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Impact of rainfall-runoff on phosphorus export from an agriculture watershed in the hilly region of Yangtze—
Huaihe zone, China

LU Hai-ming', ZHANG Li*, WANG Niu', ZOU Ying'

(1. Nanjing Hydraulic Research Institute, State Key Laboratory of Hydrology—Water Resources and Hydraulic Engineering, Nanjing
210029, China; 2.Ewaters Environmental Science & Technology (Shanghai) Ltd, Shanghai 200233, China)

Abstract : Huashan watershed at the upstream of Chengxi Reservoir in Chuzhou City of Anhui Province was selected as the representative
agricultural watershed to study the impact of rainfall-runoff processes on watershed phosphorus export patterns in the hilly region of Yang-
tze—Huaihe transition zone with high water sampling frequency in three hydrological years. Results showed that total phosphorus (TP) con-
centration and load were almost synchronous with the occurrence of rainfall and runoff. 49% and 24% of the surface water samples exceed-
ed the third and fifth class of National Environmental Standards (GB 3838—2002), which mainly occurred in the rainfall- runoff processes
during the rainy seasons. The annual loads of TP per unit area in three hydrological years were 0.72 kg-hm™-a™, 0.91 kg-hm™-a™and 3.86
kg-hm™?-a™. TP load during the wet season and summer occupied 94% and 80% of the annual load respectively. TP load in the plum rain
season of 2013 and 2015 occupied 60% of annual load. TP load in the plum rain season of 2014 was only 11% of the annual load, while,
22% of the annual load was exported during the rainfall-runoff caused by the typhoon "Madham" during July 23-25. 50% of annual TP
load was exported through direct runoff, which occupied 30% of the annual runoff in 5 to 10 storm runoff events. TP load estimation model
could be established based on daily flow. Storm runoff caused by the plum rain and typhoon rain was the main driving force of phosphorus
export from Huashan watershed in the hilly region of Yangtze—Huaihe zone.
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Figure 1 Sketch map of Huashan watershed
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Figure 2 Mean precipitation within Huashan watershed and the variation of flow and TP concentration at the outlet during the study period
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Figure 3 Variation of monthly precipitation, runoff depth and TP load during the period between September, 2012 to November, 2015
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Table 1 Precipitation, runoff depth, direct runoff depth and total phosphorus load during various temporal scales
Fokikmm  (5H/%  BREEmm S BEEERRmo SH/%  BEEfaike A%
TR AR 2013 1.000.5 359.9 149.9 5776.3
2014 1105.3 518.6 222.3 72785
2015 1349.5 889.2 399.3 30 899.1
WIS R 269.6 27 105.53 29 23.5 16 298.7 5
W 730.8 73 254.34 71 126.4 84 5477.6 95
EENIN i 326.2 30 113.87 22 33.6 15 470.2 6
bR ] 779.1 70 404.76 78 188.6 85 6 808.2 94
AT 307.2 22 182.67 20 48.6 12 2082.4 7
i 1065.1 78 720.93 80 352.4 88 29 204.3 93
ES) Bz 131.2 14 67.5 18 17.25 11 2094.9 27
R 142.2 15 48.4 13 13.14 9 114.0 1
HE 176.4 19 52.0 14 13.20 9 393.1 5
H7 478.3 52 212.0 56 110.54 72 5036.0 66
Tz 177.5 16 47.4 10 11.20 5 251.5 4
A7 129.2 11 323 7 8.80 4 89.1 1
T 223.0 20 82.8 18 29.76 14 389.3 6
FES 604.0 53 309.5 66 157.37 76 5286.1 88
hE 227.1 16 122.1 13 38.38 9 1621.2 5
A7 58.1 4 54.2 6 7.88 2 481.6 2
Fe=s 213.7 15 99.9 11 30.99 7 1897.1 6
FES 882.9 64 659.9 70 341.73 82 27 159.9 87
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Note: Values in the rainy season and non—rainy season as four seasons are sequenced by time.
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Figure 4 Variation of daily precipitation, runoff depth and TP load during the period between September, 2012 and November, 2015
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Table 2 Precipitation, runoff depth and total phosphorus load during the plum rain season and typhoon period

