DOI:10.13758/j.cnki.tr.2006.01.012

+ 1% (Soils), 2006, 38 (1): 66~74

T S S MR

1,2 1,2

(1 B RN TSR R T 5T s 3 (h R e it L3R 5U0T), B
2 BlEREAERI A S TRA, L

m =

2 1

210008;
200072)

X R I TV CRINXM D SR CRIX P SR MR A G

ITRRSE, SEREW: TR EIEEALE (u) T4 271 x 108 mP kg, s 1660 x 108 m/ke, SRMLE (4w)
V) <2%; ARMX A e PII A 32.5 x 10 m¥kg, ASILIEFE A (15 ~ 58.6) x 10" m*/kg. Tk X - 3ERENE 5
BE, 5 Es)5acmisn b Fe SRR B o8 ToX 135 4 5 14 Cu. Zn. Pb. Cd. Cr. Mn,
Fe M EAFEA 3 IEAHSCE, SR UH L3 mT 48 g MR v/ Dolk L3895 e 2 F B RVEIX 135 5 Filr 1

EESE, 5EEESENHCHEANEE,
KR WL, miR, BEE)E
FESES: X53

eI 25 20 ZAEHL, PR I B B TR
AT AR S AR R AR R
VUBUISRIR, DA BRI AR g o S 450 i e o
sy, BN AN G I A A I T
Pt r BN H o — SR R BRI T O A Tk
JFM X TR R SRS B ARV S R
1, Thompson A1 Oldfield P55 H SE i i A T
/A8 EIPTIS  P T R Az S = T i (11
BeckwithUHIF 57 2 B 48 7 b [0 v 0 2 14 B 32 f) -
Herf, WL Fe. Pby Zn. Cu SfffELkrEt
#. Strzyszez"'FI Heller Z55F97 T 3 22 AN A X+
HERHAR I oA, 25 SRR W] LI AL 22 1K) 53 A1 7 2C
B DX AR OC, Ul W R R W = s A T A
WA [ 3 X 1 4 7 45 R (R BL . Bityukoval frIsF 5T
KW, Sk TS gy e g, Hugex S
H 4 J® Cry Pb. Zn. Cu fF/EN R FE AR Hay
seUe M AE g [, R )2 H IR R T HR AR R TG Gt
TR AR AT, e YT g R AR bR
e >38 % 10° m¥/kg RUSIHIALR (gr) <3%. i,
Lecoanet 2PV RHFI SNy, BRI BEE: J5 E9 %
BNk TG Gt 35, ANRERE S RV 2R )
s, iy HAE AT DU FOREAR R /0N, DL 51 1
PERSORE /)75 2 B DR s A T AL

M TR M T (8, PR, REUE ™, A S
RFERL, B Il MRS G TSR T IR S
IR T8, PRI SR 2 U A 385 Gt ot

UL BT s X Tk X GRREED ARk (%
D NN SR, R R R S R R
BEATEEBE ST, BRI G T B ol 8y el
T4 E.

1S T

1.1 HREEN

AL TR = A BT R, H kR
KTk T WA (e v, AETT it L R (78
RS NN T 5720 175 A < N R A il sy R ey
WAL, RIFEHIT, Pdb ST oRE AR A 4s,
[ffZ) 415.85 km®, M1 82.96 J7, NS N
1998 A/km®o G2l R b3 (0 B Tk e, X
& B

WAEAEL (LL SN FRid) ALK AREEHE, (i
F13.65 km?, BN 58527 Ao % HAL S0 T
WX R HR, BT 2 b, g S X
YRS, BT LS —ek) . BIEA 4T .
R RME T L KRS . SR iE

OIEETIH : ERARBFEIESEAIE (40235054) i RIH (40101013) , Hh Rl b5 pg ot - EE0FFT T 358 5 Ml T REER R i 18] 51 7 55 546

FHGIH . LW T R R G I H RS ).

eI ZEIRIK (1977—) , 4o, WEHEkTTA, T2+, ERMNH LA ES 0I5, E-mail: lixiaoqing021128@126.com



1

AEBEIRAT T 3 Je (K A o 67

J7AE 10 KA R,

BB (LU LT ARG A Fa X m g e, i
B 3054 km?, BAIA 21365 A. ZEEILS5IT
A NS, JEWIRKIT, LRk, =T
AR T A PR 5w A /0, o 5 L DX o R SR
i,
1.2 #H@EXE

