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Pollutant Source Apportionment of Combined
Sewer Overflows for a Pump Lifting Drainage
System

LI Tian, DAI Meihong, ZHANG Wei, QIAN Lipeng
(State Key Laboratory of Pollution Control and Resource Reuse, Tongii
University, Shanghai 200092, China)

Abstract; Origins of pollution loads of SS,NH, ™ -N from total
wet weather flows and the overflows from a pump lifting-
combined sewer system in Shanghai were analyzed with the
method of the entry-exit mass balance, respectively, based on
simultaneously quantity and quality monitoring of surface
runoff, sanitary sewage, intercepted wet weather flow and
sewer overflow. Compared with the origins of SS , NH,*-N
in wet weather flow from 6 monitored rainfall/overflow
events, the origins of the two pollutants in CSO were
different: the surface runoff contribution decreased by 10.2%
~25.1% and 4. 5% ~11. 0%, respectively; the sanitary
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sewage contribution decreased by 0.3% ~1.5% and 6. 0% ~
30.7% , respectively; while the sewer deposits contribution
increased by 11. 2% ~ 25. 4% and 6. 8% ~ 37. 2%,
respectively. Reasons of the difference were analyzed. The
results provide a better method to apportion wet weather
pollution suffered by urban receiving water, and help to make
reasonable decisions to control CSO pollution.

Key words: combined sewer overflows; wet weather flows;
entry-exit mass balance method; sewer storage quantity;

source apportionment
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.1 HRBRESHHHE

HE EETREAREREHK RS A B
MR, BRGENKFBRB KRS, REBRAN
1. 18 km? , H-AR TivIHCH . 2 W AR M i 23500 B A
45, 6%,43. 8%#0 10. 6%. FHER N ER A B 5
WIRE M, BRI O % ENRE, Kig A T AR
BAMERE, BEERYIFRELLE™E. R R
5HEHKRERB KIBER, BTHERLE. Ak
RIATHCE SN HEK R MR, RENFT &
NX T RHE KB T 2B R TEK K 2 MRS

HRERBRER AR AEREN RS &F
TR BE AN R S 2R A MR R] , 7EVC K XIR P9 E B 3 b
TERE K O ToRE&EE BHARTLRE &, ZERERT R T
FI4G 5 min SRE— MR, 5 B SRR B R 1R FE 4
10~15 min, ELAHR 38 B RT3 B A /NI 8 , KA 1
LKBEIAE . BT A RGN WS B HHEE /N
X H, A b ag AR > (s B 1. 34%) , AXIEK
—FEA TR/ B KEE R R R BT 4%
HE R TR, R R A B/ AR TEH D4,
IKAEREE T 5 5 T AR F AR B, SRAE R A o ) -
HEAF R (NIVUS PCM4) [6] 352 45 8 T AR5
RE.

AR KR E SRR R v AT b 2 H B3R
BAY (ISCO 6712) H 3R, BrE“2 h FRIFEREE".
FRBRI S PR W — & R # R DL T 2
FPREE : BB/ MK )G 3T 16, HBAIAY 60 min 4
4FE 10 min RE MRS, Z 58 120 min g 20
min RE—MEM, B2 5 ER 30 min RE—H
i, LRI/ R R, B MR AR 900 ml,

T I P B RETR & TR v B 1T KB K E . T5K
RETRAESHHESREBENRBERERS
(SCADA)#k1&.

KB4 ¥ B . COD, SS, TN, TP, NH, ™-N J&
BWREE, i kSRR 16 ], Fr B K B $EAn S
B 3E T S AR Y W I AR AR R R S T e
AR E R (EMO).
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WA AEEE K Bk, FREGENTS,
GRS R AT RS AR5 K S
NIl &A= Bd 2R Gt o B Al A7 A 18 V5K B9 TS e 4 £ Fr B
1, B R HERUTS Sy 10 o R A R I A R0 s o AR

LGEREY S/ Y- R
1.2.2 RGUKEVHEE
ARGRHAHERHRE WRXRENKE
P AT
VitV =Ve+Vp @

RV, ABREBRRATEI5KE, m*; V, HE T
FHBW J5KE, m*; Ve AHRERE, m*; V)
RAEFEEK CEIEERRETREFAMAETIEK
B),mé,

B /i W5 HE A B 5 G A i AT SE
WK B R S4 A BRI/ Y K o 2R Ak AR &5 A X B B
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1 2% ¥4 e B B9 B 3 B B 31 (KROHNE SC100AS,
MAG-XE ABB) 5Z it Wi il 3575 ; R ulf SCADA R4t
R TEAEGANZ 51K 86 A REWN
SEBMABY=0.TD 5MRARHEKEFHE AKX
(R 2), ZRBHET ¥ EMWELPRRE. 2012 48
A~10F BHEISE/E 5 WMEW T 3ERE B 4= 1E 15 7KK
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2.1 REEBETERAREEMRTEKE