IR AR FRF 1] (iR [ K i /mm it /% W /mm i /% ST kg i /%
2013 6.19~7.8 AEF 290.8 29 125.7 35 3392.21 59
2014 6.25~7.6 AR 114.2 10 28.1 5 804.81 11

7.23~7.25 B AR 130.0 12 67.8 13 1574.77 22
2015 6.16~7.25 AR 673.9 50 479.7 54 19 156.36 62
NS A R
46%
68%

Es5 203 EMEEEMK BEEERE EECRAHAMATLISENESIL(BERTHEEN RERXTETNESEH)
Figure 5 Percentage of duration, direct runoff and TP load exported through direct runoff within those storm runoff events to

annual ones in the year of 2013 (white part indicates storm runoff events, grey part indicates those not being storm runoff events )
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Figure 6 Percentage of duration, direct runoff and TP load exported through direct runoff within those storm runoff events to

annual ones in the year of 2014 (white part indicates storm runoff events, grey part indicates those not being storm runoff events )
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Table 3 Comparison of annual TP load per unit area between Huashan watershed and other watersheds

WFFEIX IR, TAB/hm? F2 A R A TP ik i fif kg hm ™ a”! SCik
YLV TR PN I 46.2 IR Hb AR A 1 [20]
T T B 380 ) 320/ T 9~5212 QAN IR 1> AR I 0.36~2.22 [6]

F ) 0 X 2% R YR N R 144.4 R FNAR 0.29 [19]

% [ VA W Etowah ]| 37 18 2.4~44 94N IR - T ek 0.025~3.17 [21]

S A G T Ertowah b 77 3% 2.4~44 3 ARG 0.01~ 0.1 [21]

[H R4S 43RS Atwood Bog 2.12 SRR Y 1.47~3.34 [22]

ESEF RIS S ki 1.0~18.6 A7 Mk 0.72+0.56 (7. 32)2447i ),0.510.85 (ML F AL ) [23]

VUYL AL Corbeira Jii ik 1600 L B RN 0.115 [24]
Eg Cepialibe:y 8013 Mt AN b 0.72~3.86 ABFFEEE R




2172

URIEIRCX ity 53855 9H

4000

3000 [

2000 [

Vi T kg

1m

H

1000 -

40001

(@]

3000

20001

T 071 fuf kg

e

H

1000

80

H V-85 it /m® e 5™

0 50 100

150 200 250

A 3 H S2E K /mm
R LR RIS R BRI R IACIE S 4 )5 (LOESS ) 44

Linear fitting method is used in the upper figure, with LOESS in the below one

7 i EEHRE A3 B RRBEKENE BB AEEXXER

Figure 7 Relationship between daily average flow, accumulated antecedent precipitation with three days and daily total phosphorus export

WAL A AR e . FRER T R
HBIX )32 53 A1 9 K I [R) AR R LA /b W A e 2% 11
Ao P ARSI 5, AL ) SR S A% SR 1 T LA
BRI AR T S 5 R 5 B ) 5, )9
i i R R AT RCRA R

4 it

(D) AE LI AR I A B T B S5 B RN AR T 7R
A ad R B AR (W] 25 iR 9 J 1] 00 345 499% 1 24% (1)
TR 2ok b R K P 0T A (G B 3838—2002) M
ANV bRk B8, 242 h e . 2013—2015
AN IK A L I S A 1 AR I A 4
124 0.72.0.91 kg-hm™-a™' #13.86 kg-hm?+a™',

