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HASEXETEESETEIMFEREZMESR
BB, RRMC, EEE, WREP

(1. MR RFTIE SHEERI2220e, 2. AEaRl2Eb, T8 M 210095,
3. EMTTRMBARIN AL, VIO E2 214206)

W NG T AT . ERUG T IR R R R SR E T ML IR &8 (Cd. Cu, Pb) W&, FH
O3 A BRI R AT THESE , S5 EW, RN Cd 5™ E, KPS E R 6.91 mg « kg™', Cu, Pb RJ&#KTE
e, HAFEE R 53.2 M1 83.6 mg - kg™, Cd, Cu, Pb B A4E A28 (8] A0 1 H. AR S 38 R BN A 25 g — VS b 5 1),
Cd, Cu Mz RIAE R LLACH R Z g &, M Pb AR R 5 R, OB MCRER, T ArcGIS MG TH A0 TR Y
F 5 AT REASAR A b S e - 48 F 42 S 9 2 [0 A8 SR 100 B LR i TR 3%

GBI . BLANS YK WS A ERS AT

FESES, X53 XHfFRER . A X E4HE. 1000 -2030 (2009) 01 —0067 —06

Research of influencing factors and spatial variability of soil heavy
metals in typical polluted area
LI Rui'?, ZONG Liang-gang'“, WANG Yan-jun', SHEN Zhen-guo’

(1. College of Resources and Environmental Sciences, 2. College of Life Sciences, Nanjing Agricultural University,

Nanjing 210095, China; 3. Examination Center of Bureau of Agriculture and Forestry, Yixing City, Yixing 214206, China)

Abstract: The geostatistical analysis, correlation analysis and principle component analysis were used to study the contaminative
situation of soil near an abandoned smeltery by heavy metal contents (Cd, Cu and Pb). Tt could be concluded that the soil was

heavily contaminated by Cd whose average content reached 6.91 mg - kg™, and it was partially contaminated by Cu and Pb,

whose average value were 53.2 mg + kg™ and 83.6 mg - kg™ respectively. The spatial correlations of Cd, Pb and Cu were all

moderate and their directional variation was from southeast to northwest. Cd and Cu variational levels were mostly influenced by an-
thropogenic activities comparatively, but variation of Pb was mainly attributed to soil parent material and topography. The method
based on the Geostatistical Analyst in ArcGIS can exactly reflect the character of spatial variability and the sources of heavy metals.

Key words: typical polluted area; geostatistical analysis; heavy metals; principle component analysis

T 20 4K, SRR L AR A A R BB e DR T IR G R TS U H g, UHORIGRS . #
H R B A T AR R R N ISR A A R, BT SRR, B
SRV A A M E 2 2R IR BER) Pb ¥5 0, A OFFEHR bk (A =l A b R TR A R A
FWR, WU, BB IR K R T A I, SEUR HIRAS R GBI, 45
FDIREREIR, TP i R~ ISR /N S5 B S YR P B B 2 DURE DG . BRG, A7 B X
SSRGS e Al J] B - SRR SR R 1) B R ¥ e Y 23 (RS S U EA T IR AR ST, 20 THE22 90 AFAR LUK M
GEylEAE I O AR 2 Z RS H A g SR B RS (GIS) MG Ak i
G Jm A I S AR S U © 2 O BIE ST XSO i R B BT B, AR SCIE T GIS A AY B SR & SPSS
8 F2 073 0 M ok MR B S e DX (PR FER R BRI ) s v R S Y s ) A S A R R e PR R
BT, DI G e i G R R B A2 S A TR A il

1 MR5EE

1.1 HREREH#HR
WSS XA T8 H2%T, B 12,3 km®, HAUKERIAL 4.0 km®, KAEHEFIZ) 5.0 km®,

Fm EHEE . 2007 -09-18
EETH. THEEAPEEEESTH (BK2006711 -1); LHAHSERIH (BS2003029)
&R, =8, WL A, EiEE . SR, 2%, WFERERESEME S, E-mail: zonglg@ njau. edu. cn,
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FAE PR ARE M, AR R, 104 ElE B AR PERESE, B TR X AR, HET
20 140 80 4EACH), T YA BT B E T 2002 4R T . ) AR i), BR T ORI BEE
SHEH, KR 2 B HE AR T A9 IAT J0 R B 3 0 78 S, T B ST 4T 3 N I B K AR R B T — S 1T
Yoo B BEE KRS, HEBE KR Z B A BT K . WEE AR 2003 AFEXHZ AT AT X AR H 4
HEIAEE o ) 2P R A R BRI R A AEAR R R Cd, Pb Al Cu A @5 Y, WFoE X oAbl 57
THJEFARRHERS, — A STESEN “=IE” HlL,
1.2 R#EEFHZE

