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Hydrology and Pollution Characteristics of Urban Runoff: Beijing as a Sample

DONG Xin» DU Peng-fei> LI Zhi-yi> YU Zheng-rongs, WANG Rui» HUANG Jin-liang
(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The purpose of this study is identification and characterization of hydrological process of urban runoff; as well as concentration
variation of pollutants in it. Samples were collected in 4 rainfall events in Beijing from Jun. 2006 to Aug. 2006. Hydrology and pollution of the
rainfall-runoff process were analyzed on roof and road. Study results show that the shapes of hydrological curves of runoff; despite for a 5 ~ 20
min delay and a milder tendency, are similar to rainfall curves. Runoff coefficients of roof are 0.80 ~ 0.98, while 0.87 ~0.97 of road. Event
mean concentrations (EMC) of pollutants are influenced by build-up and wash-off features, which leads to a higher concentration in road runoff
than in roof runoff. Major pollutants that excess the water quality standards are COD> TN, and TP. Evident correlations ¢ > 0.1) are found
between pollutants. Correlation with particles are higher for COD and SO;” ( > 0.5, while lower for nutrients ( < 0.5). First flush effects
(FFE) are found and affected by several factors, such as pollutant variety, types of land covers; and rainfall intensity. FFE are found more
intense in SS, more frequently in road runoff; and more difficult to form for COD and nutrients with low rainfall intensity. Therefore, control of
first period of runoff would be an effective approach for runoff management in Beijing.
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20 AL 60 FEACH WK, [ bndt 2o mt RN BI L AHSCIERRVERIE S, 4 B8 X 3 18 3 117 42 3045 G (1 325 3

T b AR A5 I i Y55 G A 3R T 7K B E 1)  E
JBH . I I ST T R R 4 T M AR T e
Fet, LGS B R 3 TS G T 3 A B CEMCO™ L 4
SR 2808 Cirst flush effect)™) BA AN 7] T 5 [f H 4
PRy YRR 5% W) DR 380 S (i 9 E R 11 K e
RVIGT , 3717 V5 KR b R K2 1 1 B Rt 1)
o6 T A0 AL AS5 Y 107 A HE N3 7K 2R A T I 1T ]
TE Y Y (10 F T i O, AR R R 0 A28 7 % PR A 3 dze
i Je 2% R R [ 5K 220 T 20 4D 80 AEARIT
R AR LTS PR ST, H 2 2000 4F LA 5 A 51 2%
BV Z 2 H A, Bl 2 e e Ak utts) el
WIS X T T AR TG Y AR g, IR T
—BCAR TG LA A R P R AL T
THORA, WAL R R G E R 22, A 7 2K &

FRAEAE A B R AR o4 . S5 4k, B RIS
AThA R [R5 43 AT B W A2 008 1) 7K S0l i 5 68 8 117 7K
SR, ANF T 5 S A2 2l H e T B gk AT v G
BT PR Aty B A A T Tl ) 1 . AS I 938 3 b e
17 2006 4 6 ~ 8 J B -42 0t /K SC/K 7 7K it ik R 1)
)20 W 237 AR T AR 000 < 75 G 7K P 7 0.3 IR B
AR AR RAH KOG TR FEEE AL, ik T 148
TRIRRIE 50 8 AR %) 3 6 A% e 5 % St A 1 AR
B DRI T A w0 Gl A A AR (K N R4 A A
SR ot 1) 1) 5 A — o B X

Y5 B #A: 2007-03-08; 1&1T H #A: 2007-05-22
EE&TE - [FH 5 AR50 B LRI (973) I H (2006CB403407)
TEE BN #R(1983 ~ ), Lo, W-LHFIT AR, SR 7 1) A 4 i 1 O
V5 YR AE 5 A AR, E-mail: dx@ mails. thu. edu. cn
* JEIRIER A, E-mail: dupf@ tsinghua. edu. cn



608 7N 58

F} 2% 29 &

1 #MR57%E

1.1 WEFIX I

b 55T b Ak L 1Y 2 i M DX, R i 1 2 U
Mo, WA, X118, EFLZ N, HFELW, KFE
i BRI AP 280 1290, R R 7K & 644 mm, 28K
11 842 mm, 25K KT ROKE

