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Characteristics of Pollution Loads from the Combined Sewer during Dry Season

423" - HLF - e AN - A3
Won, Chul-Hee © Choi, Yong-Hun * Park, Woon-Ji * Shin, Min-Hwan * Choi, Joong-Dae

ABSTRACT

We have examined the pollutant load of combined sewer in dry days. Two monitoring sites (C-1, C-2) were equipped with an
flowmeter. Monitoring was conducted from September 2004 to April 2006 for 20 months during dry days. Flowrate and concentration
of pollutants are lowest from 3 to 6 o’clock, and it is high at 9, 12 and 21 o’clock. Most of organic matters exist in the dissolved
state. The results show that pollution loads in C-2 area were 4.5-7.2 times higher than in C-1. Pollutant loads were high on
Saturdays. Pollutant loads (kg/ha/day) of C-2 were 1.1-3.1 times higher those of C-1. However there was no significant difference in
winter. Analysis of correlation coefficient of water quality parameter indicates that besides of flowrate all items in C-1 site have
tight relationship respectively (p<<0.01). In C-2 site, correlation coefficient of TP-SS, TP-TN, TP-flowrate, BOD-flowrate, BOD-SS

and TN-TP are statistically significant (p<0.01).

Keywords: Combined sewer; pollutant load; correlation coefficient
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Fig. 2 Photograph of monitering site
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Table 1 Characteristics of the 2 combined sewers in

Chuncheon

Monitoring site C-1 C-2

Area (ha) 3.8 14.3
Mostly residential Largely commercial

Land use . .
but mixed but mixed

Sewer size (m) 1.0 mx1.0 m (Box) 2.0 mx1.6 m (Box)

Population (persons) 586 2,350

2 Fo] Qlr}, wfehr RARRHL ol 9 AR folde
aesle] ARSI (Fig. 1, Fig. 2). C-1 A& thirio] Z
ARG oz YR AAz|Ho] ThE|o] glom FHA| HARs]
YAERAL Qik. w7} A7) wjiRe] R o]5He
Elfo] A9 glom, ko] S EARS] AF7F FIgt
A Mo}, C-2 A9 (23] EA25)2 S41-T 22 A
ool YA Haxstal glom, dF FAAHR FAE o] 9t
T ARG AEAQL "A|7} of et AfRIelA g5t
+ FHRE Hof gtk C-2 A 99 WAL 14.3 ha®A] C-1Er}
oF 4 Hi7F=F Wt} (Table 1).

HUEH2 20049 9¥57E 20064 4€97H2] F4-LA7} 5
A ol A& 7ol Feto] sttt fE AHsSY 2
dloje] Aol 7Hset MAA] f8A (FLO-TOTE 260)E AHE-
oto] 161 7HH 02 A4 S50t AlEw EAskre A%
H EAS wrgs] flste] 3AIRE HH 0 R 199 83 MES
Azste] BAsh= U57] HIAES 9 234 +a515tt AlR
o A= 8715 ol&sto] AR AFston, A A7
47 B4 Biochemical oxygen demand (BODs), Chemical
oxygen demand (CODc:), Suspended solids (SS), Total
nitrogen (TN), Total phosphate (TP) 3}%o] ti3}to] Standard
Methods (APHA et al., 1995)2 +8. A3 8AIEH (Ministry
of Environment, 2001)°] $3te] E431%9t}, BODs+= winkler
method azide modification F< ©]83Ftt. CODe= KoCrz07
I} S (HoSO9)E o88te] &8l &, FASE HAdk= closed
reflux titrimetric method& ©]-83}92H, SS+= GF/C 4]
£ 0]&3} gravimetric method, TP persulfate digestiona}
ascorbic acid methodE ol-§sfte] 241515t TN &2
AL ES Hol A oR o83t AeA FFFERS of8st
et

BAE Aal= SigmaPlot Ver. 8.03F SPSS Ver, 122 o4&
sto] A A2lstsict.

