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£ 107°38. 64’ ~ 107°39. 48", 4t 4 26°12. 98" ~
26°13. 924", M kb 5% M = SR AR RS AL, ML B AL VE R L R
RIL., BRBMAAT XM EENSR,E NE A G
MR, FREUS .S BIENZSEBHEET K.
BEHTOPROBRRER. BB .S EEBLER
TWER AT Y FEEHNEEY . KR ITHY A
By BV HERT . B LENREND BT
B EST MRS ML AAR R MREER
WS T Y. WATYWEERO A . BBELENH
BAOMM L YED, DX RELETFR,.DW I X
BEFR.
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2.1 f#ik#n

FHERDEEMARSL GPS B & 650 10 &
WHRAETFENEFREBEFRFEXE., DX T XR
FHIEMER 20 4, DW 7 XORE H RS 21 4, B
BN, +ERERER(RE L EREREY
WA BIE Y (NY/T395—2000) B3R, R BT
TR AR REREN 0~20 cm, REHE,
DU/FELBURE, RAEEERBA 1 ke, WHZBHE, AR
TR A, 2 .
2.2 HRiE

+ 3R AR (HCl— HNO, — HF — HCIO,) i&
EIHE. Cu.Zn R H KA R F R 3 35 I &2 . Cd.
Pb.Cr XA B R FRYOEEE DN E, He, As 2k
MEFZEETE R E . AR g, o
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BE,AXEHBEHFERERE PN L
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E R REEHTITNR.

3.1 BEFFHRIEHE

BREFERBERETEAKXMT .

P, =x,/y, (D
P, RN/ LEY  WEME(ng - kg sy
RT3 i MR HERRME (mg » kg™).

P, FERMNEGRY B EEMGERE, R
RS RIS Y BRI R L

L P>1EL, RAFEMECEITE, P MEBK,
VLR 2V R B B Y P B, R R
mEEEN R Z R,

3.2 N.L.Nemerow &5 HIEH %

N. L. Nemerow £% & 15 32 35§35 2 RO IE# 52
—HREAERPNEMESBER R RER
EMELBEEATBYE. TEARXNT.

Py =

FH: Pe 8 N. L. Nemerow % 25 A 45 %,
P BRI R AR B E 5 PR 5 OKE;
P . AERSHERBHEFIREHWENE. &4
WM RIRER R 1.
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Table 1 Classification standards for comprehensive evaluation
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3.3 PCCHi*

PCC 4 ¥ Bl & Pearson Correlation Coefficient
FIEIARUS ik, R — MR F B AT LU B &
R IR 5 S N 95 Bt = AN 7 e = M

*k2 ITENERSHEERR(ZR)
Table 2 Environmental quality standard limit

value for soil{ I class)

R R (GB15618—1995)

Pearson M R MK/ 7 (Y5 B ML T F A E <65 65<HE 15 sHTS
P RAHHLIRE, —1<r<+1, MHXREN+ — — — -
10, RABEZEEEEMNELREM L, SRR -
_ ) . * < 0. 30 0. 50 1.0
A1, ERTEZEERZTENRLLEMER., HH
KB HH 0 B LR BB 2 A R A e, A= % % 2
3.4 TERERERE WM < 10 50 z
HEFHFNT XL EREFRE . A CRHR L i OREF< 50 100 100
BB R B Ap fE-' (GB15618 — 1995) A PF 4 #r #E ;< 250 300 350
(£2), okE < 250 300 350
3.5 HEsit wE < 150 200 250
3% F] Systat SigmaPlotl 1. 0 3 17 £ Bl ; i & N
B < 200 250 300
i+ EZ M A EXCEL 2003 #1 SPSS1 8. 0 # T HiES
N B < 40 50 60
it
4 ZEBRitie 4.1.1 FREIEFLELS

4.1

TRIERERBRTRFESN

P ORHEESRNTE R LN pH
HMELSRIE 3.

£3 DX.DWHFRIEEEES=E(X107°)

Table 3 Content of heavy metals in soil of DX and DW mining areas

B pH & Pb Cd Cr Cu Ni Zn Hg As
GBS 64, 67 0.82 7.56 7.89 36. 85 986. 36 0. 46 16.56
B/ME 194. 07 10. 36 38. 37 22,61 40.64 4 187.44 0. 94 20.71
DX BAE 7.02 675.27 45,26 112.55 70. 87 254.43 9 574.40 4,78 61.64
A 410, 04 21.79 64. 66 41.82 91.22 6 219.34 2.61 39. 69
RHEE 139.52 9.46 16. 54 10. 92 49.56  1542.45 0.91 10,98
GBS 23. 43 1.34 7.89 52,34 38.56  1224,23 0.25 8.54
B/ME 345, 83 19,19 23.48 35,65 29.99  5202.50 1.54 27. 40
DW BRHE 6. 89 737.35 82.06 102. 37 55.24 114.44 11 824.04  8.46 68.51
{8 499, 47 51.55 63. 88 44,10 54,20 8 061.23 4,25 41. 86
FRifE 2 105. 43 18. 85 22.52 4.86 21. 00 1 969,17 1.84 10.79
GB15618—1995 300.0 0. 60 200. 0 100. 0 50.0 250, 0 0.50 30.0
M 3 Al 4, HF 5T X i 43 pH {E4 7. 02.6. 89, EMHNEE.