THERAET 2006 4F 10 H, FEACR A ARG S, B FEFEITE 300 ~400 m, HPRHE SR 2 ~4
hm? TR, G BT IHOEE BT 738 S i s . SEbs RAERTF GPS Ko 7, JFIrURE Sl 0 ~ 20
em MYER)Z 138, BARAEGTEEAR 10 m IFEBINSRE S Dok, IRAE R 1 kg Hdh, B
FEXHRAE 119 DA 80 (RPRCRAE T /KRFFRIRE S, 25555 30 T) o
1.3 H@mshsllE

AR BRI HARE R, SREHTE | i, e E AR SR RSN 100 B, FRE0.S ¢,
AR R 1:15:2 19 HNO, + HF + HCIO, (¥ REgal) k)G 2 200, FR i Cd, Cu, Pb &
R W BT AL (Varian 220 Spectr AA) W2, FHE R HbER b FARES H R L3 (GSS -1,
GSS—6) FEPR IR ER: (SRM2586) WIfE#E T /A i #EHl, ok EEECN 10% ~15% .
T4 pH OKEFECH2.5:1) . AR S RSB pH TSRS BRA SN T E
1.4 HiEAIE

ARG 53 Hr R SPSS13. 0 4 F1 ArcGIS 8. 3 3411 (1) Explore Data ifig, 25 [ 53 Hr{H FH ArcGIS
F11Y Geostatistical Analyst[“] o

2 ZR545H

2.1 BWERNGEITSHT, BEERRESHED

211 EARGISH AE 1 ATLIER, #F58 X -5 48 & A KA I8 0 48 YT 95 b X A + 1R
RAFSE, b Cu MR & B 9. 8 £, Pb R 25.7 f%, Cd 24360 5, XIHEFR [E 3R 45
i bRME (GB 15618—1995) M Zhnife CHIRBEA A= | 44 AMRERE) i3 iR X RZE 1
€ (0~20 em) FESEA)E Cu, Pb | Cd MYHEFRAE (TS Ju il S P AR RUE B U8B E 43 L)
53k 24.4% | 5.0% . 100% , PiIAREGEIXAY 3 Cd i5 YL ™ H, Cu, Pb RJRiBisye, MWFITX 1%
BRI RMNERRZEORE, HRX EEPh, Cd FRNERREEK, HEKRT 1, Cu AR REK
2, BHUFR pH 285 R8N, ULIARFSY X+ 4 8 & i X 22 R K . K-S (MG o0 M 2
BEW], pH, AHLE (OM) JBTIEASMi, Cu, Pb, CdJB TIEIES /MM, L &4 8 - X E
TEZS R T DA, E4ETRENTFHEIRTE, ST a2 e, 24T B (-t R A
RIS, G R (R PR A o A 2 8 TR SR SRS Y, MU R 3 B8 TIES M, KT
3 CRMRIEES, /INT 3 ARG, MWE 1 A[LIFEH Cu, Pb, Cd I HMRIEE,

1 XE+TEpHE, BNRENELESENGITHH (n=119)

Table 1 Statistical analysis of soil pH, organic matter (OM) and heavy metals contents in the surface layer

TiH Item pH HHLE/ (g kg™') OM Cu/(mg-kg™') Pb/(mg-kg!) Cd/(mg-kg™!)

YJ{H Mean value 6. 40 33.10 53.30 85.75 6. 40
H1{f Median value 6. 30 34.20 38.40 50. 16 2.70
1% Skewness 0. 31 0.16 2.56 3.31 2.54
1§ Kurtosis 3.90 3.83 9.29 16. 59 8.43
K-S Ki36 K-S test 0. 30 0.97 0. 00 0.00 0.00
fz/IME Minimum value 4.90 21.10 21.70 19. 50 0.70
i KIH Maximum value 8.10 53.00 219. 40 674. 50 45. 40
FrifEfR 22 Standard deviation 0.50 5.35 39.30 95. 00 9.50
A8 Z M Coefficient of variation 0.08 0.16 0.74 1.11 1.48
T ARUE(E Grade I standard values <6.5 50 250 0.30
6.5~7.5 100 300 0.30

