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Analysis on characteristics of heavy metals content in farmland soils and crops around recycled aluminum
enterprises

FENG Yi-tao"”*, YAN Xiu—lan"*, TONG Xue—jiao®, LI Ming—feng’, LIANG Tian—hao®

(L.Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2.Key Labora-
tory of Land Surface Pattern and Simulation, Beijing 100101, China;3.University of Chinese Academy of Sciences, Beijing 100049, China;
4.Yuhuan Environmental Technology Co. Ltd, Shijiazhuang 050000, China; 5.Wuhan University of Bioengineering, Wuhan 430070, Chi-
na; 6. The High School Affiliated to Renmin University of China, Beijing 100030, China)

Abstract: To explore the pollution status of agricultural soils and crops around a recycled aluminum enterprise group, the concentration of
seven heavy metal elements in the soils and crops around such an enterprise were analyzed through sampling and laboratory tests. Further-
more, the spatial distribution characteristics of soil heavy metals were studied by spatial interpolation. The results showed that the concen-
tration of Cd in the soil of the study area was relatively high and the concentration ranged from 0.11 to 1.86 mg-kg™'. The average concentra-
tion of Cd was higher than the screening value of soil pollution risk in China. The average concentrations of Cu, Cr, Zn, Ph, Cd, Ni, and As
were 1.9, 1.1, 1.4, 1.5, 4.1, 0.91, and 0.39 times of the background values of Hebei Province, respectively; the Cd concentration presented a
strong ecological risk. From the distribution characteristics, the Cd, Pb, Cu, and Zn in the soil gradually decreased from the enterprise to
the periphery and the distribution range is wider than the other metals. Moreover, Cu, Zn, Cd, Cr, and Pb in wheat grains were higher than

the standard values. The Pb concentration was relatively high and the concentration range was 0.02 to 1.06 mg-kg™'. Compared with the Na-
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tional Food Safety Standards, the maximum concentration of Pb was 5.3 times of the standard value; the high concentration samples were

distributed in the northern part of the study area. In corn kernels, the concentrations of Cr, Zn, and Ni were also higher than the standard

values. The Cr concentration was higher than other heavy metals, ranging from 0.16 to 1.32 mg-kg™". The research results showed that the

activities of recycled aluminum enterprises have caused a variety of heavy metals pollution in the surrounding agricultural soils and crops.

This situation needs to be taken seriously considering the effects of this pollution.

Keywords:recycled aluminum enterprise; soil; crops; heavy metals
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Table 1 Grading criteria for heavy metals evaluation

AR TR ROk YRR BB ROk 1YL 2R 4RE OV =54 €7 IEE S
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Table 2 Statistics of heavy metals contents in surface soils of recycled aluminum enterprises (mg-kg™)

HaJE f/ME & FNIEN FEE b2 5 REL TR i L
Heavy metals Minimum Maximum Mean Std. Deviation  Coefficient of variation/%  Background value = Screening value
Cd 0.11 1.86 0.39 0.31 80.42 0.09 0.3
Pb 16.85 134.16 31.22 19.61 62.81 21.5 120
Cu 15.79 130.24 41.58 22.83 5491 21.8 100
Zn 69.51 365.76 108.5 49.2 45.35 78.4 250
Cr 37.08 110.24 73.76 17.11 232 68.3 200
Ni 20.26 37.95 28.00 3.6 12.84 30.8 100
As 3.8 6.95 5.27 0.61 11.49 13.6 30
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Figure 2 Spatial distribution of heavy metals in the soils around recycled aluminum enterprises
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Figure 4 Vertical spatial distribution of heavy metals in the soils around recycled aluminum enterprises
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Table 3 Statistics on evaluation results of heavy metals in soils around recycled aluminum enterprises

F4E BAH TR 8 Single factor index b ZFHFE % Index of Geoaccumulation VIR A S G FE 551 Potential ecological risk index
Heavy FEE FoME S5 IN] FEE R/ME RKRME FEE R/ME RKRME
melals Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum

Cu 0.47 0.16 1.30 0.21 -1.05 1.99 9.54 3.6 29.9

Cr 0.35 0.15 0.60 -0.52 -1.47 0.11 2.16 1.1 3.2

Ni 0.23 0.11 0.49 -0.73 -1.19 -0.28 4.55 33 6.2

Zn 0.41 0.23 1.22 -0.20 -0.76 1.64 1.38 0.9 4.7

Pb 0.23 0.10 0.79 -0.19 -0.94 2.06 7.26 3.9 31.2

As 0.19 0.11 0.28 -1.96 -2.42 -1.55 3.88 2.8 5.1

Cd 0.89 0.19 3.10 1.20 -0.30 3.72 123.59 36.6 593.5

thLINAZ 1Y Cd 5 RS BUSUR T Ph, /N 22 Ff R
Cd B B2 YR IN Cd T8 B A9 25 1, i fnZE vp
Cd A LLEE B o3 Bicis 2Rk, TRERL R ) Cd LA
T 1) A A A2 i, 23 o W A AR
DA e /N2 f b o Cd ) 5 B O T 38 Cd 9 5 i
N R Cd I E R TT, LA K CAFE/NEZ RN 1
Hashe h . EWRSR KIS R AAE R AR Cd TS
e, AR/ CA 15 YRR BE AR I Ph (HEI A 5 9 1 7
TR , 7 A T4 )

WFFE X N /N P A B B 4 J& DA Ph B AR A% B
= AR B 2, 5 Y Ph A A EL B RT DA KR
B, AR Ph s s HAE AR R T X
JE 3,3 5 /NAZ FERL Ph B AR AL E AN . AR R
B, 338 Ph i3 YL AR B AR BN AFAE TS Y T/ INAE R AL
HR AR B 1) P it R XU, 2 (8] AH 5 STk, & B
AV G Bl HL TG Bl 5 KR A s i AL T B
R ZE 0] S 8UR A H/NE H Ph [ AR 22002890 HL

B B /| N

© Cr 5 Ph#tr
& ® Cu.Zn.Cd¥FR
o L Cri#ts
o U Pb #ikxR
o INFERFRIAS KR
HAbAAEIRE R
# 164 Cu Ni HibR
+ 8 NiH#AR
A Bk CrifibR

EK Cr ZniBFR

w R Nif bR
» TORAHPR

AN g 300 m
P PP bR/ MR AR A L, AR R B AR A S
BES5 BEREVEAIRIENEERZEASH
Figure 5 Spatial distribution of heavy metals in crops around

recycled aluminum enterprises
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