AF 6.5~7.5 Z 8], BUR A IR B AR ER R
GB15618—1995 ( —%) AT br#E, DX 7 X L8
b4 B R 9 574.40 mg » kg 'L HNIKZ 675. 27 mg
kg ', DW X S &G 11 824. 04 mg -
ke 'L ERRZ 737.35 mg - kg ', WT XA LEFE
SR VR ORI RE S ENEE B RER
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NHFEHELBEASBRAOLIE . BERM
Nemero 8 ECRWM . Za % 1 Mk 3, DX.DW F X
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A 1 FIE 2 o]0, B CroNi 4, DW # [X 43
H Pb.Cd.Cu.Zn.Hg . As IS EH KT DX X +
BEHRHEE. MAT X L8 Cd.Zn MEEMER
K. DXO#XDWHF X +HEFESLE Cd.Zn fl He
B P, 43514 36.32.24. 88,27, 61 F1 85. 92,32. 24,
63.54,8A/ JLDW "X Cd.Hg ¥y P, 2R DW 'R &y P,
B 2 f%5. 4 Nemero HEHIFM 4 R, DX #1 DW 7~
KIEHHFEEENESBE ST, HDW X
Nemero HE F DXV XK. X5 DWH KEERY
X, DX # XAEETFRT XA -EXFR., 7=
RS —RERT XE—HRT B EE
K"K, FAEMAUMANERRFERE. 0T

B4 LN M ES B CEKMEAZETHER, B
P T 98K 22 9 U8 AR B P R K AT X 3 3A
B AT XEELEDPELSEN FERE, &
WA EN R RE S BIE R,
4.2 BERIERELSEZEMNEXESH
PHoT T & J8 22 8] 9 A G AT DL HEDN 28 4 /& WY ok
BEBME, A SPSS18. 0 &4 ,PPC J ¥ xf H +
EhESESEZE.S pH ZREIKHEREHITRIT
3, DX X (BEAS B 20 ) DX 7 X (BEA % 21
M +EFELBITER Pb.Cd.Cr,Cu.Ni,Zn, Hg, As
VIR pH {2 B B AR XA i S5 R K 5.

x5 DX.DWHRIBELELEZANEXRES

Table 5 Correlation coefficients of heavy metal contents in soil of DX and DW mining areas

pH Pb Cd Cr Cu Ni Zn Hg As
pH 1 0.04 0. 002 —0.15 —0. 005 —0.15 —0,02 0.004 —0.02
Pb 1 0.18 0.60*~ 0.67** 0. 35 0. 44 0,45~ 0.76
Cd 1 0.11 0.59 0.01 0.65" 0.16 0.20
Cr 1 0.52 0.32 0.55* 0. 30 0.76"
DX # K Cu 1 0.23 0.65* 0.54" 0.63"
Ni 1 0.04 —0.14 0.18
Zn 1 0.51 0.667
Hg 1 0.59
As 1
pH 1 —0.25 —0.15 0.08 0.071 —0.31 —0.11 —0.25 0.03
Pb 1 0.66"~ —0.57" " 0. 20 0.53~ 0.73* " 0.42 0.20
Cd 1 —0.72*" 0. 30 0.61° 0.94~ 0.61 0.14
Cr 1 —0.12 —0.69"" —0.69"" —0.27 —0.02
DW 7" X Cu 1 0. 15 0.31 0.49% 0.55~
Ni 1 0. 66 0. 33 —0.06
Zn 1 0.46" 0.03
Hg 1 0,57
As 1

2 tailed K238 . DX—n=20,DW—n=21, * * p<{0.01, * p<C0. 05,

5 FWA.Pb Y Cr.Cu.As IR B4y 5 R
0.60.0.67 1 0.76,7E 1% /KF L, FEREFEMERX
PE,Pb 5 Heg BIMRRE N 0. 45,7 5% KT L #
BEFMEME;CdE Cu.Zn MR RESTHIHN 0. 59
MO0.65,.7E 1% KV EHAERBEEMEXM;Cr 5
Cu.Zn A KRBT 5 R 0. 52 F1 0. 55,7 5% KF
FHAEREEFEMELME.Cr 5 As WHXREN

0.76,7E 1% KF L7 EHR B FEHM LK Cu 5 Zn,
As ABSE R 504 310 0. 65 1 0. 63,7 1 %K E7F
ERBEIEMEM,Culs Hg MAHXERECN 0.54, 7
S5UKFELHEAEMBEFEMXY;Zn 5 He WHX R
¥R 0.51, 785U KT LFEREEMXME,Zn 5 As
IR R0, 0. 66,7F 1 %0/KF E 7R &3 IE A
P Heg 5 As BIMERECN 0. 59,78 1 %K LAETER
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WEIEMEM, #L8 Pb.Cd.Cr,Cu,Zn, Hg As % 7
FRESBEITERRIEMF ;N A 7 FhTEEE &
ERAHRME IR IR S HE 7 MOTR AR,

