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Contamination characteristics and source apportionment of heavy metals in tobacco—planting soils in
Tongren County based on GIS and PMF methods

CHEN Xue', LIU Hongyan', WU Pan™’, MENG Wei*, HU Jing’, LI Xuexian'*’

(1. College of Agriculture, Guizhou University, Guiyang 550025, China; 2. College of Resources and Environmental Engineering, Guizhou
University, Guiyang 550025, China; 3. Key Laboratory of Karst Geological Resources and Environment, Ministry of Education, Guiyang
550025, China; 4. Geological Survey Institute of Guizhou Province, Guiyang 550005, China; 5. Guizhou Academy of Sciences, Guiyang
550001, China)

Abstract: Heavy metals contamination of soils used for growing tobacco not only affects the quality of tobacco leaves but also poses
potential health hazards to smokers. Thus, it is important to study the current situation of heavy metals contamination in these soils and the
contributions of sources to ensure safe production of tobacco leaves. The purpose of this study was to assess qualitatively and quantitatively

the pollution status and source contributions of heavy metals in soils used for growing tobacco in Tongren, Guizhou Province, China. For
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this purpose, 267 soil samples were collected systematically to determine the Cu, Ni, Pb, Zn, As, Hg, Cr, and Cd concentrations. The single

factor pollution index method ( P;), pollution load (PLI), and geostatistical analysis were used to evaluate the soil heavy metal pollution
status in the study area. Furthermore, positive matrix factorization (PMF) was applied to quantify the pollution sources and contribution
rates. The results showed that Hg and Pb accumulated most significantly in the soils. Their mean values were 2.27 and 1.74 times of the
background values of soils in Guizhou Province. The P;evaluation results indicated that Cd, As, and Pb had the highest contamination
levels, and the distribution of high value areas was closely related to the distribution of regional mining and metallurgical activities. The
PMF calculations revealed that there were five main types of heavy metal sources affecting the soils : natural sources, lead and zinc mining
sources, mixed—traffic and lead and zinc smelting sources, mercury and coal mining sources, and agricultural sources, with contributions of
25.38%, 20.41%, 16.60%, 14.56%, and 23.05%, respectively. Heavy metal pollution of the tobacco—planting soils in the study area was

low, and the sources of heavy metals were complex. However, source control of Hg, Cd, and Pb should be emphasized to reduce the

pollution risk.

Keywords : heavy metal; tobacco; soil; positive matrix factorization (PMF ); source apportionment
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Figure 1 Distribution map of sampling points in study area
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Figure 2 The percentage of heavy metals contamination levels in

tobacco—planting soils in the study area

®1 ARREMTEEEGREAIEHB ST (n=267)

Table 1 Descriptive statistics of heavy metals contents in tobacco—planting soils in the study area(n=267)

T H Item Cu Ni Pb Zn As Hg Cr Cd

KA/ (mg-kg™) 141 95 671 486 77.5 1.55 186 3.39
Fe/ME/ (mg-kg™) 13 18 12 54 3.55 0.05 52 0.13
FARFHME/ (mg-kg™) 31 37.24 61.29 112.77 22.63 0.25 90.54 0.62
FrifE2/(mg-kg™) 14.56 12.48 56.23 47.81 12.04 0.19 20.16 0.43
5 5 B % 46.96 33.81 92.42 42.71 53.23 77.31 22.40 70.71
BN I S/ (mg kg™ )P 32 39.1 35.2 99.5 20 0.11 95.9 0.66
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Table 2 The correlation analysis of heavy metals content in tobacco—planting soils
I H Ttem Cu Ni Pb Zn As Hg Cr Cd pH oM
Cu 1
Ni 0.816%* 1
Pb 0.383%* 0.328%* 1
Zn 0.418%* 0.490%* 0.802%* 1
As 0.3827%* 0.326%* 0.399%* 0.282%* 1
Hg 0.096 0.043 0.249%* 0.237%* 0.357%%* 1
Cr 0.498** 0.598** 0.120 0.246%* 0.030 0.106 1
Cd 0.073 0.205%* 0.196%* 0.327%* -0.020 0.101 0.405%* 1
pH 0.073 0.004 0.069 0.025 0.158%%* -0.032 -0.080 0.080 1
oM 0.044 -0.034 —0.134* -0.043 -0.095 0.000 0.072 0.279%* 0.110 1

T H7E 0.05 7K OBUI ) = 5 350 G 5 4 0.01 K- OBUI) - 8 3540 G

Note: * significant correlation at level 0.05(bilateral ); ** significant correlation at level 0.01(bilateral ).
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Figure 3 The contribution map of heavy metals pollution source apportionment in tobacco—planting soils in study area
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Figure 4 The spatial distribution of Hg content and mineral spots

in tobacco—planting soils in the study area
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