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Ecological risk assessment and control of non—point source pollution in cultivated land based on the entropy
weight—set pair model : Using Changji Prefecture, Xinjiang, China as an example

YUAN Wei-peng', LIU Xin—ping"*

(1.School of Management, Xinjiang Agricultural University, Urumqi 830046, China; 2.Institute of Land Science, Xinjiang Agricultural Uni-
versity, Urumgqi 830052, China)

Abstract: The ecological risk assessment and control model with chemical fertilizer, pesticide, and agricultural film as the main risk sourc-
es was constructed to strengthen the prevention, control, and governance of non—point source pollution. Using the entropy weight—set pair
analysis model, this study attempted to evaluate the risk grade heterogeneity of non—point source pollution of cultivated land in different
counties and cities of Changji Prefecture, Xinjiang, China. The results showed that the total amount of chemical fertilizer application, pesti-
cide use, and agricultural film use increased yearly in Changji Prefecture during 2004—2017, indicating a continuous growth trend for the
future. The sample survey of cultivated land quality from annual monitoring data showed that the physical and chemical properties, texture,
and structure of soil were deteriorated to some extent. The high ecological risk area of non—point source pollution of cultivated land in
Changji Prefecture was mainly distributed in Changji City, Hutubi County, and Manas County in the western part of Changji Prefecture, and

the moderate risk ecological area was mainly distributed in Fukang City and Jimusaer County in the middle part of Changji Prefecture. The
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low ecological risk areas were mainly distributed in Qitai County and Mulei County in the easternmost part of Changji Prefecture. The re-

gional characteristics showed a spatial distribution of pollution accumulation in the east, middle, and west, which decreased from the west

to the east. The reason for the ecological risk of non—point source pollution of cultivated land was related to the development of regional in-

dustry and economy, traditional farming methods of farmers, hydrogeological conditions, geographical location, and basic conditions of the

surrounding environment. Based on this, the Bow=Tie model was used to construct the ecological risk prevention and control system of non—

point source pollution in cultivated land.

Keywords : non—point source pollution; ecological risk; cultivated land; Changji Prefecture; chemical fertilizer; pesticide; agricultural film;

Bow—-Tie model
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Figure 1 The map of Changji cultivated land soil monitoring points
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Table 1 Eco-risk evaluation index system of non—point source pollution in cultivated land

HFr)Z Target layer HEN 2 Criterion level

FE8H1)2 Index level F848JE 1 Index attribute
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A A AL IE it A Ak (¢ hm ) +
Al 2355 K AN aif A(GE) +
AR A (- hm™) +
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Note:"+" represents positive index, "=" represents negative index,"*" represents qualitative index of interval.
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Table 2 Ranking of ecological risks of seven counties in Changji Prefecture based on set pair model

BN [l — s g JiE X7 SR B AR XTI 3 SRR HE R

Counties or cities in Changji Prefecture The same degree of membership Opposite membership Relative closeness  Risk ranking
Wyl B 0.78 0.50 0.61 1
Bt 0.73 0.50 0.59 2
I ] B £ 0.51 0.42 0.55 3
Ll 0.48 0.46 0.51 4
HARBERE 0.43 048 0.47 5
TFHE 0.35 0.55 0.39 6
AREMGEE 5 IR B 0.24 0.43 0.36 7
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Table 3 Ecological risk level and description of non—point source pollution of cultivated land in Changji Prefecture
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Figure 2 Distribution pattern of ecological risk of non—point source pollution of cultivated land in counties and cities of Changji Prefecture
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Figure 3 Bow—Tie risk prevention and control model

