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Abstract: The daily rainfall data from 27 meteorological stations in the Shaanxi section of the
Hanjiang River Basin, runoff and water quality data from Ankang hydrologic station, and statis-
tical yearbook data from each district and county in 2017 are collected. The methods for wavelet
analysis, runoff segmentation, output coefficient and equivalent standard pollution load are used
to analyze the rainfall cycle and spatial distribution, non-point source pollution load flux quantifi-
cation, and the spatial distribution characteristics of agricultural source pollution load. The re-
sults show that the rainfall has a main period of 27 a, and that the spatial distribution trends of
rainfall and rainfall intensity are inconsistent, but the high value centers are located in Zhenba
County. From 2011 to 2017, the hydrological frequency of the basin above the Ankang Hydrolog-
ical Station of Hanjiang River is between 5% and 97%. The multi-year average fluxes of non-
point source pollutants TN, TP, COD and NH;-N are 4 260.1 t, 351.8 t, 86 700 t and 1 987. 6
t, respectively, with their proportions between 41. 4% and 86.7%. The spatial distribution of e-
quivalent standard pollution load has a strong consistency. The main source of TN pollution is
from agricultural land. The main source of TP and NH;-N pollution is from livestock and poultry
breeding, and the COD pollution from rural life. In the future, the non-point source pollution
control in the Shaanxi section of the Hanjiang River Basin should formulate a local scheme based

on the pollution situation of each district and county in minimizing source pollution.
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Fig. 1 Schematic diagram of Shaanxi section of

Hanjiang River Basin
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Fig. 2 Analysis chart of rainfall cycle in Shaanxi

section of Hanjiang River Basin
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Fig.3 Spatial distribution of rainfall and rainfall intensity

in Shaanxi section of Hanjiang River Basin
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Tab.1 Statistical table for runoff and weighted concentration in different water periods of the
basin above the Ankang Hydrological Station of Hanjiang River in 2011—2017
4 1 2011 2012 2013 2014 2015 2016 2017
KICHR P/ % 97 66 47 50 30 5 59
R/ (10°m®) 211.63 122.45 107. 10 89. 54 67.10 42,27 69.76
" NH;-N 0.148 0.226 0.212 0.168 0.207 0.102 0.079
7k TP 0.048 0.032 0. 045 0.024 0.017 0.022 0.01
W OWE/(mg - LD
TN — — 0.371 0.429 0.453 — 1.314
COD — — 5. 848 5.528 10.198 10. 041 11.432
ZE /(105 m®) 72.73 41.03 36. 25 54.08 55.01 31. 86 72.52
¥ NH;-N 0.113 0.207 0.159 0.173 0.263 0.161 0.131
7K TP 0.054 0.034 0.041 0.025 0.026 0.021 0.042
W WA/ (mg - L7
TN 0.530 0.415 0. 431 — — — —
COD — — 7.798 11.052 11.043 11. 261 11. 040
i/ (10°m®) 18. 82 21.37 11.76 13.53 9.10 7.03 6.18
" NH;-N 0.118 0.147 0.228 0.168 0.194 0.188 0.110
(u]
7K TP 0.047 0.042 0.039 0.028 0.018 0.023 0. 024
W OWwE/(mg- L)
TN — — 0. 381 0.426 0. 424 — —
COD — — 8.576 9.959 9.459 10. 000 8.906

N 1 0] DL L 22 BRE K SO AF A8 I B 4 PR 43
A, BAR R TE 2011 4E 73K 303, 18 X 10° m®,
fHFE 2016 4EAL A 81. 16 X 10° m® , 7K SCHF 443 [l 7
3%~97% Z H), W E T ORFE K SCAE, M 2, TN,
TP, COD, NH;-N 75 Q¢ ¥ Z 4 7 ¥ 3@ & 53 5 A
6 140.5 t.528.6 t,12.24 JT t M2 792.4 t, SHIFZL
AR 175 Y A7 ar BT R 4R AR N R B/ MR COD>
TN>NH,;-N>TP, 4k S5 4% TN, TP.COD,
NH,-N & & 78 2011—2017 4F (49 ¥ {8 4% 3 K.
4 260.1 1,351, 8 t.8. 67 J7 t Fll 1 987. 6 t, H: 5Tk L 7E
A1, 4%6~86. 7Y% Z 0] . AR W AR 22 AF AR s R B A
FEIS(E IR 6026, B T TP (5 kb 64 %040, Hdy =M hn s
K 6990 AN INAEG R s 55 YL 671 faf TR 7 FLABIA ] 8026
PRI e HUR: 2017 4EA9 NH,-N FI COD M54,

