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Abstract: In semi-arid and semi-humid areas the occurrence of non-point source nutrient pollution is mainly driven by rainfallqunoff
events and nutrient loss under rainfall events determines annual total pollution load. Therefore research on riverine nutrient dynamics
under rainfallsunoff events in flood seasons is critical for simulating and controlling pollution load in semi-arid and semi-humid areas.
The Chaohe River watershed upstream watershed of Miyun Reservoir in Beijing was considered as study area water quantity and
quality of rainfall-runoff process at Gubeikou and Xiahui stations were monitored synchronously in flood seasons in 2018 and 2019. The

E2 and E3)

and the corresponding discharge and pollutant concentrations were the highest. (2) Under different rainfall events

results indicated the following: (D Among the three rainfall events ( El E1 had the highest precipitation and rainfall
the

ammonia

intensity
pollutant concentrations and their variations were different. The variations of concentrations of total nitrogen ( TN)
(NH, N) nitrate (NO; N) total phosphorus ( TP)
the heavy rainstorm event ( E1) and the rainstorm event ( E3) . The concentrations of total nitrogen ( TN) total
phosphorus ( TP) but the
variations of nitrate ( NO; -N) concentrations were opposite to those in the discharge process. (3 The concentrations and variations of
the

concentrations of particulate pollutants varied significantly being positively correlated with that of total suspended solids ( TSS) . For

and total suspended solids ( TSS) were similar to the discharge process under
ammonia ( NH,” N)
and total suspended solids ( TSS) were similar to the discharge process under the heavy rain events ( E2)
different forms of pollutants were different under different rainfall events. Under the event of strong rainfall erosion ( E1 and E2)
the rainfall event that did not cause soil erosion ( E3) the forms of nitrogen and phosphorus were dominated by total dissolved nitrogen
( TDN) and total dissolved phosphorus ( TDP) respectively whose variations were mainly related to discharge. @ The discharge and
pollutant concentrations at each station varied under different rainfall events. Heavy rainfall erosion was more obvious at Gubeikou
station causing significant variations in discharge TP and TSS. Therefore these results can be used to determine migration patterns
of non-point source pollutants caused by rainfallunoff events and provide references for water quality prediction and control in flood
seasons.

Key words: Chaohe River watershed; rainfallqunoff events, non-point source pollution; pollution load; pollutant dynamics

1 2020-09-18; 1 2020-12-17
: ( 2016 YFD0201206
2019YFB2102901 2019YFB2102902)
2 : (1994 ~)
E-mail: xinbao_st@ rcees. ac. cn
* E-mail: yanjiang@ rcees. ac. cn



3317

( EMCs)

5~10

11 12

13 14

15~18

20 ~24

1.1

40°27° ~ 41°32°
116°17° ~117°12°

30% .
490 mm
6~9
1.8 m’.
N 98 %
]:[ N ]]I
N 3
4701 km®
5 340
km?.
1.2
2018 2019
2h 30 min
3h
2
(1.
1.3
500 mL
4°C .
( TN) . (TP) . ( TDN) .

(TDP) .  (NO;N). (NH/N)
(TSS) .



3318 "
26
W= W, - W,
< ¢ tey Qi+ 0
W, = 12:,1 > X > x At,
Wp = ¢y X Qy x At;
i=n-1
2 Q QH—I Atl
1 w (kg) W,
Fig. 1 Location of study catchment and monitoring point ( kg) WB ( kg) ¢; i
TN  TDN (mg-l.7) ¢, i (m'es™") Ay
i+ g
( HJ 636-2012) : TP P (s) o
TDP ((GB 11893-89) ; (;ng'L ) @ (m’es™") 94
NO; N (HJ/T 346-2007); (™) EMCs( mg-L™")
NH; N ( HJ 535-2009) ; ) EMCs = W, /0
TSS ( GB 11901-89) . ( hysteresis)
1.4

( https: //data. cma. cn/) ;

( API)

. API »

RSD = x100% = x 100%

R\‘C/;)

S SD x
EMCs

( hysteresis loop)

27

( hysteresis index HI) .

