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Fig. 1 Location of the study area and sampling sites
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Table 1 Main parameters of SWMM

P TSP K RS Pt SR ] LUTIESA UUTIEERS
e (COD/NH;-N/TP) (COD/NH,-N/TP) (COD/NH,-N/TP) (COD/NH,-N/TP)
M 5.715/0.32/0.3 0.4/0.4/0.4 2.639/0.27/0.01 0.102/1.13/1.6

2 0.187/0.22/0.3 0.4/0.4/0.4 0.015/0.12/0.006 1.2/1.13/1.2
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Table 2 Validation of hydrodynamics and quality (%)
KB T3 S5 A TR K JBTRAIE L COD 2 NH.-N %2 TPiR2

1# -10.63 S1 -11 -11 7

2# 11.30 S2 9 19 -18
3# 7.92 S3 6 12 -17
4# 4.48 S4 -12 -17 -15
S# 8.45 S5 8 14 -15
6# 5.18 — — — —
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Fig. 3 Ratio of pollution in rainy season in Shenzhen Bay Basin
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Fig. 4 Temporal characteristics of non-point pollution and its relationship with rainfall in Shenzhen Bay Basin
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Fig. 5 Spatial characteristics of non-point source and sewer
overflow pollution in Shenzhen Bay Basin
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Fig. 6 Variation characteristics of quality of rainstorm of
"11.25" in Shenzhen River Estuary
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#3 FITRE “11.25" BEERELSKITER

Table 3 Sewer overflow of rainstorm of 11.25” in Shenzhen River Basin

o KA. ) AKFEAT (mg/L)

COD NH;-N TP

N sshr | 11.26 108 13.83° 1.74°
VPV AR A K 11.25 383 16.04° 1.80°
11.26 75.9° 13.67" 3.01°

1127 109° 22.36° 2.8

11.28 95.9° 3.73° 0.63°

UV AR B R i 3t 1 11.26 26.9 4.16' 1.96°
11.28 — 437 0.94'

SEAEAKTFR A 0 R 3¢ 1 11.26 21.5 1.81 1.39°
11.27 12.8 1.58 0.65"

11.28 142 1.04 0.69'

ZERIA I U A T i 11.25 148.5 36.32° 3.41°
11.26 451 8.23" 2.01°

YA 11.26 45.7 6.11" 225

T " FK Bk B oK v SeAmifi.
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Fig. 7 Concentration envelope lines of COD over Shenzhen Bay in rainy and dry seasons
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Fig. 8 Concentration envelope lines of NH;-N in Shenzhen Bay in rainy and dry seasons
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Fig. 9 Concentration envelope lines of TP in Shenzhen Bay in rainy and dry seasons

3.2 itig

TR -5 ARG s e sz Bk fE . AR ENE L HEKARS L TSk R HE TR
FRL S Z R e, Bl kR S RIZUETE ST 00, RS cHEG s e 2
A R R PE AN R PR R A o AR SO T R -5 AR Tt 15 Y BT R 1 2 R R K AR T
e T H i RAG Y 0 P LR P TS KT R B HE T AR R R, TS UK Bl
TR TR EE A5 R AT T RS SR TR Vs de s . BT, O SR R A DU
BV RS #CHE R K AR B A2 2R, i 55 . ¥ ARG YRR e N
VERE IO K A AE— R S I —IR S — AR B R et — 2D Ak

Bl ATk R KA | 5K R KRR A S a5 YR G R Rt B v S, TR
5 T 75 Gl 2 R RIS ik 2 S gLE . BEr, AW E G QRYITTE
gyl B L WK S it g 22 ) QI iR KB BT TAETHR] (2015—20204F) ) (&I
BIS PR TAE TSR (2018—20204F) ) SFMRI 5178 5, Mg g, mikiis
JUEeE . HEK AR el A 22 0 TR TR MHE TS G BT A . ST A S YR S AR
HEWE TS A FRIE ST R, FER ] b RIS ARG TR s X R B DA SR K S
B TRT VR -5 R T 75 e By Y it s 7R B) AR ST RN e . RVl G S A il
PRI TR TS YRR S EHE TR s TAE

