2019,38(7): 1514-1522 R W ®E R FE F R 201947 H

Journal of Agro-Environment Science

BRIDT , R, /NS, A5 JET GIS RYBLTL A 5 Ja 15 e PP RIS, RO FRERR 2224, 2019, 38(7) : 1514-1522.
HOU Qin—yan, ZHANG Shi-rong, MA Xiao—jie, et al. Evaluation of heavy metal pollution in farmland soil of the Kaijiang watershed based on GIS[J]. Journal
of Agro—Environment Science, 2019, 38(7): 1514-1522.

E T CISHEILIREK BEERTRIFMAR

fRas g 2, R T LUK, AR, TR, AR A
(L PN KA B 4B, AR 6111305 2. DU L HEFRES (R 8 5 SL 00 %, AR 611130)

FOZ R S QAR EOk (PO X U F b I 2 XUV itk FH B2 12338 (0~20 em) Hh 4 B el <5 J 15 e XU A TIT A, T 1 T
GISV-& , 454 I HLE B AUE 75 (IDW) (A2 [ 36 pR 4075 (RBF) 330 52 BLAS 7 (OK) BT HIU5E BLAS 125 (DK IR %6 7 BLA% 7k (PK) 43 #F
WFGT X EE 4 R 19 2 [B] 43 A AR AE o 25 SR 2B ILVT O 1 Cd . Hg As 1 Ph P35 85 543531 0 0.35.,0.10.,7.77 mg - kg™ F122.54 mg
kg, AEZE )30 b AHE Cd  As T Ph A4 SE I DABR A i {8 A rho g DY Jo) 88 ol ) A 32, 139 Hg T 2 S0P 30 o8 L AR AR AR AP AIE o SRR
FI5 AR BTN 25 W, L8 Cd  As Hg Al Ph (975 YL AR 3 (Pi>1) 43 314 7.5% .0.5% 0 F1 0. Hif 4 Fh2s [l {H 19 50 ki FREE T
R, W98 X3 -3 Ph  Hg il As $4T075 YL b , 1458 CARBARTII AR (P >1) 7 0.14%~1.06% ; Bk 238 5 B A 16 XU PPAL 45 S R 0T,
1- 4% Hg . Pb 43 B AE P >0.3 Fl P >0.2 4514 F JC i KU A%, 72 BB 1.0 2600, 32 51 As V5 e 19 i % (0.8~1.0) X U 1.05% ,
0.16% B X IR CAT5YSHBARIAER (P=1.0) . It % X404 B -3 2852 31 Cd V5 .

KGR A A 5 23 (8] 3 A1 5 179 PP A s B e FRLAR

FESES . X53 XEHFEEDA XEHS:1672-2043(2019)07-1514-09  doi:10.11654/jaes.2019-0172

Evaluation of heavy metal pollution in farmland soil of the Kaijiang watershed based on GIS

HOU Qin-yan'?, ZHANG Shi-rong'*", MA Xiao—jie', PAN Xiao—mei', WANG Gui-yin'?, ZHONG Qin-mei'

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Sichuan Provincial Key Laboratory of
Soil Environmental Protection, Chengdu 611130, China)

Abstract: Evaluation of heavy metal pollution is important for planning of regional-soil heavy metal contamination control and implementa-
tion of remediation projects. In this study, we employed a single—factor pollution index method (P;) to assess the pollution of farmland top-
soil (0~20 em) of the Kaijiang watershed in the hilly area of the Sichuan basin by heavy metals. The inverse distance weighted method
(IDW), radial basis function method (RBF), ordinary kriging method (OK), disjunctive kriging method (DK ), and probability kriging meth-
od (PK) were applied to analyze the spatial distribution of heavy metals in the soil. The average contents of soil cadmium (Cd), mercury
(Hg), arsenic(As), and lead (Ph) were 0.35, 0.10, 7.77 mg - kg™, and 22.54 mg- kg™, respectively. With respect to the spatial distribution,
soil Cd, As and Pb showed a decreasing trend from two high—value centers, and the soil Hg content was higher in the west and lower in the
east. Statistical evaluation of single—factor P; of all sampling points demonstrated that the over—standard rates (P;>1) of soil Cd, As, Hg and
Pb were 7.5%, 0.5%, 0, and 0, respectively. The area ratios of spatial interpolation based on the IDW, RBF, OK, and DK methods indicated
that the soil Pb, Hg and As had no over—standard area, whereas the percentages of the soil Cd over—standard area (P;>1) were in the range
of 0.14%~1.06%. According to the risk assessment of probability kriging, soil Hg (P;>0.3) and Pb(P;>0.2) had no area with high-risk
probability. When the threshold value of P; was set to 1.0, 1.05% of the research area had high probabilities (0.8~1.0) of being polluted by
As, and 0.16% of the soil in the survey zones carried a risk of Cd pollution (P=1.0). Therefore, some farmlands in the watershed were main-
ly polluted by Cd.
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Figure 1 Distribution of soil sampling points
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Table 1 Statistical analysis of soil heavy metals

