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Fig. 1 Investigated region and monitoring point
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1.2 REE

At 32 0] i 3k v VAT K b A b B B X, AR R B R A B e BT BRI A Jb 5T B O 3 AT (ID
54499) [ REM BT, BOFul SRR EEEPTE 69 A, FX N FEREN R 80.9%, g B
7 H FAR 8 A TFA, Wik, AUF5E R N % mt B £ A 4 Wil i S2 bRl . R R o — 3%
FEET A NPT 12, B RR D B Sl DA T T iy 28 o RN 245 SR T 8 Iy A s (), PS4 R FR 0 B R IR PR 1 5
VR i 2 . fEASHESE, B RERTSRE =00 mm-h' HAEHJT 2 h INFERT AR 0 7E Jy— R 5 1 =
fF, TR, SIBRR R /DT 1 mm BREARNY, ek W e L5y, ABFSE 5 ke 3 o — Bt
(V1] A (32 B2 R TR, WA 1) 5 3 K8k T 4 1 I AR I DL 6 1

R1 2018—2019 F/Y 5 IHETRIFE
Table 1 Five rainfall characteristics from 2018 to 2019

R FETR e R A T i J 3 S L5 REE TR . N SoEsvidl
G5B REEAD %fi G PRI VEER  pmpge PRE

(mm-(10 min) ") 9 FE/(mm-h™") (VA24 hih)™!
A 2018-07-03 16.6 8.2 23 2.0 2 R
B 2018-07-16 21.8 5.5 5.4 4.0 5 S|
C 2018-08-08 752 53 13.4 142 9 £ )
D 2019-04-24 21.4 15 0.5 1.4 5 e
E 2019-07-22 53.4 6.5 72 8.2 23 £ i)

CSOs 15 Y551k =BG K R FUK FRAE . i U i e — A fhad /&, Bk, ARBFST K 7
IRF 38 9 B . W B R AL COD AN B IS 3k 3 kAR b 3 AN H A, T 3R AE CSOs 15 Je itk o k4%
COD £l CSOs 15 /KK B br At 3, 2k COD &4 BRI T 75 K K B i PA% i 48 AR 1S, T 16 5 ikt
JER R L . GROMAIRE %8P (i 98 & B0, 207 A (SS) /& CSOs 15 YL i Bk A, {H SS M5 1)
AR KR AP BB, PR SS Z A1 A F A AR S& M L T e R B4 AR R R
FE, T LUKl B R CSOs 15 7K K B Y 2% 48 H g

AT B2 W D AT S 00 S B HE U i . RET R VU L RIS U COD. [ RN RREAIE 2 5
CSOs 5 KK T AK & (1) R ZH R, ARBF5E R PR W, RREWRE, 1
R TR 5 5, W o oA R 4R
1.3 ARG

AWFFEWEI T A, B, C. D, E 537Vl 547 P i it 35 14 09 R W 2o A2 Al o /K oK SEad # . B
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F 500 mL ) B & b o SRAE B TD ) B Ok o B R AT B (RN T 1 h AR IR ), K BRI
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ShART), AKBURAMK A 30 min k™5 BERARM (0 S h DUSRR), KERFEEMIK A 2 h k™,
JELAAR A B TR A 4 552 s o8 T 7 155 D0 0 5 o

A i 0 DR T R, S KA - R AR A S T P A A X R R M R
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Kb C R BRRFER TG R, mg L™ VoG AR, m’s M Ak & his 3y
ST, kg ¢ VAT, ming Q; AR IR TR it , m*h's C; S8R RIURE I V5 e )
WRE, mgL's n HHBUFEREL

ABIFFE R R U 56 B AT 25 AR AR U a8 o A DA A 35 - DR A% o sl o H bR A2 1Y)
Ly, T BA R KRS HE, 7T LASEA M B MUK oK & T8 800, &1
[ O ) 2 — o 3 A 10 o 28 B v, 3 o X Bl s AL R AT I VA 4 X, R FE A A X LA — A AT R
AR SR ARAF AR . FEREA 0 XN, SEAT A SRR 56, X A5 30 (R AR P (B A 19 A e WK 43 IX 3 —
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FH— 20 oA ) il R A8 ok R R R A8 6
2 #HR5iTE
2.1 CSOs 53454

