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The characteristics of rainfall runoff pollution in the old urban
area: A case study of a drainage district in
Dongcheng District, Beijing
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Abstract A rainwater outlet in the north moat of Dongcheng District of Beijing was selected for joint monito-
ring of water quality and quantity, and the characteristics of rainfall runoff pollution in the old city under light
rain, moderate rain and heavy rain were identified respectively. The initial scour effect and sensitivity indexes
affecting runoff pollution and their thresholds were analyzed, and the control scheme of source and end pollu-
tants in the old city was formulated. The results showed that the pollutant concentration was higher in the early
period of rainfall (20 min before light rain, 30 min before moderate rain, 10 min before heavy rain), and

there was an early scour effect. The sensitivity of light rain to SS, TP and TN is higher than that of moderate
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rain and heavy rain, the sensitivity of moderate rain to COD and NH;-N is higher than that of light rain and

heavy rain, and the EMC concentration value of moderate rain and light rain is higher than that of heavy rain.

For SS, NH;-N and TP indexes, heavy rain, moderate rain and light rain had the largest variation range of

pollutant concentration. When the runoff pollution reduction rate is 30% , the runoff volume of light rain,

moderate rain and heavy rain should be controlled to be 25 m*, 35 m” and 150 m’, or the rainfall in the early

rainfall should be controlled to be 4 mm, 9 mm and 24 mm respectively.
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/N K
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MFF,, 5 ] &y R

MFF,, <1. 00 FFy <30% b
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1.S0<MFF,, <2.00 45% <FF, <60% s
2.00<MFF,, <2.50 60% <FF,, <75% o

MFF,, >2. 50 FFy, =75% B
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NG TR A5 S S M 4 2019

2021 A WEINAY 9 A R R (FEF BT 2 mm)

K539/ (24 h R <10 mm) (FET(24 h

FETHE N 10 ~24.9 mm) KR (24h FETRE N 25
~49.9 mm) , 43 HIBEHUNE (AR KR 3 k%
T, 23 B a6 W 300 1) T /K HE A i G P ik . Seit
ok I A R i e R R i S o I o R T T
PRIASERERRRAAE (MR 3) , Hovp, R 3. 40 ~
48.8 mm,10 min FH RPEMTRE A 1.0 ~ 14. 80 mm,
BRI 1 ~10. 33 h, BIETTHR 0 1 ~6 d,
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Tab.3 Basic characteristics and classification of rainfall events

S [SAEZ1N PERTIE/h 10 min fR RT3/ /mm PRI E/mm AT/ d
2019-07-19 1.00 1.60 3.40 1
N 2021-06-23 2.83 1.00 7.20 6
2021-07-22 1.40 1.80 4.80 3
2021-06-25 6.67 2.40 20. 60 2
i 2021-07-29 10.33 1.40 17.40 2
2021-08-16 2.67 4.20 14. 00 4
2021-07-01 1.50 14. 80 47.00 6
K 2021-07-03 5.17 10. 20 48.80 2
2021-07-05 5.67 6.80 38.40 2
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Fig.2 Changes of instantaneous concentration of pollutants in light rainfall runoff
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Tab.4 MMF,, value of light rain
MMF,,
SS COD NH,-N TP TN
2019-07-19  0.97( ) 1. 14(5%) 0.95( 1) 0.97( %) 0.93(%)
2021-06-23 1. 63 (1 5E) 1.31(55) 1.19(55) 1.30(5%) 1.12(5%)
2021-07-22 1.13(55) 0.98(JC) 1.00(5%) 1.11(5%) 1.11(5%)
SEIE 1.243 1. 143 1. 047 1. 127 1. 053
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Fig.4 Changes of instantaneous concentration of pollutants in moderate rainfall runoff
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Tab.5 MMF,, values of moderate rain
MMF,,
FEFIZIR
SS COD NH,-N TP TN

2021-06-25 1.36(55) 1.11(5%) 1.26(55) 1.20(59) 1.26(55)

2021-07-29 1.11(59) 0.97(Jt) 0.64(Jo) 0.82(7Jt) 1.40(59)