>7.5 100 350 0. 60

H5t{H Background values 22.3+8.02 26.2 £10.92 0.13 +£0.32
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2.1.2 E€REMSHERIMERHERE R24REY, Cu, Pb, Cd B ¥H)mild K-S K%l LB
RAES M . Mook, pH, Cu, Pb. Cd 7EZ: V4 J7 16 F1 g A6 J7 [ 1 23 A 3534 O — O ek 08
e, H pH IR eREUM B FIF AU, A HLSTE AR PG J7 ) R A6 7 1) b 5 23 A7 35k — U ek B0k 3
(K1), P, FERFSE X 4 2 (B (e P00 i i T Bt 3, DA AR AR, /AR A 2R 22
F2 REITEpHE, FIRMESENHBERGMSHED
Table 2 Data transformations and trends of distribution of soil pH, organic matter (OM) and heavy

metals contents in the surface layer

iH Fe el K-S Ky I3 AR I3 R

Item Transform types K-S test Distribution types Distributed tendency function
pH 0.30 IEZA4 4 Normal distribution 1K Second-order

oM 0.97 IEZ 434 Normal distribution —1K Linear

Cu Box-Cox ( —0.55) 0.05 TEA3 4 Normal distribution X Second-order

Pb Box-Cox ( —0.50) 0.09 IEZS43 41 Normal distribution K Second-order

Cd Box-Cox ( -0.50) 0.93 IEA43i Normal distribution IX Second-order

H: ESHEEIE A Box-Cox FIZHIi, In the parenthesis data is the parameter item of Box-Cox.
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B1 XREXEpH, FHlR. E€ESENZTESHEHE
Fig. 1 The spatial variation of pH, organic matter and heavy metals contents in the surface layer soil
2.2 MGt
2.2.1 TEREEREESE., IR pH W= E S A4S X3 ZRRY, LEESRESE. AYUEM
pH MIEERTT 25 (Nugget) PAIEMR, UEWIAFAER RAEDRZE | DI AR R B A28 57 5 S A BEAILAZ 57,
TR iR, pH, CdiRZ, Cu, Pb /N, WARRE (AFERHIFIHIASRE ) RO A7 fir
PSSR Al M, pH ABLG, TSR G R U A A AR LU O, HA WL 45 1) 54
®3 REXTEpHE. ANRMESESENMSEITESR

Table 3 Geostatistical analysis of pH, organic matter and heavy metals contents in the surface layer soil

W H Item pH AL OM Cu Pb cd
7% 5 BRI Variation function model BRI Spherical ER7Y Spherical BRI Spherical ERT Spherical BR7Y Spherical
Kriging J7 Kriging method L T A% L8 T A% L3 5 LA i 5w LA W38 v FLAK

Ordinary Kriging Ordinary Kriging Ordinary Kriging Ordinary Kriging Ordinary Kriging

KAHAEFE/m Major range 3484.5 3164.5 1023.2 1001.6 4255.0
S 4725 FE/m Minor range 708.2 1223.6 393.0 346.7 1432.0
K7 137 F1/° Direction angle 329.3 270.3 292.9 294.6 280. 1
LK T7 2 Nugget 0.227 4 18.057 0 0. 000 8 0. 000 6 0.057 2
55772 Partial sill 0.035 6 13.277 0 0.000 5 0.002 0 0.043 0
KT /25772 Nugget/ Sill 0. 864 0.576 0.615 0.231 0.571
B/ m Lag size 293.97 266. 97 86.32 84. 49 358.97
K HL Number of lag size 12 12 12 12 12

e HEITE = BRI % + 5587572 Sill = Nugget + Partial sill
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pH. H3EHE 4@ 0 R KA 7 fA7E 280. 1° ~329. 302 8], 1B H:as [a] A8 5 3 B W Ae 5 g — P by
XSGR IX AR 3 T K — B, UL RS [ R A B TS Y p R ER AR, A K R R
RS pH ZS AR REEE, o, HHAVRZS AR FE R R— T, X5
GBI Y N EE AT IR -B, BT 2 SEG 2 (FIRT 2 + B2, Sill) AR
LSz e AR e ) 2 [ AR DGR E , S EUME/NT 0. 25 B UEIIZ R G A Bk iy 25 Rl A G, FRE KT 0. 25
H/NF0.75 ARG HA P, S KRT 0.75 RHEBIA SEEARSS " HHmx —EN, #F5%
X -3 pH 25 [AIAHCHEAR S, Cu. Cd, A LT A [ A S v 450 Ph HA AR 19 45 ] AH e