Fasotel=ad A5338 A6, 2011
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frego] gad A FEAY] FrE fhadchs EAS Hoot
1. AIZHEHE HESY olefat AL -2 AHAINE FAHA| et T3t % A
Table 202 71N A8 558 ARle] wef gopefo] 4 91 599 S 260680 mell S} WA BODH COD
AskALk C-1 21A BODE] Zokgke- 68.8~ 104.7 mg/L, CODey of wgf Aoz 2 Aoz AL & 17159 B>

9] Z0}7ke 131.0~202.0 mg/L, TN ZJZre 21.7~30.5 HHo] 8= AR A6k S &+ U
mg/L. 12)3 TPO] F7He 2.1~ 3.0 mg/LY] HYEA A4 C-1 A|3ellA BODE] @ gHsle2 17.2 kg/dayi ZALE]

AZEQT 3A12} 64170 2 4k Below, 9oflA] 124], 18jaL o CODe 37.0 kg/day, FFHRH2 TN TP 717} 6.1
Table 2 Comparison of pollutant concentrations according to time schedule (Unit: mg/L)
Parameter 1 e
Minimum Median Maximum SD Minimum Median Maximum SD
0 411 86.0 168.0 38.6 310 66.0 134.0 29.3
3 18.0 68.8 139.0 33.0 30.0 46.0 129.0 29.6
6 22.8 710 169.0 41.7 24.0 55.0 104.6 25.2
9 24.0 100.0 241.0 63.4 37.0 81.1 129.0 28.6
BOD 12 26.0 104.0 213.0 51.6 30.3 96.0 161.0 375
15 25.7 88.3 151.0 39.2 30.0 88.0 153.0 33.3
18 19.5 91.0 167.0 434 26.0 82.0 119.0 28.3
21 30.3 104.7 235.0 53.4 310 73.0 174.0 395
0 53.2 145.0 250.0 60.1 45.0 122.0 363.0 94.2
3 40.0 140.0 360.0 88.1 45.0 83.0 360.0 100.1
6 60.0 131.0 380.0 81.3 53.0 113.0 460.0 107.4
ODc, 9 90.0 202.0 384.0 85.6 50.0 154.0 370.0 84.5
12 64.0 184.0 575.0 132.3 70.0 151.0 440.0 94.8
15 88.0 173.0 400.0 86.0 50.0 170.7 450.0 104.7
18 70.0 171.0 510.0 1154 88.0 148.0 360.0 75.7
21 80.0 202.0 450.0 106.0 60.0 125.0 410.0 87.2
0 26.8 56.0 249.0 62.9 14.0 32.0 227.0 55.2
3 8.7 49.0 825.0 2171 6.0 26.0 105.0 24.9
6 20.0 42.0 128.0 26.4 6.0 26.0 97.3 24.0
s 9 30.0 64.5 228.0 56.5 12.0 49.0 213.0 50.2
12 180 60.0 250.3 60.8 14.0 39.0 140.0 335
15 12.0 52.0 155.4 41.3 9.0 44.0 84.0 20.0
18 22.0 55.0 310.0 75.7 15.0 48.0 125.0 314
21 18.0 68.0 256.3 65.0 15.0 46.0 205.0 49.0
0 8.2 23.8 126.4 311 12.8 26.3 374 79
3 7.6 217 84.5 22.7 7.2 27.8 44.4 11.0
6 9.1 23.0 45.7 10.4 12.3 27.6 46.7 10.0
™ 9 104 26.9 137.8 38.2 135 25.1 35.7 6.7
12 12.1 23.4 133.0 3L7 8.9 22.4 40.7 9.4
15 10.6 22.8 75.1 18.4 10.2 24.0 40.3 8.2
18 10.1 26.5 90.1 24.9 11.8 284 39.7 84
21 9.9 30.5 125.7 32.2 114 25.7 34.7 6.9
Journal of the Korean Society of Agricultural Engineers, 53(6), 2011. 11 139
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Table 2 Continued
Parameter ¢ 2
Minimum Median Maximum SD Minimum Median Maximum SD
0 11 2.3 85 2.2 09 2.5 75 1.8
3 0.6 2.1 10.1 2.9 1.3 2.4 4.0 0.7
6 1.1 2.2 9.5 2.2 1.2 2.3 6.6 1.5
p 9 0.9 3.0 12.6 35 14 2.5 9.9 2.3
12 0.9 2.8 10.2 2.7 L3 2.8 9.8 2.2
15 1.3 2.7 10.6 2.7 11 2.9 6.5 14
18 11 2.2 9.5 2.8 1.4 3.0 6.3 1.2
21 0.9 2.7 10.6 2.9 12 2.7 6.7 14
0 56.6 76.6 133.1 29.7 338.8 78.2 130.7 317
3 56.7 84.4 152.4 339 41.6 815 138.2 389
6 36.1 82.0 167.3 46.3 47.7 87.6 144.1 41.0
Toe 9 58.5 102.1 180.5 44.8 44.4 91.7 167.7 42.0
12 54.0 80.4 178.8 47.1 40.5 77.3 119.7 29.4
15 444 784 144.4 375 46.4 93.9 164.9 44.3
18 38.2 66.1 156.1 42.6 38.1 73.1 112.1 26.9
21 30.1 84.0 158.8 43.1 39.8 66.1 911 21.1
0 65.8 175.5 716.6 144.4 466.3 1,241.4 5,736.7 1,139.1
3 135 72.0 387.7 81.1 262.3 957.0 3,041.5 662.6
6 13.9 63.1 268.8 61.4 385.9 1,174.0 2,660.8 649.6
flowrate 9 45.6 242.0 500.0 131.8 710.0 2,058.5 4,825.0 991.8
(m’/d) 12 474 204.4 4470 1139 620.0 1,886.4 3,179.8 724.3
15 41.0 166.6 390.0 95.7 531.9 1,585.1 3,032.4 717.6
18 24.1 243.0 587.0 132.1 479.5 1,657.6 3,617.8 798.3
21 22.1 224.0 422.8 96.1 519.5 1,632.2 3,179.1 824.6
8.0 50.0
70 A 450
6o f\ /_ 400
5 5 [ > / I s
5'3 4.0 - / \ / —#-B0D § 2520 —#-80D
3 \ / * ——CODcr B p00 —— CODer
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—e—T0C >0 —e—TOC
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Fig. 3 Variation of pollutant loads according to time zone