— 636 —

http://www.aed.org.cn



JEAEMG 55 R T A -G X AT A i 5 e A 25 XU A 15 B 5 —— LU & 55 N S Bl

2019%9A4

(3) A HRHEWT . AR M BOR T2 5T i BUMN 7T BEAE
FEI Ja 2 AT FBURAE T RS GEHEAE T
45 B AR b 5 2 R H 2 P T R A A 4 K R R
TE R MR Ak 2 AN AR U 5 Hovk , A& 7 mT g
e A T Y5 2 7 B V5 s 4 AR 19 R Bl S8 R
GERR R R e KUK 5 3, T B RS BT RR, 3=
S5 RP BRI B IR ERA ST A T R D
WS, GERR AR 2 A RS TR N R
IG5 B DA TR N
ATy, WK 4,

32 &EREiESERNEE

GhA B M4 B () B b XURS: PPN 25 51
b B A T 25 AR P

Xif T E 437 B | T R P R L XRS5 X
A R 23 A R A S A IR N X, R
IR« OMEFERLEOR Tl A 25 ) 25 # e i ot
FR HE TS Y Bl A 05 7 R 5 A2 it el T, o
L5 Y HE AT A A LA 1 5 4 il B il T U575 G U
SEATACIE AR 25 AR I8 45 A 7 Rk s o £ B K Ak 4
A, B HLEE (0 1 1) 357 BK 3h 0 AR 7= bl I o A 7 3k
b5 15 Yo ) X 1 AR B AHE AR A R
SN RTHCE R A S R B IR E G ST

e,

X BLRETT AR BE R S XS R IX, A 4%
e B b BE 95 2 Rl o3 DA Al e T AR A X
T EOR I R - DA B BT BB AL R0 2% M
V5 B E QU AR A A 5 5, AN BT R
PRI RE 8 20 DX ) 5 4fE BEBF st AL A Jm g 0 1
JARE , FHRIE S SRR AR DI B X =i el X |
MR X RO I iR XA S ARl X A
I3 X3 BRI A, S bk st 2R 28 R G 2 REVE RIS
k.

XFE AR R2RE AR BB REX A
TR 3] 3 D Bt T $ TR X, T R U it
(DA G T2 H A SRS A& B2 AL D@ 8 K
IRVEE HEAK S R A PO Bt , #1200 4 S 7 i
HE BBk 3t 2 07 5, 3 R ™ i iR 22 4 5 i D5 ()
SRRl FH AT A 2436 B R e RS FFE 1
AR I S5 R S 9 (e AL R, R P A R A TR
B I AT AR 4 A TR Al A 7 6 2l s DA
VIR TS e BTIR 225, AE AR e demin
(&, WBURFBOR 515 A BORSR  ANE 2 17
AR T =7 T S B T RS A S KR B i
TR H AT PP s b

b b R
B 0 0 0 W 5 I 0 0 SR ON
BORERE | | BOR R | | BOPAG | | s || BomsilkcT:
¥ AT || WEEE | M AU | gkt || B e
Hh s W5 T A BRAFCE A || FLAFHER
TR E
( \ \ \ BT e \ \ N s
Zz)j > ERTA p /‘m\\ > (T)
U U U U Eiﬁﬁ{%’]’# U U U KU
s ||, i S FEFFLs || B DBk P Epiats || Enpns
ooy || MRS | S || i F BiopE || ABCR || AHET
KK BRI || R TR R wApir || g
A 56 R
( \ \ ( N |
e U U U U U LR
IR 2 T B SRR iy N S Y
P IRRIT FEERY | | R g | lmscs
S il eyt i roa I il
Ik S

e B AR £
AT (RIS 1 55
e || ;}iﬁwjm

TH R

TR LA EIBE 4
I B A Al 2

B4 EF Bow-Tie #HE Y ER 5 00 £ SRS Bz

Figure 4 Ecological risk prevention and control of non—point source pollution of cultivated land based on the Bow—Tie model

http://'www.aed.org.cn

— 637 —



RUFFESNEFR-FE3605-F5H

4 it

(L) 2 35 M B 3t T 0575 e ) 2 25 KU 7 25 1]
A SRS SR, R B Ok R A A R AR
fiE, BBV R AR ) A R

(2) Bt M2 B (ol ) B T 75 4 B9 A 25 XU
DIl 28 5 A Jie AR A 7 AR 3 O 3 K SC b
DAL AR AP REACIR B AE N B RV

(3)i2 il Bow-Tie 73 HTHESE , DIFFEOR 51 5 &K
PRGNS BT B S =07 B RR K
E TS Wl Ak B S R T KU By 1 A P
PRZ IFAS 6 B A 8 G BF XU SR 55 IR DL, 2