2021-08-16 1.28(%%) 1.32(5) 1.08(%) L17(5) L11(E)

SR 1.250 1.133 0.993 1. 063 1.257
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Fig.6 Changes of instantaneous concentration of pollutants in heavy rainfall runoff
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Tab.6 MMF,, value of heavy rain

—— MMF,

FRAK ss CoD NH,-N TP N
2021-07-01 1.76 (1 4E) 1. 84 ( H14E) 1.12(55) 1.16(55) 1.08(55)
2021-07-03 1.51( sp2s) 1.53( i) 1. 72( th2t) 1.37(5%) 1. 74( Hh25)
2021-07-05 1L.21(5) 1.23(5%) 1.13(5%) 1.13(5) 1.22(53)

-S4l 1. 493 1.533 1.323 1.220 1. 347




£ 362 - VUL R 2F 240 HARBRE AR

9 54 %

2.4 HMEREENEFREERERESE

GEAT U I T Y a bR W I 5 L AR
EMC ¥ B ORISR (L3R 7) o FERTAR I E IS
LW B i (B /ME ~ 5 KB ) SS iy 5.00 ~
204.00 mg + L™' .COD 7 19.00 ~196.0 mg + L',
NH,-N #70.86 ~1.96 mg + L™' 'TP 0. 18 ~0. 60
mg + L™" TN 5 4.45 ~10.60 mg - L' IVH/KER
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fEbr EMC v B2 {8 348 05 (75 7K 5 6 HETObs )
(GB 8978—1996 ) Il 415 7K Ab R T~ — G5 HE s o
(30 mg « L™1)  BEHEE SS FEFRIN = , /N T /K A2
WLTG YRR R Y — Ry SRS Je i F, COD
NH,-N TP TN 4545 48 i IV 2K Bipr e, Horpr,
TN EEPREBORERT R o B AT L, 7/ NF AR i 75
Yerpr,SS AN O 25448,

F T /INE I A B ] S EMC i BE A A AR A R

Tab.7  Light rain monitoring concentration range, EMC concentration value and exceedance multiple

EMC/(mg - L™")

SS COD NH,-N TP TN
2019-07-19 ‘7'_9;1 (?'6932) (;: 23) (8: gg) (22 §§>
2021-06-23 7(6-_ 9;1 (l %i ( i: ??) ((1): i;) (; Zﬁg)
20210722 1230_. 7)7 (4ﬁ '4?77) ( i: 8;) ((1): 22) (;: 8(7))

T ()7 AR T IV K 075 e 580

5 570/ G LSRR L7/ = T AR N7 N i B
B EMC ¥R BE SO PR SR (W32 8) o B AR I A
T YL Bk BEVE Rl SS 4 6.00 ~141.0 mg » L™,
COD 423.0~101.00 mg - L ™" NH,-N 34 0. 24 ~
4.69 mg - L' TP #0.08 ~0.37 mg - L' TN ¥
2.38~9.92 mg - L™', 2021-07-29 iy T Wi T4
Wi, H.2021 4 7 Oy REm A% 5, H 2 kK

SRPERERT, TS Y B D B GER TN 4
HAy5 Y Yy Fa bR 0 2 IV 28K B bR i, 2021-
06-25 F12021-08-16 [4TF , SS #5475 EMC ¥ FE (15
8 R TS K AL )T g HE R i, COD | NH; -
N.TP TN $8hR I8 H IV IR e, Horp TN
AR BRI A o LRl UL FE P R AR TS e,
SS FI TN b FE 554 .

