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Fig. 1 Study area and the main river systems in the area
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Tab. 1 The inventory analysis of agricultural non-point source pollution

in water source area
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Tab. 3 Discharge coefficients of non-point pollution from aquaculture

Bh en/(kget™) ep/(kget™)
T 2.087 0.048
By 2.612 0.242
tiild 1.345 0.095
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Tab. 2 Discharge coefficients of non-point pollution from livestock
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Tab.4 The mass fraction of different grains to straw and the quantity of

and poultry breeding
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Tab. 5 Pollution intensity of domestic sewage in rural areas and the

comprehensive removal rate of pollutants

npy ORI (AD) TR A RH

N lp ON op
W (R BT ) 0.93 0.08 0.47 0.46
g (BT 1.44 0.14 0.43 0.46
WG (22 BT 1.77 0.17 0.43 0.46
BTG (R 0.67 0.07 0.43 0.46
WL () 2.87 0.25 0.46 0.48
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Fig.2 The temproral evolution trend of non-point source pollution load
TN in the water source of the middle route
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Fig. 3 The temproral evolution trend of non-point source pollution load

TP in the water source of the middle route

2.3 RIBIR N E IR T F IR A A A

FRAEE 4 7] L HY, 2010—2019 45 7K 5 Hb 8% {4
TN V5 G B St e T Je B R 5, 2013 41| 2016 4F 3%
WS, 2019 UG TR, MK ok E: TR,
X L BLUH TN T35 Y45 F 35 30 58 g , 15 Yo B 3
B3 51355 71.8 | 67.8 Fl 63.8 kg/hm’, ¥ 55 T /K JA
H12010—2019 4F (%) TN 75 YL i B ¥ {H (58 kg/hm’) ;
Pk | PN S (1075 G i B AR A1, 5 Yl it 5 4 1 o
Wk 35.2 i1 40.7 kg/hm’,

AR 5 0 LA H, 2010—2019 4F 7K I8 H#1 TP
15 Yo R e TR B, 2013 4F | 2016 AR5 Y
JJa, 2019 AE IR TR, AAEAR FoRkFE: XBHN TP 11
5 Y B, 5 e 9 A k F) 31.2 kg/hm’, 3R
Wz, 15 YL s BER 22.1 keg/hm’, ¥ 5 T /K U My
2010—2019 4 TP 1975 Yy 5% Ji£ 4 {5 (19.5 kg/hm’) ;
P36 L O U9 119 95 % 5 88 R G AR, V5 ik B S8 (8 4
%19 10.9 kg/hm’, 14.6 kg/hm’.

*804 HANKBLSLIRZAETALALSARKAALR

ARy 5 HA A B F R A T ARS8 .
TERPTURE, Wil 3R TN A TP i5 4458
By, D XML N 2 ) TN F TP 5 4y 5 B AH
XA o BFSE A5 10 A A AR A Y B R KA T 5 3
5T B [B] 3 B R 2016 4FH1, ASEB 2 A5 35 ok
T 20162019 4, PHIL PR X K | Vi Hb X K
BB IR =17 BRI 2016 4E ¥ 4R S, HR] K
U 1 2% G BORT N A T R TS YeiR B B, U A T
YR HAZ U 0 PG B FNINT 1 () PR B3R 38 B R, A
T {5 75 7K P50 i1 4% 71X TN 1 TP 5 % 58 JBF (1) 24 (5
(F oM EH M LA T,

3 kiR A IR TS iR L B S AR

TR b A b TR 5 95 G TN B7 767 14 2 B2 Ul 1k
HE, A& 6 Fi s, 2010—2019 4F 7K J5 4 4% 1 X i1 1k
JEF= A0 TN Ffar B8 38 T 55% L b, HIRZ 6%
T 70%~80%, J- ISk, FEFRM. K
ol A 3 AU b A D T RS G TN B 55 SRS 2 2
K. 2010 4F TN ffm & S FAk IR L E N £ B 5
15, IR E 32.6%, HUR R )1 B AT R, 43 51k 2
21.9% M 21.3%, Hx 2T X TE 15.0% £ 4. Bl
T T A A K TR AR T IR TS G vA B T R, 7KV H
2 FIX TN iy & 85 9% 58 ok IR IR 3 5t R 34,
Horp Wi B R RO, B 21.9% FREZE 5.2%.
2010 4 TN FfapfP A EE 2R, 1881 17.7%,
HAMRIL R T HE(16.2%) . 75 1% AL (13.4% F
13.3%) . W% (10.7%) . Wil (8%) . X5 (7.5%) F
PU Iz (7.3%) 5 2010—2019 4F, K P14 T X TN 17
fof A o A T R U L Y GRS TR . KR M
X TN B faf 7K 7= FREH A R 5747 28 8 L H
i P AR

