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Establishment and application of source/sink-based agricultural
non-point source pollution model

LI Qiang-Kun'?, HU Ya-Wei'?, SUN Juan', LI Huai-En’

(1. Institute of Yellow River Hydraulic Research, Zhengzhou 450003, China; 2. Key Laboratory of Yellow River
Sediment of Ministry of Water Resources, Zhengzhou 450003, China; 3. Institute of Water Resources and
Hydro-electric Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract Improving control standards of point (PSP) and non-point (NSP) source pollutions are recent highlights of water and
environmental issues. Agricultural non-point source pollution (AGNSP) problems caused especially by heavy use of chemical fertil-
izers and pesticides are prominent in this regard. Quantitative research on pollution loads is the basis of control standard, evaluation
and management of AGNSP. Using AGNSP and unit-load characteristics, an AGNSP model was developed that uses source/sinks
modules determine the complex migration routes of pollutants. The source module was further divided into farmland irrigation
drainage and farmland contaminant concentration estimation sub-modules. The sink module was also divided into farmland drainage
and pollutant migration/transformation sub-modules. By integrating the modules, a complete AGNSP load model was therefore es-
tablished. The integrated AGNSP model was tested in the Qingtongxia Irrigation District (QID) in upstream reaches of the Yellow
River. The 2008 crop pattern was used in the developed AGNSP model to simulate AGNSP load and output in QID. Based on the
simulation results, salinity, total phosphorus, total nitrogen, nitrate nitrogen and ammonia nitrogen in QID were 470 099 t, 98.17 t,
3593 t,2 122 t and 426 t, respectively. The application of the established AGNSP model indicated that the model presented prefer-
able simulated results, and was practicable in the similar studies.
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Fig. 1 Construction diagram of agricultural non-point source pollution model
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Table 2 Load intensity of different pollutants in studied period
DRAINMOD > under different land use types kg-hm™
5 Pollutant Water field Dry field
1 Salinity 5200 732
2
Total phosphorus 1.77 0.05
® 1 RRET R A 7R T RI K I0E E Hok & Total nitrogen 1580 6
Tablel Water dls({harge of every class drainage ditch under Nitrate nitrogen 30.03 5.0
different land use types cm
Ammonia nitrogen 6.84 0.33
. . Branch . .
Field drain- . Main drain-
Land use type age ditch drainage age ditch Total 2.4
ditch
Water field 62 7.6 6.3 75.9
Dry field 4.4 2.1 1.5 8.0 26.4 km, 32
, 69.6 km, 2.06x10* hm’
’ R 500
A,
" 2" m 2
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Table 3  Field pollution load of agricultural non-point source pollution of different areas of Qingtongxia Irrigation
District from May to September, 2008 t
Pollutant Land use type Yinchuan  Yongning Helan Lingwu  Shizuishan  Pingluo ~ Wuzhong Qingtongxia Total
Water field 58438 32770 93 588 62 119 14 262 72 398 35370 38 646 407 592
Salinity Dry field 24382 26223 26597 15046 19777 32230 15199 20577 180032
Total 82 820 58 994 120 185 77 165 34039 104 628 50570 59224 587 623
Water field 19.89 11.15 31.86 21.14 4.85 24.64 12.04 13.15 138.74
Total phosphorus Dry field 1.67 1.79 1.82 1.03 135 220 1.04 1.41 12.30
Total 21.56 12.95 33.67 22.17 6.21 26.84 13.08 14.56 151.04
Water field 549 308 879 583 134 680 332 363 3827
Total nitrogen Dry field 254 273 277 157 206 336 158 214 1877
Total 803 581 1156 740 340 1016 491 577 5703
Water field 337 189 540 359 82 418 204 223 2354
Nitrate nitrogen Dry field 168 181 183 104 136 222 105 142 1242
Total 506 370 724 463 219 640 309 365 3596
Water field 77 43 123 82 19 95 47 51 536
Ammonia nitrogen Dry field 1 12 12 7 9 15 7 9 81
Total 88 55 135 88 28 110 53 60 617
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Table 4 Calculated results of pollutants export coefficients of different pollutants of drainage system of Qingtongxia Irrigation District

Pollutant Salinity Total phosphorus Total nitrogen Nitrate nitrogen Ammonia nitrogen

Pollutant export coefficient 0.80 0.65 0.63 0.59 0.69

R5 FHBEERX 2008 F 5~9 BRVIFSRSRMGESRAT

Table 5 Export pollution load of agricultural non-point source pollution of Qingtongxia Irrigation District

from May to September, 2008 t
Land use type Salinity Total phosphorus Total nitrogen Nitrate nitrogen Ammonia nitrogen
Water field 326 073 90.18 2411 1389 370
Dry field 144 025 7.99 1182 733 56
Total 470 099 98.17 3593 2122 426
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Table 6 Calculation results of Nash-Suttcliffe model efficiency coefficient

. . . . . Nitrate nitrogen Total phosphorus Nitrate nitrogen ~ Total phosphorus  Diyi drainage ditch
Simulation project Field discharge concentration concentration load load discharge
Nash-Suttcliffe coefficient 0.880 0.972 0.964 0.963 0.945 0.82
2
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