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Abstract

This aim of study was to investigate the characteristics of discharge of pollutants as well as the correlation between flow rate and water
quality constituents in a combined sewer system according to the characteristics of rainfall. For the loading rates for each pollutant, the
median concentrations of all pollutants except T-N was increased when a CSO took place. The loading rates of BOD, COD, SS, T-N,
T-P, Cu and Zn at the CSOs were 328-1255, 25-129, 83-2009, 4-12, 14-51, 5-11 and 5-13 times higher than the DWF (Dry Whether
Flow), respectively, Especially, SS loading rate was found to be highest in all pollutants, On the other hand, the range of the first flush
coefficient, b for water quality constituents such as BOD, COD, SS, T-N, T-P, Cu and Zn were 0.537-0.878, 0.589-0.888, 0.516-
1.062, 0.852-1.031, 0.649-0.954, 0.975-1.015 and 0.900-1.114, respectively. In term of correlation between flow rate and pollutant
concentrations, SS concentration was highly correlated to flow rate, However, there was an inverse correlation between EC (Electrical
Conductivity) and flow rate because of the high dilution of flow rate. In case of correlation between pollutants, there was a high
correlation between SS and T-P.
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Table 1, Description of rainfall events monitored in this research
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Table 2, Event mean concentration for dry and wet weather
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Fig. 2. Hydrographs and pollutographs with rainfall events,
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Fig. 3. Box plots for water quality constituents.
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Table 3, Total discharged loads for dry and wet weather
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FEFI O W e Hee] Exet 27 IAHENE
71sl7] €5k Bertrand -Krajewski 5-(1998)& F
2H o] M(V)=54& Yeplon, o] 48 97

Total discharged loads(kg)

BOD COD SS T-N T-P Cu Zn
1st 11.01 22.89 11.25 4518 1.42 0.1 0.08
Dry weather 2nd 12.82 34.84 8.87 27.46 1.08 0.03 0.06
ave. 11.92 28.87 10.06 36.32 1.25 0.07 0.07
1st 3.70 7.62 5.7 14.66 0.34 0.02 0.04
2nd 371.67 732.84 842.03 171.78 18.31 0.39 0.35
Wet weather 3rd | 125596 | 3,725.70 | 8,538.37 | 409.86 57.62 0.67 0.97
4th 627.05 | 2,336.69 | 9,063.61 441.69 54.62 0.83 0.91

5th 328.55 1,5669.85 | 20,212.22 | 312.62 64.59 - -
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Table 4. Value of b for characteristic M(V) curves for water quality constituents

a2 ‘b"Value
= BOD COD SS T-N T-P Cu Zn
2nd 0.596 0.661 0.516 0.974 0.649 0.975 1114
Wet weather 3rd 0.537 0.589 0.598 0.852 0.703 0.852 1.006
4th 0.878 0.706 1.062 1.031 0.954 1.015 0.910
5th 0.859 0.888 0.794 0.906 0.885 - -
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Table 5, Pearson's correlation coefficients between flow and water quality constituents in stormwater

Q BOD CcOoD SS T-N T-P EC
Q 1.000
BOD —0.001 1.000
COD 0.151 **0.939 1.000
SS **0.696 **0.439 **0.527 1.000
T-N -0.120 **0.768 **0.763 0.269 1.000
T-P 0.164 **0.865 **0.878 **0.600 **0.859 1.000
EC **-0.407 **0.439 **0.380 —0.059 **0.642 **0.490 1.00
23 43 A== BOD, COD, SS 12|aL T-Pe] HAE Falsle 5 AHE A& o]l &2
BE 24 BAMN, Cu, Zn) Rtk Fe-27ld 45 o HaL, HAHY JE L¥Eo) Al S7H
e Aot 27) whiEel Aoz debEtheo) T2 5, el 23 AR, FEEHHA s} T-Pe] AJdd
2004). 7F e Ao R ehETH(e] T2 5, 2004).
CSOs7h AgE 27 53} 7494 A9zt 4
A= EAE Ao, s EA2 e
8 SYSTAT version 10,2 7] 2132 A183}9] 4.4 =2

o}, 7} Wb e] ARl Pearson A2 UER
Hlon +18 b -1 a9 dEe YeRd
o o AAGA] el et TAEl] wjde] A
&7 o 2 bonferroni 744S 289t Fig, 4=
B 3ol x] CSOs7} eHAS 2 7 52} -] =4 H 74
Me] 5 2 FEALo) o] AAE YEPl= AR EE
treRd Zlo]n], Table 5+ fF 3 $=2of thak g+
T BENAdett, §3% o GEde JHdAE A
HHH ST} kel AAAAV =1 F93 Ao
2 Yelstoy, FE e s
= 719 gle Ao 2 Yeltt, 7| AT e 27
AHo 2 sty §7F FHEe] JuaATt
EL o F Yo, B AFo e 27IHAHE
A7} mlnlste] e FAgELRe] AAEATE 7
&= AFe} v2A Y Aoz FHEH(Kim et al.,
2007).