TR Hh A M T 95 5 e TP 477 1 14 B0k I Ak
HE, G0 7 7, 2010—2019 4F 7K I 45 F X 1k
JE =A%) TP A ff 41358 1 54% D -, HAEEAR 2
GergIE NS BB AR R AR M A M T R TS G
TP () 55 /b —A R ZRE . 2010 4 TP fifuf & & 57
B O R L A R e, 18 36.3%, RO IN £
(33.1%) . B9 (29.9%) . W H 17 (27.9%) . i )1
(23.6%), T HETT (22.2%) . XN 7 A1 PG ke B 32
15% 747 ; 1B 2010—2019 4E /K P 1 & T X TP 17 fiff
BEFRVORIE AR TR, b, W T
R, 23.6% FREZE 5.6%. 2010—2019 4F TP
A A AR I DR IR LU R U ey, 1A 9.2%, HiAy



AR, % AL P LR IR MR b T IR T 4 B S R AR AE

WG R 22 B (8.3% ), I AT+ 12(6.6% 1 5.8%), N /KIEHIAS T IX TN 17 faf 4 A5 AE 7% >fe TR bb i 2 5L e p%
Z Wil X PR 3% A2 A5 2010—2019 4F, JE Tk

A

et

1:8 733 707 1:8 733707
B (25,35) [0]145,55) [ [65,75) B (25,35) [0]145,55) [ [65,75)
[ [35,45) [][55,65) M (75, 85) [ [35,45) 155, 65) [ (75, 85)

(a) 2010 4F TN V5445 % (kgehm?) (b) 2013 4F TN {54458 % (kgehm?)

1:8 733707 1:8 733707 ¢
[ (25,35) [ [45,55) [ [65,75) [ (25,35) [0][45,55) [ [65, 75)
[ [35,45) [][55,65) M (75, 85) [0 [35,45) [ [55,65) [ (75,85)

(c) 2016 4 TN 15 Y51 i (kgehm™) (d) 2019 4F- TN V538 (kgehm™?)

B4 2010—2019 Rk R EIRITE TN SRBEMNZE S5

Fig. 4 The spatial distribution of TN intensity in water source of the middle route from 2010 to 2019
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Fig. 5 The spatial distribution of TP intensity in water source of the middle route from 2010 to 2019
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Tab. 6 The mean values of TN and TP intensity in water source of the middle route from 2010 to 2019
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Fig. 6 The structural features of TN of regions in water source of the middle route
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Fig. 7 The structural features of TP of regions in water source of the middle route
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Temporal and spatial evolution characteristics of agricultural non-point source
pollution in water source of the Middle Route of the South-to-North Water
Transfers Project

1 . 2 . 1
CHU Yu, ZHU Jiulong”, FU Jingbao
(1. Eco-environment Research Center for South-to-North Water Transfer and Yellow River Basin, Henan University of Engineering, Zhengzhou

450001, China; 2. Fan Li Business School, Nanyang Institute of Technology, Nanyang 473004, China )

Abstract: The South-to-North Water Transfers Project has become the water supply lifeline of cities along the
project and plays an important supporting role in their economic and social development and eco-environment
protection. As several water pollution controls and soil and water conservation plans have taken effect, non-point
source pollution is becoming the main factor affecting the water quality To ensure continuous water supply, it is of
great significance for water quality protection to analyze the evolution characteristics of non-point source pollution
in the water source area of the middle route project.

The inventory analysis method is used to calculate non-point source pollution load in the water source area.
Three-level structure including category, unit, and index was used to analyze the main agricultural non-point source
pollution sources. The calculation formulas of non-point source pollution load in the water source area were formed

using pollution coefficients. The non-point source pollution loads of TN and TP from 2010 to 2019 of regions in
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water source areas were calculated, and the spatial and temporal evolution characteristics of the non-point source
pollution load of regions in water source areas were analyzed with ArcGIS.

From 2010 to 2019, the overall trends of TN and TP load of non-point source pollution in the middle route
increased first and then decreased. The pollution intensities of TN and TP also increased first and then decreased.
The trends of structural characteristics of TN and TP of non-point source pollution in water source were the same.
Chemical fertilizer, livestock and poultry breeding, and rural life were the main source of non-point source pollution
TN and TP in water source. Chemical fertilizer accounted for the largest proportion and its proportion showed a
slowly increasing trend, the proportion of livestock and poultry breeding kept declining, and the proportion of rural
life was increasing.

The control activities of non-point source pollution of water source areas in the middle route should be
continuous. Rural household should be guided and encouraged to use environmental friendly organic fertilizers.
Other activities also need to be carried out, such as improving rural infrastructures, establishing a system for
collecting, transporting, and disposing of rural household waste, and promoting the utilization of rural household

waste as resources.

Key words: the Middle Route of the South-to-North Water Transfers Project; water source; non-point source

pollution; inventory analysis; temporal and spatial evolution characteristics
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