F8 R I e Y L K EMC R BE AR KRR b A

Tab.8 Moderate rain monitoring concentration range, EMC concentration value and exceedance multiple

EMC/(mg - L7")

HE TR

S8 coD NH, -N TP TN
2021-06-25 ‘tz'ff (Sﬁ '8696> (;: 46;8) (8'. ;g) (Z: 851%)
2021-07-29 f_m) (23 '8738) <8: ‘3‘2 ) (%.273) ( ;: (1)3 )
2021-08-16 1?9_' 9)2 (72§'5246) (?: i8> ((1): 8?) (; S)

W O) 7 AR T IV 28K 5 A5 50

G TR 15 e W 6 br s vk T2 S 1L 3
S EMC 2 FOBAR A (R 9) o BT 42 0 M
Y5 Y e B T FE SS 4 5.0 ~448.0 mg - L',
COD #79.00 ~182.00 mg - L™",NH,-N 0. 50 ~

4.42 mg - L") TP/0.09 ~0.38 mg - L™" TN 3}
1.62 ~8.87 mg - L™' U KB FN AT 44 00
MR 15 Y 146 FR i) EMC 4 B B Wi A%, 3 %
R A TN H8 bR 8 2k IV 28K o bm o, oAt 75
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Yefgbr HAT W AT B B K Ay 2021-07-01 3%
WMt V2K BARE, 2021-07-01 F12021-07-03
RN, SS F84R EMC ¥ 5 {E 32 48 M 3 4 35 7K A B

" R bR, 2021-07-03 fy TAERT 2 KT

F9 KT WMk i S R K EMC i (i % B AR A4

X AR ) PR SE 4, G e ) RARED, SS 4R
b EMC e B 8o ry b Al I, A8 R FE A2 3 7 At
Hr,SS TN Dy 235548

Tab.9 Heavy rain monitoring concentration range, EMC concentration value and exceedance multiple

EMC/(mg - L™")

ss COD NH,-N TP TN
2021-07-01 1(74_' 3)3 (722"4119) (?: 33;) (8', ;(5)) (g: 2(5))
2021-07-03 5(0'_2>2 (200,'6485) ((1): §§ ) ( 8'. E ) ( ;: gg )
20210705 1(8'_9; (ﬁ'7177) ((1)'_ 22) ( 8.. ég ) ( ;: 8; )

T O) " WOARIEST VKI5 Jefti k.

FCRE/INER | AR KR B UK B T A 30 3 e S5
(EMC) , WY AN 5] R 28 [ 1 A2 30 75 e R A, ths
SR BT A S5k EMC Zp B &5 R A 8, % F SS
FEbn , USSR > R > H G, X COD Al
NH;-N $845 , SUE D9 i > /N > K, % F

TP F1 TN $845 , BUEHE /N > R > KR,
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Fig.8 EMC concentrations of different rainfall types

BRI RN L, DL KT e kR IR R It 7 P i AR A T

ZHWEXBRRSRERAR
225 (ARt ARSI DX T A iy 2 U L A
AT 2R 3R DX A 4 3 e AL AP AR AR T TS S
IR 3% HRIE, THRRERT A AR R AR R

RRILR 10) o AR5 Y fafr RBUE A 3
3% I}, /NPT AR R A A i e SR O BRI Y
3% e, KN 25% FeAq, /)N BRI HR R o 78R



. 364 - VUL R 2F 240 HARBRE AR

554 &

e e T RN o

# 10 30% FRAHTG YWk I T AT 5 IO A 7 SR AR

Tab. 10 Flow cumulative value corresponding to 30% cumulative pollutant concentration load

B BRI SRR

T R K SS/%  COD/% NH;-N/%  TP/% TN/ % o P P
2019-07-19 31.02 26. 38 31. 69 30.93 32.09 72.75 23.35 3.2
2021-06-23 18.43 22.82 25.16 23.17 26. 69 30. 14 8.04 6.8

oL 20210722 26. 58 30. 75 30. 05 26. 95 26. 94 113. 89 35.02 4.4

S 25.35 26. 65 28.97 27.01 28. 57 72.26 22.14 4.80
2021-06-25 19. 69 27.27 23.12 20. 46 23.20 178.95 48. 80 8.6
2021-07-29 25.99 30.97 44.91 30.25 25.16 48.12 21.61 5.8

gl 2021-08-16 23.39 22.65 27.70 25. 60 26.97 115.43 31.98 9.4

T 23. 02 26. 96 31.91 25. 44 25.11 114.17 34.13 7.93
2021-07-01 17.52 12.13 26. 74 23.55 26.97 505.49  136.33 31.4
2021-07-03 18.37 18.05 15.78 20. 55 15.58 759.47  156.08 16. 4