WAL B 2 AR A, 23 T AC B J=2 T A 2% T
TR 7K, 2 AL AR T 30 i e Wy 7 A b 2 458 U R
ARG G R BIR AT R T I TR s T AR
REEEA AR, KA s e X 358 33k i S
WS ZE A8 T8 /N1 73 K7 AN 138 R 3 AT 4
AT EEOK R TR AE T @ @SRk 6 )2 e

14 NEKEHEK CRAE SRR X 248, K
12 ms> 56 8 mo FEAT 2 AbVE /KA, AHEGFR . 6 TR A
A TRl P R A 7 1) ) T I 4 TR R A U
HOEBE 7.0 m) BEOIEL 0.3%, P EL
1% . T8 B A2 VR HOB WU 5 SR w3, 18] B 5 A B
B, I WY BN IR TR IR K
1.2 FEMCREE

I3 R 2006 - 6 ~ 8 J1 4 Wy B AR K
FE BRI, I 25 L 28 £ 7 048 J28 1 v /K45 1
PR, 19 L 28 &0 28 WO 4R 2% 1 W B v 42 1 42
W CRFEIBRZYA 5 min. A il R A HARE S0 5E 1
Jis.

[ BN B RAE 55 300 m 25 W A 22 B AT R

PR, T 2002 4, (BT AR 1 557 m® . = TH A R A 40
% %, BN 2 T 4 B o A7 AN X, il i
1 HRREER

THCJS-1 8, AP 3RAG R i L F 2k

1.3 b

Table 1 Information of sample collection
RAEH B 7K B i) R 3 16 /min R 7K B /mm Y 5 /mm® min ! J& IHTFE i 254 PRI S A
2006-06-28 20:10 ~ 22: 00 110 25.33 0.230 10 14
2006-07-12 18:25 ~ 19:45 30 21.65 0.271 6 10
2006-08-01 17:10 ~ 18:40 90 21.62 0.240 11 13
2006-08-08 20:50 ~ 23: 00 130 24.90 0.192 13 21
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Table 2 Roof runoff and runoff coefficient
SKAFEE W SRR d KR SR Kk J& AR RIE PR A It i P& AT

/H-H /mm*min~! /mm* min ! " fm /mm Y /mm Y
06-28 0.230 1.949 25.33 24.646 0.97 22.875 0.90
07-12 0.271 1.100 21.65 17.411 0.81 19.003 0.88
08-01 0.240 0.762 21.62 18.249 0.84 20.924 0.97
08-08 0.192 0.400 24.90 19.831 0.80 21.676 0.87
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Table 3 Pollutants in urban runoff/mg*L~"

ek F
R4 i T‘/)E_DHH pH ss coD TOC ™ P a- SO
06.28 7.07~7.75  4.5~109.4 44.67~472.2 21.17~130.68 6.70~39.33  0.53~4.68 1.99~9.84 24.18~124.64
(7.3 (24.15) (262.56) (81.34) (21.94) (2.69) (3.33) (36.30)
0712 7.34~8.62  33.8~51.3 38.29~130.8 16.33~56.44 2.96~7.72 0.02~0.2 0.53~2.40 14.07~37.39
) (7.9 (41.19) (87.81) (35.03) (5.8D) €0.06) (0.96) (24.57)
08.01 7.5~9.08 0~12.4 31.91~92.53 15.06~33.61 1.41~5.23 0~0.21 0.18~2.57 2.97~18.16
(7.65) (2.93) (55.79) (18.74) (2.38) €0.05) (0.93) (5.49)
2 T 08.08 6.69~7.55 0~162.73 0~162.7 6.19~27.44  1.34~4.31 0.02~0.11 0.77~3.06 10.65~28.29
: - (7.15 (39.71) (57.81) (13.62) (2.89) (0.05) (1.73) (19.00>
¥ 7.52 27.00 115.99 37.18 8.26 0.71 1.74 21.34
06.08 7.16~8.17  10.9~377.1 124.4~370.1 33.39~100.85 5.71~24.06 0.12~3.71 2.12~21.7 21.7~64.2
- (7.95) (39.21) (238.65) (37.33) (9.64) €0.66) (2.89) (28.75)
0712 7.57~8.21 60.3~388.6 127.6~268.0 27.21~78.48 5.05~10.27 0.16~1.46 1.07~7.72 26.9~73.8
) (8.00) (95.49) (177.01) (38.51) (7.30) €0.51) (2.42) (38.39)
W i 08.01 7.89~8.57  46.1~492.9 22.33~268.0 17.79~86.83 2.63~9.24 1.42~0.15  0.63~4.68 6.67~27.9
(8.31) (146.96) (100.68) (37.72) (4.32) €0.58) (1.35) (11.66)
08.08 6.71~7.33  4.8~357.4 114.8~1410 23.56~511.0 3.56~6.61 0.01~0.82  2.50~7.11 17.4~38.7
- (7.24) (46.41) (363.45) (79.86) (4.3D) 0.23) .71 (20.91)
¥IH 7.88 82.02 219..95 48.36 6.39 0.49 2.36 24.93
VK 6~9 — <40 — <2.0 <0.4 <250 <250

