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Analysis on Export Coefficients Based on Measured Data and Study on the Sources of Non—point Load for

Fenghe River Watershed in Shaanxi Province, China

DU Juan, LI Huai—-en", LI Jia—ke

(Key Lab of Northwest Water Resource and Environment Ecology of MOE, Xi’an University of Technology, Xi’an 710048, China)
Abstract : The suitable export coefficients of NH;=N, TP and COD for Fenghe River watershed in Shaanxi Province were determined by com—
paring the load given by improved export coefficient model with that calculated by the mean concentration method based on measured data at
Qinduzhen section from 2001 to 2009. The results showed that the export coefficient model considering the transport lose in watershed had
low relative error, less than 15% for COD load, 13% for TP and 14% for NH;—N load. That was to say, the given values of the export coeffi—
cients and transport lose parameter were suitable for this watershed. The sources of the non—point pollution in Fenghe River watershed were
analyzed with export coefficient model considering the transport lose, and it could be concluded that the domestic pollution of local people
and cultivated land has great contribution to non—point pollution, and there was an roughly increasing trend in the last ten years. In detail, the
cultivated land accounted for 37.87%, 37.74% and 15.56% of non—point TN, NH;—N and TP load in this watershed respectively, and domes—
tic pollution contributed 40.73%, 41.06%, 61.19% and 21.98% to non—point TN, NH; =N, TP and COD load respectively. In addition, Live—
stock breeding produced the non—point load for COD as high as 73.49%. Therefore, the control and management of pollution from cultivated
land, domestic sewage and livestock breeding could effectively reduce the output of non—point source load in this watershed.
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Figure 1 Location map of Fenghe River basin
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Figure 2 Water quality monitoring sections in Fenghe watershed
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Table 1 The classification and value of export coefficients of pollution load

i il 2R A AR /kg-hm™-a”! & kg e a ‘ 4l ]\] N /1
WA B Bl Mo SREURHL KRR KR i F kg: A-a
TN FEE 32.88 1.58 327 11.00 8.56 10.21 0.74 0.40 2.14
NH;-N EX gl 5.21 0.25 0.52 1.74 1.36 1.62 0.12 0.06 0.34
TP iS 0.90 0.20 0.15 0.24 — 0.22 0.14 0.05 0.11
X 1.08 0.46 0.44 1.16 0.42 — — — —
h e 1.80 0.80 0.15 2.30 0.20 — — — —
SCHR[25] — — — — — 0.16 0.10 0.02 —
EX e 0.51 0.29 0.09 0.14 0.02 0.12 0.08 0.03 0.12
CoD 7H 19.10 0.44 1.60 14.50 0.80 — — — 10.20
|7k e 16.58 1123 16.10 39.05 5.26 — — — —
SCHR25] — — — — — 502.11 46.50 15.07 —
ZHUH 22.80 10.19 13.40 29.93 4.62 630.11 72.33 19.02 15.87
=2 FENEEHENIERRT AR
Table 2 Pollution statistical of Qinduzhen section
0 Wi F ARt NHi-N COD TP
¢ w’ Wl img L7 NSP fififd/i-a” WeS¥/mg-L  NSPAfA-a’  We/mg L NSP fifidd/t-a’
2001 0.87 2.62 588.92 164.85 37 111.35 0.39 87.80
2002 1.80 2.06 577.12 134.18 37 518.62 0.37 103.46
2003 3.55 1.25 535.38 97.19 41 726.99 0.26 111.63
2004 125 1.50 494.04 108.10 35 651.16 0.29 95.64
2005 2.54 1.54 519.18 114.49 38 673.02 0.33 110.46
2006 1.46 1.35 539.30 75.62 30 208.54 0.23 91.88
2007 2.09 1.47 469.09 44.93 14 578.48 0.28 88.05
2008 1.33 1.50 448.04 71.76 21 476.99 0.29 86.79
2009 2.29 1.48 469.58 69.88 22 157.00 0.26 82.44
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Table 3 The status of land area and livestock and population in Fenghe River basin

