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Abstract; Based on the situations of combined sewer overflow (CSO) and consequent water quality deterioration of urban rivers in Beijing, three rain
periods were chosen to study the characteristics and their potential pollution risks from different combined sewage systems. The statistics of rainfall in 2012
show that CSOs usually occur when the accumulated rainfall reaches to 10 mm. In the case of heavy rainstorm, the average concentration of the pollutants
in overflow are higher than that of sewage drainage systems in the dry weather. The concentrations of typical pollutants in overflow are as follows: TN
5.11 ~16.36 mg-L~", TP 4.34 ~10.52 mg-L~", NH;-N 1.88 ~12.73 mg-L~", COD 134 ~250mg-L"", and SS 120 ~ 155mg-L~'. The
contribution rates of the sediment pollution load to runoff outflow of TN, TP, COD, and SS are 20.9% ~44.6% , 35.7% ~47.3% , 46.2% ~48.8% ,
and 35.7% ~79.7% , respectively. In conclusion, it is important to control the depositon and erosion of sediments in combined sewage systems, which
can maintain the normal operation of the drainage system and reduce the effluents’ pollution loading in the rainy season.

Keywords: combined system; overflow pollution; sediment; pollution load
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et al. ,2001; Fan,2004 ). Chebbo % (2004 ) %t &= [H
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methods )
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Table 1  Characteristics of the different underlying surfaces

T T AL/ hm? [lpRES IR
B 12 40% 0.75
J& T 9 30% 0.90
L5 9 30% 0.15
SARIMAE — — 0.60
2.2 BRI ®
2.2.1 WlJrk BN WIS X 84 18 AN

T /KU S5 Y vk B B9 2 h FESE XA 1E
T T T R A A T T KK AR — Uk, R B 24 b, BT
12 MR () Bt W00 3 3 9 B K TR AR A, e T
W] TE A R AR, RIS R RN ITTRT 8 K A4 T YL vk B
(B, B 2k i v W HE /K 2R 3 =2 T 0 O T
UK K5 Y ue BE . i 2 W 5 % 3 B8 Chebbo
25 (2004 ) X P BRIAR X 355 7 K TR O 5T, MR AR A
7K F BR800 6 I 11 W A v it T 4 31
ZEH RS 5 ~20 min RE—IRIKEE.

2.2.2 FEMHWAMRKT E KEERE G
5 12252 R TR K Mo 43 M 7 36/ ) (R 3A
BRI R ,2002) . FERLE Y 24 b PRAFET ] 3 X RE
fhrh A R EUEL.COD (SS MR AT E 4G
Jr R R E AR, Hor TN SR I 7 R 0 01 -5
MR CR AN OB EE ) D, TP R H 46
MR T (AN ST ) D, 2 AR
Y FAR TN BE 7R (R AN ) il & , COD
K FH R % BRI L I 5 L SS 2R 103 ~ 105 °C T Fk
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i T K s Y E ORI T AR TS OK R AR R
NAETBUTFRY) ( Gromaire et al. ,2001) . A< W 5% #4 B
Chebbo 4 (2001 ) JIT 2k FH (1475 44 9y 1) 1f ) o - Ml
(1) TR A XIS B OR300 5 e
DR .
MPT = MPS + MPR + MPW (1)
AP, MPT 4538 HoK 10 RIS YL i g (kg) , MPS N
EIHEVURYT5 7 fnr (kg) , MPR M R AR5 L 1
fif (kg) ,MPW R A= 76 75 K Hi5 Yy i5 e i (ke) .
FEFHEAK I 1K KO (] A W s o2
I K T RS e B Ay, R Rl W H RS
KK K AT B A= 3 TS K R TS Y S Y 6 g
AT % R T K R AR A5 Ml F AR TS YL vk B | 5l
LR AR FR BT 1 X 8k v B A b R A 3
Tt g A (1) AR AR A E LR G G
Uik
oK F A AR R 4 1 ) R AR TS Y 7 MPR
* A Gromaire (2001 ) #2 B M EITE, HE A K
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MPR = Y C,V,/1000 (2)

K, VoA i AR E AR R (m? ), CoONER i
TR TS PR EE (mg - L"), 1000 2 H A3
P RE Hd C A5G EREIMEKIE A E R
SGA PN IR AU C R BRI 2t
FRRE S V5 Y W 0T o A R B O N AT B4, R
EMC, HARATF .

