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Study on the Indication of Magnetic Susceptibility to
Heavy Metal Pollution in the Soils

FANG Fang LI Xiao-yan
( Song Jiang Environmental Monitoring Station Shanghai 201613 China)

Abstract: This text chooses three function areas: an industrial area a traffic-affected area and an agricul-
tural area to study the contents of magnetic fractions in the soils and the relationship between magnetic enhance—
ment and heavy metal accumulation. The results show that the soils from the three function areas are heavily pol—
luted with the pollution sequence of the industrial area > the traffic-affected area > the agricultural area. The
soils in the industrial area are most heavily polluted with Cr and Zn as main pollutants. The soils in the agricul—-
tural zone is mainly polluted by Zn and Cu. The soils in the traffic-affected area is mainly polluted by Cr and Pb.
Magnetic susceptibility of the soils is positively significantly correlated with the amount of magnetic fractions in
them at p <0.01 level suggesting that the magnetic enhancement is mainly attributed to the addition of magnetic
particles. It was also observed that heavy metals are accumulated in the magnetic fractions in the soils. Further
study indicates that there is a close relationship between heavy metal pollution and magnetic enhancement in the
soils. The mean values of magnetic susceptibility of the soils from the three function areas are in the sequence of
the industrial area > the traffic-affected area > the agricultural area. Moreover some heavy metals in the industri—
al and traffic-affected areas are positively significantly correlated with magnetic susceptibility values. This sug—
gests that it is feasible to monitor soil pollution in Shanghai with magnetic techniques.
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Table 2 The amount of heavy metals in the surface soil”
Zn Cr Ni Cu Pb Mn Fe
(n=15) w/(mg * kg~! 609 100 69.9 150 113 1.18 46.6
w/(mg* kg™") 89.3 54.4 43.5 29.7 34.4 0.40 31.9
w/(mg kg™ 173 72.4 522 50.1 67.2  0.60 36.2
w/(mg* kg™") 134 13.1 6.80 36.6 21.8 0.18 4.40
RSD /% 0.8 0.2 0.1 0.7 0.3 0.3 0.1
(n=10) w/(mg * kg ! 310 400 72.6 70.1 140 1.00 41.5
w/(mg * kg1 103 69.0  45.9 31.8 17.5  0.54 32.3
w/(mg * kg ! 161 136 57.0 42.9 89.6 0.69 36.6
w/(mg* kg™") 57.8 103 8.20 12.9 34.3 0.15 3.80
RSD/% 0.4 0.8 0.1 0.3 0.4 0.2 0.1
(n=10) w/(mg * kg! 2 385 1 044 69.3 227 218 4.27 85.6
w/(mg* kg™"') 112 40.0 44.0 26.0 52.5 0.67 33.6
w/(mg* kg™!) 514 398 55.7 99.5 119 1.51 50.3
w/(mg* kg™") 688 352 7.10 88.1 61.2 1.08 16.6
RSD/% 1.3 0.9 0.1 0.9 0.5 0.7 0.3
w/(mg* kg™") 85.8 44.8 33.1 25.8 46.1 0.56 31.3
OMn  Fe glkgo
3
Table 3 The multiple of the amount of heavy metals in the soils of each function areas to the background value of shanghai soils
Zn Cr Ni Cu Ph Mn Fe
2.019 8 1.616 1 1.5770 1.9419 1.457 7 1.071 4 1.156 5
1.877 6 3.026 8 1.722 1 1.662 8 1.943 6 1.2321 1.169 3
5.984 8 8.8929 1.682 8 3.856 6 2.574 8 2.696 4 1.607 0
2 7 Cr<Zn :
6 Zn.Cu ; Cr
o Ni o
2.2
o N N 25
3 Cr
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Cr o N N 4 >
Zn 2.0 > o 7
1.9 6.0 Cu Zn  Cr
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Table 4 The geoaecumulation index and its classification
Zn Cr Ni Cu Pb Mn Fe
1.255 4 1.805 3 0.156 3 0.878 1 0.614 7 0.6103 0.033 5
(n=10) -0.2057 -0.748 5 -0.174 3 -0.573 8 -0.397 4 -0.317 6 -0.4827
4.212 1 3.9575 0.481 1 2.5510 1.6532 2.344 4 0.866 5
2.0 2.0 1.0 1.0 1.0 1.0 1.0
0.257 8 0.761 9 0.187 3 0.099 5 0.209 9 -0.306 4 -0.367 7
(n=10) -0.324 2 0.038 1 -0.113 3 -0.283 3 -1.982 4 -0.649 8 -0.5396
1.268 3 2.5735 0.548 2 0.857 1 0.694 4 0.253 0 -0.178 0
1.0 1.0 1.0 1.0 1.0 0 0
0.199 6 0.0852 0.061 6 0.162 3 -0.116 3 -0.5314 -0.3849
(n=15) -0.416 9 -0.304 9 -0.190 8 -0.362 6 -1.007 3 -1.053 2 -0.557 6
2.2422 0.573 5 0.493 5 1.9555 0.706 0 0.492 4 -0.010 8
1.0 1.0 1.0 1.0 0 0 0
2.3 5 Yo
3 Table 5 The contents of magnetic fractions in the
soils in each function areas Yo
5o
9.87
5.88
> 7.47
> RSD 0.1
21.65
7.80
13.61
RSD 0.4
60.02
RSD 6.73
> ° Pb.Cu 28.97
Zn.Cr Mn.Fe.Ni 15D 0.6
6 @
Table 6 The amount of heavy metals in the magnetic fractions™
Zn Cr Ni Cu Pb Mn Fe
w/(mg* kg™ 541 139 97.2 166 57.1 4.72 147
w/(mg kg™ 192 88.5  64.5 218 226 1.24 105
w/(mg* kg™") 266 118 79.5 46.4 34.8 1.97 130
w/(mg * kg™") 91.3 15.3 8.60 38.1 8.90 0.88 13.2
RSD/% 0.3 0.1 0.1 0.8 0.3 0.4 0.1
w/(mg kg™ 507 549 131 111 94.0 2.35 141
w/(mg* kg™") 219 101 58.6 32.4 39.3 1.10 73.6
w/(mg* kg™") 317 188 73.5 57.3 60.0 1.66 118
w/(mg kg™ 108 155 21.5 257 19.0 0.42 21.3
RSD/% 0.3 0.8 0.3 0.4 0.3 0.2 0.2
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Zn Cr Ni Cu Pb Mn Fe
w/(mg* kg™ ") 1731 2579 104 268 494 7.64 194
w/(mg kg™ ") 278 160 42.4 43.6 56.0 1.90 89.5
w/(mg e« kg™ ") 836 534 66. 1 101 156 3.70 141
w/(mg* kg™ ') 563 724 18.4 75.7 132 2.13 30.6
RSD/% 0.7 1.4 0.3 0.7 0.8 0.6 0.2
(DMn  Fe glkgo
1.7 1.9 2.6 . 5
3.4 .1.9 o
5 2.4
° S ~ 25
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Table 7 The magnetic parameter of the soils
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Fig.1 The amount of heavy metals in the soils and