. LA SR Rk : IR
B Hih Mt BT RA PN W T
2000 53 144 23 611 58 386 6476 795 46 828 244 763 50 864 791 461
2001 51731 23 603 58 380 7930 768 46 768 290 000 55 000 791 465
2002 50 144 23 598 58 286 7633 751 45 585 295 652 57222 794 681
2003 49 457 23 583 58 213 9416 743 46 000 299 000 58 600 798 005
2004 46 634 23 546 58 202 13 298 732 47 067 309 000 59 000 799 100
2005 46 080 23 519 58 191 13 897 725 47 500 315 000 59 600 799 325
2006 45 374 23 513 58 182 14 129 714 48 900 310 000 61 567 799 836
2007 44 780 23 497 58 173 14 253 709 6503 78 463 12 270 799 915
2008 44 536 23 489 58 026 14 559 698 5702 6431 10 010 800 112
2009 44102 23 476 58 006 14 949 679 4690 — — 800 149

T 1 TAESE T 2009 4 Pk 3 AR ASTE OB L 2008 AF FE & SO U R

R4 FEAREBIT R A E RIS

Table 4 The results comparison of pollution load in Fenghe River basin

s NHi-N TP COD

RS e R RBE T % PRI e B REGE T % CSFERRIEE T BT REE ! %
2001 588.92 701.79 19.17 87.80 166.70 47.33 37 111.35 66 490.94 44.19
2002 577.12 706.57 2243 103.46 167.86 38.37 37 518.62 67 506.99 44.42
2003 535.38 704.73 31.63 111.63 168.12 33.60 41 726.99 68 733.43 39.29
2004 494.04 693.23 40.32 95.64 168.13 43.11 35 651.16 69 560.59 48.75
2005 519.18 692.89 33.46 110.46 169.33 34.77 38 673.02 70 394.22 45.06
2006 539.30 691.49 28.22 91.88 170.22 46.02 30 208.54 70 742.14 57.30
2007 469.09 588.38 25.43 88.05 144.96 39.26 14 578.48 25 478.01 42.78
2008 448.04 577.92 28.99 86.79 145.96 40.54 21 476.99 31 498.05 31.81
2009 469.58 574.63 22.37 82.44 147.07 43.95 22 157.00 31 651.68 30.00

RS FARIBIRA R A
Table 5 The loss coefficient A of Fenghe River basin

ARG MR RN -

A=1/(1+0.989 4¢°2*) (5) p— X
TP 5 RS AR R IO R I o
A=1/(1+0.156 9¢**"?) (6) 2001 0.004 9 0.850 7 0.548 8 0.585 0
COD [y 2 RECGAFARTARECZ RIS RN - 2002 0.010 1 0818 1 0.604 0 0.560 6
A=1/(1+1.472 5¢°772) (7) 2003 0.020 0 0.782 7 0.653 6 0.537 3
BT (5)(6) (7)) 43513k H NH; =N TP I 2004 0.007 0 0.8353 0.576 2 05730
COD AR 780 e 250 N U6 5 s 2005 0.014 2 0.801 1 0.629 0 0.549 0
5 5 119 NHI-N TP il COD 3 St e 250 1. 2006 0.008 2 0.828 2 0.588 0 0.567 8
o S 2007 0.0117 0.8109 0.614 9 05556
R AR ()BT, 53R 2 P R R AR 1 2008 0.007 4 0.8327 0.580 6 0571 1

XFEE LR 6. HEXT HLas Rl A, MR 2ZE AR A 2009 0.012 8 0.806 4 06215 0.552 6
i +15% , 7E AT 32 YL I
T I R R A RO RESR S fE 10 %A, R 2004 AR R ((HHL7E 14% A
Ppuk B S A R b, AR IR A8 ), RUE T8 T RIS HIR 5, i R
(1)NH;-N fifaffE 2001,2002,2006—2009 4ERIAH 1AL S Ak BE U R4S SRV BT
XHRZEEYIN, TE 8%LAN 2003 4EF1 2005 AEHIAEN R (2)TP 1t faf £ 2001.,2004 2006 ,2009 43X 4 4