HEJE FE AL S3A AR F/MEMin/ I RfEMax/  ¥9{E Mean/ $5ifE2 Std.Dev./ (i WERE 5l Background
Heavy metals Sampling No. Distribution type mg- kg™ mg- kg™ mg- kg™ mg- kg™ Skewness Kurtosis value/mg - kg™
Cd 187 EA 0.13 1.09 0.38 0.19 1.800 2.749 0.24
Hg 187 EA& 0.02 0.23 0.10 0.04 0.673 -0.063 0.07
As 187 EA& 2.19 20.02 7.77 222 1.350 5.347 6.14
Ph 187 IEA 17.00 32.90 22.54 2.82 0.697 0.971 20.30

VE S 2007 4 LS Y & rpizoC R 1Y LR S GZAOE R ATT)

Note: The background values are the soil environmental background values of these elements in the soil pollution survey in 2007 (The report was

unpublished publicly).
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Figure 2 Spatial distribution of soil heavy metal in the Kaijiang Valley
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Table 2 Assessment of single factor indexes based on sampling points

IR FELL AT RUME SR(E M B Frequency/%

Heavy metals ~ Sampling No. Distribution type Min Max Mean P.<0.4 0.4<P,<0.6 0.6<P,<0.8 0.8<P.<1.0 P.>1
Cd 187 IEA 0.167 1.363 0.487 44.9 35.8 6.4 5.4 7.5
Hg 187 ER 0.025 0.317 0.111 100.0 0 0 0 0
As 187 ER 0.110 1.001 0.381 57.2 39.6 2.7 0 0.5
Pb 187 EAR 0.071 0.275 0.102 100.0 0 0 0 0

x3 BEFARBEAENEARFEYES RERLL
Table 3 Area ratios of single factor index based on the different interpolation methods
FLE 7 s BRZE T Error analysis i DI B E 235U Percent of area/%
Heavy metals  Interpolation method  ME MSE MEP Pi<0.4 0.4<P,<0.6 0.6<P,<0.8 0.8<P:<1.0 P>l
Cd IDW — — 2.8x107° 2591 50.19 18.38 4.46 1.06
RBF — — 2.5x107° 24.69 49.89 2291 1.84 0.67
OK 0.001 0  0.005 4 -1.3x10° 20.36 48.98 27.07 3.17 0.42
DK -0.0013 -0.009 6 2.8x10° 18.11 64.31 15.55 1.89 0.14
Hg IDW — — 2.0x10™ 100.00 0 0 0 0
RBF — — 0.5x10™ 100.00 0 0 0 0
OK -0.0004 -0.008 9 0.5x10™ 100.00 0 0 0 0
DK -0.0002  0.004 0 1.5x10™ 100.00 0 0 0 0
As IDW — — -1.4x10™ 71.78 27.33 0.89 0 0
RBF — — -2.8x10™ 73.73 26.17 0.10 0 0
OK -0.0002 -0.0015 -0.7x10™ 75.26 24.07 0.67 0 0
DK 0.0011 0.0104 -1.5x10™ 81.72 18.21 0.07 0 0
Pb IDW — — 5.0x107° 100.00 0 0 0 0
RBF — — 1.4x107° 100.00 0 0 0 0
OK 0.0002  0.003 4 -0.6x107° 100.00 0 0 0 0
DK 0.0004 0.0126 1.4x107° 100.00 0 0 0 0

