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Nitrogen and Phosphorus Loading of Agricultural Non — point Sources in Jiulong River Watershed
Based on GIS
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(1. Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China 2. Key Laboratory for
Marine Environmental Science of the Ministry Education, Environmental Science Research Center, Xiamen University, Xiamen
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Abstract: Empirical models — USLE, SCS - CN and empirical equations are used to quantity the nitrogen (N) and phosphorus (P)
loadings in a Geographic Information Systems (GIS) environment. Various GIS layers, including land - use, soil types and DEMs
layer are created for the entire watershed by ARC/INFO, which are used to extract the parameters for USLE and SCS — CN models.

The GIS layers are mostly organized in ARC/INFO GRID (the grid cell size is 100 m x 100 m). The curve numbers (CNs) method
is used to estimate surface runoff and the CNs is adjusted depending on the antecedent moisture condition (AMC) before each storm.

USLE is employed to predict the soil loss in Jiulong river watershed. Then, combined with the results obtained from the CNs methods
and USLE model, the empirical equations for calculating the nitrogen and phosphorus loadings are provided to calculate N and P
loadings in forms of dissolved N and P, particulate N and P based on ARC/INFO GRID. As aresult, the spatial distribution of N and
P loadings in terms of sub — watersheds, land — use type and counties in Jiulong river watershed are obtained and analyzed, which
makes it easy to identify the critical source areas so as to efficiently control the agricultural non — point source pollution in Jiulong river
watershed. The results show that excess fertilizer use and livestock farm contribute significant N and P loadings from many counties.

The contribution of livestock farm to N and P loadings from some counties such as Xinluo district and Zhangzhou could occupy up to
40% ~47% and 51% ~62% , respectively.
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Table 1 General situation of non — point source pollution in Jiulong river watershed
XZjX C GRID,
landuse P GRID,
soil R GRID,
plant TPN GRID,
stream TPP GRID,
DEM CRID, flow GRID,
L CRID, TDN GRID,
S GRID, TDP GRID,
K GRID, DBF
ARC/INFO
DEM
DEM
GIS
ARC/INFO  GRID 14 1
1
Figure 1 Dividing Jiulong river watershed into sub — watersheds
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Table 2 CN values of different land — uses in Jiulong river watershed
A B C D A B C D
72 81 85 91 45 65 70 80
67 78 82 89 25 55 68 77
77 88 91 93 30 58 72 78
70 82 88 89 41 57 70 80
61 74 82 85 — 65 75 82 85
58 70 79 83 39 61 74 80
60 70 81 87 49 69 79 84
50 65 75 85 92 94 95 97
41 57 68 77 90 92 93 95
40 55 66 75 — 100 100 100 100
64 70 81 86 — 77 85 87 92
60 68 79 83
a LSkr
kg' hm=2 CSu %o X
th t km‘z TS/;; Sd
2.2 —_— USLE
Wischmeier WH 60 Sd
USLE 2.3.2
[91] [10] [11] [12]
6 [13]
A=RxKxLxSxCxP LDy = CDw Qu TDy
A R K LD, kg hm~* CDy
L S C mg- kg™' Qu mm;
P TDy.
[8]
2. 3 CDkz
2.3.1 2003 4 —10
[9] [10] [11] [12] 6
[13] [14]
LSw=a CSw Xu TSw Sd [12 13] 3
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Table 3 value ranges of dissolved pollutants in Jiulong river watershed
/mg- L~ /mg- L~ /mg- L~ /mg- L~
3.3 0.24 1.25 0. 065
3.46 0.35 1.6 0.12
3.63 0.12 1.2 0.09
4.73 0.18 0.00 0. 00
5.2 0. 450. 30 0.30 0. 025
5.0 0.52 0. 00 0. 00
0.92 0. 09
4 14 (kg- hm=* a™')
3 Table 4 Spatial distribution of N and P loadings in fourteen sub —
ARC/INFO watersheds of Jiulong river(kg- hm=%- a~')
GRID 100
16.32 1.31 2.23 0.65
m x 100 m GIS 14. 41 1. 10 3.30 0.94
16. 58 1. 15 1.73 0.63
16. 49 1.24 0. 94 0.38
CIS 20. 36 1.65 1.11 0.35
17.33 1.33 2.06 0.53
2 10. 80 0.72 3.15 0.79
10. 90 0.71 3.60 1.02
12.29 0.78 4.07 0.96
9.72 0.59 4.28 0.85
9.30 0. 06 3.12 0. 69
9.94 0.62 4.53 0. 80
9.23 0.54 3.37 0.69
8.23 0.45 4.36 0.76
3.2
2
Figure 2 Spatial distribution of N and P loadings in >
Jiulong river watershed 1.03 ~40. 67 kg-
hm=2 a™' 0.35~4.29kg: hm™* a”'
3.1
4 2
> > > >
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Table 6 Contributions of N from agricultural non — point source pollution to total nitrogen in every county of Jiulong river watershed

