DOI:10.13758/j.cnki.tr.2006.05.005

+ 1% (Soils), 2006, 38 (5): 525~533

SR TIREEESENTEHER
YFIERESRFIRAEREN
KEHD, BERY, REET, FIRY, RAET, K OB

(1 P ERE bR R IR RIS RS A e ST, FEA 210008;
K E LS (P EBEB R LIPS » Al 210008;

BE RV, BEAKWARRT
2 SR T RSIR R
3 T ERPERBET AR, dba{ 100049 )

 OE: (EMRL 109 km® E SRV R LL R ERAE T 174 ANRE LIRS, WE T 7 FESE S
o SRAMGET A GS+ FBRAE BRGNS 755, DI T X E S & R A2 WA k. il Kriging
PR ZORT AR I R T < AT e U v, PR IR e R O RUSEAT T AU . SRAIL, AEWFTIX N T Rl
) FAT A A [ ) ATREAIE 5 RS RS IR (K75 G APIROL 15 FR BERM B A 3 SRR R K T
HE AR R GRE, EEL S ARG DO R IR Y] Rk AR HETSOR T < ) sk ) A e T R AR

WAER 2, RWIFTIX H 4 a1 = kI
KR
FESES: X1313

By MBI A b ol TR AL B
Lyl Ao b ANIE 2 0 T SEA T R] e PR Bk 11
XA REIE R ER e T, s Rzt i AR 2
LIRS ) K 2 B4 IR AR e Bk
AT AT BRIV R, TS By
()95 Yo B 230 B0 A0 11 Bl RS Y b 1
5 GEIRL T Ge b e R KURS: VEAY B XU B )
Henfi, AR g IR 2 A AR
N RTRFSER ISR . K, Vs )
SR T P AT AT IR 52 BRI 53 1R R

M vt A I A AR R P O HE A, DA T
22 BN AR TR — Bk, Tz N T80 2
Aii LA BEALIE SCA S5 R PE FAR IS B ek,
WA T R G A T SO WR L. b
GEvE Sl o3 AT L R < s 1) S ) 23 A SRR,
XA AT B ANV, JE B ) m LA B X
e S P, AT SR AT T R AR AR L
TGRS AR AT e it 45 Rl I b
fHERG (GIS) mHltk, DX skys Gl or i 2

g WG T ERE AEAS V5 GREIU

F RS AR E AR AT

HAT, geih o B2 Tt L3R . Koy
A TR0 2 1) SRR AE S T o A 2 3 AR ) B R
498 7 4 IR A LA A, (R LRI
(KI5 22 s G Re FEATDRH AR A DX, B3 Jxt + 038
T A DT OR T s T s G Tk i
VIBItRER o/ INEY S INVININEE S TR o S S £
R e, AEARZ 7 AN R B3R 0TSO0 R IR AL,
A RE P B R o R A R IR 2 B AN T B
REFFCIRAE, (HE H AT BEZ . S HrT oY
2 RN B BENLRAE T i, 0T 35S el AT
& ONIEE S e A RN (v 2 N S s
FEANE 3 SR 1 8 PR 22 57 o A PR BEATL AR 7 18
AN LR HERHE s 5340, T AT ES )R
Nl s ARAT 2 R 2 080 i, TS BIE
ISR, T BERAR LW 2 IR AL F I E B 2 I e
1 HVBE > B U 48 5 s (A RE SE B
VHEE R M T A RN 22 Je e v Oy ke B A R AT L
5 o

OIEATE « 15K A ARREIE 4 T ST H (40432005) [ 5 AL TR BRI E (2002CB410810) FlHp [ AL 2% Be AR G 0 B (KZCX3-SW-429,

CXTD-Z2005-4) L[l %8,
* JHHA/EE (ymluo@issas.ac.cn)
fEF A kit (1979—) , U,

WWZRIR N, W EFoeAs, 2N 3 ys YA AT S - R % 0y T (WA 5T . E-mail: cbzhang@issas.ac.cn