kg/day9} 0.7 kg/day2A] A7 EEE A 6A)A ] 7F8F Wk
o 9Ale} 21Al7ﬂ°ﬂ 7V =30t (Fig. 3a). C-2 A< AIZE

H Rl 03417300 7P Wokow, 0941 7 =2 F
sl Hol C-1 A HT fARE A3 2ot (Fig. 3b). L
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Fig. 4 Profiles of concentrations and pollutant load according to a day of week

5o] wo] Rxsia gla WAo] Yy EHTOH QHH7} =7
Uept Aoz #otEh & C-2 A9e C-1 AYo) vl &
HEAL Frrt W2 A= QLo o] Y53 A7) o

(Table 2).

2. QOolH HIZEN

Fig. 40l= 7|4 3 @99 Ayt Yepyfigict. C-1 A9
o] gEke Y oof 7P WS 159.7 mY/dayS RgoH, o]
ZUkeit 4sia, F8UE 712 T S7tsle] 4ad
of 294.6 m¥/day2A] 71 =& kS Bty 04 Haleke] &
W2 EQ U Ja o] oo, Fade] W HIE By
t} C-2 A% 922 8285~ 2,645.3 m’/day?] HEA 2
of wet 2 HElE Hy=r, Fadd b Woka dadd
7P =T il IR gofel BEE Hylou, )
=52 nedt Balgke] A9 BODY CODe= ELY0] 1%
(BOD, 133.1 kg/day; CODe, 312.1 kg/day)E Eom 8
ol 2A2] (BOD, 68.1 kg/day; COD¢;, 106.2 kg/day)S 2k

of
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TR 8ol wt AU WF2 5k As Holx: ot
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ou, gt vk RjE Q@RS Fadd Yoz
A ek, ot SR Flet Y & A
5710l 719she ZAow BoEc) C-1 AR C-2 AHEt §
9] walo] 23 QIw A7) uho] gt Bt oAl v
Ut Ao shekgt),
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|

3. AZE W E5Y

Wekol Hals AR vephd Zo]
o} C-1 A% o] Bk AdER 2 xjolE Bolx| ook
o, ALH 7 Aglon (172.2 m'/day), Bl 7MY W
242.2 m’/day2 ZAEQILE oIF, 71, AL FY] Hage
Z¥zy BA0) 74,2, 81.3 181 71.1 %2 AT} COD:2
AR dY FoleFe] Hatgh 38l 50.3 kg/day®E ARG
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Fig, 5 Range of flowrate and pollutant load according to season

on, AF, 7k, ALY dY Folke Bk 47t 59
57.6, 60.7, 48.5 %EA ALl 7P WA UERTh FFEE
TN} TPE] Y FARE 43RS Belrk 18y SSeF CODe,
o] Holeke AFHl 7MY wokom, B 7P W2 42
Bk C-2 A9 A fe] Bk w3800 7P =2
2,630 m’/day2 ZAFEQOH, oE, 71, ALY Se 77t
HH0] 79,6, 66.6 L2|1L 39.7 %RA ALH) 7 WA et
ok C-1 A YA C-2 AFAAE AL Go]
A vebE=d, ol AdE B4 4 ' ARl A7) el
Ao T}, C-2 A7 AW e 9EHS] Holge 2
Ao 3oy, ALHo] W2 3 Bt ol #AR /4
Bl ] Aol 7Qleke Ao Ty B3 e HEEe
Hajefe C-2 AFoA] A Uelhed], o i) w3
ztolo] 71Qlek= Ao® AlmEch webA C-13 C-204 T
WY 0olEAo] BalekoR uliws} Pask) Table 37 Fig,
6ol 27 3t weEAY Qo cdvake FUgkeR
AIABHACE