832

R Sy et Y 5 2 EF 4

HR AR ZE K B TE 15% LAY, HATAE0 i
ZEAE 8UFEAT B R 5 o

(3)COD ) NSP i fif &E7E 2004 4E F1 2006 4F 1)
AIRFHRZE R ABWAE 15% 2547, FHA A0y A X 15
ZEHTE 8% VAN, W5 FERE 5 o

HRAEE 6 Bt He et R nT i - 2% JE e A5 1
R R BRI R A RS A ) A SR AR E
DR ) 2R BE S A R RIS AT X,
DL, T RAR FHZE RS ok ki th R B0k g 1148
S Y I S S S N KR ) (05 S W NP IR E ST MR
AP IR YR R A B, SRR (s
2.3 R IE ARG RO EE S SRIEAR ST

e 1 s i 45 28 R B S 2 3
e R A F A TR, A S (2)1
B TN A S IR G unge 7 s, NHi-N JE 55 7

fan=R 8 o, TP AR IR S A a5k 9 o, COD £
PR ANER 10 P .

0T BB TN f 47 ) 45 2R 5 7 NSP S 7
faf (A HU L, 223l 45 Rl IR A ARtk ] F T an il 3 (1R 4.

NH: =N 47 faf (1) 250K 5 (- NSP g A7 foy 8 A A
REFGHE R 5 4 6,

m2 7 FE 3 & 4 m]1,2000—2009 4= fa], H ]
TR SR TN fAgy Sk E 2R R, fk 8 F
5 P 6 Rl Vs AR S PR NHG =N g7 e i s
TN —F(, 13X 9 A 1H] NHi-N 5 55 Y iy i B A
SRR, HA AR A R ) 45 R R R AR L S
B, RS AP ISR o (RO A ORIk AR 15 15
uXTHE s TN NHE-N A sTmkR ik, Hdfal A
FTRIEE b % TN 67 fap 4 45 25 57 ik 20 51 R 40.73%
37.87% , JIt 7 LU B e R (€ BN, 2P IR 5 Ay

&6 FARBIEIERYES R AT ERIT L

Table 6 The results comparison which is added correction coefficient to the pollution load in Fenghe River basin

0 NHi-N TP COD
AU e B R B T % PIWREEE e I R R % CPIREED e R R T 1%
2001 588.92 589.51 0.10 87.80 101.85 13.80 37 111.35 40 160.53 7.59
2002 577.12 593.52 2.84 103.46 107.60 3.85 37 518.62 40 774.22 7.98
2003 535.38 591.97 10.57 111.63 113.76 1.88 41 726.99 41 784.99 0.14
2004 494.04 562.32 13.82 95.64 107.77 11.26 35 651.16 42 014.59 15.15
2005 519.18 582.02 12.10 110.46 113.54 2.71 38 673.02 42 518.11 9.04
2006 539.30 580.85 7.70 91.88 108.01 14.94 30 208.54 35 728.25 15.45
2007 469.09 494.24 5.36 88.05 92.92 5.23 14 578.48 15 388.72 5.27
2008 448.04 485.45 8.35 86.79 93.56 7.23 21 476.99 21 496.82 0.09
2009 469.58 482.69 2.79 82.44 94.27 12.55 22 157.00 22 166.61 0.04
R 7 FEARIBIERIRE TN g E (t-a™)
Table 7 TN load of non—point source in Fenghe River basin(t-a™)
P A - A A 2R : i : KA o
i Tl GiSiA WM RFIHH KMEE I EE
2000 1747.37 37.07 190.92 71.24 6.81 478.11 181.12 20.35 1 693.73 4 426.72
2001 1 700.92 37.06 190.90 87.23 6.57 4717.50 214.60 22.00 1 693.74 4 430.52
2002 1 648.73 37.05 190.60 83.96 6.43 465.42 218.78 22.89 1 700.62 4 374.48
2003 1 626.15 37.03 190.36 103.58 6.36 469.66 221.26 23.44 1707.73 4 385.55
2004 1 533.33 36.97 190.32 146.28 6.27 480.55 228.66 23.60 1 710.07 4 356.05
2005 1515.11 36.92 190.28 152.87 6.21 484.98 233.10 23.84 1 710.56 4 353.86
2006 1 491.90 36.92 190.26 155.42 6.11 499.27 229.40 24.63 1 711.65 4 345.54
2007 147237 36.89 190.23 156.78 6.07 66.40 58.06 491 1711.82 3 703.52
2008 1 464.34 36.88 189.75 160.15 5.97 58.22 4.76 4.00 1712.24 3 636.31
2009 1 450.07 36.86 189.68 164.44 5.81 47.88 351 3.94 1712.32 361452
-1 1 565.03 36.96 190.33 128.19 6.26 352.80 159.33 17.36 1 706.45 4162.71
A AR LA 37.87% 0.87% 4.48% 2.86% 0.15% 8.62% 4.01% 0.41% 40.73% 100.00%
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Figure 3 The histogram chart of TN load
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Figure 4 The pie chart of TN load in 2000—2009
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Table 8 NH;=N load of non—point source in Fenghe River basin(t-a™)