526 +

1 %38 &

AL ATV AR e 7Y 5 4 8 v e 3% Mk i 5
X, iz F RS IR AE AR 29 10.9 km? (R HLIX SRAE T 174
AR LIRS, NTHGE 2 HA GIS 25 1) 43
WIS STk, WX R )Z LR 7 BB SR
A AR EREAT 20T, DA MU X - 3
GBI E R, RN T R X IR T AR,
ol s SR UrbEp P g SLIE YA SR e T

1 IREXBREMRAE

1.1 #HREER

AT L Fr 2 DX, 85 B P e ) AR IRy,
WERAE 200 m LLR, b BERT 2 A b R v
T AR KB R R AR k. %
R R A 24 A B 1 S = AR R 7
AAEIR RN, PR 16 'Co HEKMARM,

4 ®
3
]
2
]
1
*
0 625 1,250 2,500

E1 NERSHE

Fig. 1 The distribution of copper smelters
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Fig. 2 The distribution of soil samples

2 HGFIHFAIE

HI T A A AE S AR e R B R AT B 15
i, DAL v A2 S o K S PR X SR S R 0 A
WELR ASOR R NS S, RREAC 1
EINIE 3 AEbniE e, ERUIX R) AA  Es 1258 Ay
SR, SRS 2399 T IE 3 (R B R s M AR 1
U2 R RS AL T REAC R 1%, H P05 %
PR B ARSI SR A B IR AT, T WA AE LE Al



5 5 3] GRACHE S

T A b S e B ) AR SRR AR S L B HE s R X 527

MNP, EN RSB SE, Pby As A A XEE
AATH) 5 FhE 48 T H AR AT S BUE A
A, PUAET7 22 00 BT IPREX 7 Fhoe R IR EE AT
P EC A, 32 [R) SR )t 2 A A A N HB S8 v A
GS+ (gamma design software, 2002) , U}
PAL, PR RS B L2 %, H] Block
Kriging % & H4p 8 & U THGH, REILERTA
F| ArcGIS 8.2 v, 1HRIWFFIX N T3 h % B JE 5
()7 A) 53 A

BN R b, SR A% J7 ) EAHTR 2
FAIRTI, 04 ) SRR R4 1, (H AR & 16 ]
PR A 225 )2 S R AR A R Kriging 38 (i 4K 38
T LAY N5 i) S PSR 4 SR s, R,
AT SCATAE R RS B 1) — 230 B A RS % 1)
PERFIE, S-HR& I [RIPEIE L, 4k LAz IE 2087 +
E G R T Z R A, JF DU AR SRR ek Al 1
1T Kriging #fi{H

3 BRSSO

3.1 TIESEERTEMNRITFIEE

WX 7 B E SR T RS E R AR 1. 174
NEE S F BREA Kolmogorov-Smirnov vABEAT
IEATERL, 45REW 7 MoRGEIARTEES
I3 RPEER AT R R R et o i R, Cu.
Zn. Cd J& TXHUES D . WHE A, HIERHETT
RLENBOIER G, B Zhang! U, BE T
A ARE S E 2K, 2 EXEOIES M,
MAE NG RGO T W e RS A, 1 & 1M
RGP ) A BE T A, Pby Hg 7 &40 A 5 hiE
B TIX— . HAR Cu. Zn. Cd 3 PGS L
FFERTEOER A, (R H AR A RECERA B S 15
G, BRRBOTIEREY], X7 HESEICR
TERFFEX N AR S R, B Se Ak, oAt 6 AT
AT T 150%, Cu. Zn. Pb. Hg %% 4 Fhoc &
N, R RN T 250%, ¥WIARRE R .