£ % X Hk(References):

[1] FRIREFE, skAR3E. BT LUCC 1 7 I 8 it dul 18 5875 i s XUR: A AR BRI A7 41, 2019, 34(1): 128-139. [JING Y
D, ZHANG H M. Risk assessment of non-point source pollution output in Nansihu Lake Basin based on LUCC. Journal
of Natural Resources, 2019, 34(1): 128-139.]

[2] TR, XU, o R R TS G BUIR B R R R P R - BRI S RET, 2011, 21(s1): 86-89. [DING C C, LIU
J. Discussion on urban non-point source pollution and control technologies in China. China Population, Resources and
Environment, 2011, 21(s1): 86-89.]

[3] By, WIOCHE, REA, 55 A WA G Y fe i B9 5 QAT . RBERLE, 2019, (6): 1-13. [FANG J X, XIE W
X, ZHU Y X, et al. Pollutant transport analysis and source apportionment of the entire non-point source pollution pro-
cess in combined sewer systems. Environmental Science, 2019, (6): 1-13.]

[4] BUSCE, WSCHE, AR, S5 AR ST R DX P T R S e A e AR R X AR MR e U SRR A BRRRL 2
iz, 2018, 38(4): 1586-1597. [HE W Y, XIE W X, ZHAO M H, et al. The contribution of urban diffuse pollutants to wa-
ter pollution in a sponge city pilot area. Acta Scientiae Circumstantiae, 2018, 38(4): 1586-1597.]

[5] ZHAO H, LI X, WANG X. Heavy metal contents of road-deposited sediment along the urban-rural gradient around Bei-



12 B A DRI A DR R TS A SO K R 1 52 R 3027

jing and its potential contribution to runoff pollution. Environmental Science and Technology, 2011, 45(17): 7120-7127.

[6] OBERMANN M, ROSENWINKEL K H, TOURNOUD M G. Investigation of first flushes in a medium-sized mediterra-
nean catchment. Journal of Hydrology, 2009, 373: 405-415.

[71 GIKAS G D, TSIHRINTZIS V A. Assessment of water quality of first-flush roof runoff and harvested rainwater. Journal
of Hydrology, 2012, 466-467: 115-126.

[8] LIS M, WANG X, QIAO B. et al. First flush characteristics of rainfall runoff from a paddy field in the Taihu Lake water-
shed, China. Environmental Science and Pollution Research, 2017, 24(9): 8336-8351.

[9] SANSALONE J J, BUCHBERGER S G. Partitioning and first flush of metals in urban roadway storm water. Journal of
Environmental Engineering 1997, 123(2): 134-143.

[10] DELETIC A. The first flush load of urban surface runoff. Water Research, 1998, 32(8): 2462-2470.

(11 ZRY, 2RI, b3 i 2 3 i TR DX U il 2R 8 R R VAR I K BRI 5. BRA5E L%, 2006, (8): 1565-1569. [LI H, LI T. Study
on the characteristics of combined sewer overflow from the high density residential area in Shanghai. Environmental
Science, 2006, (8): 1565-1569.]

[12] XIS, skok 55, AR, 45 4idr B /KR A 3B Ak LID A5 Y23 i BRI vk S EORPIB . AR BE A
412, 2016, 31(5): 719-731. [LIU C M, ZHANG Y Y, WANG Z G, et al. The LID pattern for maintaining virtuous water
cycle in urbanized area: A preliminary study of planning and techniques for sponge city. Journal of Natural Resources,
2016, 31(5): 719-731.]

