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Abstract: [ Objective] The characteristics of agricultural non-point source pollution load in Qinghai Province were
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analyzed in order to provide important references for formulating agricultural pollution control and ecological
protection policies in Qinghai and other ecologically fragile areas. [ Methods] Based on statistical data from
Qinghai Province from 2009 to 2023, emissions of total nitrogen (TN) , total phosphorus (TP) , chemical
oxygen demand (COD) , and ammonia nitrogen (NH;-N) from crop farming, livestock and poultry breeding,
and rural domestic sources were estimated using the pollutant generation and discharge coefficient-based method.
Sensitivity analysis was conducted by selecting uncertain parameters. The contribution characteristics of pollution
sources and pollutants were assessed using the equivalent standard pollution load method. [ Results ] From 2009
to 2023, the total agricultural non-point source pollution emissions in Qinghai Province showed an increasing
trend, rising from 2.17x10° t to 3.65X10° t, an increase of 67.9%. In terms of pollutant type, COD emissions
were the largest, ranging from 19.06x10' t to 3.34x10° t and accounting for 87.72%—91.63% of the total
emissions. TN emissions ranked second, ranging from 2.23x10' t to 2.52%X 10" t and accounting for 6.91% ~
10.28%. Regarding the pollution source structure, livestock and poultry breeding was the primary emission
source, with emissions of 1.74x10°—3.24x10° t, contributing 80.21%—88.89% of the total emissions. Rural
domestic sources ranked second, emitting 2.78 X 10*—2.95x10* t and accounting for 7.71%—12.79% . Sensitivity
analysis indicated that livestock and poultry breeding was the most sensitive to regional pollution load regulation,
identifying it as the priority for control. The total annual equivalent standard pollution load ranged from 4.42X
10" m® to 5.69X 10" m®*. Among these, TN had the largest equivalent standard pollution load of 2.23X 10" m® to
2.52X10" m®, accounting for 44.30%—50.61% , making it the primary pollutant. Livestock and poultry

3

breeding had the largest equivalent standard pollution load of 2.72X 10" m® to 4.31X 10" m®, accounting for
61.69%—75.78% , identifying it as the dominant pollution source. Considering the equivalent standard pollution
load characteristics of both pollution sources and pollutants, TN from livestock and poultry breeding constituted
the largest portion of the equivalent standard pollution load at 1.17><X10" to 1.68X 10" m?, representing 26.29 %
—29.46% of the total. [ Conclusion] Addressing agricultural non-point source pollution in Qinghai Province
should prioritize the control of livestock and poultry breeding, with TN and COD identified as the key pollutants
to control, so as to effectively reduce the regional agricultural pollution load and strengthen the ecological security
barrier of the plateau water system.

Keywords: agriculture; non—point source pollution; pollutant generation and discharge coefficient—based

method ; equivalent standard pollution load method
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Table 1 Pollutants from different pollution sources
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Table 2 Pollutant generation coefficients of chemical
fertilizers for crop farming in Qinghai Province
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Table 3 Straw-to-grain ratios and pollutant generation
coefficients for main crops in Qinghai Province
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Table 5 Pollutant discharge coefficients for large-scale and household breeding in Qinghai Province
. FURAL IR 5 HE TS R AL FRIH T IR RS AL
HEMAE

COD NH;-N TN TP COD NH;-N TN TP
AR/ (kg - kTH 3.87 0.170 0.038 0.093 4.41 0.360 0.097 0.070
4/ (kg - kY 180.24 5.290 0.550 2.120 115.84 9.510 3.270 1.440
W/ (kg - k™ 163.96 4.850 0.630 0.690 73.48 3.720 0.270 0.270
X/ (kg + F71) 0.87 0.050 0.005 0.010 0.78 0.044 0.004 0.003
WS/ (kg 1) 0.25 0.011 0.001 0.002 0.48 0.020 0.003 0.010
*/(kg -k 1.14 0.058 0.076 0.014 1.12 0.390 0.030 0.010
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Table 6 Pollutant generation intensity for rural domestic sewage in Qinghai Province
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Table 7 Pollutant discharge from crop farming in Qinghai Province (2009—2023)
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Fig.1 Variations in pollutant discharge from livestock
and poultry breeding industry in Qinghai Province
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livestock in livestock and poultry breeding
industry in Qinghai Province (2009—2023)
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Table 8 Sensitivity of different pollution sources to pollutant load
2009 4F-75 e 1y 2013 4F75 Y 20144775 4L 1) 2015475 4L )
15 YL i ENiER i
b2 U Fh 2 U e U Fh 2 U
NH.-N 0.10 NH.-N 0.12 NH,-N 0.11 NH,-N 0.11
e AL IE ) FH % TN 0.13 TN 0.15 TN 0.15 TN 0.16
TP 0.14 TP 0.16 TP 0.16 TP 0.16
COD 0.02 COD 0.02 COD 0.02 COD 0.02
ThEFF FEFF 15 R 5L TN 0.31 TN 0.28 TN 0.28 TN 0.27
TP 0.24 TP 0.22 TP 0.21 TP 0.20
COD 0.84 COD 0.85 COD 0.85 CcOD 0.86
. NH.-N 0.75 NH,-N 0.74 NH,-N 0.75 NH,-N 0.75
FEERMN  FERMEANLT R
TN 0.52 TN 0.53 TN 0.56 TN 0.57
TP 0.58 TP 0.58 TP 0.59 TP 0.60
COD 0.14 COD 0.13 COD 0.13 COD 0.13
s A 3 E Ak NH,-N 0.15 NH,-N 0.14 NH,-N 0.14 NH,-N 0.14
RHERR V5 Qe ) 77 s o TN 0.03 TN 0.03 TN 0.03 TN 0.03
TP 0.04 TP 0.04 TP 0.04 TP 0.04
2018415 Ye iy 2019 4F 75 4L ) 2020415 44 ) 2023 4F-15 ey
15 YL i A E TS H
B R 2 RN TS R 2 R
NH.-N 0.09 NH,-N 0.06 NH,-N 0.05 NH,-N 0.04
e A AE F T 2 TN 0.13 TN 0.09 TN 0.07 TN 0.06
TP 0.13 TP 0.08 TP 0.07 TP 0.05
COD 0.01 COD 0.01 COD 0.01 COD 0.01
T FEFE ™ 15 R4 TN 0.24 TN 0.25 TN 0.24 TN 0.25
TP 0.18 TP 0.19 TP 0.18 TP 0.19
COD 0.88 COD 0.88 COD 0.90 COD 0.91
- NH,-N 0.78 NH,-N 0.81 NH,;-N 0.83 NH,-N 0.84
HERMN EEFEHEE R
TN 0.60 TN 0.63 TN 0.66 TN 0.67
TP 0.65 TP 0.69 TP 0.71 TP 0.73
COD 0.11 COD 0.10 COD 0.09 COD 0.08
R ffgﬁﬁﬁkﬂ NH,-N 0.13 NH,-N 0.13 NH;-N 0.12 NH,-N 0.12
15 YL 7 15 0 TN 0.03 TN 0.03 TN 0.03 TN 0.03
TP 0.04 TP 0.04 TP 0.04 TP 0.04

26 BEASERSTEATRHLE

2.6.1 T RRFART AT

2009—2023 4 , T i 44 A Ml TH 5 G U8 45 bR T
Yo fof i 2 BT, A 4.42X 10" mPHE E 5.69 X
10" m* (9. MIGRIELEME (E 5, % & IR
R de TG YR AR AR Y T R 2.72 10" m?
b2 4.31X 10" m*, S br¥5 4% B far bL A 61.69 %0 3% &=
75.78% , B F ML FR LAk . EMIREAT N KIS
eV, HAR bR TG Y S far R 7.70X10°~9.52X 10" m?,

ERRTS Y U HE R 14.99%~21.56 % o Ak AR Y A5 AR
75 YL f i R 2.27 X 10°~5.58 X 10° m?, 45 5 5 4 1
ff FE7E 2015 4F 3R W (H (11.62 %) Ji AR 2= 2023 4E 1Y
3.99%0 o AN Az 1 T3 G U AF AR 15 G 1 Ol 2.84 X
10°~3.00X 10" m*, & b5 5 4 14 ff o5 b h 5.05%0~
6.43% .
2.6.2 FRMFAFT R QI

TG YRR F (10,8 6), TN IR N Bi5
Yoy, HAEFRTS YL il 2.23 X 101°~2.52X 10" m?,
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46 %

SRR T5 G g F AN 2009 4E 9 50.61% R [ & 2023 4F
) 44.30% EAR & T HALTE 48 . COD & 45i5 4 i
T fE A 9.53X 10°~1.67 X 10" m?, H: 2 ki 5 e 7 fif L
M 2009 4 1 21.59% b FFE 2023 4F 11 29.37% , /it
B0 B K o TP 45 bR is gt B g B R 9.92X 107~
1.21}X 10" m?*, H 48 45 15 4 oy Lo A X R, o
21.18%~22.94% ., NH,-N 1 & 45 75 Y 7 107 &
2.36X10"~2.93 X 10" m?®, H. % b5 5 Y G faf L fe /N, Ry
5.14%~5.57% o &5A 15 Y IR FTG YL ) 17 S bR i5 G 1
TR A, B & FR A TN B S bR 15 Qe g R oK,
1.17X10"~1.68>X10" m?, {5 k. 26.29% ~29.46 % .
R9 20092023 EFHEATLBEERTEAN

Table 9 Equivalent standard pollution load of pollution
sources in Qinghai Province (2009—2023)

SRR TG B B 57 /10° m?

5 eI
2009 4F 2013 4F 2014 4F 2015 4F
1 e 45.60 55.31 53.77 55.81
TEY#EFF 95.19 88.50 86.61 84.23
BERM 272.36 290.00 303.16 310.17
VRN 28.37 29.23 29.88 30.04
&1t 441.52 463.04 473.42 480.25
15 YL 5 2018 4F 2019 4F 2020 4F 2023 4F
& e 46.27 31.44 26.85 22.68
TEYHEFF 77.00 78.81 81.77 86.38
B e 338.64 358.18 407.94 431.27
A T 29.27 29.38 28.99 28.77
At 491.18 497.81 545.55 569.10
1=
S
/- 2000%
[ 20134
[ 20144
[ 20154
[ 20184F
I 20194F
B 20204F
[ 20234

El5 FifHE 20092023 F KB RBERTRAGLL

Fig.5 Ratios of equivalent standard pollution load by
different pollution sources in Qinghai Province
(2009—2023)

R10 2009—2023 FEBEHTRWERTEAM
Table 10 Equivalent standard pollution load of pollutants
in Qinghai Province (2009—2023)

SRR TG YL B faf /10° m?

o 2009 4% 20134F 2014 4F 20154F
COD 95.30 104.22 109.13 112.43
NH;-N 23.57 25.05 26.07 26.54
TN 223.44 227.90 229.76 231.09
TP 99.21 105.87 108.47 110.19
&t 441.52 463.04 473.43 480.25
15 4% 2018 4 2019 4 2020 4F 2023 4F
COD 124.50 132.74 155.44 167.16
NH;-N 27.36 27.66 29.20 29.27
TN 228.44 227.22 243.62 252.12
TP 110.88 110.19 117.29 120.54
it 491.18 497.81 545.55 569.09

. 40%
50%

% I 20094
S [ 20134

; 2%, 0 [ 20144
_______ S e 120154
o2l @ I 20184

B 20194
I 20204
[ 20234

E6 BHiEA2009—2023FE&TEMEIRTR AL

Fig.6 Ratios of equivalent standard pollution

load by different pollutants in Qinghai
Province (2009—2023)

3 0w
31 RAEIRT G AT

3 2 X U A AR M T RS Y B far A AR AR AE B A%
15 Y IR STk R BB ST, WA T E R I RS e
MEEGYPE, COD,NH;-N, TN Al TP ¥ & |7}
B, EEAN T & & IR TG G HE L a0 R AL
MK, X5&E&FME &S HFEFE FE570% UM
K, —HHEBENEEERMELIGE AR, F305
Y s i JE AN R S — Oy A AR R
16 2009—2023 4E 84 fn T 1.29 4%, BN 4E 9 & 15 4 1y
Holtm e s T HMES . RIEGE B S ke
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BG4 ) A, 2017 AR 2 B B R & 2515 Y
PR it Al Vs G IR HE R A, o A R R E
B A b R B B YR X S A S A e — B
JE 55 A5 %k G AR A T R VS Y i 5Y R B, TN A
TP B HER TR IE T8 &R, i — P EIE 1 &
Ji AR S 55 DX DA B 8 SR A TS e Oy TS YRR

2009—2023 4 , ¥ 15 48 B AE Ml 75 3% U5 1 A il
FZ AR AR 7RG Bl TG Yl h BE R it A 3R BT AR 1k 45 £ Fh
I ZE LR B o AE YRS FE TS Y W HE R 32 V8 ) FAE
S50 B R AT 25 R K OF 52 m 8K, 75 i 8 K o
b DX R L T RRAR BT R AR TS
FEIE R, DR G A ) A FF B2 50 R R 2 70
PR AR T Y Wy HE L AE 2015 4F 5 2 PR, X 538
LRI 45 R — 8. 2009—2023 4F , BARVEY
T Ahom AU K A LI R R B LR T B
VAR ST R T Al Ak B AR 2 e 9 AT Bl R AR
%), 2l A0 I8 RN A 25 48 1 AT 3h S it A 44 e
20% ., WRLECIH R R EW T WY Z MK
1 R T e 78 B 45 DRV 3R 52 ) A T et R IAE 2K A
SRR A ARO AE  r  HETTIE  TE
TR ML XA R it B B AR, DA S B R Y g T 4
R,

W A AR AR T Y5 S G W) HE R TE 2015 4R 3K )
U J BT R R 5k — 45 OB 5 R N A B O —
oo AN AETE TS Je R E 5 AR AN 0 K5 K b
HRAE G AR AR 14 GE 1T A SRR WO L R A A
AT A 2009 4E Y 3.72 < 10° A 19 2 2015 4E 1Y 3.97 X
10° N, B8N T 6.72% , 1 W) 101 F &8 A2 3 5 /K Ak B 47
AT FE B 0.9 % #2742 1.3 % , 5 7K Ab BER K W% T
2% . B 2018 4ECH 1A R N JE B IE =17
Bl 7 ) W HE U, AT BORE A= T 35 K Ak B B 5] R R
1, 5 KA BERE g G 2 R DA SE BT AR R AR T TR
15 Y W HE R R TR

T bR g o i 2 E AR E B R
B A 32 gL R, X A DX 2 A i
SRS o TNIRA N I 25 3, IR 7E T4
P i Y B0 A 25 30 3k 5 AN [ 35 e W 1 R AR A A L g
U iy b S B S TR T G X K B B 1 S PR R e A
JE T A TR PR Ml L A HE R R o SRR T e B A 5
AT V5 G Wy 1) B S5 bR v BRAEAE R PF ¢ B, o TN
AT 1 (il 3R K BR 58 0T 4t s o ) o I 28 v B
1.0 mg/L,COD 2 20 mg/L, ¥ i & () TN 223k 5
P58 b o 5 A R 1 K R AR B 5 T COD L, R W] TN
B RS . 188 S bR 5 G 7 fr 45
5 YT ZE N B 4 D b XA T VR S G S A B ff

GER— Ehplm e m R LR F R R
JEEEIG YR, TN EE V5 4. COD 1 % hri5
G ff g oy b b TR0 R R R A A A ALY
o, HOBEE SRR ALY, 2 0 Ak P i K g [
HHE, T3 COD SR T5 Y 1 o7 3 i
32 ETEBAXBEHEENEEREE

T A8 ARl TV G G B A 0 G SEEAE TR A A
I B 75 ey B (IR S R e S g A A
H)FM , BT A 0 3R X DL IR A AR N
TG G R A R A, JE IR R DL E B R
DRI RCE L7/ N R S (i ok = I CE < N L
Uk, W 75 1 Bl 40 T A 1) R T 3% 5 e B in i 2 05
Mg — W SR A EE, TR Sk R B B 2R
2R I, B E S OCE R & F24 TN A COD Y
HEJs, TN AL R A A 00 B3 A Al i A W A 3 4
J7 ik B, COD By 25 b nl >R 2 BEUTUE I \Fenton %
flids A b B A T X RS RS Y, I A AT HE
JREFF I S AW R EEIEAE R B ERSFFIRA T
T2 RS A R, s/ R KM S AR R . A, B
WALF SR SR & & -2 1R 16 &
4, vl Ak RE it P o, 32 T B IR R AR, ) 2%
5 HENE & BE B R | 45 G e JE Hb KRR SR R TR R
T AT T Bl A T ) A R A A R B0 I 2 A it
AT AR T RS e B e (R AR IR R, B AR A A
FEAE 5 FRH V5 K 4 T0F A Ab HR S 4 iR W R A
A S B RO PR E R R A SIER RS,
SEH IR S5 8K 3 5 9 IR R A SR A A

4 5

(1) 2009—2023 4F- 7 ¥ 44 4 Ml 11 5 ¥ Y HE i
R KN 2.17 X 10° tH F 3.65X 10° t, 4
BRH 67.9% . & & IR L 3 T is e IR, L HE R 5
AN T V5 5 e S HE R /9 80.21 %0 ~88.89 %4 , X X 35,
V5 Y B A 1 9 8 S5 Ry ORI IS G SR B S e B AT L
H61.69%~75.78% , B R L TR, NAE R S
2 1 1) S B VR

(2) TN J& W 70 A 25 ARG f i 1 1 2205 ey, H
SEAR TG Y T o Ol 44.30 %0 ~50.61% , S KU B 45
() B X4 5 COD Y 45 b5 5 e 67 far HE 3G K S5 b,
21.59%~29.37% , HeIR R 52 WA AN 25 240 o

(3) Ak T5 Y By 45 0y 2R A & & F7 FH ., 5 3 s
TN VR B2 36 22 DA I 8 JHE 20 55 XU 5 ) s A7 2880 45 1l
COD 11 fif (1) PR 15 4, Pn [ 4 15 % 1 08 DR Ak R 44
R FREE AT AE PR AR ML AR, 52 IX B Il TR S
Y A O 98 5 K BG4 B AR AR



130 JK A PR AR 5 46 &
5 % T #f (References) based on equivalent pollution load method [J]. Chinese
(1] R34k, 25k, 25 b [ &l 1 U5 75 22 HE ik A% Journal of Agricultural Resources and Regional Planning,

[4]

[6]

Jeiy By B 23 R AR L. v Rl B R 5 X&), 2019, 40CDD
26-34.

Qiu Wenwen, Zhong Zhangbao, Li Zhaoliang, et al.
Spatial-temporal variations of agricultural non-point
source pollution in China [J]. Chinese Journal of Agricul-
tural Resources and Regional Planning, 2019, 40 (1) :
26-34.

P AR EE I B b A A L R AR T VRS Y iR B
AHE g HE R LT]. i [ AR A Al 2 i, 2013, 21 (DD -
96-101.

Yang Linzhang, Feng Yanfang, Shi Weiming, et al.
Review of the advances and development trends in agricul-
tural non-point source pollution control in China [J]. Chi-
nese Journal of Eco-Agriculture, 2013,21(1):96-101.
RBE BRI MG N 5 A S I T )R R
SR ] B 5 [ R AP, 2001,17(3) 1 58-62.
WuHao, YuXiaogan, MeiJieren. Major eco-environmental
problems in Qinghai Province and the corresponding
countermeasures [J]. Geography and Territorial Research,
2001,17(3):58-62.

ARy, W TT NIRRT, A5 T IR A B P B Ml T R
15 Y 7 (8] 43 A KORRAE 3 A [T ], v B BR300 , 2024, 40
(6):122-132.

L1 Jianxun, Li Mingwan, Liu Xiaoyu, et al. Spatial dis-
tribution and characteristics analysis of agricultural non-
point source pollution in Shaanxi section of the Weihe
basin [J]. Environmental Monitoring in China, 2024, 40
(6):122-132.

Johnes P J. Evaluation and management of the impact of
land use change on the nitrogen and phosphorus load
delivered to surface waters: The export coefficient model-
ling approach [J]. Journal of Hydrology, 1996, 183 (3/
4):323-349.

FAEAE , SIUE 20, 55 5 BRI i e BUIR 23T A
B iA xR LT el A%, 2011,39(17) :10402-10405.
Dong Beibei, Ma Shuhua, Cao Hongbin, et al. Analysis
and countermeasures of pollution in Wuliangsuhai basin
[J]. Journal of Anhui Agricultural Sciences, 2011, 39
(17):10402-10405.

Zou Lilin, Liu Yansui, Wang Yongsheng, et al. Assess-
ment and analysis of agricultural non-point source pollu-
tion loads in China: 1978—2017 [J]. Journal of Environ-
mental Management, 2020,263:110400.

BUPR S T4 IR LT S AR T G S VR 1 LU TS 4 ROl T
U5 Qe AR AT 52 [T ], i [ il B O 5 X ), 2021, 42
(3):141-149.

Jia Chenzhong, Qiao Yangyuan. The characteristics of

agricultural non-point source pollution in Shanxi Province

(9]

[11]

[13]

[14]

[16]

2021,42(3):141-149.

KT . A A TR T G R BB iR X R T] 55

RN, 2007,14(2) : 47-50.

Zhang Yali. Present situation of agricultural non-point

source pollution in Qinghai Province and its control coun-

[J].

2007,14(2):47-50.
D=8 i = PN SR T L &k A& TR - R 3
B [T]. Aol T, 2019,9(5) : 44-49.

You Lijun, Li Runjie, Wang Shaoli, et al. Current situ-

termeasures Qinghai  Science and Technology,

ation and countermeasures of agricultural non-point
source pollution in Huangshui River basin [J]. Agricul-
tural Engineering, 2019,9(5) :44-49.

T 25 ARG TR, R T A T B T a0 A Y Al S
AT T E LT R 2 R CA AR E D, 2004,
44(9):1184-1187.

Lai Siyun, Du Pengfei, Chen Jining. Evaluation of non-
point source pollution based on unit analysis [ J]. Journal
of Tsinghua University (Science and Technology) ,
2004,44(9>:1184-1187.

Byl , B /DT, A8 22 ¥, 45 5 I A AR T R S G IR AR
Gt (7] Al TR, 2019, 35(10) : 164-172.

Tao Yuan, Wang Shaoli, Guan Xiaoyan, et al. Charac-
teristic analysis of non-point source pollution in Qinghai
Province [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2019,35(10):164-172.
CHIEEE 7 R A b E RO TR S e HE R A
e (I [ 7], PR 2441, 2012, 32(2) :489-497.
Ma Guoxia, Yu Fang, Cao Dong, et al. Calculation of
agricultural non-point source pollution emission in China
and its long-term forecast [J]. Acta Scientiae Circum-
stantiae, 2012,32(2):489-497.

BhEAE IR IR, 0 PR A R AR RS R R
FUHBLAR[T]. golk TR 224, 2002, 18(3) : 87-91.

Han Lujia, Yan Qiaojuan, Liu Xiangyang, et al. Straw
resources and their utilization in China [ J]. Transactions
of the Chinese Society of Agricultural Engineering,
2002,18(3):87-91.

RS . A R AT W R R G5 A 0 R A KR AT B
WRASSE [T ] 7 AR, 2022(3) : 52-56.

Li Zhengpeng. Evolution of crop planting structure and
yield and estimation of straw resources in Qinghai Prov-
ince [J]. Science and Technology of Qinghai Agricul-
ture and Forestry, 2022(3):52-56.

SR IE TR RAE YRS AT IR A [T ] A
2011,20(3) :45-47.

Wu Jizhong. Investigation of straw resource in Qinghai

Province [ J]. Qinghai Prataculture, 2011,20(3) :45-47.



%2 3

Mo . 48 2009—2023 4F 48\ 1 5 75 Y 5 4 12 A8 Ak 45 A

131

[17]

[18]

[19]

[21]

[22]

[23]

WG, FA B S, S IR K I B T X AR TR
15 YL AT i T K 2 LRSS [ ). R HE K 27 4R L 2023, 42
(6):81-88.

Chang Xiaomin, Wang Shaoli, Guan Xiaoyan, et al.
Spatiotemporal distribution of nonpoint source pollution
from agriculture in the Huangshui river basin [J]. Journal
of Irrigation and Drainage, 2023,42(6):81-88.
FEIrH, LA E L P EE AR
Be 3RS [ 7], b [ BRI R 2, 2006, 26(5) :614-617.
Wang Fanghao, Ma Wenqi, Dou Zhengxia, et al. The
estimation of the production amount of animal manure
and its environmental effect in China [J]. China Envi-
ronmental Science, 2006,26(5):614-617.

E A LB DD, 5k BB 4F 1991—20214F ) AR A AR T
U5 G IR A 23 B [ ] Ak T A2 2 4, 2023, 39(9)
190-200.

Wang Nan, Hao Beibei, Zhang Siyi, et al. Agricultural
non-point source pollution in Guangdong Province of
China from 1991 to 2021 [J]. Transactions of the Chi-
nese Society of Agricultural Engineering, 2023,39(9) :
190-200.

Su Mingyue, Fan Min, Song Tao, et al. Spatio-tempo-
ral characteristics and multi-scale risk identification of
pollution load based on sensitivity analysis in small
watersheds located in Tuojiang River basin, China [J].
Environmental Monitoring and Assessment, 2024, 196
(9):803.

TR, R R, A VLA RO A RS b X 2
SV SR LT KB IR, 2006, 22(6) :86-88.
Ye Fei, Bian Xinmin, Hu Dawei, et al. Regional differ-
ence and countermeasures of agricultural non-point
pollution in Jiangsu Province [J]. Water
Resources Protection, 2006,22(6) :86-88.

X E A, A R S AR TS G IR 4
B J Wi va xt H L] BT & BB E CF 2 A ), 2018
(4):19-21.

Liu Yuying, Fan Jing. Present situation, cause analysis

source

and control countermeasures of environmental pollution
in livestock and poultry breeding in China [J]. Heilongji-
ang Animal Science and Veterinary Medicine, 2018(4) :
19-21.

J57 AR K TR T IR TN TP HERCY 23 (8]
eSS AR AE LT ] b E RO B IR 5 XA, 2019, 40
(1):35-41.

Zhou Fang, Jin Shuqin, Zhang Hui. Spatial differences
and distribution characteristics of agricultural non-point
source pollution of TN and TP in Tibet [J]. Chinese
Journal of Agricultural Resources and Regional Plan-
ning, 2019,40(1):35-41.

[24]

[25]

[26]

[28]

[29]

[30]

TR WA ARAEY R T L35 R T AE 7 A ) A K %of
LT T 8 MO PR A, 2023, 53(3) 1 61-64.

Li Wandong. Problems and countermeasures of compre-
hensive utilization of crop straw in Qinghai Province
[J]. Chinese Qighai Journal of Animal and Veterinary
Sciences, 2023,53(3):61-64.

A, B AL B RS AT B A A S A
FHAR B AF 52 3k JRe [T ] v B A B8 R 45 IX 4l , 2014, 35
(3):14-20.

Peng Chunyan, Luo Huailiang, Kong Jing. Advance in
estimation and utilization of crop residues resources in
China [J]. Chinese Journal of Agricultural Resources
and Regional Planning, 2014,35(3) :14-20.

FLXX LR b I TR TS G 0 S R AR A Y
Wi PR 2 s T 1997—2020 4F 19 48 9 T AR & 4fe [T 1. i v
ARl 2 4, 2024,36(5) :1185-1198.

Ji Xuanxuan, Jiang Junsong. Spatial-temporal character-
istics and influencing factors of non-point source pollu-
tion of chemical fertilizers in China: Based on provincial
panel data from 1997 to 2020 [J]. Acta Agriculturae
Zhejiangensis, 2024,36(5):1185-1198.

TRAE DRI G 4 A, A o A A I TR T G
Z5 b JRy I A2 5 43 A B0 LT o [ AR S R A R (P 3
3),2020,28(07):1079-1092.

Lei Junhua, Su Shipeng, Yu Wenmeng, et al. Temporal
and spatial pattern evolution and grouping prediction of
non-point source pollution of chemical fertilizers in
China [J]. Chinese Journal of Eco-Agriculture, 2020,
28(07): 1079-1092.

JECIT G, X R 2 TR K I 3K 5 e SR O B e = (] 43
Brafse[J]. BRI RL 2, 2022,48(04) :68-73.

Yin Bingchao, Zhao Yanxin. Discharge list of water pol-
lution source and spatial analysis in Huangshui River
basin [J]. Environmental Protection Science, 2022, 48
(04): 68-73.

VLZE ¥ ey R DXl T 5 e B 2 AR K & T
KRR FMFEID ] BV U2 B PG I A2y, 2018,
Jiang Jun. Spatiotemporal characteristics of agricultural
non-point source pollution and its relationship with eco-
nomic development in the Loess Plateau region [D].
Xi’an, Shaanxi: Shaanxi Normal University, 2018.
WER . ERE . 2S5 ,% BRI KD I
ARBEFERERELT] TR 5 HAR, 2021, 44 (3 ) 2)
153-162.

Xu Shengjun, Wang Huacai, Jiang Cancan, et al.
Research progress on biological treatment technology of
livestock and poultry breeding wastewater [J]. Environ-
mental Science &. Technology, 2021, 44 (S2)
153-162.