EC(Electrical Conductivity) 2] 73-¢- -G53} A3
A7} vebd e /7 Z7HA) s 53R QIsle] EC
B 2k, fro] b AaEkuA ECEET
7Vl A Ho|7] ulito = ddkdn) 9l

i

Tboll T JBYE HERIT Qlor], BHEA SS
b= Tha ARHA0] e Ao vepith Ed,
BODS} CODE deFeiRel T-N3} T-Pefel a5
E ¥e glow UEpgr). sse) B¢ Tprhe] 4
57} we Alom tEpdrh. Qlel A% ol 47
53}s]0] o531 Ado] gl R0 FelA glo],

1) CSOs7} AY3E 12 whet TAeHA] edste wle]
0 AEA FEEAS H|WaHH, CSOs7t HAYEH

S d=de] It &E
sl 24k (median)o] Wi
S8 eIt e, T-Ne| A9 A%
Havte] e nYgEdol o TS WA &

ROrE HE = oo b
N 2 flo K Hooa
N
oo
X
=2

0

%
Fri‘
P
o

il
w
iuf
L
+

2) CSOs AN A A o GH-sldH vulstd
BOD 328~ 1,255H), COD 25 129 HJj, SS 83~
2,0008), T-N 4~ 128}, T-P 14 518], Cu 5 11
v, Zn 57 13812 SVlske Ao Yehgon,
£3], A9 FEEHE QFGEE F 559 o] 7t
ZFEwe Ao 7 Yehytt,

3) 271 A4=(b) M7} BOD 0.537 0.878,
COD 0,589 ~0.888, SS 0.516 1,062, T-N 0,852
7 1.031, T-P 0.649  0.954, Cu 0.975 1.015 ¥
Zn 0,90 ~1.114% Yeit), o= dxd &4
213 == BOD, COD, SS 18]aL T-P2] 7%
&4 (TN, Cu, Zn) Bt} ZF$-z7]d &5
= A%r 27 Wel Ao 2 ek

4) 7T S dEA e FHEAE Ay ssvt



- Halig - o8 - olxHd

HotrEatE( x|, =2
25%, 63, PP.949~957, 128, 2011

= = 2 0|3l ECHFE
7t Ahastal, fradol A }71: 2EtHA ECEE7}
= o 2 gekEct

5) FAIAE AFHAAE %nﬂiﬂi Sse} T-Po] A
& 2 YR o), 1] B
]Eo = /k-]zlo] AJ\T‘:“ Zﬂ
£ ks &< duE
Al =aL, g Eo] el
ol A S7H Fol 91311 AT,
WAl SSe} T-Po] AATA7} =o Ao 7

oy ko2 |o
i 4 ottt m{n H‘U

& &

e

712423 (2006) 717 AR

71243 (2007) 7174 91w

7143 (2008) 714 HR.

71743 (2009) 7174 iR

7143 (2010) 714+ iR

g qrelAd, oA (2007) & AEA]S] CSOs AP el B4

5L @2 o A3k AT, P2 P}, 23(4), 543-
550

A=A, H5d, YA 3], 1L (2004) F$A] CSOs E
SSD7} sk g ol WA= ogrskoﬂ g N2 AT, hek
r=dts] - et 5F FAe R R

3, pp. P 548-P 553.

o
i
>

o
o
2 ok
=}
o
fol
{0,

FE 9 (2005) L N3 =HFA
J

A e 44 4089 BA0 s

o
<
2
£ A g1

Jn Hu ooy re Iy
FED
N

IFAd e &2 Xéoﬂ st ‘?i:rL( 1) -47f5 2
$+ 75815 A, 26(3), pp. 362-369

(2000) Z=TFE =9 F72] skt A d7s

2 A A AFA §F 2A, dmeeEets], 2202,

oX,
N Hr
2
:

QL

BN
i)
AN
)
P,L

Jn AN oz ome > opd ot oY

S

W
=
,.{k
(O8]
(38
o

HAE Aed 93] 719

213, S, AE Q002 BN TR 3

5 ATBAPNE FF FARSLLIELA, pp. G
141- G144,
4 deTE (2008) 2795
J,]_H VS|
B35 (2005) 3% Al 71%
B7H (2007a) FF2]3r%E
%) EFA ZALE E_,_;q
. (2007b) CSOse} SSOsTHE|E 23t A &Y A) 27N BaA
APHA,AWWA, WEF (2005) Standard methods for th examination
Washington, D.C,
Bertrand-Krajewski, J.L., Chebbo, G., and Saget, A. (1998).

P

Al AR EAL 7T

(CSOs) Q. J 73} AFFAAE A

of water and wastewaters, 21st ed.,

Distribution of pollutant mass vs volume in stormwater
discharges and the first flush phenomenon, Wat. Res.,
32(8), pp. 2341-2356.

Brezonik, Patrick L., and Stadelmann, Teresa H. (2002) Analysis
and predictive models of stormwater runoft volumes
loads, and pollutant concentration from watersheds in the
Twin Cities metropolitan area, Minnesota, USA, Wat. Res.,
36(7), pp. 1743-1757

Diaz-Fierros, T.F., Puerta, J., Suarez, J., and Diaz-Fierros, V.F,
(2002) Contaminant loads of CSOs at the wastewater
treatment plant of a city in NW Spain, Urban Water, 4(3),
291-299

Kim G.H., Yur J.H., and Kim J.K. (2007) Diffuse pollution loading
from urban stormwater runoff in Daejeon city, Korea,
Journal of Environmental Management, 85(1), pp. 9-16.

Mounira Kafi, Gasperi, J., Moilleron, R., Gromaire, M.C.,
Chebbo, G. (2008) Spatial variability of the characteristics
of combined wet weather pollutant loads in paris, Wat,

Res., 42(3) pp. 539-549.





