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Spatial distribution and ecological risk assessment of heavy metals in soil at the field scale

WANG Weiquan'?, WANG Xue'?, GAO Shan'?, SUN Tao’, SUN Yuebing™

(1.School of Resource and Environment, Northeast Agricultural University, Harbin 157000, China; 2.Key Laboratory of Original Agro—
Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key Laboratory of Agro—Environment
and Agro—Product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)
Abstract: Here, we aimed to elucidate the characteristics and spatial distribution of soil heavy metals at the field scale. A winter wheat
planting farmland in Zhaipo Town (Xinxiang County, Henan Province) was used as the research object. We collected 202 topsoil (0~20
cm) samples and 40 profile (0~100 e¢m) soil samples. The content of Cd, Pb, Cu, Zn, Cr, Ni, and Mn was determined in the soil samples,
and the spatial distribution of heavy metals in the soil was evaluated using ordinary Kriging interpolation in the geostatistical analysis.
Furthermore, the ecological risk of soil heavy metals in the study area was evaluated by combining the geological accumulation and
potential ecological hazard indexes. The results showed that the average content of Cd, Pb, Cu, Zn, Cr, Ni, and Mn in the topsoil of the study
area was 0.95, 24.35, 6.40, 35.52, 319.60, 21.76 mg-kg™', and 157.32 mg - kg™, respectively. The content of Cr, Cd, and Pb exceeded the
background levels of soil heavy metal content in Henan Province. The content of Cr and Cd exceeded the screening level of the Soil
Environmental Quality Risk Control Standard for Agricultural Land Soil Pollution (GB 15618—2018), by 98% and 100%, respectively. In
general, the heavy metal content in the soil decreased with the profile depth, and the heavy metal content in most south of the survey area
was high. The geological accumulation and potential ecological risk indexes revealed that Cd pollution is the most serious pollution and that
its ecological risk is high. Therefore, some control measures should be taken to mitigate soil Cd pollution in the region.

Keywords : farmland soil; heavy metal; spatial distribution; ecological risk
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Figure 1 Distribution map of sampling sites
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Table 1 Normal distribution test results

JLR 353 fis g P
Element Kurtosis Skewness P value
Cr 2.690 0.188 0.976
Ni 3.034 0.435 0.753
Mn 2.322 0.350 0.233
Cu 4.897 0.693 0.206
Zn 4.867 1.057 0.058
Cd 3.948 0.193 0.794
Pb 10.267 1.764 0.240
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Table 2 The classification standard of geological

accumulation index

o RAE R [EE )
Geological accumulation index The degree of pollution
[,..<0 G
0</,.<1 La
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Table 3 The classification standard of potential ecological

hazard index

£ Rl (%Eif\fi%ﬁfﬁ
Potential ecological hazard
E<40 RI<150 1%
40<E <80 150<RI<300 rhég
80<E <160 300<RI<600 N
160<E <320 RIZ600 S
Ei=320 — W™
1.5 BESHh

K Excel 2016 X504 HEA 73158, 50080 1E 546G 56
FILSEH (IR 2 FH SPSS 21 HEATALBE, i ArcMap 10.6
221l e LR A7 {1 P BRAE 50 A T LA R O B ik
& Origin 9 2221l

2 #ER51TR

21 AERRALTESESESEWMESTEAN HME
211 HEERZHESE G R
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NiZn & 5l o s S M e 44 I 4w o iy
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VM. #)2 13 Cr.Ni Mn,Cu.Zn,Cd Pb 2 5

Z 50 9l 2036%. 11.68% . 18.74%. 27.18% .
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S RBCEK  FRWIZ N R TR R ZL, R AT ) Wy
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SRS AL
2.1.2 A X A e E 4 g 45 ()4 A FL A

TR RAE BRI T S W AE AR, B4 A 1E
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328.13~489.70 mg- kg Z ], H pg () JL & T AR . L
R PG 0 2 b3 5 R K T R 3, o ) DX A
5, T 0 P e v A S R R Y 2~3 4% 5 Ni 7R R
T 1, R X3 AT T S, AR S R P S e A
Mn 75 i 2B B i g, PO SR FN R R 2 1 i R
FLAR TR o e BIL s Cu % i LA AR AL R R AR
o AR DX B S I s Zn B A i Ak R/ i
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Table 4 Topsoil pH and heavy metal content in the soil samples

5 H Item Cr Ni Mn Cu Zn Cd Ph
FHIE/ (mg-kg™) 319.60 21.76 157.32 6.40 35.52 0.95 24.35
FrifE2E/(mg-kg™) 65.07 2.54 29.47 1.74 12.46 0.13 7.33
KB/ (mg-kg™) 489.70 30.21 231.88 21.33 102.24 1.39 91.14
fe/ME/ (mg-kg™) 176.98 16.23 101.28 4.25 19.60 0.55 15.36

