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Abstract: [ Objective ] The spatiotemporal characteristics of agricultural nonpoint source pollution in Shanxi
Province during 2011—2022 were analysed and its development trends was predicted in order to provide a
scientific reference for the prevention and control of agricultural non-point source pollution in the Shanxi
Province. [ Methods] The spatiotemporal characteristics of agricultural non-point source pollution in Shanxi
Province were analysed using the pollution emission coefficient and equivalent pollution load methods, and an
autoregressive integrated moving average (ARIMA) model was established to predict the development trend.
[Results] @D In 2022, the agricultural non-point source pollution in Shanxi Province produced 4.74 X10° t of
COD (chemical oxygen demand), 5 820 t of NH;-N, 2.86 X 10" t of total nitrogen (TN), and 4 180 t of total
phosphorus (TP). The high-emission areas were located in Lvliang and Yuncheng City, and the low-emission

areas were located in Taiyuan and Yangquan City. The equivalent pollution load was 3.95 X 10" m®. The

5 H #1 :2024-02-24 &5 B #:2024-03-12

BETE HRARBFILETEE X485 DOM A B AE R HLE KR 2 BRALIER ST ” (41502331 5 L TFE 4 0 S5 2= A R0 0T B “ 1L
7 2 A T VR T Y e 23 AR AR AR E B SE 7 (2023146 1) 5 ILPEA A SR AL E W98 2 4000 B “ 52 & 651 & 1 R i 45 1 280 e SR i 22 058 5710 2
AHSEHLBRBFSE” (202203021211248)

E—1EF B 987—) T O I PE A IR U i LBt B, 8 F IR 5 P55 07 WA 58 . Email : giao_yy@126.com,

BASIER IKRME(1982—) , B (BUKO) , ILPE A K E A 14, #04% , 8 A E0K 05 e i 38 S 4R T AF5T . Email: zhangpeng388(@126.com,



290 7K R E %44 B

primary pollutant was TN, and the primary source of pollution was animal husbandry. @ From 2011—2022,
the developmental trends of the four types of pollutants were consistent. All showed an increase in
fluctuation, and the highest value for each pollutant was observed in 2022. The ranking of pollutants in each
region was stable, with Yuncheng and Lvliang City always occupying important positions. TN has been the
primary pollutant for 12 years, animal husbandry has been the source of the primary pollutant, and the
proportion was still rising. @ By determining model parameters, the ARIMA (1,1,2) model was established
for the forecast. During the forecast period, agricultural non-point source pollution in Shanxi Province
decreased slightly, and the development trend showed a steady increase. [ Conclusion] It is necessary to
strengthen the prevention and control of key agricultural pollution accounts and pollutants, reduce the
discharge of agricultural nonpoint source pollution, and mitigate its rising trend.

Keywords: non-point source pollution; pollution emission coefficient; equivalent pollution load; spatiotemporal

feature; Shanxi Province
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Table 1 Agricultural non-point source pollutant accounts of Shanxi Province
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Fig.1 Agricultural non-point source pollution distribution of Shanxi Province in 2022
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Fig.3 Equivalent pollution load of Shanxi Province in 2022
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Table 2 Equivalent pollution load of pollution account of Shanxi Province in 2022 10 m®
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Table 3  Agricultural non-point source pollutant discharge in
Shanxi Province during 2011—2022

1G5 e /10° ¢

i COD NH;-N TN TP
2011 385.06 5.06 22.43 3.11
2012 368.38 4.92 21.70 3.05
2013 367.41 4.88 21.76 3.05
2014 397.15 5.21 23.45 3.36
2015 398.18 5.18 23.53 3.37
2016 390.28 5.06 23.20 3.36
2017 391.21 5.04 23.45 3.43
2018 391.47 5.04 23.72 3.46
2019 366.23 4.61 22.21 3.15
2020 400.23 4.98 24.25 3.49
2021 459.67 5.67 27.70 4.09
2022 474.10 5.82 28.57 4.18
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Fig.4 Agricultural non-point source pollutant discharge in each regions of Shanxi Province during 2011—2022
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Fig.5 Equivalent pollution load of Shanxi Province during 2011—2022



5 43

Tr 4 PR < PG48 AR TAT RS e i) 28 A8 A R AR B e Ji e 35 Bl 295

F4 WESE2011—2022 EFRKPERTLAGE
Table 4 Proportion of equivalent pollution load of pollution

account in Shanxi Province during 2011—2022
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Fig.6 Equivalent pollution load in each regions of
Shanxi Province during 2011—2022
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PLINPE S 20112022 4F ARl T W55 Y S5 bR 5 G
g 1 R s LRl L 2% & BB e 51 2% B Ok Al R
BFRE S, 22— 2250 5 - ALK B 51 2 22 Ol 7 o it
6] 77 51 o P A A 225 43 B B d B[R 1. % 58 W25 4%
Jei BOEHE SN HEAT A AH S 5 0w A G2 1 4 B R
KRR S 5 ARIMA B8 F00 50K . 38
LS B A G 5 O A DG BUREAE , & B0 455 404 i)