(1935 Gy Y1 Jo S 5 g o B A8 PRI

PR TAR IR T, V5 B B8 A AT S B0 A S 1)
BEAG A, 3K 2 b 8 1 52 380 0 N 205 Bl P
AR P38 IR . 25 oy e s ) AERSE Kb 78 , S B
()BT T R 17 1 T 23 B 0 2 ¥ %, ¥ Rt (1) i 28
FE R A TR AN P R, V5 ik B 5 3
YR W (1 1B B BT I BT I VS A A IR B NI R
M55 T AR X 5 G 7K P 1R R

Fi FRQCH A K B0 58 T 2 bR 78 ) (GB 3838-2002) V
FIOKMZEK, 2 42 W COD- TN TP #8475, 3 Fls
BYIH) EMC S5 K AR5 505 o 6 £5%. 10 f5 H1 6
1%, WEARLR P55 S AR A5 5053 00 R 10 519 £ A0 11
£ B THAZ I COD~ TN TP 8 A%, 3 Fhvs 4 11
EMC $5 K E AR E 00 8 4 15 A1 2 £, U Rk
J5E F KBRS H0 0 il A 35 4% .22 51 9 fiff
2.3 IR R

K AU E TR R AN B B AR I A R
Yl 2 R AH DG K R, 4 S B W 15 e 2 TR0 AH 56 R
IR 4 Fion . g5 FR W, 5295 Yed) 2 A 1)
ORI T B E WK R =0.1 LU L BTHAARR
o, ORI S5 A LAY R B 7 22 T A DG 8 R K
(>0.5), IMT5 ZUBE 575 F2 9 I AH ¢ R BUR /N <
0.5); B TAR I, B IR 0 FUkL 49 ) AR OGP
0, AEATS /N T LRI 9 25 5 00K 40 T AH DG
FIT LA, 5 422 561 6 11422 3 75 % 1056 FH Wi SR UL B R 4
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Table 4  Correlation coefficients of different pollutants

B W, o3t 110 5 e 2 147 — 52 [ Py — SRR
e [14] 3% a2 = YR : N " 4
AHRK R W v 75 e 2 M A R R 2R, < | 0605 0308 0249 0706
A CLRAE VS WA R R TOC 0.603 1 0.627 0.349 0.675
Cm,(X, Y) A1} TN 0.308 0.627 1 0.327 0.589
Ry = |~ TP 0.249 0.349 0327 1 0.329
i ‘ . o i ST 0.706 0.675 0589 0329 1
IEEEP’ RX,yj‘J 2 *EFE%%E@/I‘B?%%;&, Cm,(X, Y)j‘j 2 SS 1 0.586 0.567 0.432  0.740
PG R R E I T 285 6y~ oy 2 VG B W25 B TOC 0.586 1 0.560  0.411 0.616
NN =g} TN 0.567 0.560 1 0.618 0.735
R bRiE 2 TP 0.42 0.411 0.618 1 0.420
AHFFTLL SSTOC TN TP F1 S02™ 43 il A8 3 Joi 03" 0.740 0.616 0.735 0.420 1




