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Source apportionment of agricultural nonpoint source pollution in the Hanjiang River Basin

TANG Xiao—yang, TANG De—shan’, LU Jia—hui, CHANG Wen—qian, TANG Xin—yue

(College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: Agricultural nonpoint source pollution is an important type of water pollution. To clarify the agricultural nonpoint source pollution
load and its spatial distribution in the Hanjiang River Basin, the total nitrogen (TN) and total phosphorus (TP) pollution loads from agricul-
tural nonpoint source pollution of 13 cities in the Hanjiang River Basin in 2015 were estimated according to the export coefficient model ap-
proach. Pollution evaluation was carried out using an equivalent standard pollution load method. The spatial distribution of the agricultural
nonpoint source pollution load was drawn via GIS. The types of agricultural nonpoint source pollution in the cities of the Hanjiang River Ba-
sin were divided through rapid clustering. The results demonstrated that the TN and TP loads from agricultural nonpoint source pollution in
the Hanjiang River Basin in 2015 were 179 127 and 26 975 t, respectively, and the corresponding equivalent standard pollution loads were
2.26x10" and 1.68x10" m’. In the Hanjiang River Basin, the pollution source with the largest contribution rate of TN standard pollution load
was farmland fertilizer, and the pollution source with the largest contribution rate of TP standard pollution load was livestock and poultry
breeding. There was a strong consistency in the spatial distribution of TN and TP standard pollution loads, but differences existed among the
pollution loads of different cities. Equivalent standard pollution high load areas were concentrated in the middle of the river basin, with the
highest in the city of Nanyang. Based on the rapid clustering method, the Hanjiang River Basin could be divided into six types of pollution.
Study on pollution load and spatial distribution of the TN and TP from agricultural nonpoint sources pollutants provide a decision reference
for the prevention and treatment of nonpoint source pollution in the Hanjiang River Basin.

Keywords: Hanjiang River Basin; agricultural nonpoint source pollution; equivalent standard pollution load; spatial distribution

WisBHEA:2017-12-23  FRAHEH:2018-04-10

YEZ A Y B (1994—) , Lo WAL R T R A W52 07 1) K FDK L R SR 5 TRRE U KI5 YeBiiG . E-mail : hhutxy@163.com
“EEEE % E-mail:1ds808@163.com

BEETA : B R EAHFRIRITH (2017YFC0405805-04) ; VLA A B g B TR

Project supported : The National Key Research and Development Program of China(2017YFC0405805-04) ; The Priority Academic Program Development of

Jiangsu Higher Education Institutions



A1 BT, 26 - LT G e e T W75 24 ) D 7

2243

B S YT P BE A TS Yy )
Al THT R T e i 7 E R T iR A s B B s R T
A5 A BRI TR . IR 2o W, i
15 Y B 2 R KT e i B TS YL, L A s
Ui o PRI, 9% [ 4 T RS U o TS e R 273, Hodp
A T P55 e TR 5 68%~83%" ., fif 22 1A T
P55 e = A B B (TN BV (TP) I3 e B fof (5 7K 35
5595 gL MR BY 60% F 40%~50% . 1EFK [E , 2010
AECER— IR A TS Yl A A ) i, ARl THT IR TS Sy
SRR BB HE Y R R HHE i A B R
270.46 J1 t#128.47 J3 v, 53l o5 HEBOS & 19 57.29% F
67.4% . 5 S0RT5 Y AR E , RS Y B 2 0 Rl
BILE O oA R AR X LA A ) 4
LA B T TS Gy, R A B3 TS Y A fir
f b TS G BAT B

HiT, B A T5 G0t Al 357 v i R
BOEY HETE R F0EY W IE A T Y s PR 9
T 3 B AR T G A TR N AT B RIAY
FH=Z 50 NS YA LK SCRIK R R G K
0% S ESCAE T R RO DR T R IS e kA
MRt B8, s S 800 B E TR, AR UE— 2 1Y
KR, DA 3 1w U s e iF 58 AR 2] T )T Iz B
FH o 2RO R ) i Omernik® %5 32 1, g 2 57
T H REOERAL I E B b T2 F R J2 Johnes
SEUOE DA R A b 2R A5 T - MR R A
N T 38 50 A5 DR 2 6 T VRS Y s, gy 1o
SRy 5T (R R B AR /b B SRR P R R ROk
A3 AT TN T30 0 DX A M T 5 e A7 e 5 X1 4 SR
FH i R BRI A 28 R GRS AU 27 B PPN S
AT DU 1A e 2% BLTRT RS e 6 2R Al 47 5 251
SR T 2 R RN R 25 ) FS Y W AE A RS L
rhe 2 B IO R 2R R T R gt e R
PEAT TR . DA AFSR U6 T 4 R BOA A TS
PLAEgE B