e A _ - Hb I : Y& ‘ S .
B HiH bs: BB R KR 1 *
2000 232.50 4.93 25.40 9.48 0.91 63.62 24.10 2.71 225.36 589.00
2001 226.32 4.93 25.40 11.61 0.87 63.53 28.55 2.93 225.36 589.51
2002 228.12 4.93 25.36 11.17 0.86 64.64 29.11 3.05 226.28 593.52
2003 220.74 4.93 25.33 13.78 0.85 66.57 29.44 3.12 227.22 591.97
2004 201.02 4.92 25.32 15.46 0.83 64.66 30.42 3.14 227.54 562.32
2005 201.59 491 25.32 20.34 0.83 67.25 31.02 3.17 227.60 582.02
2006 198.51 491 2531 21.41 0.81 68.35 30.52 3.28 227.75 580.85
2007 195.91 491 2531 2232 0.81 8.83 7.73 0.65 227.77 494.24
2008 194.84 491 25.25 22.92 0.79 7.75 0.63 0.53 227.82 485.45
2009 192.94 4.90 25.24 23.64 0.77 6.37 0.47 0.53 227.83 482.69
AR 209.55 492 25.32 17.61 0.83 48.36 21.20 231 227.05 557.16
SAEYIEE 37.74% 0.85% 4.44% 2.86% 0.15% 8.59% 3.89% 0.42% 41.06% 100.00%
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Figure 6 The pie chart of NH;-N load in 2000—2009
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Figure 5 The histogram chart of NH;—-N load
0.15% . X COD ffar (1) BTk H BT o B3 IR RAE R G AN
N7 X = P TR HCRBR 20002001 4EHE BT B LS,
SNy g e 2001—2006 4EES I TR, Aot ik ik
GEUTEEY Do, PERSUR ETHIERE R, BORARBLETE. 2006—
T s ame 2009 4EIE, BRI R R SR TR RO T
i @RIE QT COD R T ARl A TTH
3 Bom—EAE FTE, A A TTXT COD 4 il s ik o 2
Bl A

B AL EAAKTE AT ETHIREARE
S A BT A R ARG , SO AT I BT LB A
COD fifur ™ H o Mride il P il 7 1R T5 HE , i
TIIE FEI N AR 7 IR AR — T, ANRE BRI
ARG R A S B BRI, J3 AN A A
v R 5 G it AR B AR