C.0.d Yo,
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K, EMC b Wk B RS 5 Y W OF 3 5T A R
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(min) , C,, H& Bl B (5] 25 £k 1 75 Y 0k B (mg - L71)
Q, FEBERT A AE AL AR P i (Lo min ™" ) ,n FE AU
BORERER, Q 4855 j KIURE A2 it i (L omin ") |
C2  UWBRAEITS B AR B (mg- L")
i Q AR AN VTR AT .

0=y-Fq (4)
S. .
Vi = (Vy - VW) Sllpl‘ (5)

oA, Q A i AP R EE K D4R (Lomin ")
VR AL, F ORI K R (m®) g kR 5
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3 R 57318 (Results and discussion)

3.1 Z PR A IR ARAE

WX 2012 4F L RN A W A g i, & Bl
ST U i HE K R G2 T 0 AR T O 1Y) 2R R
HRZAJE 10 mm. AAFSEESEH A 2012 457 H 21
H.7 A 31 HM8 H 27 HA% 3 37k i i i FE R W
MIAR TR B RRAE AN 2 AR 2 Fios. DL 24 h
R bR ER 53,3 BT 3 S8 TR R 2 W R
JNFE. FEE 2 WL T A 21 H RS R R R K R
R ,7 31 H IR Ry B /N Ay iR, 1 8
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Table 2 Characteristics of the rainfall
. % T 7 B % T £ W B/ SEHITT R e e spe e FIHT

W F1 281 /min /mm (mm-min~") /(mme+min~") LSS T/d
7H21H 95 460 0.65 0.152 FER W 7
7H31H 160 16.9 0.10 0.051 HHRR 1
8 H27 H 40 10.2 0.40 0.134 JINFR 12

T 7 A 21 HEERTA 12:20 146,10 min 588 S TR A7 A2 3,95 min J5 A1 T 7K MK T il 7K 481 5 SO0 1 BURE T 225 TR URE 1 .



9 1A ZEGESE A I I HE S B I 2 s Y A fr o 2525
0.7 7H21H 0.12— 7H31H
0.6
0.10
~ 05} .
' T 008
£ =
£ 04 E
g £
= £ 0.06
B o3k =
= oY
g B 004
02+ #
0.1F 0.02
0 0
12:30  01:00 = 01:12 = 01:22 01:30 01:38  01:46 08:10 08:25 08:40 08:55 09:10 09:25 09:40 09:55 10:10 10:25
12:40  01:08 01:16 01:26 01:34 01:42  01:50 %]
it %1
040 |- I¥7H
£
g
)
o
&
09:20  09:30  09:40  09:50  10:00  10:10
it %1
B2 3iFBEmTREE
Fig.2  Process of the rainfall
3.2 Al g T L ALAE fefch s | Toie e B I T S8 AR I e I ik

BI3~7R7TH20H7H31 HMS8 H271 H3
RIS RR R, Fr A G U i 487 T8 H BT B
Gyt DX Sl P A it v e th o AR L AL 3 AT LA
T i, RS RR AR UL A0 7 A 457 T A DB T 9 o R
o, VRS 2 RS R v S S ek B
T Az s TAAAE, B 5 R 2R SR
YIbEAE I RN T R 2 A, s B R i A5
FHGSER T TR R R R TR A

M 4 ATLLE A T S T TR AR 3 A 75
Y FEWE (A A S s ) & NI S BIR A Y,
TE P 1 IBORE s 0 9 B v T 2P ORE A, 2RI
T U SRR FE LN T, AR
AR, T 27 BUORE A SR R 1, AT B A A
XL HIE 4 .5 W B AR T TN TP 15
YL FE VRt IR AE R R 3 B T G ok B
A A A A5 TR R U VR BE A By . Her TN A9