i 2021-07-05 23.90 23.94 26. 07 23.92 23.98 406.38  105.94 21

S 19. 93 18. 04 22.86 22. 67 22.18 557.11  132.78 22.93

o AR AT 2 SRR AKHE B AR
3 i Jiti, A8 R R S, T XE /N L AR R 43 ] AR

1) FERT0I I (VNFTHT 20 min R AT 30 min
RETRT 10 min) 75 Gy B i , A7 76900 30 vl i
SONL, KR F49 00 S b bl R0 07 A 55 o 32 U /N R #
H KT SS\TP Al TN 545, J5 U 7 3 i e T
COD F1 NH;-N $545 , H i /N ) EMC ¥ BE i
BN

2) XSS HRAR, KF A I5 Y Wk AR LT
R K, H B/ s X T COD i85, /NI AR R Y
TSR E AR AL AR , H R B /)y s % T NH;-N
FEAR, T 8 75 e 40 ok B A A Y TR e G, /N R
/N X T TP A, /N 8 95 e e A2 A 3 il A
R, F R AR RR 1475 e e B2 A8 A 9 FRIAH L 5 %
TN $55 , /N AR AR R 995 e vk B 8k 7
FE AR

3) % F i BESR T AL AR S5 I AR 20 10 hm®, R
T P ok M SR TE B T S L 2 0 35%
30% \35% , ANiEIK AR LB 290 6% HIE I IX,
AR AN [ P I R 2 TR o) U Sk MAR S A 4 7
Fo VKPR AR I [R] AL 2 Bel S5 AN [
b DR G A AR R T MR 3B K Al
PEAFIRAR BN o X T /N R R AR, P83k s ]
Bt o ) B ] S mm 8 mm 23 mm 4 [

R0 25 m® 35 m® (150 m® A48 3 &, 4 kR
BRI RN K26 5 KA PR, 40 PR 5 P HECA
ZAKAE, A, EIRIX ATARYE B B B S
A ARG YRR BE AN RN Y 4 oA R A3 FN 48
TE DU & L8 A e Bk AR St % o

[1] LUDS, WENG Q H. Use of impervious surface in ur-
ban land-use classification[ J]. Remote Sensing of En-
vironment 2006, 102(1/2) ; 146-160.

(2] KB, B0, 5. BT RKAR TS G b B4
XL ], REZKHPK, 2015, 31(17) : 119-123.
ZHU T, ZHAO Y, CHE W, et al. Analysis of stormwater
runoff pollution in Hangzhou City and its control meas-
ures[ J]. China Water & Wastewater, 2015,31(17) :119-
123.

[3] CHEBBO G, GROMAIRE M C, AHYERRE M, et al.
Production and transport of urban wet weather pollution
in combined sewer systems: The "Marais" experimen-
tal urban catchment in Paris[ J]. Urban Water, 2001,
3(1/2) . 3-15.

[4] DAVIS A P, BURNS M. Evaluation of lead concentra-
tion in runoff frompainted structures [ J]. Water Re-

search, 1999,33(13) :2949-2958.



$3M SEFHTT S IR R R AR TS AR AE BT —— AL ORI X AR 5 X g £ * 365 -
[5] CAMPISANO A, CABOT PLE J, MUSCHALLA D,et  [13] 2. FH/KAR TS 4otttk B m i k55 [ D .

(6]

(7]

(8]

(9]

[10]

[11]

[12]

al. Potential and limitations of modern equipment for
real time control of urban wastewater systems[ J]. Ur-
ban Water Journal, 2013,10(5) :300-311.

ELLIS J B, BUTLER D. Surface water sewer miscon-
nections in England and Wales: Pollution sources and
impacts[ J]. Science of the Total Environment, 2015,
526.98-109.

. Wil e RG], BRERA2 R,
1982, 2(4) :271-278.