ARGRIMM AR 4. 5 m, MIRARE —3. 4
m, FEFETHRNRAE L B3R 1 /8, A REWRE
WMERER G SNAKAR 1.0 m, FEFER KA R
SRR T KREIERER SR =AM EEEK;
MRBRE IS KA ST EE SR Z BRI 2
ik L7 m, R A EEPAHAERERRE; MH T
FREul o AR SE BB, K R A K ALRAR, — B
AR, REFTAHKER. BKEHEATE.
BRE FKEE SR E DR RA LR
KA, EREETEERERGEKNAREK=
FH XK TSR HIHE K R G o ARG L. T 30
& B HEAKR B MK AR B 84 (Infoworks CS)EEAr T
A RGREMEFKBEBITARMER(E D, Bk
W THEA R KAF R T EEN MK E.

F1 AZRGERBHREFTHN
Tab.1 Operational regulation of pump station A

BRERRAM /m  BREEREKE/m  WAFEKA/m
FE B FE B FE B
1.5 —1.5 1.0 —2.2 2.7 —1.3
6 —
5k -mm——n
£ ar
=7
1+
0 -"'...I..I 1 1 I I 1
-3 -2 -1 0 1 2 3 4
KA /m

1 ARGEABRSETAEXE
Fig.1 Curve of storage volume to water level of pump

station suction basin

2.2 ARGHAER.ARHAARSE
2.2.1 BEFISHELN

2012 45 6~9 A RIS 8 H BT AT,
6 S5 ME T EU RS AR 2 PO AT T He SR W, A
KM 2 Fim. 08 12 h R AR
R, R T R T /N KT AR

M, HA 8 A 8 HARHERERT 100 mm I AFHR

F2 BNEMEREARE

Tab.2 Characteristics of monitored rainfall events

AR B/

(mm « (5 min) 1)

FEHY  BEWE/mm  REWH /b

2012-06-23 12.4 3.50 13
2012-06-26 17.5 4,17 0.8
2012-07-06* 31.5 3.08 3.5
2012-07-12 9.9 0.92 3.0
2012-08-02 4.0 1.33 0.6
2012-08-08* 111.1 25.58 4.9
2012-08-13* 28.4 2.17 5.0
2012-08-20* 42.7 3.00 2.8
2012-09-07* 15.7 0.75 4.0
2012-09-09*% 15.9 0.83 6.6

: x FRFEHREDIFE U EE R KM, SCADA £4i 5 5 min it

F—RRIEWE.
2.2.2 BERFATERYHGTRE

P 2012 47 8 A 20 HREM GBI Hr b FERE
T TR ER PR AR B V5 Gy B B vk BE AR AL ARRAE (B
2~4). 3B BRI TS Gy HE O AE B 0 A0 3 v 28
N CE 2a) , /NXBR WG RY) R EREFEE R RN E
Ay 1 gk 7 L AR Ak (L 2b) , 3% 5 SCHR 3, 6, 15 1RF 5
FEBERE N BRI B s —2. B
AT R ERARES SS A NH,~N &
WAL AR, B R K R R B R AR R
MK g B2 5K R R T SC R4 .
ME 4 FTAEH, KERFIHKREHRRERE
LYE IR A BRE KRN BITERE,
ERMFENRXRNMENRREBHEEE. WK
RITIaJGE BB P mEEEN, S EE TRy =4
FIRRIVE . 53R i R A TR V5 K K A B, e e
R SS B E BN B K e RIS TR R K,
NH, =N i B ¥ B 2 3 T R 5 & TRE, B ke
WA TETE KRG VBB UUARY 3 RIFEAR
W H A 2 DMARIBITEERT X HEBO 5 G 10 i 1
ST Fr (A,

