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Heavy Metals Accumulation in the Caofeidian Reclamation Soils: Indicated by

Soil Magnetic Susceptibility

XUE Yong'?,ZHOU Qian',LI Yuan',ZHANG Hai-bo'* ,HU Xue-feng’ ,LUO Yong-ming'

(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences, Yantai 264003, China; 2. School of Environmental and Chemical Engineering, Shanghai University,
Shanghai 200444, China)

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 c¢m) 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 (0-20 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 X, 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-zones and the special
characteristics of the soils in the tidal flat and wetland.

Key words :reclaimed sediment; soil; magnetic characteristic; pollution indicators; coastal zone
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Fig. 1 Map showing the spatial distribution of soil sampling

sites in the Caofeidian reclamation area
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Table 1 Basic soil characteristics of the different

functional subzones in Caofeidian area

. Gk Fe,0
B e o OB FeOy
/g kg /g kg
SN 8.9 5.1 9. 8
o
T+ nz/M% 8.3 0.6 15.2
(n=17) SEHIE 8.6 2.2 34.7
brifEZE SD 0.21 1.4 18. 4
AREBCV/% 2.4 64.2 53.1
IO 8.6 14.1 55.3
R e/ IME 8.1 2.1 25.8
(n=6) SEHIE 8.4 6.2 38.3
FRifEZE SD 0.23 4.6 10.5
AREBCV/% 2.7 74.3 27.5
EENE] 9.2 7.7 48.4
TR A 1 e/ IME 8.3 0.13 19.3
(n=12) FIME 8.6 2.7 30.7
b2 SD 0.26 2.4 9.6
REBCV/% 3.0 88.6 31.4
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Table 2 Contents of heavy metals in the topsoil of Caofeidian area

B WA Cr Ni

Cu Zn As Pb Mn \'%

/mg-kg™" /mg-kg™' /mg-kg™' /mg-kg' /mg-kg™' /mg-kg™' /mg-kg™! /mg-kg”!
IS NEN 79.0 32.5 27.8 100. 7 12.2 34.9 717.5 67.7
F/IME 28.3 7.9 5.6 21.5 4.2 15.3 298. 4 10.6
T XFEL(n=17) FIE 52.4 16. 4 13.4 48.3 6.3 19.9 468. 1 12.9
FrifE2 SD 14.0 6.4 5.7 19.3 2.0 4.7 110. 4 24.3
BRRE CV/ % 26.8 38.8 42.9 40.0 32.0 23.6 23.6 53.1
FENEN 78.4 37.0 33.5 90. 6 12.0 21.9 701.7 74.2
B/ME 49.7 13.1 9.9 35.1 4.7 15.5 389.0 52.3
AIEXEE(n=6) EHIE 61.8 24.1 21.4 55.9 7.7 18.6 517.8 62.3
FrifE2E SD 10.9 8.7 9.2 19.9 2.4 2.6 118.1 8.2
B FRECV/ % 17.6 35.9 43.1 35.6 31.0 13.8 22.8 13.2
SSoN] 70.9 32.7 28.7 77.8 10.7 20.7 786.3 72.4
B/ME 35.1 7.6 5.8 24.0 3.4 14.0 315.0 32.9
PERABHR £ (n =12) FIHE 52.5 17.4 13.3 44.1 6.4 17.6 510.6 53.6
FrifE2E SD 10.6 8.1 7.3 17.5 2.4 2.2 142.6 13.2
AR RZB CV/ % 20.3 46.3 55.2 39.7 37.4 12.5 27.9 24.6
x3 ERARIUESELR
Table 3 Comparison of magnetic characteristics in the topsoil of Caofeidian area
. Xi X 10 78 /m? -kg 7! Xia/ %
i RUME ROCH FEIE GREESD EREECV/% UM ROCH I GREESD ERRECY
Tk XE L (n=17) 32.0  780.6 104.4  176.2 168.9 0 1.9 0.5 0.6 107.6
WX EE (n=6) 14.1 53.0  40.7 14.1 34.6 0 3.0 0.7 1.1 158.3
MRANEE L (n=12) 279 97.3  51.2 16.5 32.2 0 1.9 0.7 0.6 79.2
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Table 4  Average contents of the major metals at different horizons of soil profiles
e R Fe Cr Ni Cu Zn As Pb Mn \%
" 7 /cm /e'kg™! /mg-kg™! /mg-kg™! /mg-kg™! /mg-kg™! /mg-kg™! /mg-kg™! /mg-kg™! /mg-kg!
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 46.7 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
PL(HL S BT 4358 30 ~40 13.2 33.9 7.6 8 2.5 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 (AR5 X A 4E) 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
. o 20 ~30 23.7 49.7 20. 4 16.8 51.1 7.2 14.2 504.0 57.2
P3 (iR 1)
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
Fur X 1078 mA kg™ Fur X 1078 mA kg™ Hie 1078 m kg™t
3203 40 44 48 52 56 0 45 50 55 60 a8 52 56 60
0 T T T 1 0 T T T 0 T T
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Fig. 2 Depth distribution of soil magnetic susceptibility in three typical soil profiles
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], JCHH ARG ME. (R W98 X R TR T fit X 3% 4w
REESBEN T —E A kS PR,
T XK @AESESE Ni, Cu, As, V
Fe,0, [ & B E IEAHE (P <0.01),5 Cr, Zn
I Mn 2 HEIEAMIE (P <0.05); A% X % /il
REFELE Cu, As M Fe,0, A& 2% W IEH
K(P<0.01),5 Zn, Mn F1 V R B EIEHK (P <
0.05) ; TG A H % - #E LR Fe,0, BF
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Table 5 Correlation between magnetic susceptibility and the contents of major heavy metals in the topsoil of Caofeidian area

WH Fe Cr Ni Zn As Pb Mn v
Tk X+ 0.894 " * 0.513*  0.633**  0.647"" 0.468*  0.768** 0.391 0. 605 * 0.649 * *
AR EL 0.819 " * 0. 390 0. 365 0.334*" 0.367 " 0.545% * 0.393 0.474* 0.464 "
WL R 1 2R 1 0.761** 0.367* 0.290 0.279 0.318 0.423* 0.383 " 0.328 0. 381

1) = = FRPEFEKFE P<0.01; = FAREBEKFEP<0.05
3.2 M SRR IR AT

AHFFE X, 1 SRV FIE b 2R 1 WAk R 11 °F
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