
157, BT L Biolog 1 PCR ,DGGE K45 R H A RER 431
YR E SR AEERK R,

5RME LR RMEMEL, BIRRALHERE
£RPb.Zn Fl CdEH—EMBH R, Pb fl Zn LAZK
HEMAYDEETMRBESNE(H Cd EERAI
¥.3%) , YA AR ERK; H 5 1P Fe.0s
M ALO: SREWPBWIEMAXXR, RIRTEZEKE L
PSR EELDRIN LT Y FA SN E SRR
BEEf. E2RAES5 - EMAEVEVERRHAE
MR XRR, BEHESRM I EBEDHNEEE
f; /B Biolog fl PCR. DGGE &R B/R, BR3¢
PREAVESRSTESFHE, EREMAEYE
EAEMMERBAHNBFHENNE; XRHBRE
SRHFATHSHE LW P AV ERER A BT
B E T AR - S EEPAERK  BRFRX
RAESRNRREE, FIRRPEWMATRAY
HER S BIFEA SN MY Z R RN S
BHAEYHEERERFBEEN . Xa5HEFxH
X +HR 2 A AR IR T BB WA TR A
#, N7ZE—ERE LEP T EBEYRZELR
B — 2B E .
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Soil heavy metal accumulation induced by local smelting
and its microbial environmental effects in Hezhang County, Guizhou Province

YANG Yuan-gen, LIU Cong-qiang, WU Pan, ZHANG Guo-ping
( Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China)

Abstract: Local smelting near the Xinguan village, Magu town, Hezhang County, Guizhou Province not only
causes the damage of vegetation, but also induces various accumulation of heavy metals in the vicinal soils. Heavy
metal Zn in soils varies from 162. 23 to 877. 88 mg/kg, Pb from 37. 24 to 305. 56 mg/kg, while Cd in the range
of 0. 50 to 16. 43 mg/kg, which are obviously over the local soil heavy metal background values. And extremely
positive relationship can be observed between the heavy metal contents (especially Pb and Zn) and the soil Fe20s,
ALOs levels, which implies the strong immobilization of soil iron oxides and clay minerals to heavy metal inputs.
Sequential extraction results give the deep impression of occupied chemical forms of Pb and Zn being Fe-Mn oxide
bound and residue forms, while Cd dominating as the exchangeable form. Spot soils gain lower levels of microbial
biomass only ranging from 57. 00 to 388. 00 pg/g, and negative correlation can be observed for heavy metal content
and soil microbial biomass level, especially for Zn, the correlation coefficient can reach —0. 7801, reflecting the
poison of heavy metal to soil microorganisms. There was no remarkable shift of microbial community structures
deduced from Biolog tests. Soil microbial DNA fragments purified from different polluted levels of heavy metals
match very well after PCR (polymerase chain reaction) amplification and DGGE (denaturing gradient gel
electrophoresis) reaction, which indicates heavy metal accumulation at different levels have not caused pollution
induced diversity in soil microbial community structure, neither the DNA damage, on the other hand, strongly
binding capacity of soils on heavy metals can resist the impairment of soil organisms from these pollutants in some
degree.

Key words: local smelting; heavy metals; soil microorganisms; Biolog; PCR; DGGE
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