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Ecological risk assessment of soil heavy metals in Guanzhong Plain:
a case study in Yangling Demonstration Area
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(1. College of Natural Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China
2. Ecological Environment Bureau of Yangling Demonstration Zone, Yangling, Shaanxi 712100, China;
3. College of Chemisiry and Pharmacy , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: The content of heavy metals As, Cd, Hg, Cr, Pb, Ni, Cu and Zn in 164 soil samples and 88 main
crop samples from Yangling farmland were determined, and the accumulation of heavy metals was analyzed and e-
valuated by single factor index, Nemero index, geoaccumulation index and potential ecological hazards index. The
spatial distribution of heavy metals was analyzed using ArcGIS software. The average contents of the above eight
heavy metals in the soil samples were 15.67, 0.18, 0.08, 51.40, 27.34, 43.25, 28.08 mg - kg™' and 79.32 mg -
kg™, respectively. Except for Hg and Cr, the average contents of all the other heavy metals exceeded the back-
ground values for Lou soil in the Guanzhong region of Shaanxi Province. The average contents of all eight heavy
metals were below the soil pollution risk screening value of agricultural land. Sample exceeding rates of Cd and Cr
were 10.98% and 3.05% , respectively.Other metals did not exceed control value. Potential ecological hazards inde-

xes E' of As, Cr, Hg, Pb, Ni, Cu and Zn in all soil samples were lower than 40, which was a slight risk. E' values
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of Cd in soil samples ranged from 0.00 to 49.00, and the average value was 22.76+7.60. The soil numbers for Cd in

moderate potential ecological risks were 3.66%. The average values of the above-mentioned eight heavy metals in
crops were 0.016, 0.019, 0.005, 0.108, 0.033, 0.090, 4.880 mg + kg™' and 29.272 mg - kg™", respectively,

which were lower than the national food hygiene standard limit. There was no significant difference in the content of

the same metal were found in grains, vegetables, and fruits, and the heavy metal pollution index MPI of the crop

was 0.11. Nemero index for eight heavy metals was 0.89 , meaning a warning range. Comprehensive potential ecolog-

ical risk index RI=36.5, meant a slight ecological risk. Results of the research showed that the overall farmland soil

in Yangling Demonstration Zone was still at a clean and safe level and belonged to the category of land that should

be prioritized for protection.

Keywords: heavy metal content; farmland soil; crops; pollution assessment
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Fig.1 Sketch map of study area and sampling sites
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Table 2 Concentrations of heavy metals in soils from Yangling Demonstration Area
N A FH b 4 387 Yo A A - 35 g
b HfH o g g i~ at
E RME RKM FHE ERFEU%  Average vahie of | JAPOMSHE bR R
Element Min Max Mean ’ cv Lot soil in Risk screen values for ~ Point exceeding Risk intervention values
’ ’ Guanh soil pollution of rate for soil pollution
Fuanziong agricultural land of agricultural land
As 3.80 23.61 15.67 32.36 12.70 25.0 0.00 100.0
Cd 0.00 0.98 0.18 148.33 0.12 0.6 10.98 4.0
Hg 0.00 0.40 0.08 99.59 0.01 3.4 0.00 6.0
Cr 0.00 347.48 51.40 110.46 65.70 250.0 3.05 1300.0
Pb 17.61 47.13 27.34 23.91 16.30 170.0 0.00 1000.0
Ni 20.77 117.56 43.25 44.67 30.50 190.0 0.00
Cu 14.82 54.06 28.08 19.24 23.50 100.0 0.00
Zn 20.77 150.07 79.32 24.08 65.80 300.0 0.00

T LA R = (2 4 5t i XRS5 2 P P i 20 SRR B K0 x100%

Note : Point exceeding rate = ( Sample numbers of exceeding risk screen values/Total sample numbers) x100%.
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Fig.2 Spatial distribution of heavy metals in soils from Yangling Demonstration Area
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Table 3 Single pollution factor indexes of heavy metals in soil and their distribution

RER AR (AL SECA 164)