MR 23 18] 0 A5 (B A PE R LR E 23 BHE WA R

B (SNDL DR (LD BEH 17 F1 10 MFE AL (B Do
WA B COMRIXO) SRAE, #0~5 .5~10 . 10~20 .
20 ~ 30 cm JZUCRAE; PR CRILX) % 0~10
10 ~20 + 20 ~30 cm JZ2 KA FE b 2B PRI
YRR mhaE, T KA AR IR S
BEWE, 1F 10 H W Je it fe &M VY EGH 4
TR, (e AE 100 H i, 4
JE AT

i
E—
o A
T

f km 5

E1 EBHELUXTIEX GAE#E fRLX (F2E) HERoHE

Fig. 1 Spatial distribution of soil sampling sites in Songnan and Luojing Towns of Baoshan District, Shanghai
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Table I Magnetic susceptibility of the soils in the industrial and agricultural areas of Baoshan District, Shanghai
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Table 2 Heavy metal contents and magnetic susceptibility of the soils at the typical sites in Baoshan District, Shanghai
FEA FERUMER R pH  AHUR it s Cu Zn Pb cd Cr Mn Fe
(em) (ghg) (10°m'kg) (%) (mghkg) (mgkg) (mghkg) (mghkg) (mghkg) (mghkg)  (ghke)
SN2 RS 0~5 822 243 145 0.7 353 125 82 2.97 353 966 46.5
JUHHE 5~10 829 102 55.1 2.0 36.7 133 84.0 3.56 344 976 49.1
10~20  8.26 103 335 0.5 23.5 120 58 2.9 276 671 333
20~30 828 14.5 155 1.1 26.3 114 58.0 2.33 202 789 30.7
SN-3 G| 0~5  8.09 455 935 0.8 447 281 87 1.49 676 1120 41
J4b 5~10  8.11 213 202 1.5 384 177 83.0 2.09 643 991 425
10~20 8.14 5.97 237 2.5 25.9 109 51 2.15 690 759 38.7
20~30  8.16 37.5 703 33 89.8 525 169 4.04 695 2708 37.4
SN-4 B4 0~5 8.19 36.9 596 2.5 80.7 383 158 3.76 619 1588 49.8
Jhh 5~10  8.16 13.8 90 1.4 79.1 338 69.0 1.82 360 874 37.1
10~20 8.22 7.20 150 0.7 22.0 89.5 33.0 1.58 247 795 34.2
20~30 825 40.1 688 1.5 66.6 688 283 3.60 644 3524 51.9
SN-5 Tk 0~5 8.05 10.8 39.6 0.9 16.8 111.6 52.5 4.16 5.24 674 24.5
MAKH  5~10  8.12 142 155 0.5 17.0 85.7 52.5 5.03 5.50 667 14.9
H IR 10~20  8.26 7.48 95.3 1.5 21.3 137.1 57.5 5.95 775 612 26.0
20~30  8.06 10.5 88.9 5.8 36.3 164.1 70.0 7.43 105 883 35.6
SN-8 ML 0~5 8.05 13.1 141 0.7 26.0 925 57.5 3.15 10.0 928 35.6
Jomp 5~10  8.26 6.81 21.2 2.9 19.8 918 45.0 3.68 6.10 1007 30.0
NG 10~20 822 5.85 11.9 1.3 14.5 304 20.0 0.60 5.37 522 26.8
20~30 835 6.40 14.1 1.3 20.8 88.2 20.0 0.45 3.51 1240 34.8
SN-9 iR 0~5 8.06 442 925 1.9 203 1385 218 5.75 375 2280 67.3
%) 4 5~10  8.02 39.8 1453 0.4 227 1854 203 7.60 483 2522 76.0
N 10~20 828 182 495 3.4 48.0 332 475 2.68 80.5 757 31.6
20~30 835 9.33 223 0.4 52.8 169 4.5 3.30 87.5 1168 443
SN-10 &g 0~5 8.40 44.6 1660 0.1 83.8 507 218 6.13 513 4266 713
)4 5~10 8.64 45.5 1152 0.7 98.8 832 248 6.08 1193 4226 76.0
10~20 838 455 1200 42 102 927 208 7.18 1123 3707 69.7
20~30  8.39 45.5 1182 1.4 224 1217 358 8.20 913 5166 83.2
SN-15 @@Lk 0~5 8.28 21.3 205 1.5 62.8 177 17.5 1.95 55.0 837 40.3
XM 5~10 834 15.0 74.5 3.0 31.0 103 8.26 1.40 572 577 37.5
[R+HE  10~20 837 9.80 189 0.4 35.5 122 6.38 0.95 40.0 678 36.4
20~30  8.40 20.3 123 0.8 573 174 4.16 2.00 32.5 1256 332
SN-16 Al 0~5 8.07 455 716 1.4 224 611 85.0 3.35 393 1523 57.8
VAZMFF 5~10 810 37.1 228 3.1 56.8 207 66.2 2.00 378 978 0.7
10~20  8.04 13.8 64.8 1.9 13.8 335 102 7.25 2.15 370 976
20~30  8.09 16.2 39.8 2.8 16.2 24.8 71.4 6.39 0.90 360 649
LI-l  3y5Kf  0~10  7.90 37.7 529 0.4 37.5 117 13.8 3.16 82.5 603 29.4
LM 10~20  8.06 27.4 25.4 3.9 31.5 121 11.2 2.37 72.5 595 28.6
FI&m  20~30  8.09 14.9 22.1 1.4 27.0 143 10.4 2.37 82.5 529 26.1
L2 %i5KE  0~10 751 24.7 32.9 43 34.3 128 9.73 474 100 663 31.9
WEFRHE  10~20  7.81 16.4 29.1 1.7 325 113 8.32 3.95 92.5 670 30.3
20~30 822 9.95 24.8 3.2 30.0 152 8.45 3.85 82.5 660 311
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L35 EM&¥G  0~10  8.07 25.1 449 3.6 34.5 105 8.52 0.32 57.5 680 28.6
PRRH 10~20 813 13.1 425 12 46.5 142 5.42 0.27 52.5 741 23.5
20~30 836 6.75 324 0.3 29.5 83.8 8.22 0.16 52.5 666 27.7
LI-7 @S 0~10 821 9.36 18.2 49 37.8 89.3 5.03 1.58 82.5 722 23.5
Wrgm) 10~20  8.12 7.15 17.7 4.0 28.8 89.8 420 1.58 62.5 733 252
A H 20~30  8.07 8.35 15.0 33 33.8 88.7 3.90 1.58 97.5 667 252
L9  ZEAKRM 0~10  6.24 29.8 58.6 0.7 158 976 9.27 3.16 633 629 50.4
W 10~20  5.88 311 55.4 1.1 163 929 9.99 2.16 725 620 50.1
& 20~30  7.61 17.6 36.2 0.3 40.0 136 4.83 0.18 87.5 627 36.1
LI-10  ZTJ f 0~10 7.79 21.5 44.1 1.8 36.3 127 6.17 3.95 62.5 619 23.5
MM 10~20  7.78 20.4 35.6 5.6 30.3 110 491 1.58 67.5 647 24.4
A 20~30 798 132 31.4 1.6 31.8 94.2 3.79 0.95 62.5 645 21.8
#z3 TURXSRIEXRLEEEELE (mgkg, Fe A gkg)
Table 3 Contents of heavy metals in the industrial and agricultural areas of Baoshan District, Shanghai (mg/kg, Fe in g/kg)
TCE TAkX (n=68) AALIX (n=30) g P
EEIN i e/ ME PRI Py 22 OKMH r/ME P PRtz RERUERT R
Cu 227 10.2 48.1 48.7 163 27 47.1 35.8 23.5 35.0
Zn 1854 25 282 342 929 83.8 181 212 75.8 100
Pb 358 4.16 74.2 69.5 13.8 3.79 6.89 2.54 21.3 35.0
cd 9.25 0.45 3.63 2.20 4.74 0.16 1.62 1.36 0.349 0.200
Cr 1193 2.5 238 271 725 52.5 120 153 75.8 90.0
Mn 5166 316 1187 955 741 508 633 70.0 818 -
Fe 83.2 142 37.5 143 50.4 21.8 282 6.79 - -
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Table 4 Single factor pollution evaluation and synthetic pollution evaluation of the soils in the industrial and agricultural areas of Baoshan District, Shanghai

