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Fig.1 Distribution of soil sampling sites
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Table 1 Descriptive statistics results of heavy metal contents of farmland soils of Taiyuan city

JLR EeEEE(mgkgY)  FIE(mg kg™ bRUEZEI(mg kg™ A5 5t R HL CVI% HRAE(mg kg I SHEE 5 %/%
cr 50.60~97.30 68.38 7.19 105 57.3 96.7

As 2.39~13.32 8.59 1.85 215 7.6 71.0

cd 0.075~0.193 0.121 0.025 20.5 0.077 99.5

Pb 18.30~43.80 24.23 4.56 18.8 138 100%

Hg 0.02~0.34 0.08 0.06 74.8 0.033 95.8
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K2 KRTERLLEFTL AT RBRAFTIITER

Table 2 Single factor pollution index and nemerow comprehensive pollution index of heavy metals in farmland soils of Taiyuan districts

) i EbAsl/%
AW FEA¥ TH Fens] SEYME
HiE P<0.7 %4 0.7<Pi<1.0 B4 1.0<P<2.0 5 2.0<P<<3.0  E{5H: P>3.0
Py 167~10.30 5.31 0 0 15.38 15.38 69.23
Py 1.59~3.17 2.22 0 0 23.08 69.23 7.69
P 1.37~2.32  1.83 0 0 61.54 38.46 0
TR IX 13 <
Pe, 0.90~1.42 1.16 0 15.38 92.31 0 0
Pas  0.47~1.65  1.00 15.38 38.46 46.15 0 0
P, 153~7.63  4.17 0 0 23.08 7.69 69.23
Pug 0.64~10.44 351 2.56 5.13 25.64 20.51 46.15
Py 1.38~2.96  2.04 0 0 48.72 51.28 0
Peg 1.04~2.45  1.83 0 0 58.97 41.03 0
X
DK 39 Per  0.098~1.70  1.29 0 2.56 97.44 0 0
Pas  0.74~1.74 122 0 20.51 79.49 0 0
P, 1.38~7.82 298 0 0 33.33 20.51 46.15
Pug 157~3.78  2.46 0 0 22.22 55.56 22.22
Py 1.47~3.14  1.90 0 0 77.78 11.11 11.11
Peg  1.31~2.09  1.60 0 0 88.89 11.11 0
71N lu X 9
RELIFKX Pe 1.11~144 1.22 0 0 100 0 0
Prs 071111  0.92 0 55.56 33.33 0 0
P, 142~301 213 0 0 44.44 44.44 11.11
Pug 0.61~836 213 2.56 5.13 58.97 17.95 15.38
Py 1.33~249  1.85 0 0 71.79 28.21 0
. Peg  0.97~227 170 0 2.56 71.79 25.64 0
R 39
G Pe 1.00-149 124 0 0 100 0 0
Pas  054~175 114 10.26 15.38 74.36 0 0
P. 1.16~622  2.07 0 0 61.54 30.77 7.69
Pug  0.70~2.72 160 0 4.44 78.78 17.78 0
Py 1.38~1.91  1.59 0 0 100 0 0
N Peg  1.05~1.79  1.42 0 0 100 0 0
b 45
GE Pe, 0.88~124 1.3 0 8.89 9.11 0 0
Pns 0.69~157  1.13 2.22 28.89 68.89 0 0
P. 135224 157 0 0 95.56 4.44 0
Py 1.12~503 176 0 0 87.50 5 75
Pey 1.48~1.84  1.60 0 0 100 0 0
Peg  1.21~250  1.42 0 0 95 5 0
40
P Pee  1.08~1.60  1.17 0 0 100 0 0
Pas  0.31~1.41  1.04 2.05 25.00 72.50 0 0
P. 1.36~383 1.71 0 0 87.50 5.00 7.50
Pug 114~472  1.83 0 0 72.41 24.14 3.45
Pey 1.36~1.67  1.49 0 0 100 0 0
Peg  1.16~164 1.34 0 0 100 0 0
JUIE=! 29
FIR Pe 105126 113 0 0 100 0 0
Pas  0.99~1.72  1.23 0 3.45 96.55 0 0
P. 131~362 167 0 0 75.86 20.69 3.45
Pug 0.61~10.4  2.36 1.87 2.34 59.3 18.2 18.2
Py 1.33~3.17 1.76 0 0 79.9 19.2 0.93
P 0.97~250  1.57 0 0.47 83.6 15.9 0
Btk 214 ¢
Pc,  0.88~170  1.19 0 3.27 96.7 0 0
Pas  031~175  1.12 421 24.8 71.0 0 0
P, 116~7.82 214 0 0 67.3 17.8 15.0
23 E2EEMNFTFHHEA RANE LK
Table 3 Semi-variogram function theoretical model, relevant parameters and verification results of heavy metals
. . o tIE el Bedr RHL PRz YIJiARR 2 PR T8 2 FRAE AR R 2
) - (Co) (C+O) Co/(Co+C) (ME) (RMSE) (MSE) (RMSSE)
Cr BRI 9.57 76.34 12,5 0.164 3 6.35 0.016 1 0.985 7
Cd FRHUSY 0.092 7 0.1236 74.9 0.127 6 414 0.0275 0.890 3
As BRI 0.306 4 5.426 4 5.65 0.006 5 1.66 0.004 3 1.05
Hg 2R A 0.003 7 0.006 0 60.6 0.000 6 0.05 0.006 1 0.8133
Pb re TR 16.23 32.47 49.5 -0.0132 3.34 0.001 0 1.14
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Fig.2 Spatial distribution of different heavy metals and evaluation results chart in study area
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Table 4 Correlation of soil heavy metal
TR Cr Cd As Hg Pb
Cr 1
Cd 0.734™ 1
As 0.423" 0.322%* 1
Hg 0.239” 0.398** -0.039 1
Pb 0.552" 0.726%* -0.077 0.524" 1

i ORORTE 0.05 KFFER R, **RRAE00LKFTFEREE.