(2) VR (5—9 J1 ) Bii i i 6747 o 4 41 09 LG f51)
ML 90% . 2013—2015 =AN/K SCAE B 245 i i 25
R AR 5 A AE T A 3 301 R 66% (88% F1 87 %
T A 1L I Sl 7 A i 1 TR I, A2 B KU
TV o5 1 ek T A28 I o 8 A0 2 A 3l 2R i s EE R
2013 4FF1 2015 4F A F9 B 01 G Rt a1 07 167 o 4 4 97 A
2 60%,2014 457 5 K22 PRI 52 ), — UK 2 R 2o 7%

W R i 1 B0 o5 A AR AT B 22%

(3) 78 L1 3t 3B 45 E 109% R B R P & A= 1 5~10
YRRR P 2ot R e S 24 30% 1 T He AR I S A T R
W 5017 240 7 A AR BT 1 50% 0 It 38 3R i L 67 £
AR B B R A, T HL 75 25838 K R Es

I N A DR EFFISR AL K I 38 SR K
7 Ul AR AL A AR R SR A

&% ik

[1] Church C D, Veith T L, Folmar G J, et al. Department of agriculture ag-
ricultural research service mahantango creek watershed, Pennsylvania,
United States: Long—term water quality database[]J]. Water Resources
Research, 2011, 47(8) :102-105.

[2] Heathwaite A, Dils R. Characterizing phosphorus loss in surface and
subsurface hydrological pathways|J]. Science of the Total Environment,
2000, 251:523-538.

[3] 2, W L, 8 SCEE, A5 AN [a) RUBE VA bt R A2 I 2 v B L

0. ARLE, 2006, 18(4) :377-386.
LI Heng—peng, YANG Gui-shan, HUANG Wen-yu, et al. Comparison
of nitrogen and phosphorus concentration of runoff from different spa-
tial scale watersheds[J]. Journal of Lake Science, 2006, 18 (4) : 377—
386.



201949 H

Wl T B, 265 « o R A U X VT o DX I sl 2 i 4 S B 5 2173

[4] VL, X852, TR BE, A5 . =R DX RN il RO I % R[],

FEERLEEAR, 2007, 27(2) :326-331.
XU Qi-gong, LIU Hong-liang, SHEN Zhen-yao, et al. Characteristics
on nitrogen and phosphorus losses in the typical small watershed of the
Three Gorges Reservoir arealJ]. Acta Scientiae Circumstantiae, 2007, 27
(2):326-331.

[S] Mckee L, Eyre B, Hossain S. Intra— and interannual export of nitrogen
and phosphorus in the subtropical Richmond River catchment, Austra-
lia[J]. Hydrological Processes, 2000, 14(10) : 1787-1809.

[6] Meng C, LiY Y, Wang Y, et al. TMDL for phosphorus and contributing
factors in subtropical watersheds of southern ChinalJ]. Environmental
Monitoring and Assessment, 2015, 187(8) :965-1022.

[7] Rosenberg B D, Schroth A W. Coupling of reactive riverine phosphorus
and iron species during hot transport moments: Impacts of land cover
and seasonality[J]. Biogeochemistry, 2017, 132(1/2) : 103-122.

[8] Royer T V, David M B, Gentry L. E. Timing of riverine export of nitrate
and phosphorus from agricultural watersheds in Illinois: Implications
for reducing nutrient loading to the Mississippi River[J]. Environmental
Science & Technology, 2006, 40(13) :4126-4131.

[9] Wei L, Cheng X, Cai Y. Nutrient export via overland flow from a culti-
vated field of an Ultisol in southern Chinall]]. Hydrological Processes,
2013, 27(3) :421-432.

[10] Gao Y, Zhu B, Yu G R, et al. Coupled effects of biogeochemical and
hydrological processes on C, N, and P export during extreme rainfall
events in a purple soil watershed in southwestern China[J]. Journal of
Hydrology, 2014, 511:692-702.

[11] 25 2%, gk, X T, 45 . RS2l o b DX i Xl AJE £

P55 e ) I 4t A2 I % 1Y S A D). BRBE L2, 2010, 31(5) -
1220-1226.
LI Rui-ling, ZHANG Yong—chun, LIU Zhuang, et al. Rainfall intensi-
ty effects on nutrients transport in surface runoff from farmlands in
gentle slope hilly area of Taihu Lake Basin[J]. Environmental Science,
2010, 31(5) : 1220-1226.