T DR E A T 22 S AR B U5 5
SE M
[Hi@ﬂ?“ T, . % . =W K R R BOK S OB T 4R

TUAE 'ﬁi SRS PEAG [T, P 4 TRE2, 2019, 18(2) : 161~

165.
ZHAO Jing—jing, LI Chang—qing, XIANG Xin-zhi, et al. Heavy metal
pollution characteristics and ecological risk assessment of sediments in
the water source of the Chongqing section of the Three Gorges reservoir
[J]. Chinese Journal of Public Health Engineering, 2019, 18(2) : 161-
165.

(2] XUZAE, AR, SR 5, 45 LAt IR Dl R R A S Ytk it
T HGE MR R[], 2 HE2447, 2006(3) : 405-413.
LIU Hong—bin, LI Zhi-hong, ZHANG Yun-gui, et al. Nitrate contami-
nation of groundwater and its affecting factors in rural areas of Beijing
plain[J]. Acta Pedologica Sinica, 2006(3) :405-413.

(3] EHET5, M B, B ILUR, 45 . /K LI SR ROl TR TS Y LA T =0k
JE XA REHEAT ARV K 4 A3, 2019(1) :55-57.
LIANG Zeng—fang, XIAO Xin-cheng, NI Jiu-pai, et al. Approach to
the fertilization behavior of farmers in the Three Gorges reservoir area
from the view point of soil and water loss and agricultural non—point
source pollution[]]. Soil and Water Conservation in China, 2019 (1) :
55-57.

[4] RPECE . v [ A AE TS e
12, 2017, 36(7) : 1247-1253.

BRI 25 AR, AR PRI

LIU Qin—pu. Spatio—temoral changes of fertilization environmental risk
of China[J]. Journal of Agro—Environment Science, 2017, 36(7) : 1247—
1253.

[513 . kA, BT, 45 FRE Bt H L3 4@ 5 YL irn 5
ZE I ATRFAEL ). A2 S AR FREE A4, 2018(11) :1019-1026.
MENG Min, YANG Lin-sheng, WEI Bing—gan, et al. Contamination
assessment and spatial distribution of heavy metals in greenhouse soils
in China[J]. Journal of Ecology and Rural Environment, 2018 (11) :
1019-1026.

[6] w5 anss, kUL, AREUE . A I 5 B 5 Y iy B S A ——
T 2006—2015 4 [ A £ dHa A9 e o AR BE U5 XK, 2018,

— 638 —

39(12):138-145.

GAO Ru-meng, DU Jiang, LI Xiao—tao. Dynamic analysis of agricultur-
al growth and environmental pollution: Verification based on panel da-
ta from 2006 to 2015[J]. Chinese Journal of Agricultural Resources and
Regional Planning, 2008, 39(12) :138-145.

(7] 3Rk T, 8 i, PN, S5 AR W B AR TR T B SN T B B
RG] A BARAEHTSE, 2018, 39(4) :543-550.

ZHANG Ji—ning, ZHOU Sheng, SUN Hui-feng, et al. Research prog-
ress and prospects on the biochar’ s application in Chinese vegetable
field[J]. Research of Agriculitural Modernization, 2018, 39(4):543-550.

(8] FA, XA, BRI, 4. 25T IDW [ B X 431 ) 2= 7]
O BTGRP, LA S FRETAE, 2018, 18(5) :1989-1996.
WANG Chun-guang, LIU Jun-sheng, YIN Xian—-yang, et al. Spatial
analysis and pollution assessment of heavy metals in the soils of
Tongling urban area based on IDW[J]. Journal of Safety and Environ-
ment, 2018, 18(5) : 1989-1996.

