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Environmental characteristics of magnetic micro-particles derived from
coal combustion in soil of peripheral areas of cities

TANG Li-ling, WANG Zhi-feng and MA Sheng-ming
(Institute of Geophysical and Geochemical Exploration, Open Laboratory of Applied Geochemistry, CAGS,
Langfang 065000, China)

Abstract: Magnetic micro-particles in soil polluted by heavy metals around 13 cities were collected for the pur-
pose of determining their environmental significance. They can be used as tracers for the source of heavy metals
in soil because the microstructure and mineral component characteristics show evidently their derivation from coal
combustion. The magnetic susceptibility of falling dusts containing abundant magnetic micro-particles is much
higher than the average value of urban soil, which explains clearly the reason why soil polluted by heavy metals
always has high magnetic susceptibility. Finer particle sizes of magnetic micro-particles have higher magnetic
susceptibilities, which facilitates the diffusion of heavy metal pollution for a long distance. The occurrence rates
of the magnetic micro-particles in soil collected from 13 investigated cities all exceed 80% , which indicates the
universal distribution of magnetic micro-particles in soil of urban and surrounding areas. The average content of
the magnetic micro-particles in 5 kg soil sample collected from Beijing varies in the range of 30 ~7 070 mg with
the highest being 267 g. Magnetic micro-particles can be regarded as carriers of heavy metals in soil because all
the eight heavy metals could be detected in chemical component analysis and the content is 2~25 times higher

than the soil eco-geochemical reference value of China’s eastern plain region. Results of correlation analysis show
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that in most cases there exists a significant correlation between content of heavy metals in magnetic micro-parti-
cles and that in soil polluted by coal combustion. The contribution rate of magnetic micro-particles to heavy met-
al accumulation in soil is generally lower than 1% though it could reach 10% or 60% in soil with much more
magnetic micro-particles. It must be emphasized that the contribution rate mentioned above only shows the trend
of the environmental effect of coal combustion because magnetic micro-particles do not constitute all the pollution
components produced in the process of coal combustion and the content of magnetic particles can not be quanti-
fied due to the unavoidable loss in the process of elutriation. Nevertheless, the above phenomena could at least
prove that magnetic micro-particles can be used as an easy means for connecting media that contact heavy metal
pollution in soil of cities with atmosphere pollution produced by coal combustion. As heavy metals in magnetic
micro-particles are commonly very inactive, the evaluation criterion range of heavy metal content in eco-geo-
chemical assessment can be properly broadened according to the content of magnetic micro-particles in areas
around coal combustion factories. At the same time, it should be taken into account that heavy metals in mag-
netic micro-particles can also be released in some extreme conditions such as low pH or high salt content. Fore-
cast should be conducted so as to prevent the environmental disaster produced by activated heavy metals in mag-
netic micro-particles.
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Fig. 1 Microstructure characteristics of magnetic micro-particles
a— b— c—
a—magnetic micro-particles under stereobinocular microscope b—blowholes in the magnetic micro-particle SEM  c—polygonol mosaic
structure in the magnetic micro-particle under SEM
2.3 1 1078 m’® kg
Table 1 Magnetic susceptibility of different particle
sizes of falling dusts and floating dusts
mm 1 2 3 4
0.18~0.83 406 480 1 342 1324
0.08~0.18 585 1 260 2 803 3471
400~3500 10 8 m’ kg 1
118.6x10 *m’ kg Magiera 1998 Durza 1999 2005
2001
2004 2005 3
3.1
13
Kapicka et al . 2
1999

Strzyszcz and  80% 5 kg 30~
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7070 mg
Hg Cd Cr Zn
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10 g 267 g
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Table 2 Occurrence frequency and content of magnetic
micro-particles in soil of different cities
% mg 5 kg ! mg 5 kg !
92 87 429 14 275
70 100 192 10 334
108 94 1052 52410
45 98 76 574
26 98 75 417
29 100 5900 38025 > —80
85 83 32 343 cm
37 97 214 3336 As Cd Ni
35 100 699 7553 Pb
23 96 116 820
39 95 94 1341 Zn 4
19 95 121 364
10 100 81 280 Cd Cr Zn Pb
6 83 30 40 . ~
40 92 7070 267 168 S Bi Zn Cd
Cd Cr
3
Table 3 Content of heavy metals in magnetic micro-particles
ng g ng g
As Cr Cu Ni Pb Zn Cd Hg
n=10 13 953 83 47 54 510 896 43
n=14 14 700 61 54 107 178 560 145
n=>35 110 1026 297 164 287 1354 2920 102
n=13 24 530 138 138 62 150 951 150
n=4 8 1048 71 67 28 128 294 21
o 10 65 23 30 23 64 118 25

1) . 2005.
2002DIB20063
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Table 4 Heavy metal content of soil profiles at different sampling sites and that of magnetic micro-particles in the
corresponding soil horizons
wy 1070 wy 107°
As Ni Pb Zn Cd Hg
cm g5kg !
0~ —-20 2.3 64 169 47 118 65 287 119 293 404 842 271 434
20~ —40 2.0 13 115 27 101 34 364 57 297 140 480 74 205
—40~-60 0.6 11 79 28 52 25 108 55 229 136 261 152 156
0~ —20 3.2 13 81 38 134 36 36 123 196 381 577 67 42
—-20~—40 1.5 10 17 27 128 28 40 68 369 171 336 64 21
—40~ —060 0.4 9 15 25 56 22 40 61 260 182 270 103 29
0~-20 5.3 41 99 45 128 93 44 214 207 1044 758 196 192
—-20~—40 3.0 13 53 28 97 127 76 296 342 1255 886 202 188
—40~ —60 1.2 12 50 27 80 133 74 294 327 1324 713 193 225
5
5
1% 10%
60% BJ-5 Cr 8
Cr Ni
5 %
Table 5 Contribution rates of magnetic micro-particles to heavy metal accumulation in soil
As Cd Cr Cu Hg Ni Pb Zn
g Skg!
-5 267.2 7.96 8.67 60.60 7.76 13.63 11.18 13.39 8.36
-15 47.5 1.26 0.87 8.13 0.96 0.72 0.71 1.46 0.80
-14 42.5 0.77 0.36 7.82 1.15 0.41 1.00 0.74 0.63
-4 37.4 0.81 0.85 8.56 1.60 0.32 1.06 0.48 0.79
-19 34.3 0.74 0.10 3.38 0.43 0.77 0.85 0.07 0.16
22 14.3 1.40 0.63 2.98 0.98 0.20 1.48 0.59 1.04
221 13.3 1.03 0.11 1.16 0.34 0.02 1.20 0.14 0.15
-14 10.9 0.26 0.17 2.45 0.34 0.05 0.35 0.33 0.24
-1 10.2 0.26 0.66 2.41 0.37 0.06 0.24 0.24 0.68
2 9.2 0.25 0.62 2.25 0.50 0.12 0.29 0.33 0.83
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