3 2S5 O B T 72K SO/ TS 611

( <0.5), fERE PN e EHAT L5 H 18
2.4 V5GP AT e AN

SR v e A A 1 E AR R AR i A O
& WM AEAE TS G0 oh 280, . — S8 AIE 50 I,
B RN AT I A0 0 P B 2R ) 7 A 3R Rl 2 ST X
R IR 5 8% FR A #0391 R A5 RY Cfirst flush effects
FFE) . AWM T 82875 G 2 15 A7 AL 1) 01 ol A
RS, an B 2 s, Horpr BLSS RAERURLA): B TOC
RALATHL: LA TN RAEE 729 50 B SO~ RAED]
BT MR A TR AT oy e e By, W B AEAE )
IR RONE 5 S 2 WIANAFAE . 85 R : D&KW 5t
K ZAFAERTIYI R DL SR . @477 391 b Il 2 2 5 45 e )
TR HATHHOCNE . SS AR AE & AR I I o 1 THI A7
LVl T B0 e O 29 5 R ) e K A0 4t ) B B
T R WA, 3K — A A 1 SR 9 RO 0T 5 b 45
BT EENST TN T R N AN 3, T RE S R T

1.0
0.8
e 06
&
a
&
B 04 —o— 6 H28H B TH
—DO—7A12H %@
—A—8 A1 H
; —¥— 8 A8 H B
02 i —e— 6 A28 H Hif
7 —a—17H 12 H ¥
—A— 8 H 1 H BT
N ‘ —X—8/I8H kil
0%
0 0.2 0.4 0.6 0.8 1.0
ZRRHRE
1.0
HHRYE X
08|
06| J
g 25
&
% 04|
lX
X
>€x
02|
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
RRRRE

B R ARDE R T A NH, -N TN [ B 282 Q)
Syt O 5 B R AR AT 0% L T AR R R
GEDILEA 5930 IR 53 37 U B E i B TS 40 0 v Al 2%
IS, 111 % TTAR U P T AT 975 G 250 6 25 3 B¢ ol A7 A
ANTRIRE B AR AT 390 el 280 7 » 336 1Y B T 265 o 1T B¢ B
TR Rl D5 G 1 o 3 R 5 o 9 ot P32 AT
TUA 9% .06-28 Fif R 3U1 ARy it BE 5N, AEIX R DL R
JeR T 7 o e o R PR RIURE A0 A A P 1 7 A AT 3
PRI, LAY i B S B e L W S W) ks
AHUVANE T AT Gy Bt il s ANAF A6 497 39 ot Rl
UG AR EATHE Al L 400 300 3 B i 2 0
(1 [ T H 243 AT e A A AT 00 ) 255

SN B HEBCRFAE AT FRE FEEE M 3R 2
i i 7K DX MR FH S R R A i R AT AR D
WS B (1 SRR SR B KRR AL HE K A 2 2K
A€ 7K v B3 FRY NS T 375 G ol 218 58 AR AE 52 W A5 5 Ge )

1.0 X

BERTOCH B

%F&SOK'}\?ET

1 1
0 0.2 04 0.6 0.8 1.0
RBETE

B2 SREIAE R

Fig.2 First flush effects in roof runoff



612 7N 58

B

% 29 &

(P 5 FFE IR 27 R A S R
FFE TS 5 1 5% 2 02 143 IR s RV
Dk, 75 S LAl b U R R XS A R AL A%
PF MR FRE (A7 AEVE S FORF IR AR AR TS G 1K
BT REAR A R SCHR R T Bt DX 5, 425 90
RS Gk 1A FLBAT 25 IR iR B it

3 it

(DRI B g R 2818, B o iR
FEEAFRTR /N 5 BT ok o R O R 4 v (1) S SR U A A2 0L
ki o T B I FE 2R 5 ~ 20 min, 2 42 R 2L
7 0.80 ~ 0.98 [ ; I [HI I 4231 R LA 0.87 ~ 0.97
Z ), 5V v R R AAH 45