[13] ZRIGE, 4538 W, W0, 2. IR X A 0 A 0368 37 75 7KK A 2 A, 45 7KK, 2015, 51(s1): 344-348. [LIS Y,
GUAN Y T, CHEN J, et al. Water quality characteristics of combined sewer overflows in southern region of China. Wa-
ter and Wastewater Engineering, 2015, 51(s1): 344-348.]

[14] CARPENTER S R, BOOTH E G, KUCHARIK C J, et al. Extreme daily loads: Role in annual phosphorus input to a
north temperate lake. Aquatic Science, 2015, 77: 71-79.

[15] #8m 1h, Bt Jeabte, &5, URDIR Tl X R KK BT 15 Qe RrERFIT. BS54 S5 Bi7ih, 2016, 38(3): 11-15. [LAI
H W, LIJ S, PANG Z H, et al. The contamination characteristics of first-flush in large industrial district of Shenzhen.
Environmental Pollution and Control, 2016, 38(3): 11-15.]

[16] RERIR, MR, PR, 45, BRI Al R A5 Je ) RAMR TS Btk DL AT, BREERL% 311, 2018, 37(6): 80-85.
[TANG JY, CHEN H L, CHENY, et al. Analysis on the pollutants and external pollution sources from land to the sea in
the Western Shenzhen. Environmental Science Survey, 2018, 37(6): 80-85.]

[17] FBHIR, Bihr e, ZRHEME, 45 B R0 AR 0TS Yo xR DINE & 8 FR AL i BB oL o [E 237K 3K, 2017, 33(9): 133-
138. [ZHENG M F, CHEN S D, QIN H P, et al. A simulation study on effects of urban rainfall runoff pollutions on eu-
trophication in Deep Bay, Shenzhen, China. China Water and Wastewater, 2017, 33(9): 133-138.]

(18] SAEST, Fh Rz, TIC L, A5, HE T SWMM LR iy AT DXIRR /K AR AR BU#T. KRR LA, 2012, 43(8):
90-94. [WU J L, SUN F Y, DONG WY, et al. SWMM simulationbased analysis on rainfall runoff and water quality
within urban inland river area. Water Resource and Hydropower Engineering, 2012, 43(8): 133-138.]

[19] J7#0t, BR3Ce, A 3. AT VR H KRN R LB, e R, 2012, 36(6): 105-112. [FANG S G, CHEN W L,
CUI L Q. Characteristics of tidal prism of the Lingdingyang Bay. Marine Sciences, 2012, 36(6): 105-112.]

[20] B0, S5 I, ST 5EUUAR R T AL MK R RO WF R £73A . A2 252741k, 2014, 34(12): 3142-3150. [HUANG S, GUO Q
H. Research review on effects of urban landscape pattern changes on water environment. Acta Ecologica Sinica, 2014,
34(12): 3142-3150.]

[21] NORIHIDE T, TAKEVOSHI M, TAKESHI S. Potential of road surface for a non-point source of pollutants-result of na-
tionwide survey in Japan. Highway and Urban Environment, 2010, 17: 255-265.

[22] JAIZL D, SRS NI, S0, JEatdbis ik 2K 5T Ts Jee il Beis Gl o pr. P IE FR R, 2013, 33(2): 319-327. [JING
H W, ZHANG Z G, GUO J. Water pollution characteristics and pollution source of Bei Canal River system in Beijing.
China Environmental Science, 2013, 33(2): 319-327.]

[23] ZEIGIHE, Fei 38, BOAE, 25, A i il HE A I TR 2 R TS e S A 9T . IRBE AR 2E 244, 2013, 33(9): 2522-2530. [LT H
Y, XU S L, HUANG Y, et al. Pollution loading of overflow in combined drainage channels during rainy season. Acta
Scientiae Circumstantiae, 2013, 33(9): 2522-2530.]

