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Heavy Metals Accumulation in the Caofeidian Reclamation Soils: Indicated by

Soil Magnetic Susceptibility
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Abstract: The environmental magnetism method has been widely applied to identify soil heavy metal pollution which is characterized
by simplicity efficiency non-destructivity and sensitivity. The present study used magnetic susceptibility to assess the accumulation of
heavy metals in soils of the Caofeidian industrial zone which is a typical reclamation area in northern China. The study area was divided
into three sub—zones based on the function including industrial zone living zone natural tidal flat and wetland. A total of 35 topsoil
samples (0-10 ¢cm) and 3 soil profiles were collected from the three sub—zones. Magnetic susceptibility ( x,) iron oxide ( Fe,0;)

contents and heavy metals contents (Cr Ni Cu Zn As Pb Mn and V) of the samples were analyzed. The results showed that x,
values and heavy metals contents exhibited higher spatial variability in the top soil of the industrial zone indicating the severe impacts
of industrial activities. In the soil profiles of the industrial and living zones all heavy metals were enriched to different degrees in the
upper layer (020 cm) . However there was no significant change of heavy metal contents in the soil profiles of tidal flat which was far
from the industrial area. The y value was significantly ( P <0.01) positively correlated with the contents of Fe,O; Ni Cu As and V
in the industrial top soil. This indicated that x, could be used as an indicator for heavy metal accumulation in the industrial zone.
However the x,; value was not suitable to be an indicator to show the heavy metal accumulation in the soils of living zone and natural
tidal flat. This might be associated with the different sources of magnetic materials among the different sub—ones and the special
characteristics of the soils in the tidal flat and wetland.
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<0.3%. Fe, 0,
96.8 gekg ™
2 g°Kg
2.1 55.3 g*kg™'  48.4 gekg . Fe, 0, Cr.
/n.Pb V 5
pH 8.1~9.2 . 19
AY . ( Y Y
N ) Fe. Crs Ni. Cu. Zn. As. Pb, Mn
3 v 620 .
2.09 ~14.1 g*kg ™" 6.22 gokg ™' ( 1).
Fe, 0, ( Crv Ni. Cu, 2.2
Zn. As. Pb. Mn V) 1 2 ( xi) ( 3)
Pb AY
Fe,0,. Cr. Ni. Cu. N
Zn 104.4 x 107, 40.7 x
10% 107%, 51.2 x 10™°® m’*kg™'
N 168.9% « 34.6% ~ 32.2%.
Fe. Cr. Cu Zn
16 ~ 18
780.6 x 10 *m’ kg™
14
8 ( 3).
1
Table 1 Basic soil characteristics of the different
functional subzones in Caofeidian area . 97.3 x
H Fe, 05 s 3 N
p /gekg ™! /gokg ™! 10 m 'kg
8.9 5.1 96. 8
8.3 0.6 15.2
(n=17) 8.6 2.2 34.7 )
SD 0.21 1.4 18. 4 .
CV/I% 2.4 64.2 53.1 ( Xw)
8.6 14. 1 55.3
8.1 2.1 25.8 (SP d <0.03 pm)
(n=6) 8.4 6.2 38.3
' sD 0.23 46 105 (SD 0.03 pm <d <0. 10 pum)
CV/i% 2.7 743 27.5 o 2
9.2 7.7 48.4 X =% SP
8.3 0.13 19.3 35
8.6 2.7 30.7
n=12
( ) SD 0. 26 2.4 9.6 5%( 3)
CV/% 3.0 88.6 31.4
23 .
1)n

Fe,0,. Cr. Zn. As

Pb

(SD 0.03 wm <d <0.10 wm)