DUYT AR F i B PR 1 7K % 2 g K G Hh 4k TR
B 7K T, VT 3t 2 R K G R A KR (T
TR AT DB IR, AT N AR 2, - R o
JE i AKIR AK B J1 B, R 47 il A DUV Sk
Al TT R T Y S PRI R K AL R K B A B AT 55 5K
B EEVIE Y U PRV S A b A s R Y R
FEORR DX B 1 e b V9 0 e e U, 1 5 S0
DULL GRS IR 7 B 187 575 G B0 B 25 434 575 e 3R
ST R v S D = 1T S e R I S a8 2 7 o 4

AT 55 Y BRI /0 o AR SCRATUY LI 3858 el iy
13/l SR e 52, SR A Hh 3R RO LA 55 2015
AEVLYL IR TN (TP 535 Y 67 for |, 32 FH S8 A5 15 e 5 far
X TNLTP (75 G A faf 47 PEAN , 18 FH AreGIS 1
22 T TR Y 2 [B) 43 A, SR FH PR SR 2Rk 40 431 e 2k
R B R DT T 5 15 oA (A0 b B e 4 5
P HRIE SCHE

1 MR5EFE

1.1 B3R XS

PUT R IR TR R 7o B, TR s
Bevi g A b, R AR, 21K 1577 km,
SERVTR AR B . DU M 3 B, FHL O T A
VB B, PR T B AR T VLB i, B
A e FIRTLEBCA N E. B TR I TS J4 16
PE— B LAAT I XA Sk AT 4 DX IR B, Tl S BV 3
(R L, SRR VG A D T e T RIS T T R A
B P 5 A R PR GEAR X P R TT T
RITH BT ALk 22 s i 3 13 47
B X R AT 52, W X IR B LA 1,
1.2 ARAE
1.2.1 V5 et qy Ak 557 vk

AR SR R i 2R B0 (ECM) Al 340U i 445 i
TN TP 75 Gt g, A O

L=Y E;A+P (1)
j=1

A LoRTE G i T i kg a s E LRSS jFP A
AL B SE i iSSP i i 28 (kg-hm™-a™")
ol 5 RN B SR T BUW S Y 0 R B ke - Sk
(FO)™Mas AN ZE 80975 329 B 2%
(kg N7"a™) s A2 55 j Rl 4 bR FH 28 280 14 1 AR (hm®)
B Y PR e PN OIDIE UNEE ¢ AP o
Sy 8% TR A 1 95 ey e R e =2 AR X 0 T a0 L EC
AR F AR TR 5 Y ) S v B AT, A SRS R
IS ) kg - a™ s n R i V5 L PR 250 o
5GP SEBRAE O , AR ST AR T T G
I 22 B AR HALIEIE B S SR AR A TG X 3
RIATF YL, el FH 27 32 2% ROK 5 HH A
Pel b 3%, & B FR0H F L TR B A RRKE 4FPAL
A 3875 YL Wy 1) 7 for 8 G BEEE T 2 i B R Y
o MG RE R R E A Y MR KR
o - M A | 2SR AR A SE AR AR I
F BRI T VA B W RN A ) SCR RS, SR T



2244

YREINCX ity 3755 108

VLIS IC i R B ISR, 265 B E AT IBFIE
R S it R B EL

Beaulac Fll Reckhow DA M Frink i 15 #4258 AN [] 4 Hby
A7 20T B0 Rt ) FR A A A L BBOHP- 2
{ELVE Ay BT 50 DX IS b ) P o 3R 850 DR L 7E

5 T8 T WS X ORI ST AR W7 T DR 3, B A
[T 5 DX I 45 2R A1 B {ELAE S AR SCHYAS [R] Al 1 3t
AR it R BB . E A BF 58 AN ] X35
AN TR Al = A T D7 30T TN TP R4 AR R A
SCRBUE IR 1.

>
>
>l
S
<t
o
>
>
>l
S
3 e
— B X Ak O DO F i
AT D PO i T
R B < 5 B o "0 g o3 L
S| OB  FHLTUKIE
= 02550 100 150 200 km
OO O — —
o
106°00°00”  108°00'00”  110°00°00”  112°00°00”  114°00'00"
| ARRIEBREE
Figure 1 The diagrammatic sketch of research area
F1 AR HREH 5 KNEBE
Table 1 The export coefficient classification and value of different regions
fi th R EORUE kg - hm ™ -2
S ik WFFTIX 42k WA 154
7 K H S el
e/ AR i B2 2014 4F TN 16.97 15.62 —
TP 1.22 1.62 —
X3 AR MRSy 2013 4F TN 27.74 27.74 9.01
TP 1.92 1.92 131
X4 50 PO 2% 20104F TN 25.00 30.00 15.00
TP 0.90 0.90 0.90
XA g Jemini 2006 4 TN — 20.20 9.01
TP — 2.02 131
Ma Xiao 2" e 2007 4E TN 21.40 46.30 —
TP 430 1.40 —
R ARGE DL T ek 2002 4F TN 26.37 18.85 11.92
TP 2.00 4.08 2.46
iR A B BH 2007 4F TN 24.00 24.00 —
TP 0.70 0.70 —
ik ) TA T 3 4R 2007 4F TN — 29.00 —
TP — 0.90 —
JE R e S K735, 20114F TN 18.32 18.32 —
TP 2.56 2.56 —
ASCIUAE BT I, 20154F TN 22.83 25.56 11.24
TP 1.94 1.79 1.50
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Table 2 Classification and value of export coefficient of different

pollution sources in the Hanjiang River Basin
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Table 3 The rural resident population and agricultural statistics of cities in the Hanjiang River Basin in 2015