AR TS B P (94 B 2 el BRARHE O v e
(1, S THAR IR 075 Gk B2 v 1 = IRAR I, HA 2
SR 28 SO R 2% B TR S R IR CODS TN,
P[R9 JE A bR /K IR i btk v /KK

(3% V5 Je ) 2 I (AR G HE 3 4 1 8 35 PR oK
P R=0.1 L REHARR S, Bk 5 AL R
B2 AR RBERC > 0.5), 115 B4 E 77
PR SR R B N (< 0.5); TR I, B FRY)
55 ORI AR DG AT BT RS 0 . BT LA UG, AR 3 T
TR B I FH Vi B O % 22 4 mT LA J) B A7 2000 25 B
BHAE IR TN &, AR AR 33 6 2 AR,
X BB S TR B I Wk I 25 Bk e D) 2 A P B AR, 75
F A e T B e

(DA PR K Z AR RIS, I
2 By GRS N BIREAL | B R 56 R R Y 28 45 TR
FIRE . SS WAL GBI e JLR TS Bk
B S, % T 2680 2 T 52 5 T BSG 35 vf l  A156 FE Be g
NG5 W AT WL RVE F2 40 Jot AT A i B 5%

S %3
[1] SmullenJ T, Shalllcross A L, Cave K A. Updating the U. S.

nationwide urban runoff quality databasel J1. Wat Sci Tech, 1999,
39(12):9-16.

[2]

[4]

[5]

6]

[7]

[8]
[o]

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

USEPA. Resulis of the Nationwide Urban Runoff Program: Volume
I-Final Reportl R]. United States Environmental Protection Agency
NTIS  Accession Number: PB84-185552, National Technical
Information Services U.S. Department of Commerce,> Springfield,
Virginal 22161, 1983.

Gupta K> Saul A J. Specific relationships for the first flush load in
combined sewer flows[J]. Wat Res, 1996, 30: 1244-1252.
Chang M> McBroom M W, Beasley R S. Roofing as a source of
nonpoint water pollution[ JJ. J Environ Manag, 2004, 73: 307-315.
Tk, X4, VERT, A5 AL R T R 7K V5 G KR RS
Ly, gk HEK, 2001, 17(6): 57-61.

AL, PR, TIREE, A% uRCDLIH M X T AR K IXR
JEE B W AR S B R S AR AEL T ] BRI, 2006,
26 (7): 1057-1061.

TR, AW, WSS, A BRI D S R AR
BRFAE M HTLT]. FREEREY, 2006, 27(9): 1753-1759.

GB 50015-2003, A48 /K HEZK B vt #LE [S].

. WOTTE R K D Bk L. E S K HEK S 2006,
22(12): 55-58.

Deletic A. The first flush load of urban surface runoffl J1. Wat Res,
1998, 32:2462-2470.

Sansalone J J» Buchberger S G. Partitioning and first flush of metals
in uthan roadway storm water[ J1. J Environ Eng ASCE, 1997,
123:134-143.

Charbeneau R J, Barretti M. Evaluation of methods for estimating
stormwater pollutant loads[ J1. Wat Environ Res, 1998, 70: 1295-
1302.

Barrett M E, Irish L B, Malina J F» et al. Characterization of
highway runoff in Austin, Texas, ArealJ]. J Environ Eng, 1998,
124(2):131-137.

Kim G> Yur J, Kim J. Diffuse pollution loading from urban
stormwater runoff in Daejeon city, Koreal J1. J Environ Manag,
2006, 7:10-16.

Deletic A. The first flush load of urban surface runofil J1. Wat Res,
1998, 32:2462-2470.

Lee J H, Bang K W. First flush analysis of urban storm runoffl J1.
Sci Total Environ, 2002, 293:377-388.

AL, PR, (IR, AR WOT KRR ITG ReR IS
HEBURAT AT RELT]. RBE#BERE, 2006, 17 (2): 288-293.
Lee ] H, Bang K W. Characterization of urban storm runoff[ JJ.
Wat Res> 2000, 34: 1773-1780.