2 FoR, 5 BRI e A RE MK 53510 B>E>C>D>A , P-4 46~198.9m’h ',
T P S I B S M 6 828.6 m®, COD V- YJ{H MK Ik i D>E>C>B>A, V- ¥k & h 46.4~371.8 mg'L ',
COD ¥ i 7 faf W K EI/N43 5 B, E. C. D, A, F¥ a5l 3.2~612.1 kg, F¥ME KN N
D>E>C>B>A, “FI¥E Hh 56.9~117.3 NTU, X LL25 R B], COD it i ¥ K /NVE b 35 AH —
., i COD ¥ yit 1 fay 3 28 5 i I A B AH G o

R 2 SIAMTNEGHER IS RFE

Table 2 Pollution characteristics of CSOs during 5 rainfall events

R RRE T ERER MWERIEME/  CODIME/  CODIgfH/  CODHiji MM/ MhEFIE(E/

G Lo
min (m*h™) m (m*-h™) (mg-L™" (mg-L™") Bt /kg NTU NTU
A 90 46 69.0 79.4 46.4 83 32 60 221
B 2910 140.8 6 828.6 376 89.6 445 612.1 62 150
C 1020 1215 2 066.3 351 112.7 420 232.9 71 336
D 410 142.2 971.7 280 371.8 1120 361.3 1173 448
E 1040 198.9 34487 1011 173.1 1718 597.0 56.9 984

. BAG R EFH3RMEMNEIAL, 1K R 21.8 mm, SE2KFEME V6.2 mm, SE3VKFEMEN9.2 mm; 3UKFEFN B FRHT ] A
690 min#1760 min.
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YRR TR 3 R v () YR B RN A 35 mm B, SRR B RN T 5 & I IR B 36 D i T RE 200 230 mP-h
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Fig. 2 Conditional regression tree analysis of instantaneous CSOs (n=107)

W3 frzn, WG i COD 1Y 32 2452 M X5 43 Sl o2 IR [ T 2 (x) P 9 B FR R 32 (2) (P<0.05)
M x<19 mm B, BEE I COD Y{E K 476 mg-L7'(5 M 15%); 24 x>19 mm H. z>2.56 mm-h™" B}, [
i ¥ 7 COD 41 {H &y 206 mg-L™'(5 b 4 28%); Y4 2<2.565 mm-h™' H x<<22 mm I}, BER COD ¥{E N
21 mg-L7'(/5 H 18%); 4 x>22 mm H z<<0.989 mm-h™' i, [Bf B %5 3 COD 4 {H &y 28 mg-L™'(f kb
18%); 4 x>22 mm, 2z>0.989 mm-h™' B}, BF B % 9 COD ¥ {H 4 31 mg-L7'(/i tb 21%). Bf B & It
COD EZEZ BRI . RFENE KT 19mm B, B TRE S ESEN, KNS
K, BRI I COD YR BE Bk /1N TP IR R 5 B (>2.565 mm-h) 1 23 %45 19 R 325 K b 1T 1 ol e
FIPHE SR U, S X G TR S R ORI, VR R BRSR K BT 22 YIS Gl A CSOs {5 K .