2.2.2 FRMZERBHEFE  FIH TR AT VE AR T ZAL S . A (] I AR 1) OF- 35 1 2%
(ME) FIFRMEFIRZE (MSE) ZXHE R T 0; F¥bnMEiR2E (ASE) 5¥HR1%E2ZE (RMSE)
MR FLERRN, BT bR eI AR 2E (RMSSE) i T 1, PRAIZS SRR, A
HRERAPUR . pH, Cu fHIE T A SEMERSTS, Cd, Pb 25, XA[fES Cd, Pb & Ay Xk 2% ATk
AR, wncd, P EFEAARIEE 58 0.7 ~45.4 mg - kg ' F119.5 ~674.5 mg - kg ™',

2.2.3 REETEEELERNEELZE SN 50 AR E LR X2 [ 50 A0 i B e R et it . RN
AR — R B0 NI R S RIS RS LR (B2) B, hHECd, Pb. Cu (5 YR
JEor R R —3, HS5RRIEE A, Bak) ik, HEESE PN, EERE
A SERE S 4 Cd E L 20 mg - kg™', Pb ST 250 mg - kg™', Cu SEMEL 120 mg - kg™', H
T2ZANZ X FAEFE TN (KR SRR, #4 Cd, Pb, Cu BFE A LRI NA M
PEAL Dy iy sk, R, BEOY XA f AR K HERR T, K HEATTR | KBRS 2l K T
B, Yl A RS gl 2 o 4 OMUKARTE A 1, e SR S AR i F A ) B v
BHTREARI— TR XA R A 4 i & s AR oI A e e —3, R TS 4 E A Kk
TR RREA G, Horp Cd AR IETT B SRR, RS MEEB K ARB RS, @ +HEHE S
J& &, AP pH 5 B EIM LA R, 1) deEs R pH 0 5 HHEE & )8 & & o
A Z (AR — B WIAR I, 30T BB S (A Ve Dy 3k AT OC 1A MILITE A9 43 15 DL RS
] (4 B 42 SR e R B A G B AR . TR IX AR A AR BT, (AR T REER MR R R, +
B 4 B A S A T B I S A AT R A IR

N N N
A pH A FHLTEOM A Cu
= 0N
e ~ e e ——
C/ \___J.-’ M_"“MI‘ ‘f\g/_ '\ﬂ :: N/ n-_,_ﬁ‘_““ .
B f P .
! [ IL f /J/ | Cufimg * kg™)
( T 3 . S
! 5 35 _ . g A
/ s fj / ’_:) OMAmg * kg™) ) (. )
! 6.5 | Contours } 35 5 i Contours %’) A~ (.nntf:u;}’
.f . —— 5.5 S e S 3
i b i u — 6.0 { e 35 S ‘ 50
/ e \ 6.5 - / o e ——80
s f 7.0 } —a0 L ) | o
SR " 0 S Nt ~ \ L —1s0
B T . [ 4 :
) e ~\ -.,‘h/
3|
b 3| LA -:r"'
N’r ! Pbiimg » kg™ Clime + ke
g _-;E":', Contours < Contours
109 1s0_of 30 1
ﬂi, 50 3
‘i} 100 0
i 250 20
N 350 - 35
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2 REIEpHE, AIENESERER ERTHEEE

Fig. 2 Kriging maps of pH, organic matter and heavy metals contents in surface layer soil
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2.3 MIREXELESHHZMEZSH

M E SR AN EE R, R ES S Z X R ELS B SEHR, pH %+
HEPE T AHSCHEA B T T 4B 2 M i 22 50, FIWTE &8 i A a2 m N 2, @i SPSS &
X X e H 48 Cd, Pb, Cu S pH, AHLEHEAT Pearson MO/ (£ 4), Z5HREW Cd - Cu,

Cd—Pb | Cu— Pb £+ e 77 75 35 i i 3% IEAHSE, R4 tHpH, FNRMESREBEMAXIR
FHFEZRE W8 0.858 . 0.740. 0.682, 1idHH 1E T Table 4 Pearson’s correlation matrix for pH, organic
GEDCIK 3 FILHE S Y7 AL oK 0T A7 £ A1 ] matter and heavy metals contents