Hy T KH/JThm® /T hm? el /)5 hm? 407 3k VANPS FIOTR ST TN LIUNEIVPN
&G 9.69 10.72 11.36 29.42 406.88 35.25 1 430.56 179.47
.95 3] 3.33 16.31 12.09 25.07 312.16 97.75 1241.93 147.55
[aRait 0.19 13.17 3.20 12.72 100.77 38.53 828.00 129.66
M BAT 2.66 102.64 8.23 130.40 639.24 255.52 5572.76 497.97
+- T 3.85 13.71 3.86 45.45 199.55 120.01 3 126.00 246.38
e 4 0.43 0.31 0.07 0.61 5.06 3.03 31.28 1.92
e 20.66 24.73 6.13 105.27 620.44 140.49 8317.04 294.83
Jh T 19.13 7.73 2.53 24.33 408.91 47.47 4752.00 45.79
RiTili 4.95 6.04 0.07 7.96 100.56 1.69 1 144.00 63.95
WL 4.14 3.08 0.15 3.34 106.40 1.95 1 676.00 44.55
ki 5.78 3.25 0.11 0.91 107.35 0.41 871.00 52.44
2T 21.04 5.76 5.24 49.39 395.26 28.89 11 634.00 226.34
T 11.74 7.90 1.65 18.73 304.04 5.38 5247.40 243.56

R4 05 ENIRBEHTARTLRBEINGRATE(ORATREHE(%)

Table 4 The pollution loads and loads contribution rate of TN of different pollution sources of cities in the Hanjiang River Basin in 2015
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AT 4716 6321 688 6432 2792 323 2329 4658 28 259 15.78
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K 1130 1545 8 486 453 320 1010 4956 2.77
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Table 5 The pollution loads and loads contribution rate of TP of different pollution sources of cities in the Hanjiang River Basin in 2015

- PR ALAE 5 Y EE Bt S zzifj;q;rg it @;@ﬁ
7k H i fil 4 # 8 K [EES TURKR
&G 188 192 170 297 692 16 172 287 2014 7.47
2 T 65 292 181 253 531 44 149 236 1751 6.49
R 4 236 48 128 171 17 99 207 910 3.37
FA T 52 1836 123 1317 1087 115 669 797 5996 22.23
T 75 245 58 459 339 54 375 394 1999 741
plife e 8 5 1 6 9 1 4 3 37 0.14
FEPHTT 401 442 92 1063 1055 63 998 472 4586 17.00
I 372 138 38 246 695 21 570 73 2153 7.98
KiT 96 108 1 80 171 1 137 102 696 2.58
b ani) 80 55 2 34 181 1 201 71 625 232
ki 112 58 2 9 182 0 105 84 552 2.05
Fikili 409 103 78 499 672 13 1396 362 3532 13.09
)&l 228 141 25 189 517 2 630 390 2122 7.87
At 2090 3852 818 4581 6301 349 5505 3479 26 975 100
Wi f fr Tk 7.75 14.28 3.03 16.98 23.36 1.29 20.41 12.90 100

2015 ALY 3 AR b T 5 G SR 15 Y B faf A
N 3.94x10" m’ s FEAS 5 YRR A% AR ARV 9 bR
15 YL i B 1.50%10" m?, B 8 35 08 U 1 A5 A T
B far SR 1.76X10" m’ , A& A= T 5 1 A5 b 75 Y 07 fuf
B 6.9%10"m’, BB FRAE IR A bR TG e B fr B
W2, o7 LI AE R T3 Gy A faf S 1Y 44.62% , Ul I I
T T B YR B SR

TN B 45 bR 15 e 07 i 12t 5 Bk S8 00T - 4« H AR IE
(47.45%)>% & 35518 (32.40%) >4 b A2 3% (20.16% )
TP 19 55 b5 15 Y 00 fof 5 o3 Bk R 0)F o« & & 975

6 2015 EILTRIBAR 5 RIR TN TP HFEIRT R
Table 6 The equivalent standard pollution load and its
contribution rate of TN and TP of different pollution sources in the
Hanjiang River basin in 2015
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Figure 2 Spatial distribution pattern of the equivalent standard pollution load of TN of cities in the Hanjiang River Basin in 2015
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Figure 3 Spatial distribution pattern of the equivalent standard pollution load of TP of cities in the Hanjiang River Basin in 2015
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Figure 4 The equivalent standard pollution load of TN of different pollution sources of cities in the Hanjiang River Basin in 2015
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Figure 5 The equivalent standard pollution load of TP of different pollution sources of cities in the Hanjiang River Basin in 2015
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Figure 6 Contribution rate of equivalent standard pollution
load of different pollution sources of cities in the

Hanjiang River basin in 2015
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