FEB I R TR AR i vk B, X B T AR T M K TN
TR RASAEAE , Seni B 5 e H 3R R I 175 G
Wy i RS IT ; TP U Pl 3R DRI A BB X
TEAE AR AL 220 (R 1 K TP ARk 2k
B2 ~ 3 AU, BRI e I 2 ), 25
BT TE ST 5 YRR, Rl BB Y i 2
RGBT R U AR PR R TR 3 TP Ik 8 I (L
M 4 5B R LUE H B TE S K H ) oD LSS
HA 5 TN TP ML fb e HiE 42 H CoD |
SS WIHAME BE R T 5 A B2 D R AT B R 2 o o
P T REB AT ORLTS Y T S B T I S B A, 1HL
ST TS YLk B I (AR S i W) & s
SyUa A T OB B TR AE vl i R ELA 26
REAVER. A, A T8 R D K RS e ik
TEAE i T TS Y AR A, U6 B G il e 05 e Xof
T KA K 5 B R AN 28 2 A0



2526 7 A - T 3%
22 T 50 q
= IN 14
20 B
13 40+
16
T"\ om 30+
= 14 Q
By 2L
S £
E 12 = 20
= =
10 r
3 10—
] L
1 1 T TR N TR [N TR S N | 110 I
12:36 12:48 01:00 01:12 01:24 01:36 01:48 12:36 12:48 01:00 01:12 01:24 01:36 01:48
it %y _ - Hif %) _
—=— COD —=—3SS
600 14 L 414
—o— KJRMH ] 5000 —o— AR
b/ d12 — g ],
500 | 4000 |
~ 410 1.0
T, 400 4 o o ] ~
)je 08 P 3000 ,
g 1082 é‘) -0.8 m;=
5 300 1 = £ 1 £
o) 0.6 18 £ 2000 H0.6 1
@] ] LS | %
200
04 1000 404
100 0.2 -0.2
i 0 i
0 1 1 1 1 | 1 | 1 1 Il 1 1 1 1 1 1 1 1 1 1 1 L Il 1 1 Il 1 L 1 1 0
12:36 12:48 01:00 01:1201:24 01:36 01:48 12:36 12:48 01:00 01:1201:24 01:36 01:48
Fif %) At %)
3 7 A21 HEERHOWEZRRER S RYE HFE
Fig.3 Flow and characteristics of pollutant output from pipe of total exports section in July 21
14 —0.35 r 10.35
——TN ] - P )
12 —o— A JRME -0.30 r —o— KJRMA 70.30
vt T 121 — W& .
10 —0.25 L 025
T 1 = 10+ ] Ep
=g =020 " Q 4020 2
&0 - & =
£ b g E gL ) <
E 6 —0.15||m & i —0.15 l]]@
i 2 4 ES
4 H0.10 o Ho.10
2 -0.05 4 40.05
0 1 | 1 1 1 1 1 1 1 0 2 1 1 1 | 1 | 1 1 ! 0
08:25 08:55 09:25 09:55 10:25 08:25 08:55 09:25 09:55 10:25
LR —0.35 5s50F LR 1035
270 —=— COD b =SS 1
" —o— ?Wﬁ ~0.30 - —o— A JRAE ~0.30
L 4 —_ |
" 200} it
-10.25 -10.25
210 i ot 17~
| e T v
= 4020 ' 2150 F 40.20
=) dorsgy 2 [ Ho.15 1
e} | » -
8 150 | pe! look | ES
H0.10 | 40.10
120 | |
-0.05 501 —0.05
90 | |
1 L 1 1 L 1 1 L

1 1 1
09:25 09:55

Fif %)

1 1 1
08:25  08:55 10:25

1
09:25
%

I
08:25  08:55 09:55 10:25

4 7 A 31 BHEELH OB EERRE RS R H T

Fig.4 Flow and characteristics of pollutant output from pipe of total exports section in July 31