PRAE 55— TRURCHE TN — TR 22 )5 L B A2 [l I A R
WY p BUA R 1. B 3 PR AL g BUE S 2, B T
ARIMA(1,1,2) B A K il A ARIMA (1,
1,2) M5 R E A7 T, 25 1 Bon AL A RO(E R
0.71(EHE R MR 1, LA ORI, LA R B
BAr, WSS RS R, WS R B R, 2023—
2027 A1 VG 4 Al TR TS Y S AR 5 Y A 4 0 ok
3.88>10'",3.85 X 10",3.89 X 10",3.95 X 10", 4,01
X 10" m®, AT UL, 0 A Py 45 AF AR AR B AL /N . 2023
AR TR K e B N iR 0V, Ul B AE 28 5 2021 AN
2022 AR By PR B R S, Ll v 4 Al TR S G AT fg
SN TR, [ 2024 4F T 3E A Fa 2 F FF AR
Ao HC, it — 25 0% 10 vE A ARl R TS G IR
OFF ZEVRE 7= S5 48, A AT FEmly L M8 & & #2055
TG G P R R S B R RN A s O 7 5
P T Y IR HE TS I BT AR B e, iE— 2B 0N 45
15 PRGBS 7 HE S fE
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Table 5 Equivalent pollution load forecast of Shanxi Province

P %’rﬂ?i’é ‘ fﬁ‘imuﬁ/ B 2 1A/ 95%1,01,/ 95%UC}/
ffi/10° m®  10° m® 10% m® 10 m® 10% m?
2011 311.50
2012 301.34 318 —16.66 263.53 372.47
2013 301.29 306.28 —4.99 252.05 360.51
2014 326.53 314.31 12.22 265.73 362.89
2015 327.40 338.64  —11.24 290.07 387.21
2016 322.82 327.07 —1.25 280.15 373.99
2017 326.00 333.47 —7.47 286.63 380.31
2018 328.06 335.54 —7.48 289.37 381.71
2019 304.38 339.38  —35.00 293.31 385.44
2020 333.44 314.31 19.13 268.58 360.03
2021 384.03 364.55 19.48 318.93 410.17
2022 394.93 386.02 8.91 340.60 431.45
2023 387.99 342,67 433.32
2024 384.98 319.32 450.64
2025 388.88 321,00 456.77
2026 394.68 326.44 462.91
2027 400.99 332.73 469.24
4

(1) 2022 4, INTPGAE 4 2 295 YL it AR Ml 1 5
15 Qe HE i = 43 3 A . COD A 4,73 X107 t. NH,-N i
5.82X10° t, TN K 2.86 X 10" t, TP K 4.18 X 10° t,
FlE Tk v L IX A ) T R Bk T AR X 3R A
IR T BH SR T, 156 B L VS A8 ARl T G HE L A 1] 43 AR
FEZRTHL X HARAE M, 24FE R ERTE R 7
fif ik 3] 3.95X 10" m®, & 375 4L ¥ b 5Tk A s 10
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s TN, T B4 X TN 75 Je i 6 VAR B, 8 41 7% UIE
W 5 T KR R B SRR, 4 AN s Gk
FUrb L B IR K Ll A K P, T gk
et % & L A Ab 5 L 328 R T Yo OB R AL AR T

(2) 20112022 4F ,4 275 4L ) b e H R 9 h
— 3 & T e W HE TR R (A B R BRAE 2022 4R,
12 a [A], &4 7 B X5 e 9 HE i 22 BE B 0k L SR IR (B —
FLARFEERR R S EH X P ARSI A B R, &
BEERRTG e Tt R B B s TR . TN STk
JE — B AR RRE S KT U B Y, AT
W P BTk RE HE R R IR < B AR > R A > B
R =K F B0l . 3 8 355 K P — B L i KL O
BHABTERRLE B TF. 12 a 8], 1L P88 Rl 15 Y W HE UG
B HE AT E BRI 38 T R T A AR TS YL 6 A
— HERFRR K R E TG R . WA T A
SRIRBERAAE o 1 X AS [ 75 Yo 4 5 Ye ik il s AH R 1Y)
A e 45 ) AR b T VRS Y HE TR

(3) #7 ARIMA(1,1,2) 85 (] #0345 B R*
=0.7D) X1 P4 2023—2027 4E A\l i P55 YL & B
FASIEAT T, 25 2R B R . 2023—2027 4F 1L VE 4 4
FRT5 g 17 fif 4 Yk S 3.88 X 10, 3.85 X 10", 3.89 X
10",3.95X10",4.01 X 10" m®, F il 59 /9 1 75 44 4
N AR R e W AN AT W =R VS S o S e A )
RS, HBUHRIE R 0 8 75 YL IR s G W) F
T YR P Tl A TR I Al K TR NS Y A AR A i
G A b T R T G [ e — A5 IR
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