N T WK R T AR S E S R S
JokIR, o LIRE LSBT E R 0T B T
ZERWFR 5, 5 AMEFRATH 2 AR R 78.442%
A5 R, B 2 AN o #4720 At T A e 5 AN
FrEORE I R 5 B Xt 5 R E & BT M i
RO, {ERFRIYIUERES, Cd. Pby Cr. Hg 7EA
T 1 BRS04, As fEFF 2 FRI
R EE. SRS, K7 19 Pb. Hg #l
Cd A m M 747, $i8 Pb. Hg A1 Cd AT RERA
FRISRYE: KT 2 th As Hl Cr A B & IR 7 1,
Ui As Al Cr ] B B A HH [ SRR o

105



FEWEHE/K 23] http://www.ggpsxb.com

* 5 B Kaiser #7089 IE 3k 4% ik
HREGR TLABELTE
Table5 Factors and all explanatory variables obtained by

orthogonal rotation method with Kaiser Standardization

. R Jeks £ oy
1 2 1 2
cd 0.913 0.049 0.730 0.550
Cr 0.848 0.285 0.544 0.710
Pb 0.847 -0.306 0.874 0.218
As 0.397 0.794 -0.113 0.881
Hg 0.568 -0.603 0.808 -0.184
77 2 5Tk % 54.999 23.443 45,570 32.985
R TTHRI% 54,999 78.442 45.570 78.555
31t 8
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characteristics and correlation of main soil nutrients and heavy metals

Pollution Assessment and Spatial Distribution of Heavy Metals
in the Farmland Soils of Taiyuan City

HUA Xiaozan, CHENG Bin", ZHAO Ruifen, HUO Xiaolan, WANG Zhao, WANG Sen
(College of Resources and Environment, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: [Objective] Heavy metal pollution is an important source of soil pollution. At present, the research
mainly focuses on the urban area and the sewage irrigation area soil, but the heavy metal pollution and the spatial
distribution of the whole farmland soil in Taiyuan have not been reported. The objective of present study was to
describe the present situation, pollution sources and spatial distributions of heavy metals in the farmland soil of
Taiyuan city. This work will be helpful for pollution control and agricultural production. [ Method] The
concentrations of Cr, Cd, Pb, Hg and As in the 214 farmland soils of Taiyuan city were determined. The pollution
level of soil heavy metal elements was evaluated using single factor index method and nemerow comprehensive
index method. The spatial distribution map of heavy metals was drew using ArcGIS 10.3 and the correlation
analysis was done by SPSS 16.0 to reveal the pollution sources of heavy metals in soils. [Result] WThe
concentrations distribution of heavy metals in farmland soils was quite different. The average content of Cr, Cd,
As, Hg and Pb in soil was 68.38, 0.121, 8.59, 0.08 and 24.23 mg/kg, respectively. These contents were
significantly higher than the corresponding background values of soil in Taiyuan, although they did not exceed the
environmental quality standard of the green food producing area. @The Single Pollution Index was shown as
Hg(2.36)>Pb(1.76)>Cd(1.57)>Cr(1.19)>As(1.12). The contaminations of Hg, Pb and Cd mainly originated from
industrial production, sewage irrigation, coal burning, application of pesticide and chemical fertilizer and
transportation. On the other hand, the pollution of As and Cr were mainly associated with soil parent material and
agricultural activities. 3®The Nemerow index of Taiyuan farmland soil was 2.14, indicating the moderate pollution.
The Nemerow index of farmland soil was 4.17 in Jinyuan district, 2.98 in Xiaodian district, 2.13 in Jiancaoping
district, 2.07 in Qingxu county, 1.71 in Yangqu county, 1.67 in Loufan county and 1.57 in Gujiao county. The spatial
distribution map of heavy metals and pollution status could be visualized, showing moderately and severely polluted
in the suburb soils of Taiyuan city(especially in Jinyuan and Xiaodian districts), and slightly polluted in the countries
far from Taiyuan city. [Conclution] We conclude that the farmland soils of Taiyuan city were moderately polluted,
and Hg and Pb were the main contaminants. The more serious heavy metal pollution was located in the suburbs of
Taiyuan city (i.e., Jinyuan, Xiaodian, Jiancaoping and Qingxu). We recommend that it is necessary to strengthen
monitoring Hg and Pb in soils in these heavily polluted areas to ensure the soil health and agriculture sustainability.
Key words: Taiyuan; arable land soil; heavy metals; pollution envaluation; spatial distribution
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