p<0.01(R= -0.45 n=35)

magnetic fractions in each function areas

Pb.Cu
Zn.Cr Mn.Fe.Ni



23

2011 12

Table 8 The correlation between susceptibility to the heavy metals

Zn

Cr

Ni Cu Pb Mn Fe

(n=10) 0.624 7
(n=15) -0.181 4
(n=10) 0.724 3®

0.284 1
0.007 2
0.5373

0.578 4 0.641 9© 0.739 9® 0.4127 0.633 30
0.010 7 0.295 3 0.1239 -0.3272 -0.2787
0.5132 0.752 19 0.074 5 0.523 9 0.876 7%

@ p=0.05 )

(1)3
Zn.Pb.Ni.Cr.Mn.Fe)

Zn.Cr
Mn Fe
Zn-. Cr. Pb

p=0.01

Fe

Cu-Pb.Fe

Zn-. Cu

Cu-Pb.Fe.Zn

Mn.Fe - Zn Cu

(4)
> >
p<0.01(R=0.87 n=35) o
Cu-Pb.Fe :
Zn.Cu
Fe ;

1 PETROVSKY E ELLWOOD B B. Magnetic monitoring of air—
land and water-pollution M //MAHER B A THOMPSON R.
Quaternary climates environments and magnetism. UK: Cam—

bridge University Press 1999:279 —-322.

( Cus 2 HUTCHINSON S M.

J. 2000 31
(6):616 -623.
3 MULLER G. Index of geoaeeumulation in sediments of the Rhine
River J . Geojournal 1969(2) : 108 —118.
4 FORSTNER U MULLER G. Concentrations of heavy metals and

policy-¢liearomatie hycarbons in river sediments: geoehemical

Cr. Pb baekground man’ s influence and environmental impact J .

Geojournal 1981(5) :417 —432.

5 FORSTNER U ALF W CALMANO W et al. Sediment ctiteria
development—contributions from environmental geoehemistry to
water quality management J //HELING D ROTHE P FORST-
NER U et al. Sediments and environmental geoehemistry sel—
eetedas Peetsandeasehistories. Berlin Heidelberg: Springer — Ver—
lag 1990 12(6) :311 —338.

6 HUXF SUY YE R et al. Magnetic properties of the urban
soils in Shanghai and their environmental implications J . Cate—

na 2007 2(3):108.

Pb.