[F¥,Pb 5 Cd.Zn WAHK R E5 3 0. 66 F
0.73,7E 1% /KF LAWK EFEEMXH,Pb 5 Ni
MIFEREN 0.53, FE 5% /K F LHEABE LM X
HsPb 5 Cr MR R B —0. 57,7 1% KFE A7
T M 2 Cd 5 NiLZn, Hg B 6 R 504
A 0.61.,0.94 F10. 61,78 1 %/KF LA ER B3 I
FXEHE;Cd 5 Cr WHRAER R —0. 72,7 1% KF
FHEEHEMAMEENE;Cr 5 Ni.Zn BIHXEH 5
B —0.69 M—0.69,78 1 %KF FFEENEE A
KM Culy As MR R E AR 0. 55,7 1% KF
FHEEREEEMAEE,.Cu 5 He WHXER N
0.49,7E 5% /KF P FEER B EFM*XM;Zn 5 He
FIMIRZEN 0. 46, 5% KFE EHAEZETF M X
MiHg 5 As FIAME LR ECH 0.57,. 78 1 %K EFETE
W B IE A%, 680 Pb.Cd.Cu.Ni.Zn,Hg 1 As
FTMESBTEAKEMRE. CrMEE7MHITE
FERER AN, B HRIE S HE 7HITEAR
MM XHeEMESBEAE AT IR, HES
G5l A, pH EXt L EEL BT ENMHE X R
AR/, DXH X HF,pH Xt Cr 1 Ni fH& 8K,
B4 %} {12 K 0. 15 1 0. 15, {H#ER K i AH X ; DW &
XA|PELES pH ZRNEA BB MM, 5L
pHX +ETHELBELSENEWA K.

M H IR I P AR R, 1R R
BUEK T 3875 Y IR B SCHL A B B A Bkt R IS
PSRRI TR B 1L B B kN T B R
MRt XS, B I AWK SR IEB B R
wiGge FNGHEMNFET X L, 2 L AES)R
15 Y E ) I P AR A L BRI X TS et AR
Tt B B B

AT BT R R TSN A LR Y IR A A
TEAEENRFRTHT X LEFNESECR
BYTS L ARAE SR G S5 R R, BB X R Cu #1 Cr
ShHRESBXMN TECERE -HEAFR.CAT5
Pl HE,DX.DW 7 X L EH E LR Nemero 5
HWE BB RIE R, + 58 W5 Pk P, Cd,

Zn Xf P E otk K. DX ¥ X .B& Ni 4, Pb.Cr %
TMELEITE ZEAMEKEE;DW § X & Cr 4,
Pb.Ni% 7 FfESLBITEZRAHENE, 77K 5
pHEXN T RESLESBERA B E MY, LY
pHXNLEFTELREESENEWAKR, HRER
X XA MR EY S HEmER. S
HALZFAT = HIEL R LR E SBT3 G
BEBAERSENL, LEEL B RNGEM T
BRI E RIS EEWR,
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Pollution characteristics of heavy metals in soil of lead-zinc mining in karst areas

DENG Qin, WU Di, QIN Fanxin, YANG Zhen, JIA Yaqi, CHENG Zhifei, LIU Pinzhen
(Key Laboratory of Information System of Mountain Area and Protection of Ecological Environment

of Guizhou Province ,Guiyang ,Guizhou 550001, China)

Abstract This study focused on the heavy metals in soil in DX and DW lead-zinc areas. By using the meth-
ods of atomic absorption spectrometry (AA800), atomic fluorescence spectrometry ( AF-640) and other in-
struments, we measured the contents of heavy metals, including zinc(as Zn), mercury(as Hg), chromium
(as Cr),cadmium (as Cd),copper (Cu), nickel (Ni), lead (Pb)and arsenic (As). By means of the single-fac-
tor pollution index and Nemerow index methods, we compared the pollution characteristics in the soil. PPC
statistics were used to analyze the correlation of heavy metal pollution in the soil. The results indicate that
heavy metals in soil have caused single or complex pollution and the soil was heavily polluted by Cd in the
two areas. The Nemerow indexes in these two areaare 27. 61 and 63. 54, respectively, implying that the soil
was highly polluted and such contamination in the DW area was more serious than the DX area. Except for
Ni, the other seven heavy metals in the DX are correlated with each other, which is likely related to poly-
metallic accompanying and symbiotic deposits in the mining area. The total content of heavy metals and the
pH have no significant correlation in the soil. The established models show high fitting precision and the re-
search results can provide evidence for rehabilitating the polluted land in mine areas and setting corresponding
management measures.

Key words lead-zinc mining area, soil, heavy metal, pollution characteristics, correction
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