HOT IR, Cu F it pH 2R BEEMG, cd THlen o1 M G W

pH 1

i pH Z ) AR W IEASC, Uil pH A A oM o002 1
FCd, Cu ELIEFW R, K pH BE S S Cu 0.202*  0.146 1
Cd, Cu WiEH ., Pb & 54 MR Z A7 7F B3 1 Pb 0-080  0.1937  0.6827" 1
1‘H9‘é, Lﬁ%%ﬁﬂﬁ@%ﬁ%”ﬂ:f’b E/‘Jﬁ:{,\o Cd 0.250 " * 0.152 0.858** 0.740** 1
MWEEPER R MEERE, IR 258G
ZE HAE AT DA et o 4 AR SRR . M Y /N T 0,25, Has AR S R 2R AR . B |
SAEEEAEN Y (45krE) R (RIEACE ) ShE; HIERT 0.75, UiBHE 4R Y2 [\ 248 7 &
B AKTES (BEHLRZR) g1 WA 0. 25 ~0. 75 Z[ali}, FEHA5 A8 F 60 I Z A X 24,
REAILPR 2 AN AP D 0 e L R b, A B AR S L E R 0. 50 ~ 0. 75 B A IR HE AR &R
X AR SRR TR EE T ARIE XN I, BT IX A pH 2s (AR S EE i AN E TR (FEE
T2ESEB T2 WER 0.864) , 13 Cu, Cd, AHLBIEESSZ AP FEE A R A0, AHxT
S NS R, 239k 61.5% . 57.1% . 57.6% ., Pb (W78 R B2 REFT . MU 2545 F 1k
FSESEAT
F RT3 AT AT DA — 2B 5 15 Y R R LA K F AR 200 48 o 4w S i mu ik, RRIE(E R R
AN T 2 IR TR B AR R i i R BTRR R K T 85. 0% B9 SR 2 BT 2 A
K, 25 MEERER, AL EHNFRMBEIT 2558 84.1% . 11.4% , BLRA% —FH T &%
M -4 SRR IR BN R, KXW ELERIFENoTEkii 8] 84. 1%, H _FEHTRZ, EXNELIREK
TR DTRRIA S 11.4% . 1T Cd, Pb, Cu =P &) B0 RE(E 5 I BB 5 AR IE 85010 2444 B 0 (e
%5 WRRIESLECENERS W

Table 5 Eigenvalues and variance of principal component analysis for the studied area

Note: * P <0.05, " * P <0.01.

JEEEATAFAE(E Initial eigenvalues WEFG IS FRfiE{E Rotation sums of squared loadings
% S fRETT 22/ % B2/ % S fitRETT 22/ % B2/ %
Component Ei N o Percentage Percentage Ei N o Percentage Percentage
igenvatues of variance of cumulative igenvatues of variance of cumulative
1 2.52 84. 1 84.0 1.72 57.5 82.7
2 0.34 11.4 95.5 1.17 39.0 95.5
3 0.15 4.9 100.0
550w BE (AR 220K, BB AT RESZ A\ A 2R B 520 *®o e¥El. FETRER
LN , %%% HE&RE DL RS i A 45 i h{ﬁ%# 3= Table 6 Component matrixes of principal component
WO M ARHER, FEAEGHE R, R analysis
KEABISAHEI S, SRR R, MBS gy PERCLMIRRIEE LR RO
. R N ) nitial componen otated componen
SRIHZ, TEACHEREIT LA RN A T OB, Jr2efy  Tom —— . 1 -

KA G IR (F6) R, wH Hiakmy Cu 0.926 ~0.295 0.911 0.339
JEA . ARV R m K BE RS N R R X 4 4 Pb 0. 876 0. 480 0.394 0.918
Eﬁ‘z\}% Cd\ Cu E’Jjﬁ%iﬂé//}?\ (Cd\ Cu T{%*H‘E Cd 0. 947 -0.155 0. 842 0. 462
FrHR I IE BRIV 3 0. 842 5 0.911) , T Pb 32455 — F M4 BE . MR 4 (ORI E 50 B 3% (Pb
TS R E T IER AR/ A 0.918) , X5 PGS HPE R K 04 M BE BT s i 45 SR —2,
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ARRIETHEI M S G R EW, FRXNEEESE Cd 58, BirERh
100% , #BITHLIXAFAER Cu, Pb {54 L5 Y R B 5 9 w0y UM IR 5 Y U5 BE B8 DL & 3 S KUl AT ¢
WX +HEE 4 Cu, Cd 25 IARSCHE 4610 Ph HAGARGR A4S LA DG, i ToRBERIBR A K, A
R IRAZ N I SE A [ 55 R A B . Pearson AHOCAMHT X A A Wi g R, AHREXF Cd, Cu 5T
BRI, 1R HERC PR TR DA S5 K HE I PT R R ZOR R Ph W) B2 Rk IR S 2 A M A
EQil-AInI