HFmRK A EEENRERN AGLNRE
BRI XE , T LAt InfoWorks CS 4 b iy 3 Th] A Al
R BMERSE AP EBRERRENE LIRS
A K RS AR RS E B AR A EMC. RGN bR
wEHEEY EMCEREETEUE /DX ERK
J5 K A8 REFE M TE AR B 2 BUMACF- 3578 . 2R BE
B S2 I 75 e EMC R S 3918 5 4B 15 5 7K B 5
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Fig.2 Pollutograph of runoff versus rainfall intensity
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Tab.3 EMC of monitored pollutants
d1.0 _
= (mg+ L)
~ {og £ W%k  COD SS NH/=N 1IN TP
T ' : HIEBIK 380 104 33. 66 46.7 4.21
o do6 E 1R 201 187 2.11 5. 82 0.82
1 i HEE2B® 178 159 2.5 494  0.75
= {04 E EBIBW 136 110 1.91 9.08  0.68
S NER =Y 84 102 2.39 8.37 0. 37
10.2 E-3 v ] 253 128 24,30  3L.70  1.83
0 EZSR 387 324 10. 72 23.17 2.55
: : 15:00
%) B H REPEEST A REM KRB RER AR
B3 MNRHFRSHEMEEOTL TTHREN, R RERERYAEEERE Y

Fig.3 Flow rate versus rainfall intensity in a district
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[—o—NH,-NJR IR (25/%)

—=—SSTREW ¥
KR
KL,

JREIRE/(mg . L-1)

11:40

12:20 13:00  13:40

A%l

4 WAMBEKERERTEMRERENTH
Fig.4 Pollutograph/flow pattern of intercepted sewage
and sewer overflows
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2.3.1 WREHR

FEERIE A REEEHFKEFHIZRY R
TR ZERE |, DABESTRE T N B X R, RARGMA

14:20  15:00

HYEHEREHESKENEREMNRE; BB R
G AR TS K BB A T5 G S e R R TR T 0
BT 7K 38 5% F B 2 R 4 P Vs e ) 60 for B 250, BLAR
B AE P S PRI R L oK B 2 AR K B 5K RS
M EFEE, Kk EdmE 1 e, BlEHEFK
JBR SR FH o T R 2R TR 7K 3% 5 BT s 200 S0 4 H K T K
B CE 4. BRI W A [ B B A VR V5 K HE A
TR B Tk n 1. 2 W ETR, BB VIR Y (2
REERAMEROHTEES. @S WEFER
Vb2 T FRKFERFA R HRAR S 3 MFHE
FITTER LB AR FETR B R R AT
KVEBUURYT SS B S FTERR 51K
49.9%,5. 6% ,44. 5% ;X NH, N JRE2$HF3
FERRSBIR 21.6%,52. 0%,26. 4%. & 5 & A]
LAVE H 5 [F— V5 BL IR 7E A (5] B R 304 o X H O o 4
SEGREYMTIRE RAARRE, F—5 R EEFER
MEFR S0 SS,NH, =N B4 50 Skt A B
BRZER.
2.3.2 TREH

R TR RARREAR, ARG R
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Fig.5 Source apportionment of pollutants for WWF
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NH, =N £ 7 R ¥5. 8 I W5 7K 15 Ju 60 1o ) U S AT
SERWNE 6 frns. R 4 HYMAEIHT 6 RERFMH
P RIETRKE Voot ETETEKE V) BB
FI5KE Vo) AR BT (Vi) TR E Vo).
He, e R AR AEEEKAR RSB RS
AR 3R 50 1 5 TR K 28 5T IS BT AR L i B R A2 e L 2R
KA 22 1H, & R AR Bib RER
AR HERRNBRERKBRSERE YL
¥R B YR E A, B et B AR R 5K S AR
WA & 15K B SN B B AETE 5K K i E. 1R
PERKE IS ZRTE I BOHEA B M i R E

BESAEEKBEN LENHESHRTKESH
FRW - AEEE KPS IR HE B B E Y
7 fi AT 8 5 SN v K B e K B R A IR
WAKRERH;WAEFGE 3 M7 REERR. &R
s R RS R R M R M. &5, R DR/
IEEIRY S B RYARN. 6 KERFH+
31.9%+14. 5%/ SS.15. 7% +9. 5% B NH, N
kB ERR, 4 7% T3 3% SSH 38 8% +
18. 1%/ NH, N 3RIE FA: & 15K (RGN 32
B SR A B TE KD, 63. 4% £16. 620 /9 SS
5 45.5%+17. 3% NH, N 3k 5 &8 Ry,

HHBIRY FyiisK 2 MR

1001
80
X2
%& 60
>
OE 40|
H
201
oLl B L s . -
2012-07-06 2012-08-13 2012-09-07
2012-08-08 2012-08-20 2012-09-09
H3
b NH, =N

6 BB RER
Fig.6 Source apportionment of pollutants for CSO
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Yt I8 5a,6a J B 5b, 6b B A1, X & HE &
GRRGRRESHT, DERIBAERENR S
BH R AERES R, MRE R A BT KTRE
RS, BB VTR STRR R R . AR R R R e Y
ERYREITER, 6 FRERR R SS, NH,~N

