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Assessment of heavy metal pollution risk in greenhouse soil based on an improved matter—element extension
model
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Abstract: To solve problems relating to the uncertainty and ambiguity of soil pollution, the high distortion degree of traditional evaluation
method results, and unknown soil pollution risk status in greenhouses, we used an improved matter—element extension model to evaluate
the risk status of heavy metal pollution in greenhouse vegetable soil in China. Assessment were made using the new environmental quality
standards for soils, and we compared the results with those obtained using the traditional evaluation method. The results indicated that the
heavy metal content of soil was at low levels in most greenhouses in China. Results obtained using the improved matter—element extension
model assessment indicated that 92.7% of soil samples were clean, whereas a relatively small number of samples were found to indicate a

slight (4.9%), moderate (0.8%), or severe (1.6%) risk of soil pollution. Ecological risk was mainly attributed to the heavy metals Cd and
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Cu. The assessment results obtained using the improved matter—element extension model were found to be more reasonable than those

obtained using the traditional evaluation method, thereby indicating that the improved model could be applied for the assessment of soil

heavy metal pollution in greenhouses.

Keywords : improved matter—element extension model; greenhouse vegetable; soil; heavy metal
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Table 1 The distribution of samples
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Figure 1 Frequency distribution and accumulative frequency of heavy metal contents in greenhouse soil
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Table 2 The statistical analysis of heavy metal contents in greenhouse soil

g T
L REACLIH ﬁﬁ%@( ) Eaui i ST::%fri Jﬂﬁfiﬁifas FEALH % excﬁ?i‘nflﬁf:s;jlfd/%
Element Sample groups' Coelihcvlent of ( Ra.nfe,/l) ( Mf_:in/,,) deviation/ Sample groups’ i b
srewness mee mere (mg-kg™) 25% S0% 5% Standard®  Standard”
Cd 808 7.70 ND-11.93 0.34 0.09 0.15 0.27 775 14.7 19.4
Pb 881 4.00 0.14-215.64 27.72 21.26 17.52  22.87 31.79 821 1.1 6.9
As 727 7.82 0.06-179.42 9.63 13.82 4.96 7.48 9.64 703 2.3 3.2
Cr 767 3.63 0.46-354.19 56.90 49.32 3041 4479  68.02 740 3.1 3.1
Hg 336 4.39 ND-1.44 0.12 0.04 0.07 0.13 320 0 7.8
Cu 814 3.02 0.84-186.42 30.57 20.62 19.34 2577 3552 766 33 33
Zn 703 3.13 0.20-587.05 86.05 51.12 58.52  77.05 101.29 661 2.0 2.0
Ni 421 0.82 5.95-60.01 23.31 16.83 2220  29.02 408 0 1.7

T FEAR LR R T DG IIREAR LR BEAR LB AR T D0 FEAR LA N BRJG pHARL I REAR AL ) s Aot Sy L 36 B98I o A ) b - 4
V5 e KA PR UE G 7)) (GB 15618—2018) 5 Aifis " Ay (Il 3 88 5% 7 b PR B8 st P i ) (HI/T 333—2006) -

Note: Sample groups' represents the sample groups for all elements; Sample groups® represents the sample groups for all elements (exclude the

sample groups without pH) ; Standard® represents threshold based on Soil Environmental Quality Risk Control Standard for Soil Contamination of
Agricultural Land (GB 15618—2018) ; Standard” represents threshold based on Environmental Quality Evaluation Standards for Farmland of Greenhouse

Vegetables Production(HJ/T 333—2006).
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Figure 2 Heavy metal weight value of greenhouse soil
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Table 3 The closeness value of element to be evaluated relative to each level

FES M5 3JEBE{H Closeness value V5 YL
Sampling point j=1 =2 =3 =4 j=5 Pollution degree
S1 0.999 72 1.000 16 0.991 45 0.988 64 0.996 97 I
S2 1.000 55 0.999 34 0.991 85 0.989 61 0.988 31 1
S3 0.992 74 1.003 35 0.983 53 0.982 01 0.981 13 I
S4 1.001 10 0.998 87 0.991 98 0.990 19 0.989 14 1
S878 0.997 93 0.999 01 1.000 02 0.995 57 0.993 08 I
S879 0.999 46 1.000 53 0.997 25 0.994 57 0.992 98 I
S880 0.997 66 1.002 09 0.995 84 0.993 21 0.991 68 I
S881 0.999 47 1.000 52 0.997 05 0.994 54 0.993 02 I
100 §IOO'E%_=—_§___
T ool =5 80 %,
=) 80 5
Rg g
172 E Z 60r
=2 607 =3
=2 n=3g7 =430 e -
2 0l Sc oof |
-ﬂ% Y 0 m% ap
™ E =
[y = g 20+
S 20f K
= n=43 —14
0 i = 0 I d Pb A H Z Ni
T Um W% V& VE - s O Hg Cu Zn Ni
O 1T O T4 Il E43 V&K m V&

B3 M T T EEE ML EE SRS RER ST
Figure 3 Improved matter—element extension model assessment

of pollution levels of greenhouse soil
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Figure 4 Potential ecological risk index of greenhouse soil in

different categories
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