A5 A % 20.36 11.68 18.74 27.18 35.09 13.38 30.11
HEHE/ (mg-kg™) 53.60 24.90 600.00 21.40 65.10 0.09 14.40
et/ (mg-kg™) 200.00 100.00 — 100.00 250.00 0.30 120.00
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Figure 2 Spatial interpolation diagram of heavy metals in the soil of the study area
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Figure 3 Soil heavy metal content in the study area profile
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AE P B AR K T T Y G ER | {HL [R] A 2 A it
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Ja& B KU RS R B, 5t Ak T Ak B L, i 2
7 AF it FH UG 3 1) b 3 2 R T BE 2 4 Cu  Zn AN
Cr 2 5009 R I 5 A 40 3 m RE 5 SR T4 HLAE AY

RS MRRRELTEEEEREIMS AN
Table 5 Principal component analysis of heavy metal content in

surface soil in the study area

an | ER B B
Ttem Principal Principal Principal
component 1 component 2 component 3
Cr -0.258 0.548 0.126
Ni 0.084 0.513 -0.116
Mn 0.377 0.267 -0.274
Cu -0.012 -0.030 0.514
Zn -0.169 -0.041 0.660
Cd 0.401 -0.030 -0.010
Pb 0.518 -0.213 0.021
FEAE(E 2.555 1.305 0.995
T 2 TR % 25.497 22.602 21.251
Sy 22 TR % 25.497 48.099 69.350
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Figure 4 Box diagram of heavy metal accumulation index in

b RFFEEL Geological accumulation index

surface soil of the study area
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Table 6 Single potential ecological hazard index and sample point distribution frequency of heavy metals in soil

BATH T AR A2 55 F 8 U Single potential ecological hazard index FE 254341 5128 Sample point distribution frequency

Eloe Rkl /M I b i % I e i
Maximum Minimum Mean SD Low Medium High Very high Extremly high
Cr 18.27 6.60 11.93 243 202 0 0 0 0
Ni 6.07 0.85 4.37 0.51 202 0 0 0 0
Mn 0.39 0.17 0.26 0.05 202 0 0 0 0
Cu 4.98 0.99 1.50 0.41 202 0 0 0 0
Zn 1.57 0.30 0.55 0.19 202 0 0 0 0
Cd 463.33 183.33 316.67 43.33 0 0 0 111 91
Pb 31.65 5.33 8.45 2.55 202 0 0 0 0

R ARRIBEGEBEESRERENER S HAE

Table 7 Comprehensive potential ecological hazard index and sample point distribution frequency of soil in the study area

ZEATRAE A 255 FE 8% Comprehensive potential ecological hazard index #5534 5% Sample point distribution frequency

e KAE Maximum — $5z/)ME Minimum F-I{H Mean FrifEZE SD {I% Low H1%5 Medium H High JH Very high
516.35 205.33 342.77 44.49 0 31 171 0
W 7 AR F1))(GB 15618—2018) fifi L {H -

EE AR T 76 202 R FE b A 11
AR T E G E R, 91 N8 T e E R
& o ERITEAE A SRR BORE |, 4R CAFERT
SRR TR R A B A S XU . BF5E X 25
GV AE A S G F 48 HUR KE W 516.35, Fe/IME R
205.33, F-HI(E Ry 342.77 , HR 4l 43 G b o J KT A 5 X
ARG FERECYREE A FERE , URX
A IR TR BN . BRI R R 45
e ARG F BN h A faF B AL A 311,
G ERLE SO 1714, R G SR A S
i AR T LR, U0 BRI XA ™ E Y AR TS
e BT U, 05T XA H R R BCR GE S it ke A 7
B8, 88 X 4w Vs g R I T, I Y)
WEIAIF 5T X A 398 7 4 J % e 1 A8 Ak o

3 #ig

(DM tT3EELRRZSEAE, 18 Cr.Ni Mn,
Cu.Zn.Cd.Pb & & ¥ B {H 4 51 & 319.60. 21.76,
157.32.6.40.35.52.0.95 mg- kg™ #124.35 mg-kg'. M
23043 A, W 5E X A48 Cr Ni L Cu 78 B 7 19355 23 [X.
AR, CATER AR AR ER S h A i & i . H
Hr, Cr . CAd T Ph i 20 S A A W p 4 IR 48
BT S Ni I Zn 343 s AL A T R A s 4
JE S EE R, MEZE LGS /e B
(B Bs it A A b 4 39875 Yo JRURS: 48 428 A e (3t
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