FISRIES, R R TIE D TRET 10. 2% ~
25.1%,4. 5% ~11. 0% ; B ¥ i5 7K TTER R4 B K
T0.3%~1.5%,6. 0% ~30. 7% ; &E TR Y FEk
RAPMKT 11. 2% ~25.4%,6. 8% ~37. 2%. ¥
PR A Z B BRI R0 B Hb R AR W TS YRR B L™
B, o R TR 5 BE S KA 7 e R T, MR R R AR 2 BT
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Tab.4 Different sections of water volume in wet weather discharge events m3
BRAEHEEAAKE BRPEAEKE  wipmee v WAl Vi 5 REHOH Vay
Ve Viy Vet Viry B Vine v Vint Vover tEAE 5 Vi lUAE

2012-07-06 1175 185 5 570 880 1 360 15 820 3 905 0. 09 0.68
2012-08-08 10 080 4 920 10 020 4 890 15 000 95 560 24 925 0.16 0.05
2012-08-13 690 225 4 355 1390 915 9 190 1 800 0.10 1.27
2012-08-20 2 630 1 260 5190 2 485 3 890 29 080 9 820 0.13 0.37
2012-09-07 555 175 4 150 1320 730 10 250 2 470 0.07 1.55
2012-09-09 1025 440 3110 1330 1 465 9 830 2 670 0.15 0.41

M BRI AT, SEMRER P REF LY R
Pt T R T X I P A SRR 2R, [R) R, < B TRI R
Ja A & Az s U A R TR 1, W WK B R AR Y
A YETE KB B, E R T A3 15K s 75
Yufi far A STAR SR, S AR X NH, =N, TN X 86 B
3k B A E K TE By, RS R BT B A 15 08 U
o B H K B A 43 B0 D, T s I B B A 7 AR BT
TR v Rl 3 14 5 B A0 BT AR X AR E » B IR R BUTAR
Yk iis Biis G 527 A BURR L Al K.

20124E8 H8H,8H 20 HFM9 A9 H 3%
A [F) 15 B A TTRR 2R 4% B A R 5 g AR
RS ESHMEBE R RMEERR Y FRER
R H R TS e SR R B, X R R R SS, NH, N 7
TR, WRBMAMEBSHTRET 19. 100~
25.1%,4. 8% ~11. 0%, A= & V5 7K 5% Bk 3R 4 Bl P 1
T 1.2%~1.5%,10. 5% ~30. 7%, EHITRY 58k
BOFMKT 20.3%~25,4%,15.8%~37.2%. H
£ 3 W] S0, 3 SRR 35 R wR BE A/ H ek
BRI K MIRE TR, W SR AL AT R B S i I E R
IR, RGEFHAEEEGKESERITABRRE
B ELBI/IN XS B T FETR BT R SEAA A AR B 5 K
o F BT BB R Bt A NH, N A f5m , W Ui =
v SR fY) SS £ FiF Y IR o T RE R H SRR A9 s
BB, X T RO ISR BT AR KR TR » AR K B A3 hn 7
P, i SRR R A B AR A R AR, IR
BT 2 NI EMERAFREEZAR. B
I, X R I & A 2 BT AR B B K AR R 4, AR SR
H 3% T B IR AT T R BB T P IR AR
BT BT HE AR M H 3R 52 N K AR AR 32 V5 L B T Y

3 it

WX FRERFHK S FEIRLE, DIEENZ
BRI RRLTS B M A% B R AT 15 R S 7 B9

TREENT, SEE MU R B e BB R AL,
A HEBR B K B 5B MK E M HER L AE R §
MR A B TS K E XM 85 R IR, AT 3R75 L3
HER B R

OAEXFHRREH A RYEETES R
A R4t 2012 4F 6 Sl PR SS,NH, =N &7
Tk, RBER LB TREDHI THET18.0%,
6.0%; AETEE K LB HERE D FIEMT 0. 9%,
13. 3% B TIBRY MBI K T 18. 9%,
19.3%.

(DU PTE Y 57 5 B H I 75 G 12 1oy 9 U8 A b
GRZ 2= R 2R RE L R HEK RE R
] o o 2R T 8 BBE /)N 7 Bt A8 4 ek T 3 514 17 B b
HEAT B W5 B B TR AR AT X 52 9 K AR SE R AR 32 S
PR S BT ETRY N TIRE, MR
AR RTS8 5K I TTRR R,
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