(MD d
>1~2 wm) SO MD
2%. .
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Table 2 Contents of heavy metals in the topsoil of Caofeidian area
Cr Ni Cu Zn As Pb Mn \Y
/mgekg™! /mgekg™! /mgekg™! /mgekg™! /mgekg™! /mgekg™! /mgekg™' /mgekg”!
79.0 32.5 27.8 100. 7 12.2 34.9 717.5 67.7
28.3 7.9 5.6 21.5 4.2 15.3 298. 4 10. 6
(n=17) 52.4 16. 4 13.4 48.3 6.3 19.9 468. 1 12.9
SD 14.0 6.4 5.7 19.3 2.0 4.7 110. 4 24.3
CV/% 26.8 38.8 42.9 40.0 32.0 23.6 23.6 53.1
78.4 37.0 33.5 90. 6 12.0 21.9 701.7 74.2
49.7 13.1 9.9 35.1 4.7 15.5 389.0 52.3
(n=6) 61.8 24.1 21.4 55.9 .7 18.6 517.8 62.3
SD 10.9 8.7 9.2 19.9 2.4 2.6 118.1 8.2
CV/% 17.6 35.9 43.1 35.6 31.0 13.8 22.8 13.2
70.9 32.7 28.7 77.8 10.7 20.7 786.3 72.4
35.1 7.6 5.8 24.0 3.4 14.0 315.0 32.9
(n=12) 52.5 17.4 13.3 44.1 6.4 17.6 510.6 53.6
SD 10.6 8.1 7.3 17.5 .4 2.2 142. 6 13.2
CV/% 20.3 46.3 55.2 39.7 37.4 12.5 27.9 24.6
3
Table 3  Comparison of magnetic characteristics in the topsoil of Caofeidian area
xir X 10 78 /m3 ekg 7! Xia ! %
SD CV/% SD CV
(n=17) 32.0 780.6 104.4 176.2 168.9 0 1.9 0.5 0.6 107.6
(n=6) 14. 1 53.0 40.7 14.1 34.6 0 3.0 0.7 1.1 158.3
(n=12) 27.9 97.3 51.2 16.5 32.2 0 1.9 0.7 0.6 79.2
2.3 20 ~30 cm
B ; 20 ~40 c¢m
P2 P3
(0 ~20 cm)
N ; P2
N N 20 cm Pb P3
" P1. P2 20 cm
. Pl. P2. P3 3 ( Cr. Cus Pbs Zn )
5
2 4 3 ;

P1
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Table 4  Average contents of the major metals at different horizons of soil profiles
Fe Cr Ni Cu Zn As Pb Mn v
/em /gekg™'  /mgekg™! /mgekg! /mgekg™' /mgekg™! /mg-kg™! /mgekg™! /mgekg™' /mgekg"
0~10 21.5 51.7 18.9 15.7 44.8 6.6 18.4 431.8 53.3
10 ~20 23.0 60. 0 19.8 14.3 46.17 7.5 17.3 486.7 59.7
20 ~30 13.9 36. 1 10.3 .1 25.2 4.8 17.3 419.2 39.7
PI( ) 30 ~40 13.2 33.9 7.6 4.8 22.5 5.2 15.6 396.2 34.3
40 ~ 60 18.2 60. 0 16.3 12.1 36.2 8.0 17.2 449.7 49.2
60 ~ 80 16.3 52.9 14.3 9.3 31.0 5.4 17.3 391. 1 44.1
80 ~ 100 21.5 54.5 20.2 13.6 44.8 7.4 14.0 421.2 55.5
0~10 38.6 78.4 37.0 33.5 90. 6 12.0 19.9 701.7 74.2
10 ~20 33.5 69.5 32.8 25.6 74.4 10.7 16. 4 611.1 72.2
P2( ) 20 ~40 19.6 59.9 15.9 10.8 39.2 5.8 16.4 415.2 52.6
40 ~60 16.6 59.5 10. 4 6.7 26.5 4.8 16.0 415.9 54.4
60 ~ 80 15.9 58.3 11.9 6.0 27.4 4.5 14.4 409.5 49.0
0~10 23.4 55.2 20.8 17.1 53.1 6.8 18.3 506. 8 55.1
10 ~20 25.4 59.0 24.1 17.8 56.7 7.2 17.6 547.8 62.2
P3( ) 20 ~30 23.7 49.7 20. 4 16. 8 51.1 7.2 14.2 504.0 57.2
30 ~40 20.5 51.0 16.0 12.5 42.9 6.0 15.7 447.6 52.1
40 ~60 22.3 48.8 17.6 16.0 47.0 6.1 15.1 488. 8 54.3
60 ~ 80 20.5 50.7 17.6 12.6 44.6 5.7 14.9 459.3 53.9
2
Fig. 2 Depth distribution of soil magnetic susceptibility in three typical soil profiles
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5 Crv Ni. Cu Zn
Ni. Cu. As. V 10%
Fe, 0, (P<0.01) Cry Zn ( 3).
Mn (P <0.05)
Cu. As  Fe,0, ( 3)
(P<0.01) Zn. Mn V (P< 9 5
0.05) ; Fe, 0, 3
(P<0.01) CrvAs Pb
(P<0.05).
2 8 Pb
5 (xir) "
Table 5 Correlation between magnetic susceptibility and the contents of major heavy metals in the topsoil of Caofeidian area
Fe Cr Ni Cu Zn As Pb Mn A%
0.894**  0.513" 0.633**  0.647**  0.468" 0.768** 0.391 0. 605" 0.649**
0.819**  0.390 0. 365 0.334%*  0.367" 0.545** 0.393 0.474" 0. 464"
0.761** 0.367" 0.290 0.279 0.318 0.423" 0.383" 0.328 0. 381
1) % % P<0.01; * P <0.05
3.2
51.2 x 10 m’ *kg ™"
40.7 x10 * m’+kg ™'
* 35.0 x 10 * m’ «kg ™"
0 29.1 x .
10 " mekg™".
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