FT ArcGIS WHBGETT2E M1 5 T 08T, BENS i b S W T 4 J8 ¥ Y 1) 25 [ 43 A R AIE A 3
BRI o 4 0 S i, FIWTEE & B MR R, MIREE W RS PP R A i T B, MRS SR
15 YL B B A PR AR AR

Sk

(1] #EZ, WK, FHTRITGP X G 5 JeRoLwt s [J]. 1, 2002, 35(3): 156 - 159

[2]  XZF, XScie, %%, % LHGRTS I SRANSADCHERSE (1], MIET L 2=Bi#ik, 2003, 18(3): 88 -91

(3]  BEEAL, R, WIESC SR LA 1R E SR IS YT (1], $ImRHR 5k AARBIERR, 2004, 19(4) . 78 -82

(4] 52K, M, FHEH, % EREESEE ST RZEASRT [1]. LI, 2005, 37(2): 140 - 146

[5] Goovaerts P, Webster R. Scale-dependent correlation between topsoil copper and cobalt concentrations in Scotland [ J]. Eur J Soil Seci,
1994, 45(1). 79-95

(6] kJIWI, ZRGRIE, SATOAR. RIS HE X 13 G J AL o % f i s (R SRR [J]. PREERMAESE, 2001, 21(3): 349 -353

(7] 2%, PRIREE, T4, % BT GIS 09 L3Rk b 48 45 [ /- ARHEWF ST [J]. FRBERM2%IR, 2007, 27(5) : 803 -809

[81 WIERM, Z=#F, THIL, 55 FETHGIEA GIS 1Y LHEMBESE & & B I R (1], HEEAR4E, 2006, 27(10): 2110 -

2116
(9] W, JBsR0G, ®ENR, % WilpER L Cd S E AR R RS (1] R IFBERL 4Rk, 2007, 26 (3):
1093 - 1099

(10] G, LsEfelrfeortrorik (M. dent. mERLBHL AL, 2000 487 —489

[11] Johnston K, Ver Hoef ] M, Krivoruchko K, et al. Using ArcGIS Geostatistical Analyst [ M]. New York: GIS by ESRI™ | 2001. 1-300

[12] Cambardella C A, Moorman T B, Novak J M, et al. Field-scale variability of properties in central Towa soil [J]. Soil Sci Soc Am, 1994,
58. 1501 - 1511

[13] o5k, MRESC, XIPRAE. 3@ Kriging EAEAS M AR AYIE A [1]. TLRKEFM: BARMAR, 2004, 3(1): 18-22

(141 XIAPRE, s2EiE, FARTE, 55 FETHUGETHAR GIS YK S il DX A 398 PR ) I B 58 —— LA RS AR R B (1], e

%, 2004, 41(1): 557 -563

v, BT WEEERGEE M [M]. deat: BleEmibst, 2006 1-480

M, TR, TR SRR e S 0k ()], BAAASEMR, 1998, 9(6): 651 -657

A, R0, ERW, AF EACHES IR s MR R S R [T]. MR, 2004, 59(6): 989 —996

Luo Wei, Wang Tieyu, Lu Yonglong, et al. Landscape ecology of the Guanting Reservoir, Beijing, China; multivariate and geostatistical

analyses of metals in soils [J]. Environmental Pollution, 2007, 146(2);: 567 —576

[19] Caeiro S, Costa M H, Ramos T B, et al. Assessing heavy metal contamination in Sado Estuary sediment; an index analysis approach [J].
Ecological Indicators, 2005, 5(2): 151 —169

[20] ¥Fepig, SRANKE, XU2F, 4. MEEVERGHR A I E S B E AT RAHMEVIR [J]. MR RN, AR, 2007,
22(1), 111 -114

RIEHIE:



