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Fig.1 Location of Xiaoxia bridge section of Huangshui River and division results of sub control units
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Table 1 Emissions and contribution rate of agricultural non-point source pollutants from different control units in the study area in 2018
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Fig.3 Distribution of TN, TP, COD and NH3-N emission intensity of agricultural non-point source in Xiaoxiagiao section control area

85



FEBLHEZK 23] http://www.ggpsxb.com

3.3 R EIER/I

B X 3R] V5 Y P HE O P 22 K, HER
FETRE 2 —E M AR RAFE, N T — D IRA A
DX TH RS YA TR AE, R YA S pTiist 2010 4F
F1 2018 E1 4 2575 YA 23 (G R AT bt o
B 4 751, ASENG B HEBGR 2 A 5 2 R
FEMIFME, TN, TP, COD HEAE EH N B K
2N A, DT2. DT3. DT4 X4 E 8 N %8 ]
R LR Y . TN, TP, COD HEAE# kX
F B RIE B I LAM (DT2. DT3) JOBiT K
Wi (DT4) X3, #SIX EBESAMAEREENE
M (HBY KHEB R ERN =HM (HHZ) XI5
(P87 2. NHg-N HERUE #OS X E B A 7RV b
BN (HZ2) | Fr K@ty (DT4) o 7873
RIX (XNN4) #5r 28, A AXafiaEE TN,
TP. COD —%, {HIF K ZHMMRE K, FEJFHZ

KIBEAFEIRERRBR, MR BN IE; B
(PR DAL T8 T N RERIX, 2R3 RIE, 5
GetleiEiE, HBIEMEN ORI, TFRMA
MEZ KBRS . Phia s B, &8 7 A
FEAG AR5 G BLIUS — E s ez B A
Mo, FALIEAMALILHE N B & &R E AR DY)
PR T ARSI, AR G e A, IX
S PR L ZE R BN . FA B DX 5 G R 22
FANK, REEVR M RERFIE, A RZX,
BARRE, XI5 YW HBOR 2 R O i
B, (HR I DT R R AR A T T R, B IX T
UL, v XTHIAR I I R B AR B35 e HEI
AR A g, (H B A S SO e A
BE, BT RV BNE IR, R IS YA
ZVEA PP, RIS -

(e) 2010 4E COD Hejtss &
B 4 kAR @4E4 K TN, TP, COD B NHa-N HEA 2 694 # &% 8] 49 H
Fig.4 Spatial distribution of TN, TP, COD and NH3-N hot and cold spots of

(f) 2018 ££ COD HEsm &

(9) 2010 ££ NH3-N Hepoom (h) 2018 ££ NH3-N Hejless &

agricultural non-point source pollution in Xiaoxiagiao section control area

4 ¥ ig

UTAESR, AV T VRS Y B o B A T
TERIE 5, T 2 MU i R4 . U LS
FENLEE RS 2 R R 2 Er s, RO TS Je =4
AR BA AR AR RE, 15 3 08 IE X A .
FE T DX 33 R ot 1 ) AR M TS e B A AT S S AL
JRy I 9 A T X 380 v B AR IR E

THT R 15 e 5 A B R V5 R A AR AT B R R, %
TRV VRS G ST VE R % R HE RO 7
HERBRE I, S H5 A%, 2021 4 6 A%k
86

BRI CGFMDY B8 T ARLIE . Hi5Z%
TR AR SCR % F I S0 5T XA
75 G R HERC R AT TR, ESRSE ke
[R5 Jei 2, 2015 48 (b EREAEL) HaE.
TR A R R R — 520, (FFilEE S R
SEEREE) P, SR BEE TR AR Y
YHERCE: & AV IR HE R B s 90%, HoAr
FoE BB IR R e B IR, X 55k ERN
e S T |

BB IR AR VR KR T YR, DR B
BN R BE, YATEEE B8R



WGBS VR KU IR DRV RS RN S 2 (R R

B e b 3 1 e i 32 A A X K /N A
MEGR R . CAEBIEERY, FiEA & REEK
15 Bk 2 A, IR DL & & R
F R IK T I HIR AN 75.22%~86.69%, (KT
SRR Bk, ROINSR U LR B & R
PRSI Kb, BRI R KR, U
COBE. R M. B R A R
Iy AR P & &S K COD, HH 2Uk B
BRI R . AR, 78R A BohE P
TEARFRRIER, RYEA . Pl 7R
FARRL, R EOTR AR AR 4 o B 1 48 5 R
(1S BrRECE & A R B B IR, BT
W, bR A R E AR S K T E AL
JE FRGE HAI, HIESZUR 95 B AR SRR,

5 45 g

1) M FARE, 2010—2018 FEHF 7 X K
H R 5 Qg i HE R DN, ok B & S R IR
AT A TEIR I HECE I ;. TN. COD. NHz-N HEji
B X HERR SR R, TP .

2) MWEARORE, 4 2895 YWk 5 o Ai
P e, 70k [T R 5 E BT T 30 5 e B A A N,
A0 VAT S e ANUSE [T A7k B T HF 4 32F N 310580 - 7 M T
TCEBARE R WIS YIREEMRE, HEROTER R A &
B FRFEN IR > AT A TE YR > PRI A YR TS g
FRPRIM . COD J&HFFUIX 115 BHY5 el o

3) WAL RRE, 4 5P
A SR 2R A R AR, X35 e HER
SR B AR SR YO IR A, (B R H X T LR R )
REFEEG TS -

CETEFCELIER I AEIF-P D)

SE

[1] ZOULL, LIUYS, WANG Y S, et al. Assessment and analysis of
agricultural non-point source pollution loads in China: 1978—2017[J].
Journal of Environmental Management, 2020, 263: 110 400.

[2] GUO W X, FU Y C, RUAN B Q, et al. Agricultural non-point source
pollution in the Yongding River Basin[J]. Ecological Indicators, 2014,
36: 254-261.

[3] BOUWMAN L, GOLDEWIK K K, VAN DER HOEK K W, et al.
Exploring global changes in nitrogen and phosphorus cycles in
agriculture induced by livestock production over the 1900-2050
period[J]. Proceedings of the National Academy of Sciences of the
United States of America, 2013, 110(52): 20 882-20 887.

[4] SHEN Z Y, LIAO Q, HONG Q, et al. An overview of research on
agricultural non-point source pollution modelling in China[J].
Separation and Purification Technology, 2012, 84: 104-111.

[5] YU C, HUANG X, CHEN H, et al. Managing nitrogen to restore water
quality in China[J]. Nature, 2019, 567(7 749): 516-520.

[6] %, 4FZ, Aok, & RERVIESREHREXHE .

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

RNV THTIETS GBIk 5 R[], & MRk, 2010, 35(2): 48-52
REN Jun, BIAN Xiuzhi, GUO lJinrui, et al. Current status and
countermeasures of agricultural non-point source pollution in China: [
current status and causes of agricultural non-point source pollution[J].
Journal of Jilin Agricultural Sciences, 2010, 35(2): 48-52.

s N RSEAE ARSI, BRI R, RARANE. 5 ke
moY YR Y A A IR [EB/OL].  2020-06-09 [2022-05-12].
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk01/202006/t20200610_78
3547. html

XM, skokHE, WAL, S TR A AR SRS R U A S K
[E} 43 AR FE[0]. EMEHE/K 244R, 2016, 35(11): 1-6.

LIU Zengjin, ZHANG Guanchao, YANG Yuhong, et al. Estimation and
spatial distribution of agricultural non-point source pollution loads in
Henan Province[J]. Journal of Irrigation and Drainage, 2016, 35(11): 1-6.
A, REV, EWENE FEFE G REAHHT RE0HE
JER]. A0l %44k, 2011, 27(1): 303-308

DONG Hongmin, ZHU Zhiping, HUANG Hongkun, et al. Pollutant
generation coefficient and discharge coefficient in animal production[J].
Transactions of the Chinese Society of Agricultural Engineering, 2011,
27(1): 303-308.

YANG S T, DONG G T, ZHENG D H, et al. Coupling Xinanjiang
model and SWAT to simulate agricultural non-point source pollution in
Songtao watershed of Hainan, China[J]. Ecological Modelling, 2011,
222(20/21/22): 3 701-3 717.
HREESABET. Hil4 2017 450K 0 A ) [EB/OL].
[2018-06-04]. https://sthjt.qinghai.gov.cn/hjzl/ghssthjzkgh/201806/
t20180604_91581. html.

FRE, T, TRATRE, A RIS G B 25 S R AN RE P R
PR AT[I]. Ak TR 4R, 2017, 33(11): 211-218

WANG Kang, RAN Ning, ZHANG Renduo, et al. Analysis on
characterization of heterogeneities and uncertainty for non-point source
pollution loads at different basin scales[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2017, 33(11): 211-218.

HAE NSRS A, CHESOR G vk R A HE 5 R 5 75 vk A0
REF M) (LR (FM) [EB/OL]. 2021-06-11[2022-05-12].
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk01/202106/t20210618_83
9512.html.

PUSRA, BRa, EEE 5 RUEUKIETREIRE S X A5
DAY K 380/ b W 1T B3 9 91 [J]. SRBE R 544k, 2017, 37(11):
4 383-4 390.

JIA Zimu, CHEN Yan, WANG Huihui, et al. A study on the clustering
zoning method for water environmental carrying capacity in the
watershed scale: Analysis exploring the upstream areas of Xiaoxia
Bridge Section in Huangshui River Basin[J]. Acta Scientiae
Circumstantiae, 2017, 37(11): 4 383-4 390.

Feabd, T/ME, B, A5 HIEE ARG JRRS T[], Ak
TFE4R, 2019, 35(10): 164-172

TAO Yuan, WANG Shaoli, GUAN Xiaoyan, et al. Characteristic
analysis of non-point source pollution in Qinghai Province[J].
Transactions of the Chinese Society of Agricultural Engineering, 2019,
35(10): 164-172

PR, SR, TR, A TR MRV RS FHRTBORAIE e 2
FOF[]. T EREERY, 2017, 37(6): 2 278-2 286.

LU Shaoyong, ZHANG Ping, PAN Chengrong, et al. Agricultural
non-point source pollution discharge characteristic and its control
measures of Dongtinghu Lake[J]. China Environmental Science,
2017, 37(6): 2 278-2 286.

R, AFE, FaP, S AT SWAT BB AL AR sUR
15 g R Lo OS], MEMLHEK 244R, 2020, 39(1): 115-122.
YUAN Yuan, SHI Mengmeng, LI Huiping, et al. Using SWAT model to
analyze non-point pollution in beiru river basin[J]. Journal of Irrigation

87


https://baike.baidu.com/item/%E5%9B%BD%E5%AE%B6%E7%BB%9F%E8%AE%A1%E5%B1%80/3106083
https://baike.baidu.com/item/%E5%86%9C%E4%B8%9A%E5%86%9C%E6%9D%91%E9%83%A8/22429516
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk01/202006/t20200610_783547.html
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk01/202006/t20200610_783547.html
https://www.wanfangdata.com.cn/perio/detail.do?perio_id=hjkxxb&perio_title=Acta%20Scientiae%20Circumstantiae
https://www.wanfangdata.com.cn/perio/detail.do?perio_id=hjkxxb&perio_title=Acta%20Scientiae%20Circumstantiae

FEWEHEZK 23] http:/Avww.ggpsxb.com

and Drainage, 2020, 39(1): 115-122. 120200922_110496.html.
[18] WIEE, M2, &Pz RIS Qe B A+ DY o BOREUA [22] SREETE, I, BORH] T & [EBHL I 90 A S SMERALE A S

BT PR A S Jeill A ARG LR AT O]. FRES LR, 2021, 49(2): WERB ST HT]. FEESRSEIR (RHES0 |, 2020, 28(5):
31-36. 745-755.

HU Yu, LIN Yu, JIN Shugin. Agricultural non-point source pollution ZHANG Tengli, YAN Li, WEI Daming. Characteristic distribution of
situation and the policy orientation of the tenth five-year plan: Based on livestock manure and warning analysis of environmental carrying
the comparative analysis of two communiqués of national pollution capacity based on the consumption of cultivated land in China[J].
source survey[J]. Environmental Protection, 2021, 49(1): 31-36. Chinese Journal of Eco-Agriculture, 2020, 28(5): 745-755.

