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Construction and verification of an empirical model for agricultural
nonpoint source pollution in the Fenhe irrigation district

HU Wen-hui' , LI Guang-yong'* , GUQ Ya-jie’, JIA Yun-mao®
(1. College of Water Resources & Civil Engineering, China Agricultural University, Beijing 100083, China;
2. Shanxi Bureau of Hydrology and Water Resources Survey, Taiyuan 030001, China;
3. Shanxi Fenhe Irrigation Administration Bureau, Qixian 030900, China)

Abstract Taking the Fenhe plain irrigation district as the study region, yearly flux of total nitrogen(TN) and total
phosphorus(TP) from 2004 to 2008 was calculated by period pollutant load flux methods based on the data measured
from hydrologic stations in Xiaodiangiao and Yitang. TN and TP emissions from agricultural cultivation, livestock farming
and rural life were estimated from the information in the district; watershed loss coefficients of TN and TP were
determined, and then a non-linear relationship between watershed loss coefficients and runoff modulus was created.
Finally,an empirical model for agricultural non-point source pollution was constructed in the Fenhe Irrigation District. The
model was applied to estimate TN and TP load in years 2009 and 2010. Relative errors (RE) of TN and TP between
simulated and measured values were all within 40% ,which are acceptable for model assessment.

Key words agricultural nonpoint source pollution; Irrigation district; period flux; TN; TP; export coefficient model
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Fig. 1 Fenhe irrigation district map and hydrologic stations
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Table 1 Period pollutant load flux methods and characteristics
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Note:k is the conversion coefficient during estimation period; W is period pollutant load, the subscript a,b,c,d and e refer to different

calculation methods; The same as in the following table.
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Table 2 Calculated yearly flux of TN, TP in Xiaodianqgiao t
ANy TN TP
Year W, W, w. W, w. w, w, W, W, W,
2004 3454.16 4 858.25 2950.85 3696.98 4 150.34 48.58 68. 32 78.71 48.73 64. 46
2005 4621.95 4 845. 83 4 453.77 4 221.70 2 518.27 103.39 108. 40 74.38 71. 86 76.12
2006 8632.84 11 519.97 8 308.32 11 340.07 7 158.24  240.79 221.32 110. 07 243.21 119. 04
2007 3368.47  4832.24 4428.96 2842.94 4 163.56 260.23 198.87  216.34 178.22 198. 54
2008 4794.06  3368.61 4441.88 3 345.53 4 668.97 188.33  386.29  156.45  152.24  490.62
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Table 3 Calculated yearly flux of TN and TP in Yitang t
AF TN TP
Year W, W, W, W, W, W, W, W, W, W,
2004 9004.10 10 683.86 7 367.46 7949.32 11 655.86 244.17 193.14  210.00 243.80  245.31
2005 11 115.58  9572.36 9869.35 9854.52  6669.50 275.89 282.14 198.87  265.97  207.10
2006 15918.95 17 721.24 16 075.58 14 379.09 11 086.93 379.78  387.25  250.03  316.75  293.61
2007 17 543.20 15 783.24 11 254.34 11 164.10 9 876.54 365.48  456.21  356.78  448.30  365.89
2008 11 360.05 11 307.23 13 410.08 11423.27 13 392.75 448.58  368.32  345.83  407.50  464.46
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Table 4 Fertilization of spring corn and winter wheat in Fenhe Irrigation District

Jite NE Ao 2

Fertilizer type

Jit A P )

Fertilizing time

Jiti IE & / (kg/hm?®) Fertilizing amount

# K Spring corn

& /NF Winter wheat

TN TP TN TP
FAE Base fertilizer & Fh AT Before sowing 0 105 60 90
B AL Top dressing &5 W] Jointing stage 253 0 184 0
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Table 5 Average concentration of TN and TP in livestock and poultry excrement
Liiii;fnd HES H 7=t kg S48 i/ (kg/t) Average content
poultry specics Excreta Daily production TN TP

i) 2% Excrement 25 5.5 1.2
Large animal JR& Urine 10 9.2 0.3
A 3% Excrement 3.5 8.1 2.9
Pig JR Urine 3.5 4.3 0.2
= #% Excrement 2.6 13.7 0.9
Sheep JR Urine 0.5 7.5 0.2
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N DB 456 & 2505 YL 0510 far i 3R 80 A =X
(DI EAFE] 2004—2006 4EHE X TN A1 TP 4E i
H (R T, 20042008 4F Y] HE X TN i & 55 5
8 149. 04,8 702. 32,8 558. 20,8 628. 21 Al
8 569.89 t, TP #y i & 4> % & 276. 53. 309. 01,
300. 85.,305. 21 F1 302. 47 t,

F6 20042008 FEXEMHMETR . EEFEHETNASAOSEIT

Table 6 Crop land area,rural population and livestock numbers in 2004—2008

15 YL B 25 AEA Year
Pollution source Category 2004 2005 2006 2007 2008

KM A TS Rural life A [ Population 1.06X10° 1.07 X 10° 1.07 X 10° 1.07 X 10° 1.07 X 10°
Fh#E Al Crop farming E K /hm? Corn 6.96>X10*  7.33X10*  7.76X10*  7.69X10* 7.70X10"

/N% /hm? Wheat 3.49%10"  3.13X10°  2.70X10'  2.65X10*  2.64Xx10'
EERM K#¥:%E /3L Large animal 0.87X10° 1.06X10° 1.01X10° 1.06X10° 1.05X10°
Livestock and poultry /9 pig 2.86X10°  3.63X10°  3.44X10°  3.47X10°  3.45X10°