94 I AREAT < D HR KA T R 3 TS Y ST S 2527

—+— TP —o— COD
- —200 q
sk _ {280
I T1s0 240
—~ 4 1 = ~ - T"‘
al 1 3 L 1200 5,
£3f Jiog 2 1 g
£ 54 —160 ¢
B Or 1 & = 1%
& x & >
=2l 80 4 e+ 1202
=L 1 a Zaf 1 8
& L 1 8 E7L e U 180 ©
40 1+ .
[ 1 - RN
0} . ok SN
I N Y Y T T T T T T I T Y| 0 T T S T N N N NN TN N M 1
08:1008:25 08:40 08:55 09:10 09:25 09:40 09:55 10:10 10:25 08 10 08 25 08 4008 5509:1009:25 09:40 09:55 10:10 1025
el 221
BE5 7 A 31 BERFRT YA T
Fig.5 Characteristics of from pollutants of road runoff in July 31
26 O —a TN j 0.40 14 C TP -_ 0.40
Hr 4035 L —o— RJKMH 4035
B i iR =8 _
22
- o3 12| 030
20 _0 0 -
_ i i ~ = T —40.25 ~
I8 025 7% 7 . -
2 R U 1.
o161 d020E E 4020 &
St 1 o® £ T 1=
Z o = H
=N -_0.15& N —_0-155;-;
0 F -Ho.10 - -0.10
8k -H0.05 6 -H0.05
6 1 1 1 i 0 L " 1 " 1 ! 1 L 1 N 1 N I ] 0
09:20  09:30  09:40  09:50 10:00 10:10 09:20  09:30  09:40  09:50 10:00 10:10
A% A%
_ - — —0.40
—s=— COD 040 400 - B
3001 —o— AR i —=—SS
I ‘ 035 - —o— AJR{E 1035
i 350 | — .
250 ] ’ vifk
40.30 F —0.30
- 4 300 4
T’“ZOO— 4025 ~ ~ F —0.25 ~
& . oo 3250 1 =
E 1501 H020E 2t 0208
= 4 = =200 {1 =
N % I8
o W oa | i .
3 100k 40152 © 0.15 2
4 150 - 1
i o.10 r 40.10
50 4 100 |- J
i 0.0 r -0.05
or . 50 4
1 1 1 1 | 1 1 L | L 1 0 E
09:20  09:30  09:40  09:50 10:00 10:10 09:20  09:30  09:40  09:50 10:00 10:10
%) A%

E6 8 A27 HEEIZHROAMERRRER T LY B IFE

Fig.6  Flow and characteristics of pollutant output from pipe of total exports section in August 27
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Table 3 Pollutant concentrations in the combined sewage, roads, and roof runoff
. GY)/ (mg- L") y .
Fé R H 3 el — HAEA R
TN TP AR COD SS
7H21H K 15.6 19.10 13.00 377.60 717.3 ENIE
15 % 1.15 4.27 0.72 93.10 78.4
I=4) 4.13 2.09 2.23 20.54 35.6
7H31H i K 8.80 8.20 5.90 191.50 43.1 LN
1A % 1.15 4.27 0.72 93.10 78.4
=4) 3.57 0.43 1.56 17.31 32.9
8 27 H K 11.60 7.60 9.60 163.10 95.3 E NI
1A % 2.10 3.40 1.08 106.70 145.8
JZ i 2.96 1.23 1.64 16.25 32
AWK 12.26 ~42.10 0.88 ~3.90 - 87.8 ~614.0 96.7 ~684.0 Z=37. % ,2006 ;1T T I54%,2005
iA % 2.25~11.70 0.49 ~0.61 — 87 ~373  92.5~439.0 Tait et al. ,2003 ;5% 2008
& I 6.00~8.21 0.17 ~0.20 — 31 ~140 29.0~77.9.0 M5 1994
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R HERAR K RS2 45 A R
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47, T VO SR DN S 28 7 3 T A8 3 v K AR A e 4% 7
YLFRBR 0 B AR A ok A2 3 5 B3 B R B, R T
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Table 4  Pollutant concentration in the surface runoff
WER F 0 (ﬁ%%%{rﬁ;/( mg-L™") IR
TN TP HA CoD SS
7H21H 2.43 3.36 1.37 62 60.06 BT
7H31H 2.18 2.60 1.08 60. 62 58.90
8 H27 H 2.47 2.47 1.32 108 97.03
2.40 ~6.98 0.28 ~1.36 43 ~314 71 ~323.9 &5 ,2008
3.3.2 FEKBEFEAIEEMN WIGEYHE- KR E S DT GG Ik TR A E T
PRI A R T 3 YRR R AN BT Qe A SO TR AR LR 5.
x5 BHROFITERE
Table 5 Calculation results of pollution loads
W sk ARG A/ kg ?%ﬁﬁtﬂ@%@ FHEUTH mg
HRAR HETETEIK ST/ kg Hfif/ kg pites
7H21H TN 6.19 18.50 41.88 17.19 41.04%
TP 8.00 21.03 51.27 22.24 43.37%
CcoD 141.90 174.40 1013. 60 697.31 68.79%
SS 250. 46 140. 87 1925.48 1534. 14 79.67%
7H31H TN 1.56 24.52 32.95 6.874 20.85%
TP 1.66 18.07 30.70 10.97 35.66%
CoD 38.76 248.28 533.14 246. 10 46.16%
SS 38.52 65.24 161.37 57.60 35.54%
8 H27 H TN 2.76 21.34 43.49 19.39 44.58%
TP 2.61 12.38 28.49 13.50 47.30%
CoD 70.28 220. 85 611.43 320.30 52.38%
SS 101. 14 50.16 257.26 105.97 41.10%