Normalised Q, = i = Quin
Qnmx - Qmin
c. —C._.
Normalised ¢, = ———
cmax - cmin
Q; ¢ L (m'es™")
( mg.L_l) Qmax Qmin
( m3 °s _l) Cmax Cmin
(mgeL™").
HI
1 1
= ;2 HI-Q, = ;2 (epQi = Q)
ey Q;
cp ;i
5% . HI -1~1



7 3319
. HI 2 3
; 1 El
E2 3
E3 E2
Spearman o 0.01 3
SPSS 22. 0 .
5 . El
( ) .
2.1 3
3 274
1. 24h 2018 m’es™' 230 m’es ', E3( )
El k2 2019 E3 API E2( ) E3 E2.
1
Table 1 ~ Characteristics of rainfall and discharge
/h Jm?es !
( - -) /mm /mmeh~! API /h
El 20180724 127.6 24.1 71 17 37 37 274.0 230.0
E2 2018-08-11 76. 4 21.2 20 24 108 181 47.2 42.9
E3 2019-08-06 103. 8 21.3 28 26 208 196 20. 4 13.4
2 3
Fig. 2 Hourly rainfall depths for three evaluated rainfall events
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Table 2 RSD of discharge and nutrient concentrations in response to the storm events
TN TDN NH,' N NO; N TP TDP TSS
El 0. 54 0.12 0. 05 0. 46 0.07 0.96 0.10 0.98
0. 46 0.14 0.07 0. 40 0. 08 0.82 0.17 0.88
0 0.79 0. 05 0.09 0.69 0.09 1.74 0.28 1.74
0.56 0.09 0.10 0.78 0.12 0.73 0.34 0.90
3 0.33 0.24 0.24 0.13 0.24 0.21 0. 40 0.26
0.51 0. 40 0.42 0.41 0. 44 0.28 0.28 0.77
0.53 0.17 0.16 0.48 0.17 0.79 0.26 0.92
4 TDP

TSS

TSS (P<
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Fig. 4 Temporal changes in nutrient concentrations and discharge during different rainfall events at Gubeikou station
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Fig. 5 Temporal changes in nutrient concentrations and discharge during different rainfall events at Xiahui station
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3
Fig. 6 Comparison of nutrients concentrations in flood season at Gubeikou station and Xiahui station
3 EMCs
Table 3 EMCs and ratio of pollution loads in response to storm events
TN TDN NHS N NO; N TP TDP TSS
Fl 14. 38 11.38 0.51 10. 44 11.98 0. 06 3443.78
12.73 10. 86 0.45 9.81 4.18 0. 06 1 098. 68
EMCs/mgeLL"! B0 14. 60 12. 18 0.49 10. 77 1.07 0.03 294.21
11.30 10. 31 0.56 8.84 0.18 0.04 42.92
B0 8.39 8.19 0.13 7.92 0.47 0.29 26. 68
6.43 6.02 0. 10 5.79 0.36 0.28 3.36
1 1.12 0.89 2.83 0.388 18.72 0. 86 23.59
0.93 0.91 1.45 0.92 4.06 1.00 6.00
EMCs/ 0 0.99 0.92 3.27 1. 00 11. 89 1.50 14. 47
1.26 1.34 1.44 1.40 0.95 2.00 1.21
3 1. 64 1.64 1.18 1.63 1.38 1.53 1.27
2.22 2.41 3.33 2.61 0.82 0.85 1.68
El 59.5 49.2 83.8 48.4 97.6 42.0 98.1
55.7 55.2 72.4 55.3 89.9 57.2 93.2
/ 1% 0 69.0 66.7 90.7 69.3 97.5 82.0 97.9
81.5 82.6 83.9 83.3 75.7 89.8 80.8
3 60.7 60. 8 45.5 60. 6 53.2 57.9 49.0
88.4 89.3 92.4 90.2 68.9 69.4 84.7
30 E2 API
1 El TSS E3  E2
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Table 4 Spearman correlation coefficients between nutrient concentrations and discharge TSS
TSS
TN TDN NH; N NO; N TP TDP TSS TN TDN NH; N NO;y N TP TDP
El  0.525 -0.415 0.8%6™ -0.428 0945  0.369 0957 0.515 -0.400  0.822 -0.418 0.984* 0.437
E2 0.148  0.015 0.942% -0.517  0.880™  0.805* 0.891* 0.249 -0.033  0.918™ -0.363 0.982** 0.790**
B3 0.897™ 0.929™ 0.561 0.940*  0.667** 0.017 =-0.119 -0.155 -0.222 -0.198 -0.146 0.401 0.139
El 0317 0.1 0.276 0.300  0.600 0.600 0.550  0.700 0.678  0.762 0.650  0.983™  0.983*
E2  -0.311 -0.190  0.49% -0.332 0.617™  0.745™ 0.665™ -0.402 -0.156  0.682™ -0.397 0.948™ 0.786**
E3  0.560* 0.493** 0.871%  0.522* -0.176  -0.185  0.218  0.045 -0.033  0.234  -0.049 0.004  0.033
0.622° 0.618™ 0.763™  0.626™ 0.459™ -0.035  0.726™ 0.723™ 0.727° 0.747°  0.715™ 0.445* -0.200
1) s P <0.01
E2
E3 7 .E3 TP NO; N
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( HI = -0. 10)
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3.2
Du 25
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Fig. 7 Hysteresis patterns of nutrient concentrations and discharge at Gubeikou station
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