®1 TREEETRFITHFIEE

Table I Descriptive statistics of soil heavy metals

JCHR paxiil i £ W i /ML KA K)fE bz A5
KM A A (mg/kg) (mg/kg) (mg/kg) (mg/kg) A

Cu IgN 1.03 1.70 13.07 8 171.01 290.35 861.73 2.97

Zn IgN 0.94 1.91 64.12 25613.70 793.75 2 113.63 2.66

Pb WA 10.42 121.56 19.97 7 656.28 205.39 621.65 3.03

cd IgN 0.41 -0.47 0.08 23.71 2.10 3.44 1.64

As (LES 8.29 79.02 4.83 386.95 18.91 34.98 1.85

Se (LES 6.89 66.38 0.25 7.86 0.76 0.69 0.91

Hg fhia 12.72 165.50 0.03 15.01 0.26 1.14 431

TE: g N R BOEZS 201, AR IR i 38 2% B0 P38 AR 008 Oy o 3 4 f TR e L

WL R E L TR E R0 N : Cu 17.6
mg/kg +12.94 mg/kg. Zn 70.6 mg/kg +37.19 mg/kg.
Pb 23.7 mg/kg + 6.76 mg/kg. Cd 0.070 mg/kg =+
0.059 mg/kg. As 9.2 mg/kg +7.90 mg/kg. Se 0.435
mg/kg + 0.219 mg/kg. Hg 0.086 mg/kg + 0.0667
mg/kg 8. WP IX F 4R A IR SR A H R
AIRAKFEERT . Cdy Zn KPS B s
THEZ CRIEAREFERE) (GB15618-1995) =
HFRAEBRAE 1.0 mg/kg A1 500 mg/kg; Cu HIFHSE
I T H T HRMERRE 50 mg/kg, 12.6% 1)
FEGh Cu WIS T = RAsHERRAE . 700 13.2%.
9.8% F1 10.9% [KIFEML Pb. Hg. As WRJEBEL T xF
R bR AERRA . HA 1 ANMFERL Se WREEIE T

HA BAEMALZ (WHO) #EEM) 3 Se R lF
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Fig. 3 Anisotropic semivarigram of soil heavy metals

(Cu) across the half extent of the data
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Table 2 Semivariogram model parameters for soil heavy metals

JLH T A Yedxfi Co G Co+C Co/Co+C HHER (M) RERH R RSS
Cu 2SN 0.036 0.179 0.201 1165 1.000 1.7E-06
Zn R 0.024 0.150 0.160 935 0.990 7.1E-05
Pb 2NN 0.022 0.086 0.253 806 0.979 3.3E-05
cd B 0.073 0.312 0.235 1508 0.996 7.0E-05
As S 0.012 0.060 0.194 1422 0.984 8.9E-06
Se 2NN 0.013 0.043 0.303 1730 0.930 7.6E-06
Hg R 0.020 0.090 0.222 1300 0.993 1.0E-05
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Characteristics of Spatial Variability of Soil Heavy Metal Contents in
Contaminated Sites and Their Implications for Source Identification

ZHANG Chang-bo'*?, LI Zhi-bo'*, YAO Chun-xia'?, YIN Xue-bin'?,
WU Long-hua'?, SONG Jing'?, TENG Ying'?, LUO Yong-ming'*?
(1 Soil and Environment Bioremediation Research Center, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;

3 Graduate School of the Chinese Academy of Sciences, Beijing 100049, China )

Abstract: A geostatistics method combined with Geographic Information System was applied to analyze the
spatial variability of soil heavy metals and to perform source identification. One hundred and seventy four surface soil
samples were collected from a contaminated site with an area of 10.9 km” and analyzed for concentration of seven kind
of Cu, Zn, Pb, Cd, As, Se and Hg. The results of semivariance analysis showed that they have similar spatial
distribution characteristics, and concentrations of the metals were correlated in a given spatial range. Due to the special
characteristics of the area such as distribution of the point pollution sources, the spatial autocorrelations of the metals
increased, which was different from that of other unpolluted or slightly polluted areas. It was believed that compared
with parent materials the copper smelters were the most important sources for soil heavy metals in the area.
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