6

870 GIS 2004 10
5 (kg- hm=% a™"')
Table 5 N and P loadings of different land — uses in Jiulong river watershed (kg- hm=2- a~')

11.59 7.75 3.84 1.53 0.71 0.82
36.20 35.39 0. 81 1. 67 1.35 0.32
27.70 26. 64 1. 06 2.26 1.94 0.32
17.74 14.27 3.47 2.10 1.07 1.03
40. 67 40.43 0.24 4.29 4.20 0.09
8.09 2.84 5.25 1.90 0.24 1. 66
33.32 31.78 1.54 3.55 3.06 0.49
28.61 28. 60 0. 01 0.93 0.92 0.01
11.31 6.44 4.87 1.96 0.63 1.33
1.03 0.23 0.08 0.35 0.06 0.29
30.76 30.72 0.04 3.12 3.11 0.01
12.09 11.09 1.00 1. 14 0.83 0.31

5000 kg: hm™?* a™!

> > > > > >
> > 2002
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[15]
3.3 [16]
6 7
6 7
53.4% > (21.0% )>
(13.3% )> (12.4%)
40. 8% >
(31.4% )> (14.7% )>
> (13.1%)

/t /t /t /t /t /% /% /% /%
182.0 181. 1 859.2 211.9 1434.2 12.7 12. 6 59.9 14.8
200.9 287.9 1013.7 194.3 1 696.9 11.8 17.0 59.7 11.5
24.7 316. 4 1509.2 370.5 2 220.8 1.1 14.2 68.0 16.7
0.3 57.6 546. 6 534.2 1138.7 0.0 5.1 48.0 46.9
31.2 87.6 1131.0 150.3 1 400.0 2.2 6.3 80. 8 10.7
182.5 168. 3 583.5 136.7 1071.0 17.0 15.7 54.5 12.8
415.6 280.7 549.7 169. 9 1416.0 29.4 19.8 38.8 12.0
505.0 276.2 456. 4 845.8 2 083.5 24.2 13.3 21.9 40.6
1542.3 1 655.8 6 649.2 2613.7 12 461. 1 12. 4 13.3 53.4 21.0
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Table 7 Contributions of P from agricultural non — point source pollution to total phosphorus in every county of Jiulong river watershed

/t /t /t /t /t /% /% /% /%
25.2 20.7 79. 1 36. 1 161.0 15.6 12.9 49. 1 22.4
27.5 34.0 92.8 33.0 187. 4 14.7 18. 1 49.5 17.6
3.4 31.5 121.5 62.9 219.4 1.6 14. 4 55.4 28.7
0.0 6.0 51.9 91.1 149.0 0.0 4.0 34.8 61.1
4.3 9.9 99.1 25.7 138.9 3.1 7.1 71.3 18.5
24.7 19.8 49.8 23.2 117.6 21.0 16. 8 42.4 19.7
55.5 32.6 45.3 29.3 162.7 34. 1 20. 1 27.8 18.0
67.5 31.5 38.5 143.5 280.9 24.0 11.2 13.7 51.1
208. 1 186. 1 577.9 444. 8 1416.9 14.7 13. 1 40. 8 31.4
50%
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