[24] BBFVEE, PNSRGF, A TL. TR AT 37 B3 3 A 28 R G AR HE A, SRBTRL24, 2014, 35(10): 3692-3701. [HAO L X, SUN R

—



3028 H % % | % i 35

H, CHEN L D. Health assessment of river ecosystem in Haihe River Basin, China. Environmental Science, 2014, 35
(10): 3692-3701.]

[25] Wi, ), 1400, A5, AN [R) TR 58 o DK AT 1) X0 T A 37 Ak 60 a2 . BRBERRA#, https: //doi.org/10.13227/j.
hjkx.201905103. [CHEN J, ZHU G W, XU H, et al. Influence of rainfall intensity on the nutrient loading from inflow-
ing river in Plain River Network of Taihu Catchment. Environmental Science, https: //doi.org/10.13227/j.
hjkx.201905103.]

[26] HEARN D S, SHEIBLEY R W, DAHLGREN R A, et al. Land use and land cover influence on water quality in the last
free-flowing river draining the western Sierra Nevada, California. Journal of Hydrology, 2005, 313: 234-247.

[27] SKIRAA, BEEE, HEAENS, S5 P VLI L A 7 2O TR TS Y 2 - B T SWAT REBIRIE 5. ol PR
2, 2019, 38(3): 650-658. [ZHANG Z Z, CHENG J R, BI J P, et al. Impact of land use on non-point sources of phospho-
rus in the Yong River Basin: SWAT model analysis. Journal of Agro-Environment Science, 2019, 38(3): 650-658.]

[28] K, FOEKT, TRIRIE, S5 SNG4 2R a FIAL ™ Ty 23 284 SRS R 2R . FREE R 22440, 2015, 35(5): 1333-
1340. [YANG B, ZHONG Q P, ZHANG C X, et al. Spatio-temporal variations of chlorophyll a and primary productivi-
ty and its influence factors in Qinzhou Bay. Acta Scientiae Circumstantiae, 2015, 35(5): 1333-1340.]

[29] OROZCOBORBON M V, GUTIERREZGALINDO E A, NAVARROOLACHE L F, et al. Winter and summer evalua-
tion of bacteriological water quality at recreational beaches along Todos Santos Bay, Baja California, Mexico. Ai Maga-
zine, 2014, 4(15): 1132-1139.

Spatio-temporal characteristics of non-point source and sewer
overflow pollution and its impacts on water environment in
Shenzhen Bay Basin

LUO Huan, CHEN Xiu-hong, WU Qiong, LUO Na, HUANG Xu

(Pearl River Hydraulic Research Institute, Pearl River Water Resources Commission, Guangzhou 510635, China)

Abstract: With the effective control of point source pollution, non- point source and sewer
overflow pollution becomes the main type of water pollution. Based on materials of land use,
urban drainage network and so on, the basin-bay integrated water environmental model was
established, and the spatio-temporal characteristics of non-point source and sewer overflow
pollution in Shenzhen Bay Basin as well as its impacts on water environment were analyzed.
Results showed that (1) The non-point source and sewer overflow pollution loading per unit
area of COD, NH;:-N and TP in rainy season was 17.21 t/km’and 10.21 t/km’, 0.17 t/km’and
0.69 t/km’, 0.04 t/km® and 0.07 t/km’ respectively; (2) The non- point source and sewer
overflow pollution was concentrated in May and August with more heavy rainfall observed in
Shenzhen River Basin, Dasha River Basin and Xinzhou River Basin with larger area, steeper
surface slope and more sewerage cutting projects; (3) The COD, NH;-N and TP concentrations
of non-point source and sewer overflow pollution could approach 3.7, 18.2 and 8.5 times the
values of water quality standards, respectively; (4) The areas where the COD, NH;-N and TP
concentrations in rainy season were higher than those in dry season exceeded 40%, 60% and
65% of the total area of Shenzhen Bay, respectively.

Keywords: non-point source and sewer overflow pollution; basin-bay integrated water environ-

mental model; spatio-temporal characteristics



