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Applying of geoaccumulation index to evaluate elements pollution
in PM, ; in Anshan during autumn

LI Jin
Anshan Environmental Monitoring Center, Anshan 114004, China

Abstract The PM, s samples were collected at 6 monitoring sites in Anshan during autumn in 2014. The
concentrations of 16 elements (Na, K, Cd, V, Cr, Mn, Ni, Cu, Zn, Pb, Al, Mg, Ca, Fe, Ba, As) in the
samples were determined by ICP-OES and ICP-MS methods. The pollution status of the 16 elements was studied by
Geoaccumulation Index and correlation analysis. The results showed that through the comparison of concentrations
of elements from PM, 5 samples at different monitoring sites, the ratios of maximum to minimum values for Pb, Cd,
C, As in PM, ; were more than 2, the difference was greater, and especially the ration for As was up to 12. 19. The
ratios of maximum to minimum values for Na, K, V, Mn, Ni, Cu, Zn, Al, Mg, Ca, Fe, Ba were less than 2,
exhibiting smaller difference. The results of Geoaccumulation Index indicated that the elements of Cd, Zn, Pb, As,
mainly from iron and steel smelting, vehicles and tire-wear, were extremely contaminated. The relevance results
showed that Cd,Zn,Pb,Cu might be from the same types of sources.
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Table 1

The geoaccumulation index and the

corresponding contamination degree
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Fig.1 Conventional monitoring points
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Table 2 The mass percent of elements in PM, s in Anshan
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1 2 3 4 5 6

Na 0.3622 0.448 3 0.405 1 0.468 3 0.5112 0.498 1 1.41
K 1.114 0 1.291 4 1.205 5 1.297 17 1.501 5 1.440 4 1.35
Cd 0.001 7 0.002 0 0.001 8 0.002 0 0.002 9 0.003 8 2.17
v 0.005 0 0.004 4 0.004 3 0.004 3 0.006 6 0.005 7 1.53
Cr 0.005 8 0.007 3 0.008 1 0.007 8 0.013 1 0.009 0 2.27
Mn 0.047 7 0.0512 0.046 5 0.064 7 0.078 5 0.050 6 1.69
Ni 0.002 5 0.003 5 0.003 0 0.003 4 0.003 8 0.003 1 1.51
Cu 0.009 9 0.0110 0.009 8 0.010 0 0.014 4 0.013 4 1.47
Zn 0.3917 0.487 7 0.514 9 0.548 4 0.651 0 0.589 5 1.66
Pb 0.164 2 0.156 3 0.107 2 0.122 1 0.2179 0.345 4 3.22
Al 1.472 2 1.243 5 1.370 7 1.161 2 1.474 3 1.687 2 1.45
Mg 0.708 4 0.528 4 0.508 7 0.579 1 0.650 6 0.688 9 1.39
Ca 1.150 0 1.317 4 1.188 6 1.197 0 0.997 8 1.124 3 1.32
Fe 1.678 7 1.084 1 1.3570 1.448 6 1.444 7 1.331 1 1.55
Ba 0.011 8 0.008 0 0.010 6 0.012 0 0.009 2 0.009 4 1.49
As 0.019 8 0.021 8 0.007 7 0.0125 0.0337 0.093 9 12.19
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Table 3  The background values of elements

T Na Mn K cd Ni Cr Cu
/% 1.48 0.056 3 2.05 0.008 18 0.000 008 4  0.002 46 0. 005 45 0.001 85
IV 3 Al Mg Ca Ba Zn Pb As
A /% 6.3 0.77 0.8 2.77 0.057 3 0. 005 91 0.002 07 0. 000 86
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Table 4 Geoaccumulation index and pollution level of elements in PM, 5 of all monitoring points in Anshan City

1 2 3 4 5 6
Lo TR o BRBH Lo RIS e RIS Le  BRICHN L lEE %l
Na -2.6157 0 -2.308 0 0 -2.454 4 0 -2.2452 0 -2.1186 0 -2.156 0 0
K -1.464 9 0 -1.2516 0 -1.3509 0 -1.244 6 0 -1.0342 0 -1.094 2 0
Cd 7.098 8 6 7.272°5 6 7.1551 6 7.278 9 6 7.866 8 6 8.218 1 6
A -1.3077 0 -1.4725 0 -1.5206 0 -1.5162 0 -0.903 8 0 -1.1130 0
Cr -0.504 0 0 -0.167 6 0 -0.007 6 0 -0.069 9 0 0.678 1 1 0.1395 1
Mn -0.8228 0 -0.722 4 0 -0.860 5 0 -0.3853 0 -0.104 8 0 -0.7387 0
Ni -0.5595 0 -0.092 4 0 -0.309 4 0 -0.139 8 0 0.031 1 1 -0.247 6 0
Cu 1.8357 2 1.980 8 2 1.812 4 2 1.853 7 2 2.3722 3 2.273 8 3
Zn 5.465 6 6 5.78117 6 5.860 1 6 5.950 9 6 6.198 4 6 6.0553 6
Pb 5.724 3 6 5.6536 6 5.108 9 6 5.29717 6 6.1328 6 6.797 17 6
Al -2.6823 0 -2.9259 0 -2.785 4 0 -3.0247 0 -2.680 3 0 -2.4857 0
Mg -0.705 3 0 -1.128 2 0 -1.183 0 0 -0.9959 0 -0.828 1 0 -0.745 4 0
Ca -0.061 4 0 0.1347 1 -0.013 8 0 -0.003 6 0 -0.266 2 0 -0.094 0 0
Fe -1.3075 0 -1.938 4 0 -1.6145 0 -1.5202 0 -1.524 1 0 -1.6422 0
Ba -2.8622 0 -3.4179 0 -3.0202 0 -2.844 9 0 -3.2180 0 -3.1885 0
As 3.936 9 4 4.078 5 5 2.5753 3 3.2713 4 4.707 1 5 6.1858 6
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Table 5 The Spearman correlationships of Moderately contaminated

elements and above in PM, 5 in Anshan during autumn

JTE  Cd Zn Pb As Ni Ca Cu

Cd 1.000

Zn 0.600 1.000
Pb 0.838* 0.314 1.000
As 0.257 -0.48 0.600 1.000
Ni  0.371 0.943*" 0.143  0.600 1.000

Ca -0.200 0.543 -0.486 -0.943"* 0.714  1.000
0.714 -0.086

Cu 0.829* 0.714  0.143 1.000
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