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Investigation and evaluation of soil heavy metals in a wheat—maize cropping system in upland China

LI Peng'?, ZHANG Huijuan', XU Li', LI Huixin', HU Feng', JTAO Jiaguo"

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University/ Jiangsu Collaborative Innovation Center for Solid
Organic Waste Resource Utilization, Nanjing 210095, China; 2. Institute of Environment, Resource, Soil and Fertilizer, Zhejiang Academy
of Agricultural Sciences, Hangzhou 310021, China)

Abstract: The purpose of this study was to conduct a targeted investigation and systematic evaluation of soil heavy metal pollution in 150
fields in a regional scale wheat—maize cropping system in upland China. Soil pollution by eight heavy metal elements (Ni, Cr, Cu, Cd, Zn,
Pb, Hg and As) was evaluated using the single factor pollution index (P;), Nemerow comprehensive pollution index (Py), enrichment factor
(EF), and ecological risk assessment (RI). The results showed that the overall soil pollution status of the wheat—maize cropping system is
clean based on Py and RI. The As(29.04+9.21 mg-kg™), Cd(0.15+0.14 mg-kg™), and Pb(17.84+18.10 mg-kg™") contents were higher
than the national soil background values. The soils were not classified as polluted by the heavy metals, except for As, which had a slightly
polluted status. Among different regions, the soil heavy metal content in the Yunnan area was higher than that in other areas, which posed a
low potential ecological risk and was close to the medium ecological risk warning. The correlation, principal component analysis, and
cluster analysis results showed that the soil heavy metals mainly originated from the soil parent materials and human activities. Ni, Cr, Cu,

Cd, and Zn were more affected by soil parent materials, whereas Pb, Hg, and As were more affected by human activities. Pb and Hg
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originated from the application of mineral fertilizers, whereas As originated from the use of organic fertilizers and chemical fertilizers and

the human activities of coal combustion and atmospheric deposition. In summary, the concentration and pollution risk characteristics of the

eight heavy metals in the study area varied. The heavy metals in farmland soil originated from the soil-forming parent rock and further

accumulated owing to human activities.

Keywords : agricultural soil; heavy metal; pollution index; double cropping system; pollution source
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Figure 1 Geographic locations of soil sample sites under wheat—-maize cropping system in China's upland
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Table 1 Information of the wheat—maize cropping system in 150 farmland fields in China

X 45§ b FE R AR AR AF Yk
Region Site Number of samples Soil type Average annual temperature/C  Average annual precipitation/mm
4EJL31 X North China deae 21 Wt et 14.1 461.5
RH 15 Wt et 14.0 441.4
Tk 18 Wt et 14.9 294.8
AR 15 W+ 15.4 521.4
TR 3 (R 16.3 551.6
PG b3 X Northwest China 1Ly 15 Myt ARG D 10.9 428.7
vy 15 Wit 15.2 660.2
VLHEH X Jianghuai China L 15 WEBA L 16.5 1180.2
JI|F 3B IX Chuanzhong China  P4JI| 15 - SN 16.0 975.0
Z M HLIX Yunnan China ] 18 £ 16.2 1190.7
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Table 2 Evaluation methods of heavy metal pollution in this study

R A Ui 15 YL EE R
Index Equation Explanation Classes of metal pollution
R TRk p =G Ci oy -3 4 e i (¥ 2D VYR BOCT 1 KI5 PR (e
Single factor S S WL § PR B A (E 7 GB 15618—2018 H R Huf il - 4875
e IR s e
WHEP ZiadRsas Ier oV .0 » Py A B 15 AR G Pr<O.7: 351 50.7<Pry< 1 78 1<Ph<2 2
Nemerow pollution index F»= /I (52,,11 ;) Pl mep A AR SR TS A BRI S Y 5 2<P<3 P Y PSR E
m A A ) IEE
EEEER (L (L) N N EF<1: w4 ISEF<3: /DR 4 3<EF<
samp sample > > \ =X
Enrichment factor EF = CI'TB F(:L’ R E GRS 5. E AR S<EF<10: B 5 10<EF
(=) hackground (=) background > . Sl L <25 H 4 25<EF<50 AR E
Fe Fe SRR A BRI S S L $ L EF>S0 ML T 5 4507
AR A AU PPN 1A RI=Y" B =37 G NS R S RAAEIR IS RIS90: 60 ; 90<RI<180: 4 180<RI<
Potential ecological risk [ ot CONTE AR ¢ S ; 360 3 ; 360<RI<720: JEH ik s RI>720: 1

CONTA R i (P 2 b
TR T4 A i I e o R A

R

R3 TEESEAEHMARERIT ST (n=150)

Table 3 Statistical summary of heavy metal elements in soils of wheat—maize cropping system (n=150)

Mook BN Rkl VIsEE | BREK BE R
Element Min/(mg-kg™")  Max/(mg-kg™) Mean+SD/(mg-kg™) C.V/% Ske Kur Background values/(mg-kg™")
Cr 18.26 132.07 47.71+17.85 37.42 1.58 4.49 61.0
Ni 6.16 60.45 16.69+7.06 4231 2.59 11.00 26.9
Cu 2.19 90.68 17.03+14.48 85.02 2.46 7.09 22.6
Zn 14.14 141.46 39.50+22.55 57.09 2.08 5.92 74.2
As 2.99 83.50 29.04+9.21 34.35 0.98 1.51 11.2
Cd 0.01 0.96 0.15+0.14 92.88 2.85 10.78 0.097
Pb 6.47 176.54 17.84+18.10 101.46 5.84 43.37 12.37
Hg 0.01 0.29 0.05+0.03 60.07 4.18 27.21 0.065
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Figure 2 Soil heavy metal pollution index of wheat—maize cropping system in dryland in farmland
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R4 BMAARGETEREERNRER HEAREE)
Table 4 Comparison of heavy metal contents among the areas in

double cropping system in the dryland (Mean+SD )

[X 3, NS 55 T Y L T A 2 AU L
Area Nemerow pollution index Potential ecological risk
Ao b X 0.40+0.12 41.68+13.63
[iiE[4:LS 0.38+0.05 42.73+14.30
VLIEHL X 0.37+0.06 58.98+7.45
JITHp i X 0.30+0.07 38.05+6.07
ZHLIX 0.38+0.11 83.19+24.33
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Figure 3 Pearson correlation matrix for heavy metal in soil samples
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