LN S I TN 7 R 521 B A 1 S B St A 11 P/ S = o 350 o 3D
MR R A 9 8 o SRR B /N T 19 mm, B P 3 O 3ok B Ak B 4 (RO 208 NTU(# e 15%); 24
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Fig. 3 Conditional regression tree analysis of instantaneous CSOs COD (n=107)
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Fig. 4 Conditional regression tree analysis of instantaneous CSOs turbidity (n=107)
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R KT 19 mm B, 20565 5 19 B B 363 300 240 3 359 (60 30~87 NTU(Y Lok 85%) . Wik Hif Yi 3t okt /5
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BF, T BT R TE OB B A wp R e A T B AR A
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O, ik B I TR iR RE R /)N S i Vi i U L %) T U B RD . BT S(a) RO T 2018 4F 8 A 8 H iy W I 45
Wo TN 17 BsF 240 9 320 min, 24 BRI A 5] 19 mm BF, BRI DTRT 145 min B 48 T H0R, 81 NG 7
S W (AR S T IR R 5 T e 0 {60 min, 575 2 N Uik YA a0 L )5 T I B AR TR 5 3 0 (B 30 min. &1 5(b)
FOWET 2019 4% 7 22 H AWM E5 5, AR BE RS D7 B 460 min, 4 RFFEW 8 2] 15 mm, FERTDT
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AXHAE AR, R, 7 H 22 HEEW, Wil S AL P & A2 e 3 3 10 T 5 10 o o i () o . BB R
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Fig. 5 Response of sewage volume of CSOs to rainfall characteristics
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Fig. 6 Response of CSOs sewage quality to rainfall characteristics
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8 1 8 HA WL 5, & 6(b) Kk T 2019 4E 7 F 22 H A Wa I 25 5 . py T 52 2 o i /8 FH AR R A6 T
(I RE I, Yk I /K BT 2 B BRI E AT AN A ik . I 6 v, AR 8 H 8 HIWFEM ik 2 7 A
22 HIWRER, ®1] CSOs 15K /K Btk 25, BEE B AT, WBAE R, S 305 10k ER
WAL, 8 H 8 HA 7 H 22 H Y CSOs 15 7K 7K 5T 76 Tt it ok 72 & A (45+5) min J&, 3K 8] T e 7K F,
PRI , AR s 7 e Mk B AR AR, B SZ X B CSOs 15 Y 42 1l 1 i T LS O B w0 195 K, B
HUS i 3 FE R HT (45+5) min Y8 0 AR K o HEAR 2 IR RN G RR R CSOs Y5 KK R AL, 7 H 22 HEY
CSOs 157K K JiT Bl i 25 F 8 H 8 H 9 CSOs V5 /KK T, MK Ry, 7 A 22 H LAHTIE 23 d KA 8
R B B BTN, A TS e R EAT T AT 23 d UL, BUA IR PNk, A AT MUY 2
CSOs 75 Y 1y R R, 5 Y 5Tk K4 5 47%~80%. K, CSOs 5 /K i 7K i A AV 5 [ FR 3 FE A
5K, W5 R TR E B TR Y BEE (RRER) A .
3 #Hig

1) Vi Y 175 Gl 3 B A7 A TR %) 4 B R A P B S e, e U et 32 B 32 IR TR A (P<0.001) [ S
Wk COD At 3 32 B2 R [ M 4 (P<0.05) FIRE R 5 B (P<0.05) R4

2) 7E 2 YR MY g S v, ST 4 A T ORISR, ST R I R R R RO
R A Yk T T N (DR Vs U K R AT T I R R R R U 30~60 min; Vi U 5 G 7K TR A B
25, LAPREERI COD S EZV5 4Ly, e It (45+5) min J5 35 BF K.
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Abstract To determine the influence factors of pollution characteristics in combined sewer overflows in North
Canal basin, one outlet of the combined sewer in the urban-rural junction area of the upstream was selected. The
conditional regression tree method was implemented in this study to analyze the relationship between the
pollution indicators such as water quality and overflow quantity and the rainfall characteristics, based on results
of continuous monitoring and sampling surveys. Moreover, the predicted threshold of the conditional regression
tree was verified by analyzing the typical process of the overflow pollution caused by heavy rainfall. Results
showed that the overflow flux of the CSOs was significantly correlated with the rainfall in Shahe reservoir area.
The overflows occurred at the overall rainfall of 15~19 mm per event. The overflows and its peak flux lagged
behind the peaks of rainfall intensity for 15~60 min, the peak concentrations of pollutants in the initial CSOs
reached stable after its lasting for (45+5) min. The cumulative rainfall per event significantly affected the
quantity and turbidity of the CSOs (P<0.001). The cumulative rainfall per event (P=0.029) and average rainfall
intensity (P<0.001) significantly affected the COD values of the CSOs. The research results can provide a
reference for the North Canal to reduce the combined sewer overflows pollution.
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