T IDW Ry LR B A 7 5 RBF S A% 1) Sk R 0 5 OK S -53 o BLAS 2 s DK BT e B AR 7 s M SR 31 2% 5 MSE WARIEAL -3 22 s MEP Sl

20 ML R R IR 22

Note: IDW, Inverse distance weighted; RBF, Radial basis functions; OK, Ordinary kriging; DK, Disjunctive kriging; ME: Mean error; MSE: Mean

standardized error; MEP : Mean error of 20 checking points.
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Figure 3 Spatial distribution of single factor index for soil heavy metals by inverse distance weighting method
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Figure 4 Spatial distribution of single factor index for soil heavy metals by ordinary kriging method

J& S 2 B E . BFSE X Y -4 Cd L As Fl Ph (1)
O et AR S I A g O ) D RT3 A
398 Hg D) A4 22 BV o AR AR a4

(3) L FHE A B AR O AT 149805 e i
FEh Cd>As>Hg>Pb,  HE T 25 8] By 10 AL GE 11 45 2R 3k
B, IS XA 38 CA Ar e bR T L 4 idirp 3%
T o AR A (7 1k AR 25 /N, A T BRI I

(4) M 2 v HLA% 2 ] 4 {8 2% B B 5 IXANCA 12 38
Cd Tl As £F7E 1 175 G RS 246 DX 3k, FL 23 (8] 43 A FEAIE
55 P e {8 X302 [B) A AR AR S A — 3

Sk

[1] Huang Y, Chen Q Q, Deng M H, et al. Heavy metal pollution and
health risk assessment of agricultural soils in a typical peri—urban area
in southeast China[J]. Journal of Environmental Management, 2018,
207:159-168.

[2] Niu L L, Yang F X, Xu C, et al. Status of metal accumulation in farm-
land soils across China: From distribution to risk assessment|J]. Enwvi-
ronmental Pollution, 2013, 176 :55-62.

BIR B KafE, Ve Hi, 55 )P0 PG H 3 ) S R

AE KAL) FREERE, 2018, 39(9) : 4317-4326.

SONG Bo, ZHANG Yun—xia, PANG Rui, et al. Analysis of characteris-
tics and sources of heavy metals in farmland soils in the Xijiang River
draining of Guangxi[J]]. Environmental Science, 2018, 39 (9) : 4317-
4326.

[4] José M N, José P, Sergi D. Assessment of heavy metal pollution, spatial
distribution and origin in agricultural soils along the Sint River Basin,
Colombial]]. Environmental Research, 2017, 154 :380-388.

[5] Guan Q Y, Wang F F, Xu C Q, et al. Source apportionment of heavy
metals in agricultural soil based on PMF': A case study in Hexi Corri-
dor, northwest ChinalJ]. Chemosphere, 2018, 193:189-197.

[6) FHEPS VL K, £ W, 55 LB TR DR T - e R 4 3

JRH BAREAESIT(T]. A 3R EER #2741, 2018, 37(1):96-104.
YIN Guo—qing, JIANG Hong, WANG Qiang, et al. Analysis of the
sources and characteristics of heavy metals in farmland soil from a typi-
cal district in Anhui ProvincelJ]. Journal of Agro—Environment Science,
2018, 37(1):96-104.

[7] 0 3, VR/RBE, SREDHE, 45 . IR £ 3™ DB - 308 T 43 ) bk 2
AR S TG FETREE, 2018, 39(10) :4670-4683.

SHANG Er—ping, XU Er—qi, ZHANG Hong—qi, et al. Spatial-temporal
trends and pollution source analysis for heavy metal contamination of

cultivated soils in five major grain producing regions of ChinalJ]. Envi-



BRILT % JET GIS MIBLTT I BRAR I F 4 15 YT P 1521

Bs5 ETHMERERENIEESREERFHEEMEZTE2%

Figure 5 Probability distribution of single factor index for soil heavy metals by probability

ronmental Science, 2018, 39(10) :4670-4683.

(8] /WIS, sk e, B B, A W DRER T 28 U I 1 Cdn R A i

ATREAE-SPFAT)]. PR RS2l (A ARRLA IR, 2011, 33(11) < 18-
124.
YAN Ming-shu, ZHANG Mao-zhong, TANG Jiang, et al. Distribution
characteristics and assessment of Cd contents in the Chongqing metro-
politan economic zone[J]. Journal of Southwest University (Natural Sci-
ence Edition),2011,33(11):118-124.

