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Farmland soil heavy metal source analysis and evaluation in
Bincheng County of Shandong Province,China

YONG Mei', ZHANG Man'*, WANG Sheng-wei'?, LIU Gang'
(1. College of Information and Electrical Engineering/Key Laboratory for Modern Precision Agriculture System Integration Research,
Ministry of Education, China Agricultural University, Beijing 100083, China;

2. College of Computer Science and Engineering, Northwest Normal University, Lanzhou 730070, China)

Abstract An investigation on heavy metal content in agricultural producing area,i.e. ,Pb,Hg.Cu,Cd,Cr,As.and Zn in
the Bincheng district, Shandong province, was conducted using principal component analysis (PCA) for the source
investigation of soil heavy metal. Single factor index method and weighted pollutant index method were used to evaluate
the soil environment quality. The results showed that, the average content of Pb, Hg, Cd, Cu, Cr, As and Zn in the
farmland soil were lower than the environmental quality standard of edible agricultural products,but the total amount of
Pb,Cd,Cu and As in some sampling area were higher than the background value of study area,and the ratio was 38.
3% .46.8% .42.6% and 14.9% respectively. The coefficient of variation indicated that Hg, Cd and Cu have higher
coefficient of variation, which mean these heavy metals in the soil were affected by human activity (e. g. ,overuse of
chemical fertilizers and pesticides, industrial and municipal discharges,animal wastes, sewage irrigation, etc. ). Other
heavy metals’ coefficients of variation were lower than 30% . defined as weak variation. The PCA performed on seven
heavy metals, soil nutrient available P and available N identified three principal components, which controlled their

variability in agricultural soils. Available P, Hg, Cd, Cr, as were in PC1, were caused by chemical fertilizer, organic
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fertilizer, the unreasonable use of pesticides and sewage irrigation. Heavy metal Pb,Cu,and Zn (PC2) were related to a
large number of harmful gas and dust emitted from vehicle and automobile tire wear. Available K was in PC3 could be
considered as a natural component, reflecting soil parent material and texture information. The effect of heavy metals in
the soils was greatly affected by soil formation, atmospheric deposition,and human activities. These findings provided
essential information on the possible sources of heavy metals, which would contribute to the monitoring and assessment
process of agricultural soils in worldwide regions. In correlation analysis, anthropogenic metals were significantly
correlated. While soil organic matter was comparatively loosely correlated with the soil heavy metals in the study area
which confirmed results obtained from PCA. Furthermore, the evaluation of soil environmental quality was conducted and
the results suggested that the single factor index of soil heavy metal Hg reached the light pollution levels. The pollutant
area occupied 21.3% of whole study area. The other 6 soil heavy metals all in the safe level of soil environmental
quality assessment classification standard;the average amount of weighted pollutant index was 0.54,which was lower
than 1,means the total situation of the soil environmental quality was in a good condition,and most of the region was in
safe level. Since the soil heavy metal Hg in study area present higher coefficient of variation and even higher single

factor index, it is necessary to control the automobile tires and exhaust emissions that contains high amount of heavy

2014 4 55 19 &

metals to reduce the accumulation of soil heavy metals.
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Fig. 1 Sampling point distribution map
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Descriptive statistics for the heavy metal content in soil

F4EE TR/ (mg/kg) Heavy metal content

TR RE/ N s

_ FEA KL o o N Variable A/ %
JLE . . IS PNE] Hw/ME -1 T fE 22 G A5 b . 4
Sampling coefficient Proportion
Elements Maximum Minimum  Average Standard Background Standard
number
deviation value value
Pb 31.4 14. 3 22.28 4,89 22.4 80 21.9 38.3
Hg 0. 383 0.038 0.195 0.099 0. 049 0.5 50. 8 0
Cd 0.112 0. 006 0.057 0.028 0.041 0.3 49.1 46. 8
Cu 47 36.7 5.4 23.51 7.87 21. 4 100 33.5 42.6
Cr 28.5 14. 7 19. 94 3.28 52.7 200 16. 4 0
As 8.6 7.1 7.85 0.41 8.22 30 5.2 14.9
Zn 79.3 32.8 54. 35 11.83 42 250 21.8 0
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Table 2 Eigenvalue and contribution rate of each principal component

Y B () Fik i /% BB/ %
Principal component  Eigenvalue  Contribution amount  Cumulative contribution amount
1 3.694 41. 046 41. 046
2 2.738 30.421 71.466
3 1.018 11. 316 82.782
4 0.585 6.496 89. 278
S 0. 330 3.666 92. 943
6 0. 247 2.741 95. 684
7 0.152 1.693 97.377
8 0.123 1.363 98. 740
9 0.113 1. 260 100. 000
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Table 3 Principal component loading coefficient

JLR B! FE Y 2 FE Y 3
Elements Principal component 1 Principal component 2 Principal component 3
Pb 0.192 0.905 —0.227
Hg 0. 690 0.405 —0.139
Cd 0.948 —0.084 0.007
Cu —0.039 0. 893 —0.120
Cr 0.922 —0.026 —0.217
As 0.838 —0.028 0.025
Zn —0.091 0. 844 —0. 267
p e 0. 884 —0.317 0.082
Olsen-P
SR —0.302 —0. 200 0. 867
Olsen-K
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Table 4 Single factor index and weighted pollutant index of heavy metals in soil of study area

I H PR T F5 % Single factor index JALTS Y 48 51
Project Pb Hg Cd Cu Cr As Zn Weighted pollution index
SEH) Average 0. 45 0. 65 0.19 0. 24 0. 10 0.01 0.22 0. 54
i K{E Maximum 0.63 1.28 0.37 0.37 0.14 0.01 0.32 0. 85

% /ME Minimum 0.29 0.13 0.02 0.05

0. 07 0.01 0.13 0.32
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