oz B EBME B ji:fjfd Distribution frequency of samples (total number of samples is 164)
Element Max. Min. Mean éeviation P;<10 1.0<P; <20 20<P;<30 P;>3.0
(757 Clean) (%2759% Light pollution) (1{5%% Pollution) ( H{54% Heavy pollution)
As 0.94 0.15 043 0.12 164 0
Cd 1.63 0.00 0.80 0.52 154 10 0 0
Hg 0.12 0.00 0.07 0.05 164 0 0 0
Cr 1.39 0.00 0.68 0.33 159 5 0 0
Pb 0.28 0.10 0.18 0.15 164 0 0 0
Ni 0.62 0.11 0.32 0.21 164 0 0 0
Cu 0.54 0.15 0.39 0.24 164 0 0 0
Zn 0.50 0.07 0.31 0.16 164 0 0 0
x4 MR BERIBBEE S ST
Table 4 I, distribution of samples
L 0% 14 11 % 11 2% IV 2 V% VI %%
Element 1., <0 0=</,,<1.0 1.0</,,<20 2.0s/,<3.0 3.0s/,<40 40s<[,<50 1,.,>5.0
As 130 34 0 0 0 0 0
Cd 121 9 13 21 0 0 0
Hg 120 29 15 0 0 0 0
Cr 147 10 7 0 0 0 0
Pb 153 11 0 0 0 0 0
Ni 103 53 8 0 0 0 0
Cu 146 18 0 0 0 0 0
Zn 154 10 0 0 0 0 0
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Table 5 Potential ecological risk E' of heavy metals in soil samples
" TR R T A S KU TR R B URER
=2 A o i
) . . . ¥ Distribution frequency of samples E,
. Ei Ei E Frifez2 EX . : :
R . N St v E'<40 40<E' <80 S0<E <100 100<E'<320 E'>320
Element BORH  Ho/ME SR tandar ¥
ax. Min. Mean deviation  Toxic response I g i R sk \
coefficient Light Moderate Heavy Very heavy Ex}llle(:]le Y
y
As 9.44 1.52 5.34 1.22 10 164 0 0 0 0
Cd 49.00 0.00 22.76 7.60 30 158 6 0 0 0
Hg 4.71 0.00 2.17 1.60 40 164 0 0 0 0
Cr 2.78 0.00 1.56 0.86 2 164 0 0 0 0
Pb 1.39 0.52 0.89 0.56 5 164 0 0 0 0
Ni 3.09 0.55 1.90 1.27 5 164 0 0 0 0
Cu 2.70 0.74 1.57 0.80 5 164 0 0 0 0
Zn 0.50 0.07 0.31 0.16 1 164 0 0 0 0
®6 HERTNERRAHEY BRXKRPEEEEE/ (mg - kg'')
Table 6  Concentration of heavy metals in grain,vegetable, and fruit in Yangling Demonstration Area
2% Grain Bisg Vegetable KA Fruit
TLE - WSEIE bR WSEE b2 e (IESSH -
1 s okt LTI BIRE g gy gy JUTTIIL BRRE g g gy LTI BT
Element . Geometric  Standard X Geometric  Standard . Geometric  Standard
Min. Max. .. Min. Max. .. Min. Max. ..
average deviation average deviation average deviation
As 0.002 0.043 0.014 0.008 0.002 0.043 0.014 0.012 0.006 0.043 0.019 0.013
Hg 0.001 0.019 0.003 0.003 0.004 0.015 0.008 0.003 0.001 0.008 0.003 0.002
Cr 0.001 0.316 0.088 0.068 0.015 0.344 0.137 0.094 0.015 0.215 0.099 0.054
Cd 0.005 0.032 0.013 0.007 0.007 0.032 0.015 0.007 0.008 0.030 0.013 0.007
Pb 0.012 0.068 0.032 0.012 0.019 0.068 0.038 0.014 0.019 0.056 0.030 0.010
Ni 0.012 0.261 0.089 0.059 0.020  0.261 0.095 0.073 0.027 0.261 0.086 0.063
Cu 1.389 9.838 4.783 1.389 2.566  6.552 4.626 1.332 2.873 9.838 5.247 1.577
Zn 9.351 60.745 25.134 9.351 21.988 51.491 34.587 8.971 18.168  42.876 28.095 7.317
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(4] 5308, 30, AR, SR K AR S ST

3 45 ®

D% R g As Cd, Hg, Cr . Pb Ni,
Cu . Zn & 148 510 15.67 ,0.18 ,0.08 .51.40 .
27.34 43.25 28.08.79.32 mg - kg, % Hg Fll Cr Z
AME AL 6 FhEE 4R A — B R, HLLL
Cd.Pb I Ni (9 BB, 8 i e & & BI{E AR
T PR IR AR A 3 S Y XU A 4 s oA )
(GB15618-2018) "/ ML 5E 1) 5 2 (e A v, 1EL 34 73 £
HERE Cd | Cr 15 i 1k KU B e (L, %o A H &=
Herh 4 R TR A & B0, Hodt Ph Cu AT N J2 2
L3 5 T I AC 3 A AR R A B - e etk i R
M Cd Heg 19 F 25 2 A IUER Tk HE% . 1k
REFNA 25 /) i AR S 528 Cd Hg As ,Cr Fl Ni
02

2) B FHR BTN | M SRR AN R
ASFEFEFR BT R, £ 5B AR AL T 1 T K F,
1A 10 A HHERESL (6.10%) H Cd By &= A5 4+
HERE D (3.05%) ' Cr 197 53k B2 B 75 Yok F-
P FEEOF A (P =0.89) R E & 8 L5 A 15 UL
KO ERBR TG Y, RSN LEAE R =
36.5, e WA AR T 4 S A VR A A A5 XU AR

3) W A v XA HH R A 1) SRR SR Y
8 MR SR TEZMWE DARMERM, A
HERAE 3 FIRAWEY & s IC 200, BLHH
Wz 73 DX A A T - AR ATE AL T 3 3 22 0K F-
i B VARV vy i bz
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