XIA Q. Study on pollution system of urban runoff[ J].
Acta Scientiae Circumstantiae, 1982,2 (4). 271-
278.

i EROR A, A HAS S R U T S B
B s B [T]. Tk K 5 K, 2022, 53
(2) :46-49,60.

YIY, GE L L., ZHOU Y W,et al. Experience and
thinking on the prevention and control of combined
sewer overflow in Japan [ J ]. Industrial Water and
Wastewater,202,53(2) :46-49,60.

o, AR AR, 21 20 v [E AR R K A 5 R K S
Yl [ C /i R TR 2K Tl 255 1
Jo B2 — R BOR SCE. T P E AR TR
4> ,2002 :528-530.

MRE2, EWE, RN, . BT AR AR K 75 Je A7 2
U e T A TS U HE R R [T ] RS R,
2017,38(7) . 2828-2835.

CHEN Y, WANG Z, WU Y G, et al. Impacts of rain-
fall characteristics and occurrence of pollutant on efflu-
ent characteristics of road runoff pollution[ J ]. Environ-
mental Science, 2017,38(7) :2828-2835.

Foe vk, BO B, B, . 5 PO SR I X
FARTAT R AFAE [T ], PR BE AL, 2015, 36 (8):
2809-2816.

WANG L T, DUAN B Z, ZHAO J W, et al. Pollution
characteristics of surface runoff of typical town in
Chongqing City[ J ]. Environmental Science, 201536
(8) :2809-2816.

FEIL AL, B/NTT, A E 3 RO 3 DR P T i
HEK RGERE R K SOK BRI FE [ )] PREE R}
,2009,30(7) :1893-1900.

CHENG J, YANG K, HUANG X F,et al. Hydrology
and water quality of rainfall-runoff in combined sewer-
age system along Suzhou Creek in central Shanghai

[ J]. Environmental Science,2009,30(7) :1893-1900.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Ke: RHR, 2017.

FAE L IRLLTL, R I, A EatTT R X R AR T
JURFIE I 5 20 Hr [T ] 25 7K H1E7K, 2011, 47 (S1) .
135-139.

PAULE M A, MEMON S A, LEE B Y, et al. Storm-
water runoff quality in correlation to land use and land
cover development in Yongin, South Korea[ J]. Water
Science and Technology,2014,70(2) :218-225.
B T, RIS T MR AR RS Y A T
FONEWIFE L] KB IR 5K TR % 4, 2010, 21
(2):5-13.

LIJ K, LI Y J, LI H E. Study on the calculation
method for urban surface runoff pollution load [ J].
Journal of Water Resources and Water Engineering,
2010, 21(2) :5-13.

GUPTA K, SAUL A J. Specific relationships for the
first flush load in combined sewer flows[ J |. Water Re-
search,1996,30(5) ; 1244-1252.

LUO H B, LUO L, HUANG G, et al. Total pollution
effect of urban surface runoff[ J]. Journal of Environ-
mental Sciences,2009,21(9) . 1186-1193.

AL SR, B, SF. BT MFFy, Jr vk B 3l i
AR R 20 [T, rp R e R i,
2019, 36(5) : 650-662.

LI Q, ZHANG N, LUO Y J, et al. The first flush
effect of urban rainfall runoff based on MFF,; method
[J]. Journal of The Chinese Academy of Sciences,
2019, 36(5) : 650-662.

PRAT IR, EOKAR, SF. FETRRIE AT a4
AEX ARG AW AT [T ] BRSO,
2015, 38(9) : 47-52.

LIJQ, QLHJ, GONG Y W, et al. Effect of rainfall
and underlying surface characteristics ofrunoff pollution
[J]. Environmental science and technology, 2015, 38
(9) :47-52.

AT AT SRR, A T IR D I A Sk Tl
R G Qe B e AERT R[] BB R,
2010, 31(12) ; 2896-2904.

LILQ, ZHUR X, GUO S G, et al. Research on spa-
tial differentiation of urban stormwater runoff quality
bysource area monitoring [ J]. Environmental Science,

2010,31(12) :2896-2904.

(/" B F #)