M JUAT [ B PG 48 A 25 P 858 77 /K B 53 It 45040
Sy AT AT e BT I 3 e 7 B3 2 0 T 7K 5 59 o )
MK TILIIT 2R AR UE, AR s TS e B0 ff A B4R T
EF Y SR N (EE I/ R A TR
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Tab. 2 Results of pollution load segmentation of the basin above the

Ankang Hydrological Station of Hanjiang River in 2011—2017

4 1y 2011 2012 2013 2014 2015 2016 2017 e
NH,-N 1176 3930. 8 3115 2667.2 3012.3 1076.3  1569.1 2792.4
TP 1453.4 612.9 690. 9 382.6 224 179. 3 157.1 528.6
ko TN — — 5766.3  6737.7  5917.4 - — 6 140.5
COD — — 100 985 122742 137784 85351 165 315.6 122 435.4
NH;-N 74 104.7 89. 4 75. 8 58.9 44.1 22.1 67
TP 22.5 29.9 15.3 12.6 5.5 5.4 4.9 13.7
L,(t)
TN — — 149. 4 192.1 128.6 — — 156.7
COD — — 3361.8  4491.5 2869.2  2343.3  1834.6 2 980. 1
NH,-N  888.3 1256.6  1072.5 909. 2 706. 2 528.7 271.9 804. 8
TP 353. 8 359 183. 5 151. 5 65.5 64.5 59.3 176. 7
F (0 TN — — 1792.2  2305.5 1543.4 — — 1880.4
COD - - 40 341.5 53898.1 34430.8 28120  22015.6  35761.2
NH;-N 3287.8 2674.3 2042.5 1757.9  2306.1 547.6 1297.2 1987.6
TP 1099.6 253.9 507.5 231 158.5 114.6 97.8 351.8
Fato TN — — 3974.1  4432.2  4374.1 — — 4 260. 1
COD — — 60 643.7 68 843.4 103 353.1 57 230.9 143 300 86 674.2
NH,-N  78.7 68 65. 6 65. 9 76. 6 50. 9 82.7 69. 8
AR TP 75.7 41.4 73.5 60. 4 70. 8 63.9 62.2 64
Ao/ % TN — — 68.9 65.8 73.9 — — 69.5
COD — — 60. 1 56.1 75 67. 1 86.7 69
3 DLILVE BB P BEAS 7 5 4 0 6 1 3R
Tab. 3 Export coefficients for different pollution sources in Shaanxi section of the Hanjiang River Basin
= g Al i/ (kg « hm * < a ") EEFM/ (kg k tea D) AR TR Y/
L M 3 el b 4 * K& (kg+ N7 ea
TN 30.94  3.27 1.58 14.3 0. 10. 21 0.4 0.04 14
TP 0.77 0.13 0.4 1.4 0. 0.17 0.04 0.008 0.17
NH;-N 3.21 0.34  0.68 1.5 1. 3.79 0.41 0. 004 .9
COD 18 9.1 6.2 10 4.5 19. 84 0.71 0.2 16.4
2.3.1  HREWIIE LA L 30 e AT R A B 2.3.2  SEBRTS YA A [E] S A RRE

I i 5 2R R A o T T D b i Bl
JEAE SIS Y TNLTP.COD . NH,-N fy 7 fiif £ 43
Bk 3,79 03 £,0.20 J5 t.12.2 J7 t.1.25 Ji t,7EIX
TSk B PG B A b VR V5 Ye o vh o H ik 60 %0 2 A
B 2.2 T A DO S8 2 W If DA IR A RS
YA a8 A5 A JR T Y 7 AR A R L2 Ak
JETG YY) TN TP,COD,NH,-N ) A ] & %, 43 3
4 0.11.0.18.0.71 A1 0. 16,

5B ArcGIS 8, 45 & 3% 4 B 55 bris e 1 fi
VS I DUTT BB v B AT B0IX R 2 p L O
43R 5 FG YL 2 T 2017 4E4SIX B TN TP,
COD Fll NH,-N B 55 b5 15 Yo G far 25 0] 43 A 1] WL 4,
SRR UG Y 0 A 1 25 ) A B — B BRI B R
Al A= TR B S IR & IR AT A T AR 1 M X
FEL R3S bR ¥ Yt for, )2 IRER . o 45l
bR T5 Y B f7 o1 kR N K BN HE R Ry BT
(39.50 %) > i i (39. 49 %) >R & (22. 02%) .
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Tab. 4 Estimation table for different pollutants load estimation in each district and county
i R BOEE /1 bR Y AL/ (10° m®)