C-13} C-2 A9 duAg G2 72t 45.3~63.7 m'/
ha/day$} 73.0~183.9 m’/ha/day=A4 C-2 A-<] {eFo] 1.6
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Table 3 Comparison of flowrate according to season
(Unit : m®/ha/day)

C-1 C-2

Spring |Summer| Autumn| Winter | Spring |Summer |Autumn | Winter
Flowrate | 63.7 | 47.3 | 51.8 | 45.3 | 183.9 | 146.5 | 122.5 | 73.0

~3.1 87} &A YeRdth BOD #3ke] ¢ C-2 #AHo] C-1
A Qo] Hsto] 1.1~3.0 i A YeRg=H, 47189 4$ Ha
1.1 ufolld Zoh 3.1 w9 =2 & Bloh JoFdFel TN}
TPE fARE Age e, C-2 XY edFslse C-1
A -o] vt 1.4~2.9 wi7} A YERdTh o= C-13F C-2
AHe] L AEH WiEsEs sl C-2 Ao wo] HaEst
3 Q= A E ARt sl 8<4=9] Yo s dthErt
Ty ALEWE vuE Aof= 1.1~1.6 B2 Z ZolE B
A okttt dubd o R wA] B AEAY e AYA TR
o} FAAYo] =t} (Choe et al., 2002). LUt §3ke 3

A quct AAx o] A7) ufie] LPHd= FARGHLE A
AR Go] A Yebd =& Qltt o] EA| H[HAYe] H$-
F QAR FEe EAY o]go| uet gtk A 9

FaEeota=awd A538 AleL, 2011
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ujgtc}, e a2 354 sledtroA AT AlE Al HEEA]
APHo| ot B v EAS FE3| ZARsoloF &
Aog wkE )
4, MEEA 2N
Table 49l ZAP|7E 59t 3% mUEs] Axjo] 7]x8}0

BAT ARAE ANt 4
SS, BOD, TN, TP, 181l flowrateZ
0.01004 =33}%ick. C-1 A7) 49 SS, BOD, TN, TP &

FIF [‘

L 8ol 001914 S9Ao] At 2Lt geke- §S FHE
stk fol4E 0.010014 f-94do] At C-2 AFL C-

AR o A% H3lth TP BODE Al9R 2E 6&%011
A 0.019] FefolA f-94do] glo, BOD= flowrate2}
SS, TN TP} Fo)/do] Q= Aoz AR 3Hd 29+
A 7k A= C-2 Aol A Yelth ol= diiti

Table 4 Correlation analysis among measured variables

Site Index | flowrate SS BOD ™ TP
flowrate 1 0.2334" | 0.0948 | 0.0980 | 0.0625
SS 1 0.3984" | 0.2886" | 0.4156"
C-1 BOD 1 0.4695" | 0.2235"
TN 1 0.3148"
TP 1
flowrate 1 0.0211 | 0.2024* | 0.0368 |—0.2617"
SS 1 0.2660" | —0.0613| 0.2871"
C-2 BOD 1 0.0947 | —0.1221
™ 1 0.1114°
TP 1

a : statistically significant at p<0.01
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o] Jeeom sle] qlr] thRo] Bl Ag s
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A0 BYEh C-2 A40) BeuAg ooty
]Xﬂit‘r 1.1~3.1 vi7F A vepdth 28y AE
EO]X] ok/zh;} goﬂﬂxl 5L£7}_,] Ah,]a,]%]]
Skl %-iFJr C-1 AR g Aefet B oA 794

14 ool Asiek e 5 BssL

FoleE 00101]*1 fFoldel sk C-2 Xl@«l % TP&
BODS Alojtt B2 20l 0.019] SeHEe OI40
?l%lom BODE flowrate®} SS&F -G-2JA o] il% Rog A}

Qe ek SUYBAATE Y RS 0
o s AL BA=F T
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