[19] CREREFEE) WL RS, FENSFEE-2015M]. dbat: HE [23]  REEE, FVNE, BES % RE S S IS RI0R KA HE S R
HBIEL A, 2015, ARSI, AR IR 244, 2020, 39(6): 1 168-1 176.

[20] FEBn, B, #ha&tE, 2 RERVIHTTRSG GIUR S HEE 54T []. WU Haowei, SUN Xiaogi, LIANG Bowen, et al. Analysis of
KBRS, 2021, 37(4): 140-147, 172. livestock and poultry manure pollution in China and its treatment
WANG Siru, YANG Dawen, SUN Jinhua, et al. Analysis on status and and resource utilization[J]. Journal of Agro-Environment Science,
characteristics of agricultural non point source pollution in China[J]. 2020, 39(6): 1 168-1 176.

Wiater Resources Protection, 2021, 37(4): 140-147, 172. [24] WU H S, GUO D J, MAYY, et al. Effects of pig manure-biogas slurry

[21] Hilr B ESHET. HIFEE ke EI5 QU632 A ) [EB/OL]. application on soil ammonia volatilization and maize output and
2020-09-22[2022-05-12].https://sthjt.ginghai.gov.cn/xwzx/xydt/202009/ quality[J]. Chinese Journal of Eco-Agriculture, 2012, 20(2): 163-168.

Spatiotemporal Distribution of Nonpoint Source Pollution from
Agriculture in the Huangshui River Basin

CHANG Xiaomin™?, WANG Shaoli*?", GUAN Xiaoyan'? HUANG Jiasheng®, JIA Haifeng®, YOU Lijun*?
(1. China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
2. National Center for Efficient Irrigation Engineering and Technology Research, Beijing 100048, China;
3. Qinghai Water Conservancy and Hydropower Research Institute Co., Ltd, Xining 810001, China)

Abstract: [Objective] Huangshui River is a tributary of the Yellow River in China, located in Qinghai. Agricultural
production has resulted in pollution to it. The purpose of this paper is to analyze the spatiotemporal evolution of
nonpoint source pollution due to agriculture in this basin. [ Method] The studied area is located at the upstream in
the Xiaoxiagiao section in the mainstream of the river. Data measured from 2010—2018 from16 sub-units in the
section were used for analysis. Pollutant discharge coefficient method was used to estimate the discharge amount and
intensity of total nitrogen (TN), total phosphorus (TP), chemical oxygen demand (COD) and ammonia nitrogen
(NHs-N). Spatiotemporal analysis and cold-hot spot analysis were used to analyze the spatiotemporal evolution of
these pollutants. [Result] Temporally, pollutant discharge from livestock and poultry breeding and rural areas had
showed an increasing trend, while those from crop farming had exhibited a decreasing trend. The discharge and
intensity of TN, COD and NH3-N had increased, while TP had decreased slightly. Spatially, discharge of the four
pollutants was less in Xiameng Bridge and Jintan cross-section areas, and more in the Xinning Bridge section. The
contribution from different sectors to the pollution was ranked in the following order based on their significance:
livestock and poultry breeding source > rural areas > farmland, with COD being the primary pollutant. Cold-hot spot
analysis showed that the hot spots are mainly in Qiaotou Bridge, Xinning Datong Bridge, Xigang Bridge and the east
of Xining, while the cold spots are mainly in Jintan and Sangi Bridge. Overall, pollutant discharge had increased
slightly in the basin, despite some areas having seen a decrease in pollution. Prevention and control of the pollutants
should focus on reducing discharge from livestock and poultry breeding industry, especially COD, and reducing
discharge of the pollutants into the Xinninggiao Section. [ Conclusion] Nonpoint source pollution from agriculture
in Huangshui basin varied spatiotemporally, and the main contributors to the pollution are livestock and poultry
breeding sector. Reducing and mitigating their discharge is hence essential to ameliorate pollution of the basin.

Key words: Huangshui River Basin; agricultural non-point source pollution; temporal and spatial evolution; cold
and hot spot analysis; prevention and control countermeasures
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