LiagX LUSEREE SR e oll) Wi %
Pcy Pz, Ppy, Pcq Pcr LR TRER

TolkIX 0.48 0.94 0.21 6.04 0.93 4.44

R X 0.58 0.72 0.02 3.41 0.61 2.52
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Table 5 Correlation between contents of heavy metals and magnetic susceptibility of the topsoils
T H Cu Zn Pb cd Cr Mn Fe
TR 0.708" 0.693" 0.841" 0.444" 0.649" 0.883" 0.840"
FAMLIX e 0.400 0.566 0.496 0.242 0.540 -0.062 0.661
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Fig. 2 Correlation between contents of heavy metals and magnetic susceptibility of the industrial topsoils
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Magnetic Techniques Used for Monitoring Urban Soil Pollution

LI Xiao-ging®, HU Xue-feng"? SUN Wei-min®>, ZHANG Gan-lin'
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;

2 Department of Environmental Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: Magnetic susceptibility and heavy metal contents of the soils in typical industrial (Songnan Town)
and agricultural (Luojing Town) areas in Baoshan District, Shanghai, were analyzed. The results show that the average
value of magnetic susceptibility (y) of the industrial soils is 271x10™® m*/kg, with the highest reaching 1660x10™ m*/kg,
and the average value of ygy being less than 2%. The average value of y; of the agricultural soils is 32.5%10°®° m/kg,
varying in the range of (15~58.6)x10® m’/kg. The extreme enhancement of y; in the industrial soils is mainly attributed
to the accumulation of ferrimagnetic particles emitted from industrial activities and automobiles. The y;r values in the
industrial soils are significantly correlated with contents of Cu, Zn, Pb, Cd, Cr, Mn and Fe, which implies that the
magnetic technique can be used for monitoring industrial/urban soil pollution. The ;¢ values in the agricultural soils are
close to the background value, showing no significant correlation with contents of heavy metals.

Key words: Urban soil, Magnetic susceptibility, Heavy metals