O1X1 ¥, skitths, & 8, 45 BT GIS I GPS BTETThiie - e

s [ SIS A PREERF2 1, 2000, 28(10) :2035-2041.
LIU Jie, ZHANG Shi-rong, LI Ting, et al. Spatial distribution charac-
teristics of soil cadmium and lead in the middle reaches of Tuojiang
River basin based on GIS and GPS[J]. Journal of Agro— Environment
Science, 2009, 28(10) : 2035-2041.

[10] Yang Q Q, Li Z Y, Lu X N, et al. A review of soil heavy metal pollu-
tion from industrial and agricultural regions in China: Pollution and
risk assessment|J]. Science of the Total Environment, 2018, 642:690—
700.

[11] Zhang Z Y, Li J Y, Mamat Z, et al. Sources identification and pollu-
tion evaluation of heavy metals in the surface sediments of Bortala
River, northwest China[]]. Ecotoxicology and Environmental Safety,
2016, 126:94-101.

[12] SRR, 36245, FER, % DUT R R R X 1 E 48

V5 YA BT A AL F244], 2015, 34(9) : 1707-1714.

SONG Feng—min, ZHANG Xing—chang, WANG Yan-min, et al.
Heavy metal pollution in soils surrounding an iron tailings in up-
stream areas of Hanjiang River, Shanxi Province[]]. Journal of Agro—
Environment Science, 2015, 34(9) :1707-1714.

[13] 80 2, Bk, Bk, 45 BRI RH T DX A 1 - 408 4 Jes 2% i) 43
A BAGYIEAI]. FREERLE2241, 2018, 38(6) :2475-2485.

ZHAO Jie, LUO Zhi-jun, ZHAO yue, et al. Spatial distribution and
pollution assessment of heavy metals in farmland soils in Poyang Lake
area[J]. Acta Scientiae Circumstantiae, 2018, 38(6) :2475-2485.

[14] Pan L. B, Ma J, Wang X L, et al. Heavy metals in soils from a typical
county in Shanxi Province, China: Levels, sources and spatial distribu-
tion[J]. Chemosphere, 2016, 148 :248-254.

[15] 2407, £ 3E, W30k, 55 Je 1S ko g DR FH 4 R il

2SS4 B A5 G, FRBTR2, 2017, 38(3) : 1018-1027.
LI Chun—fang, WANG Fei, CAO Wen—tao, et al. Source analysis, spa-
tial distribution and pollution assessment of heavy metals in sewage ir-
rigation area farmland soils of Longkou City[J]. Environmental Sci-
ence, 2017, 38(3):1018-1027.

[16] 8 #, BER, S at, 45 . A4S JLTR Tl ol vl 1 38 o 43 Je ok
T2 18] 53 A R i A 2B 25 B PR A (] PR EBERLS2, 2015, 36(2) ¢
507-515.

DAI Bin, LU Jian—shu, ZHAN Jin—cheng, et al. Assessment of sourc-



1522

URIEIRCX ity S 3855 TH

es, spatial distribution and ecological risk of heavy metals in soils in a
typical industry—based city of Shandong Province, eastern China[J].
Environmental Science, 2015, 36(2) :507-515.

[17) Z& A, AR, S0, 55 . AP I JL i K i o o 4 A bR
DR HARAE A 25 WUSEA[J]. 2R 252711, 2013, 33(19) :6335-6344.
QIN Yu-sheng, YU Hua, FENG Wen—qiang, et al. Assessment on
heavy metal pollution status in paddy soils in the northern Chengdu
Plain and their potential ecological risk[J]. Acta Ecologica Sinica,
2013, 33(19) :6335-6344.

[18] e AR LR [ A 25 A0 . R i i A P b - 38 75 e X

645 45 b5 7« GB 15618—2018[S]. Ab 5T « o [F FR 55 Bl 27 ke,
2018.
Ministry of Ecology and Environment of the People’s Republic of Chi-
na. Soil environmental quality—Risk control standard for soil contami-
nation of agricultural land in soil environment quality: GB 15618—
2018[S]. Beijing: China Environmental Science Press, 2018.