[9] sk tis, DL, 0 AR LT BRI £ 5 T A 12 Al 5T S IX

AT R 5 YA —— UL IR R B oA . Al PRI R 22
i, 2016, 35(11):2107-2115.
ZHANG Jin—ting, XIE Gui-de, SUN Hua. Evaluation of soil heavy met-
al pollution of geological anomaly area based on improved fuzzy com-
prehensive evaluation method: A case study of Guannan in Jiangsu
Province, ChinalJ]. Journal of Agro — Environment Science, 2016, 35
(11):2107-2115.

[10] 4578, FRMEL . A T35 Y Ay SABIEA]  BORPEIR RIS A L
7. EA AL, 2018, 51(3) :593-600.

JIN Shu—qin, XING Xiao—xu. Trend analysis, policy evaluation, and
recommendations of agricultural non—point source pollution[J]. Scien-
tia Agricultura Sinica, 2018, 51(3) : 593-600.

(1] SR B WEIR/R - v Lo d. B L T 25 0 i e B g /R

JET T BLER PN 2E 28 22 PRI, A2 35 ARk B2 4z, 2018, 34
(9):840-849.
ZHANG Xue-qi, MANSOUR Shabiti, MA Guo—fei. Appraisal of eco-
logical security based on improved ecological footprint model in Yar-
kant River plain oasis[J]. Journal of Ecology and Rural Environment,
2018, 34(9) : 840-849.

(12 K8, A, WIHe, 4 RO IR TS YA 25 RIS A W5

JE[J). FREEAAP S IR FRZ BT, 2016, 36(7) :35-39, 46.
ZHENG Tao, MA You—hua, HU Hong—xiang, et al. Research progress
on ecological risk assessment of agricultural non—point source pollu-
tion[J]. Environmental Protection and Circular Economy, 2016, 36
(7):35-39, 46.

[13] BEARME, RATL, XHaHE . Bt AR SIS PP B e s S e 3h—

LT CiteSpace WAL BT[], A0l 7% I 5 R85 24 %Ei 2019, 36(4)
502-512.
LI Yi-shan, WU Da—fang, LIU Yan—yan. Hotspots and trends of culti-
vated land ecological risk evaluation: Visualization analysis based on
CiteSpace[J]. Journal of Agricultural Resources and Environment,
2019, 36(4) :502-512.

[14] M, T2z R, 480, &5 7 B 22 5L L e G R o0 Al Ak
/E\iuﬂrﬁaﬁfﬁu.ZMB%‘&%L?%FMW 2019,36(4):513-521.

http://www.aed.org.cn



JEUATMNG , 45 - T JAS - X AR 1 16l i 585 e A 2 XU A 5 B4

VI st B 55 M A 1) 2019498

ZHOU Qin-li, WANG Xue—dong, LI Zhi-tao, et al. Distribution char-
acteristics and ecological risk assessment of soil heavy metal in Helan
County of Ningxia, China[J]. Journal of Agricultural Resources and En-
vironment, 2019, 36(4) :513-521.

[I5]VE %, Bkl FREBR, &5 Zias St B 3 v 4 Jm 7 2 K

TEAE A A B BEA (). Al BF -5 PR 5541, 2017, 34(4) 1352~
359.
JIANG Hong, MA You - hua, YIN Guo - qing, et al. Evaluation on
heavy metal pollution and potential ecological risk of farmland soils in
a county of Anhui Province, China[J]. Journal of Agricultural Resourc-
es and Environment, 2017, 34(4) :352-359.

[16] X sh, AERE, RICR, &5 & ROl 1 TS G By 4230 = 1)

IR AL IR EE R 224, 2016, 35(5) :817-823.
LIU Kun, REN Tian-zhi, WU Wen-liang, et al. Prevention and con-
trol of agricultural non—point source pollutions in UK and suggestions
to ChinalJ]. Journal of Agro—Environment Science, 2016, 35(5) : 817-
823.