. TN TP COD NH;-N TN TP COD NH;-N
RE 264. 89 11. 04 773. 46 46. 31 0.530 0.110 0.052 0.093
KA 645. 82 27.98 1 758. 86 92.74 1. 292 0.280 0.117 0.185
xR 98. 18 5.97 472. 83 27.83 0.196 0. 060 0.032 0. 056
W 1 715.05 103. 83 6 255. 04 597.63 3.430 1.038 0.417 1.195
W BH 2L 590. 10 32.34 1951.16 150. 58 1. 180 0.323 0.130 0.301
TR B 1.035.02 52. 42 3 450. 22 338.71 2. 070 0. 524 0.230 0.677
o 3 145. 86 171.18 9 958.17 1 142. 42 6.292 1.712 0. 664 2.285
[FERUIEES 863. 56 40.10 2 729,31 177.55 1.727 0.401 0.182 0. 355
FE B E 2 449.13 99. 38 4 686. 69 649.58 4. 898 0.994 0.312 1. 299
g ] 3932.07 214.58 13 106.67 1 420,60 7.864 2. 146 0. 874 2. 841
R 4 452.82 206. 89 13 022.89  1429.11 8.906 2. 069 0. 868 2. 858
fhbr B 570.70 26. 92 1739. 04 111.89 1. 141 0. 269 0.116 0.224
[R50 3 652.06 188. 41 10 964.91 1 329.89 7.304 1.884 0. 731 2. 660
MR 1 339.82 68. 66 4 645.19 451,45 2. 680 0. 687 0.310 0.903
LR 5597.66 299.13 19 455.18 1 889.89 11.195 2.991 1.297 3. 780
W& 2292.28 127. 39 8 262.74 911.56 4,585 1.274 0.551 1. 823
HRE 1831.77 89. 62 5 987,22 607.68 3.664 0. 896 0. 399 1.215
TR 1583.77 70. 62 4723.20 273.08 3. 168 0. 706 0.315 0.546
HIHE 2 282.21 138.93 8 351. 60 877.27 4.564 1. 389 0.557 1. 755
KB 1403.16 92.01 5 081. 74 496. 98 2.806 0.920 0.339 0.994
-] E 2 027.77 125. 43 7 620. 51 792. 46 4.056 1.254 0.508 1.585
AR 56. 74 3.91 213.10 24, 68 0.113 0. 039 0.014 0. 049
I BH B 4 590. 26 225. 85 16 468.76 1 603.87 9.181 2.258 1.098 3.208
[ERTIN=Y 1309.43 78.51 5 307. 88 479. 35 2.619 0.785 0.354 0.959
FEK B 1 466. 86 73.10 4763.21 385. 90 2.934 0.731 0.318 0.772
R 2 383. 84 102. 62 6 638.23 479.74 4.768 1.026 0.443 0.959
IIRIER=Y 2 642.81 145. 93 8 716.98 819. 38 5. 286 1. 459 0.581 1. 639
[l RES 1 803. 86 101. 58 6 588. 65 613. 20 3.608 1.016 0.439 1.226
PR 2171.76 155. 98 8 703. 86 786. 08 4. 344 1. 560 0.580 1.572
i 2 323.13 112. 32 7 483.15 574,04 4. 646 1.123 0.499 1.148
gy 210. 85 11.10 736. 09 73.52 0.422 0.111 0.049 0.147
& it 60 733.25  3203.71 200 616.55 19 654.97 121. 47 32. 04 13. 38 39.31

Hi I 4 AT, 25 75 G 48 bn 55 b 15 Je 04T /9 e ok
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BRIk KA A BE T JH 0 7 85 57 B B AN [ 7
JE MR T AR SR TS G o SRS DX AR Y T ) T

BN AHF & R0 AR N H A Bkt R, PR R A
TS Qe i STRR R WA . AR J2 TTRRRAE 3. 50 /8
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B, /I TR A B0l DX BEAE AP BT 2L | 3% pg LU L
BN 1%,
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Fig. 4 Distribution of equivalent standard pollution load in each district and county
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Fig.5 Contribution rate of equivalent standard pollution

load of different pollution sources
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