[19] A AR AN . 3T MoK SR B I R+

DI : GBIT 22105—2008(S]. LAt - H FEbxfE i pik, 2008.
The Ministry of Agriculture of the People’s Republic of China. Soil
quality : Analysis of total mercury, arsenic and lead contents in soils —
Atomic fluorescence spectrometry: GB/T 22105—2008[S]. Beijing:
Standards Press of China, 2008.

[20] Johnston K, Hoef V J M, Krivoruchko K, et al. Using ArcGIS geostatis-
tical analyst{M]. America: ESRI, 2001:113-159.

201X B, SR, WAV, L R DR X LI E SR I PN S

28 [ A RFAELT). FRBER}72, 2016, 37(1) :270-279.
LIU Shuo, WU Quan—yuan, CAO Xue—jiang, et al. Pollution assess-
ment and spatial distribution characteristics of heavy metals in soils
of coal mining area in Longkou City[J]. Environmental Science, 2016,
37(1):270-279.

[22] Bai Y R, Wang Y K. Spatial variability of soil chemical properties in a
jujube slope on the loess plateau of ChinalJ]. Soil Science, 2011, 176
(10):550-558.

[23] BEE, R, M TF WA U R ORI 13
GmITR IR ] HUFDE R, 2011, 3009) :1434-1441.
HUANG Chun-lei, SONG Jin—qiu, PAN Wei~feng. Impact of dry and

wet atmospheric deposition on content of heavy metals in soils along
coastal areas of eastern Zhejiang Province[J]. Geological Bulletin of
China, 2011, 30(9) : 1434-1441.

[24] Z&Je e, BB, 0 BR, 45 . BRALIM ALl X L e o 4 SR U5
ST, Bk S PREE, 2017, 45(4) :455-463.

QIN Xian—yan, LI Yun—huai, SUN Yue, et al. Source apportionment
of soil heavy metals in typically agricultural region around Chaohu
Lake, China[J]. Earth and Environment, 2017, 45(4) :455-463.

[25] R4t &k AL Z/N=, 55 LT GIS Iy Aol 139 45 J XU 3
PeWEsE LA At AN )] L8241, 2017, 54(1) - 81-91.
SONG Jin—xi, ZHU Quan, JIANG Xiao-san, et al. GIS—based heavy
metals risk assessment of agricultural soils: A case study of Bagua-
zhou, Nanjing[J]. Acta Pedologica Sinica, 2017, 54(1) :81-91.

[26] Xie Y F, Chen T B, Lei M, et al. Spatial distribution of soil heavy met-
al pollution estimated by different interpolation methods: Accuracy
and uncertainty analysis[J]. Chemosphere, 2011, 82:468-476.

[27] B4R, 2R ORI L N AT e B O A DXl /K R 43 A1
[J]. ZKFI2E4, 1998, 29(8) :28-34.

QIN Yao—dong, LI Bao—guo. Estimation of ground water depth distri-
bution by disjunctive kriging[J]. Journal of Hydraulic Engineering,
1998, 29(8) : 28-34.

[28] Yasrebi J, Saffari M, Fathi H, et al. Evaluation and comparison of ordi-
nary kriging and inverse distance weighting methods for prediction of
spatial variability of some soil chemical parameters|J]. Research Jour-
nal of Biological Sciences, 2009, 4(1) :93-102.

[29] Liu X M, Wu J J, Xu J M. Characterizing the risk assessment of heavy
metals and sampling uncertainty analysis in paddy field by geostatis-
tics and GIS[J]. Environmental Pollution, 2006, 141:257-264.

[30] & A7, sktihds, A W, S RVREDTIX 1 4 ) s () S S

5 Y AR A = DA DGR & SR B L SR (0[], Alk PRI Rl
274, 2007, 26(2) :617-621.
MAO Zhu, ZHANG Shi-rong, LI Ting, et al. Spatial variability and
environmental pollution assessment of soil heavy metal in the vicinity
of a lead/zine mine: A case study from Fuquan lead/zine mine in
Hanyuan County[J]. Journal of Agro— Environment Science, 2007, 26
(2):617-621.