[17] XU SEA7, S0y, BUIRIRY, 45 AUt I TS e il HoR B 5T 5

TARRTED]. T ERHE 205, 2008(10) :43-44.
LIU Bao—cun, LU Zhao—fang, ZHAO Tong-ke, et al. Research and
demonstration of non—point source pollution control technology in ru-
ral areas of Beijing[J]. China Awards for Science and Technology, 2008
(10):43-44.

(18] 4% J7, iU, Mt I . Ak 1 G2 A M o B A 3 2 43 A %
JAZRUL A RS FR B4R, 2017, 34(1) : 15-23.

LI Fang, FENG Shu-yi, QU Fu-tian. Fertilizer reduction policies in
developed countries: Suitability and implications[]J]. Journal of Agri-
cultural Resources and Environment, 2017, 34(1):15-23.

(19 FE R, V4R, 52 0] 5 . KRR Al g 55 e B 45 3 A7

SRR A B A R £, 2015(7) - 79-92.
XI Li—qing, WANG Hou—jun, PENG Ke-mao. Payment behavior anal-
ysis of agricultural non—point source pollution prevention and control
of rice growers: A case of Guangdong Province[J]. Journal of Agrotech-
nical Economics, 2015(7):79-92.

[20] AT A . PEMASbRAN E A E A A R RGA )], R 48 TREBE 5 9t

http://'www.aed.org.cn

i, 2010, 30(7):1225-1228.
CHENG Qi-yue. Structural entropy weight method for determining
weights of evaluation indicators[]]|. Systems Engineering—Theory &
Practice, 2010, 30(7) : 1225-1228.

(217 8 e 80, o e . BRI ——— Pl (AN o P B U 1 5 0
[J]. RG THE 1996(1) : 18-23, 72.
ZHAO Ke—qin, XUAN Ai-li. Set pair theory: A new method and ap-
plication of uncertainty theory[J]. Systems Engineering, 1996(1) : 18—
23,72.

[22] BEEZ IR, AR, s L, 45 . LT AR AT Y DX SRR T R

T HET ST PASCEE S KON B[)]. T 5 IX R 5 A5, 2019,
33(3):7-12.

LIANG Yan—qing, JI Shu-ying, SHI Si—qi, et al. Study on the stabili-
ty of regional urban land price system based on set pair theory: A case
of Beijing — Tianjin—Hebei region[J]. Journal of Arid Land Resources
and Environment, 2019, 33(3) :7-12.

(23] JELARIG, XUBF, B . AR I 5T e 9 A S XU PPN HiE ik
PRV 5 By 5 ——RUBr 8 5 0 S 0], B Aol B R 2 4
GE2RH20R)., 2019, 13(2) :35-42.

YUAN Wei-peng, LIU Xin-ping, CHEN Yu. Discussion on ecologi-

cal risk evaluation index system of non—point source pollution of culti-
vated land and its prevention and control : Taking Changji Hui Autono-
mous Prefecture of Xinjiang as an example[J]. Jowrnal of Central
South University of Forestry & Technology (Social Sciences), 2019, 13
(2):35-42.

[24] FEF=C, XGRS, JEATRMG . o et R F b DR 1 5 T 2 2 25 XU T
M. F X, 2019, 42(2) :295-304.
TIAN Feng-shou, LIU Xin—-ping, YUAN Wei-peng. Ecological risk
assessment of farmland non—point source pollution in Hotan Prefec-
ture, Xinjiang[J]. Arid Land Geography, 2019, 42(2) :295-304.

[25] 5L XU . = FRAL R BRSSP ) L A A e 2 —— L
AL Bl IS T 4, 2012, 31(6) : 111-114.
ZHUO Feng-li. Land ecological security evaluation based on entropy
weight and set pair analysis: A case of Hebei Province[J]. Regional

Research and Development, 2012, 31(6) :111-114.

— 639 —