/3% Sheep 2.35X10°  2.80X10°  2.59X10°  2.83X10°  2.42X10°

3.4 HAERRIARSLEZBFIHTEBENBES

IiE

M 2004—2008 AEHE X i 1 TN Fl TP i faf W
I AEAE FE X TN A TP ¥5 9 i B 00 Fe (357 45
N[ TNLTP R 2k ZEC A F1 e F(D
X} 20042008 A 3 7] HE DX AR 42 AR EL o AR Y
TN.TP A7 40 2 28 80 Ax A 2847 3 22 01 05 43
B (A6 22503 % 0. 85 A1 0. 77) , £33 Ay Hl Ap
ik

— 1
AN T TR 66 X107 X g 7 (8)
A 1 (9

T 1H7.0X10° Xq

P2 () F O A (6) BI AT 45 2] v T 3E X 1A V5 V5
PR F (TN TP it E A=,

1 n
Ly = SVEWA, (10
N 1+8.66><10’5><q’]‘°“; i (10)
L L —_S'E,A, (D
i=1

TI1H7.0X10° X g
ALy B Ly A¥giER 2 X O TN il TP
fifar i, kg g WAERMBE . m* /(s « km®) s Ey, fl
Ep e i M F RIS ( REF.giE A
B TN F TP g th REGA, 2 R (KL R H
KM E A (hm®) a5 i REBHE . LHF A
B, FIFH 2009—2010 4F [y 52 00 i P x) A5 A
1T 5k,
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Table 7 Annual emissions of TN and TP in years 2004—2008
SE LY £y Year
15 gL i ¥ p
Pollution 2004 2005 2006 2007 2008
Category
source TN TP TN TP TN TP TN TP TN TP
RHAFH  AH 2 533.40  63.60 2557.27  64.20 2557.32  64.20 2557.30  64.20 2 557.30 64.20
Rural life  Population
FioA %k Corn 2 281.93 58.50 2 400.01 61.53 2 540. 86 65.14 2 519.24 64.60 2 522.52 64.68
Crop farming /NZ Wheat 1103.15 25. 14 989. 23 22.54 853.43 19. 45 837. 40 19.08 834.24 19.01
BB M KEE 1 292. 60 59.92 1 580.55 73.27 1 500. 28 69.55 1 577.28 73.14 1562.40 72.45
Livestock  Large animal
and poultry % Pig 717.35 59. 96 912. 24 76.25 863.12 72.14 870.97 72.87 865.95 72.45
2£ Sheep 220.62 9.41 263.02 11.22 243.20 10. 37 266.02 11.32 227.48 9.68
41t Total 8 149.04 276.53 8 702.32 309.01 8 558.20 300.85 8 628.21 305.21 8 569.89 302.47

SR FH ] 38 B B3l f A5 2 AY 2009 12010 4F
X BRI A TR TN B £ 43590 24 10 185. 93 il
9 006.49 t, TP ffii43 %k 216. 53 F1 218. 78 t, 4
PG 58 1 4E S 55 111 2009 H1 2010 4E3E X 4% 245 Yt
TR, 45 A A 2815 YR ) TN A TP 4 ik &40, LA
K 2009 F1 2010 Ty 4F 14 4F 42 A 45, R A At 1

I gt 2 B 78 (58 (10) FT (1)), 45 3] Yy 3] HE X
2009 F1 2010 4E TN 1 TP 7 faj #4048 (% 8), TN
F TP A B faf b A58 A FUL(E 15 S0 0 AH X 1% 25 43 5l
P AE 40 %0 F1 302 LAV . 7 W I B Bl = 0 AR
TP FHEAA 1 000 km?® (1 A 45 X 88 (14 o IR 75 G
VA B HRRE B 2 v] LA Z 1

F8 2009—2010 FFEX TN, TP H & BE S KNE

Table 8 Observed and simulated annual TN and TP loads in year 2009—2010
TN TP

q:{ﬁj\ N e N N He N
Year S/« FEAUE /¢ AN 22/ Y S AE /¢ REHIE /¢ ARXF 5 22/ %

Measured value  Simulated value Relative error Measured value  Simulated value Relative error
2009 10 185.93 6 084. 05 —40. 27 216.53 152.76 —29. 45
2010 9 006. 49 6 083. 82 —32.45 218.78 158. 68 —27.47

PEPTIS FIFHZ A RIS RL K 2009 F1 2010 4 HE X 4l i
Za Tk

3T P DX DA 95 24 T 2 i il 355 S 0 B ke
Z AWEFERIHT 2004—2008 AR XL 37 /N A7 2l L
Lo DX 1 o w0 BN T 2R i BTN fI TP
e B2 A M0 30 ) R TR O 9 Gt Wy i B ik
At A BOE T T i X TN TP 95 4t 42 4F
(ELFVAR A 1 o 30 2o 8 S T R T G R A R R A
AEFR TSR AR LR 5 AR M T A 2T LI
Toie i 2R ORI AT A AR B ) 9 DX A Ll T U 9
SIS,

TR TN fafr 4350k 6 084. 05 A1 6 083. 82 t, TP ffuf
A3k 152,76 1 158, 68t, 5 520 (B AR b 1% 22 35 75
4076 LA, 3 B BT A 8 A A2 A8 T L Ok T 9 XY
AT PR 5 Yo AR G fr i TR B R A AR B
SRALE T A Al K SCAR H il T 80E R,
o RO B b 5 2 — AP R Uk . A 45 A U R BRI R
BB R R B ) AR L AR OC R R Ca T O R
F 0 B 7K oA K R S RS A A o R T Y
& RT5 Je I 1 R AL E W 9 — 28 T e R 5
k.
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change on water quality in agricultural catchments [ ] ].
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