3 #ig

(1) R ] 2 5 B T 194 S0 8Bl , oz FH P-4

F 9 FEARIEAERIRE TP fafg=(t-a™)
Table 9 TP load of non—point source in Fenghe River basin(t-a™)

i A _ - Hb I i ‘ Sl -
B Hi s WRETIH AR KEE # *
2000 17.48 4.40 3.20 0.57 0.01 3.73 12.67 0.84 61.94 104.83
2001 16.01 4.40 3.20 0.70 0.01 3.72 15.01 0.90 61.94 101.85
2002 17.15 4.40 3.19 0.67 0.01 3.79 15.31 0.94 62.19 107.60
2003 16.59 4.39 3.19 0.83 0.01 3.90 15.48 0.96 62.45 113.76
2004 15.66 439 3.19 1.08 0.01 3.91 16.00 0.97 62.61 107.77
2005 15.48 4.38 3.19 1.13 0.01 3.94 16.31 0.98 63.16 113.54
2006 15.41 4.38 3.19 1.15 0.01 4.01 16.05 1.01 63.95 108.01
2007 15.38 4.38 3.19 1.16 0.01 0.52 4.06 0.20 64.06 92.92
2008 15.34 4.38 3.18 1.19 0.01 0.52 4.06 0.20 64.73 93.56
2009 15.29 437 3.18 1.21 0.01 0.52 4.06 0.20 65.48 94.27
AR 16.08 439 3.19 0.97 0.01 2.85 11.90 0.72 63.25 103.37
S 15.56% 4.24% 3.09% 0.94% 0.01% 2.76% 11.51% 0.70% 61.19% 100.00%
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Figure 8 The pie chart of TP load in 2000—2009
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TE 15% 4758, HARIITE 8% LI s NHI-N Y5 4L 1 faf
(AR R 22 9HE 14% LAIN 5 TP 5 G G4 BR AN 1 4F-40

ZER XSS Y R IR A T T b A
25 FH1:2000—2009 AFEH[A], AT TN NHi-N A
TP =JE SR T5 et for i B R B R R RS, (HEHF
H AL TR TR AT 5, Bh i TN NHG-N
TP JE IR B4 1Y A 34 5T Bk 4 i o 37.87%
37.74% 15.56% ; £ )b A\ 1% TN NH; =N 3J 5 J5 671 frf
HAEIS BTHR A 50R 40.73% 41.06% , 4 A\ F1 % TP
i) NSP 1 faf SRk K 61.19%, HUWN A6 4% H Ak
NE T G FnAgOMb N 1 A 1 T Gy i 42 i A B it . COD
PR A7 A 7 R BT RR R R R B A A 1T, R
PEE (LG4 90 BREE) B X COD 4R34 BTk 44y
T 47.28% 24.37%, Al N T NSP 4R34 5Tk A
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Table 10 COD load of non—point source in Fenghe River basin(t-a™)

e A _ R IR : i) : e i
B Ll S WREHM  RAAM R ¥ *

2000 731.86 145.37 472.38 117.05 222 17 822.00 10 693.48 584.30 7 584.14 38 152.80
2001 712.40 145.32 472.33 143.33 2.14 17 799.17 12 669.85 631.81 7 584.18 40 160.53
2002 718.09 145.29 471.57 137.96 2.09 18 110.11 12 916.78 657.34 7615.00 40 774.22
2003 694.85 145.20 470.98 170.19 2.07 18 648.63 13 063.05 673.17 7 646.85 41 784.99
2004 655.98 144.97 470.89 222.28 2.04 18 674.13 13 499.94 677.76 7 666.60 42 014.59
2005 648.39 144.82 470.82 232.96 2.02 18 838.92 13 762.08 684.65 773344 42 518.11
2006 645.51 144.77 470.73 237.30 1.99 19 14720 13 543.63 707.25 7 829.88 35 728.25
2007 644.22 144.67 470.65 239.54 1.98 2 474.94 3 427.98 140.95 7 843.79 15 388.72
2008 642.29 144.62 469.46 245.07 1.95 6 218.62 9 188.80 479.02 7 926.02 21 496.82
2009 640.39 144.54 469.30 248.51 1.89 6 218.62 9 188.80 479.02 8 017.57 22 166.61
Y 673.40 144.96 470.91 199.42 2.04 14 39523 11 195.44 571.53 7 744.75 35 397.67
AR EL ) 2.33% 0.32% 1.47% 0.40% 0.01% 47.28% 24.37% 1.84% 21.98% 100.00%
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