SR B L O b ) DRy 5 A ¥ G YR R L O TS
Ut e W BT IR , 53 5T 3R T M R AR L AR I T K M
DU TS Yy o 5 G 5 far 19 e A9, i B
THACI, I T 300 ) b e A28 X 6 5 FR AT e (TN
TP) B TR RAE 4. 7% ~15.6% 2 [a] , % COD i) 5t
HRFEN7.3% ~14.0% ,%F SS BITTHR R 13. 0% ~
39.3% . HH 15K BTG R FE257 R
VGG W) ) BT E N 41.0% ~T74.4% ,COD . SS ) 5T
BRZTE S 9Ih 17.2% ~46.6% 7.3% ~40.4%.
M 6 v LI i, HEZK A T8 S OB 0 i X
T T AR A5 YL BTk TN 15 4 5T ik R R
20.9% ~44.6% ,TP N 35.7% ~47.3% ,COD H
46.2% ~48.8% ,SS 4 35.7% ~79.7% , ] W, %18
DURR 25 Tt v U ¥ G 1) o 7 YR U 76 /= 0
FERIRERZE TR (7 A 21 H .8 A 27 H) & HETTH
YIRS G W ST kR TR ) 40% L) L. 3 k%

W2 R DA X B R AR R TN TP 1Y
SR TTERHEF .8 H27 H> 7 A21 H>7H
31 H,COD.SS M5 4oty .7 A 21 H >8
27 H>7 A 31 H,7 A 31 H FER AT TR0 &
S RIS f /0N, X TE R TR A TS Y 67 A BT
BRFRAEAR; M 7 A 21 H RS2 8 Ok, vl
RE T 55, UK 5 Hb 2 500 47 Bl 42 0 R 2E A 4
T P [ st 38 7 A R R A R TR LR
FUFY I ST ) S 4 88 R 0 P 5 A8 R P o A )

B 3 7 8500 2 5 375 4
R
4 £5i(Conclusions)

AW X I It 1 HE 7K 3R G0 W 2 i I TS G T
R E Y TS 7K P T Y VR B L v T R K R
B AR E (GB 3838—2002) 1 V 28K T bRk, 44
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TE SR B R5 GY e J7. 2012 4F T 2211 L% I FR 8L
Pgit W, Y BN R A E] 10 mm B &4 %
i WA BB R B AR RN AT, &
Tl HEZK ZR G0 i 1t 19 15 G R U5 5T kA [R) HL B AL 5
TCVR A2 B T ) 0 2 2 5 0 () R o iy e, Herp 48
TETCRR ) R RS A 5 It 1 HE 7K 8 T8 R G e T
Vo e JE— BTG YL IR, DU A AS TR) V5 Yt 6 Ao 51
BRI 15 80% . Fh I AHE T, 45 1E TTAR ) BT o 17 £ 1L
191] 5 3 T e 32 B3R T g o B i R BRI R A O
SRRESERITALYL NP LYk 3§ R 0=/ c i)
T M4 1) ik L T e ) R, R o i R S At 1A A
e TR Y Sk A ] L 2D b 2 R 4 i A HEK A5
1) I3 2 5 T 2 4 3 9 U S AL A oo ) 45 =X
HIBHE K R G005 G i, RAP R T KA.
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