[12] Blanc A C, Nadaoka K, Yamanoto T, et al. Dynamic evolution of nutri-
ent discharge under stormflow and baseflow conditions in a coastal ag-
ricultural watershed in Ishigaki Island, Okinawa, Japan|J]. Hydrologi-
cal Processes, 2010, 24(18) :2601-2616.

[13] Ebina J, Tsutsui T, Shirai T. Simultaneous determination of total nitro-
gen and total phosphorus in water using peroxodisulfate oxidate[J].
Water Research, 1983, 17:1721-1726.

[14] Eckhardt K. How to construct recursive digital filters for baseflow sep-
aration[J]. Hydrological Processes, 2005, 19(2) :507-515

(513 Bi, R B, FERR S5 5800 e IR/ g B T AR R

BT R 2 S am h ()], KR4, 2009, 39(6) :659-666.

JIANG Rui, ZHU Bo, TANG Jia-liang, et al. Transportation processes
and loss fluxes of nitrogen and phosphorous through storm runoff in a
typical small watershed in hilly area of purple soil[J]. Journal of Hy-
draulic Engineering, 2009, 39(6) :659-666.

[16] Arthur J H, Elrick, K A, Smith, J J, et al. The effects of Hurricane
Irene and Tropical Storm Lee on the bed sediment geochemistry of US
Atlantic coastal rivers[]]. Hydrological Processes, 2014, 28(3): 1250—
1259.

[17] Hirsch R M. Flux of nitrogen, phosphorus, and suspended sediment
from the Susquehanna River Basin to the Chesapeake Bay during
Tropical Storm Lee, September 2011, as an indicator of the effects of
reservoir sedimentation on water quality[R]. USA:U.S. Department of
the Interior, 2012.

[18] Zhu Q, Schmidt J P, Bryant R B. Hot moments and hot spots of nutri-
ent losses from a mixed land use watershed[J]. Journal of Hydrology,
2012, 414:393-404.

[19] Godsey S E, Kirchner ] W, Clow D W. Concentration—discharge rela-
tionships reflect chemostatic characteristics of US catchments[J]. Hy-
drological Processes, 2009, 23(13):1844-1864.

[20] Musolff A, Fleckenstein J] H, Rao P S C, et al. Emergent archetype
patterns of coupled hydrologic and biogeochemical responses in catch-
ments|J]. Geophysical Research Letters, 2017, 44(9):4143-4151.

[21] Thompson S E, Basu N B, Lascurain J R ], et al. Relative dominance
of hydrologic versus biogeochemical factors on solute export across im-
pact gradients|J]. Water Resources Research, 2011, 47 (10) : 1029-
1034.

[22] Wan Y S, Wan L, Li Y C, et al. Decadal and seasonal trends of nutri-
ent concentration and export from highly managed coastal catchments
[J]. Water Research, 2017, 115:180-194.

[23] Herndon E M, Dere A L, Sullivan P L, et al. Landscape heterogeneity
drives contrasting concentration—discharge relationships in shale
headwater catchments[]|. Hydrology and Earth System Science, 2015,
19(8):3333-3347.

[24] Strohmeier S, Knorr K H, Reichert M, et al. Concentrations and fluxes
of dissolved organic carbon in runoff from a forested catchment: In-
sights from high frequency measurements[J]. Biogeosciences, 2013, 10
(2):905-916.

[25] Sun X X, Liang X Q, Zhang F, et al. A GIS-based upscaling estima-
tion of nutrient runoff losses from rice paddy fields to a regional level
[J1. Journal of Environmental Quality, 2016, 45(6) : 1865-1873.

[26] Yub C Q, Shan B Q. Multipond systems: A sustainable way to control
diffuse phosphorus pollution[J]. Ambio, 2001, 30(6) :369-375.



