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Abstract

In this study, we investigated the nitrification/denitrification rate and classification of output nitrogen of a sequencing batch
reactor (SBR) system with the variation of COD loads ; COD loads of 0.3, 0.4, 0.6, 0.7, 0.8, 1.0 and 1.2 kgCOD/m3 - d were
tested to determine the optimum conditions for the operation of the SBR and increase its nitrogen removal efficiency. As the
COD loads increased, the nitrification rate at aerobic(l) period and the denitrification rate at anoxic(l) period were decreased.
With the variation of COD loads, the amounts of nitrogen removed in the clarified water effluent were 63.9, 54.2, 34.7, 22.5,
13.7, 12.5 and 26.5 mg/cycle, respectively. The amounts of nitrogen removed during the sludge waste process were 19.5, 26.6,
41.0, 47.3, 58.1, 72.4 and 88.1 mg/cycle, respectively. The amounts of nitrogen removed by denitrification were 66.8, 69.3,
68.9, 56.5, 39.5, 7.3 and 0.0 mg/cycle, respectively, indicating that COD load more than 0.7 kgCOD/m3 - d decreases the
amounts of denitrified nitrogen. The nitrogen mass balances were calculated as the percentages of nitrogen removed in the
clarified water effluent or by denitrification and sludge waste processing in each cycle of SBR operation and were 99.0, 98.5,
95.4, 82.1, 73.0, 60.5 and 74.8% for COD loads of 0.3, 0.4, 0.6, 0.7,0.8, 1.0 and 1.2 kgCOD/m3 - d, respectively.

keywords : COD loads, Denitrification rate, Nitrification rate, Nitrogen mass balance

1983; Palis and Irvine, 1985). =3, AEtd JFAFY
AAZE ZUE Al B SAAAS] YA I
A H718 44887t 223 QAR gk

WS U HABSL A e CODE 49
2, QAAA WAL, 22 mAE So] Az AAA =
A eAHow HAS A e, od wI AEFy, — =F
g4, Qo W& wgo] WA =7 @Eolth Ra 5 0B
(20002 HAEL Aol ALAF AAS st Y
B292 284S olgstd BAELS Z/AZoH, 3
A9(1999) 1EE LRYoLE AA

o -z

1.ME Siebritz 5(1983)2 A 375 CODY FE7F Fika
FAAA Qo] BEo] EgL Fol Aol AATE IF
A2 27 d5Ae A=A SBR 3HY Agel 3 ¥ FIACND Snh aed, A% Ao 324 =82
i gid, ol SBR WY tee edwwn gy Tt BRUS RURTIETS IR oo add A
9o AASH, 283 I eAzRA Wslz 779 248 9 ©49] st o B2 AIRbe a7 He

dgel dge £Ae & F U7l WEoKirvine et al,  SHE 7P A
ol E ¢TE COD fFY+H-8HkgCOD/M’ - d)E H3}A|

e A85e, 93

3 DO¢ HMstE A=A

=
L &R dewErE fEHe 2
© A4 183 22 AAss 2

=
£45% U 542 dofele] 588 YAAA

ok o

7 gAE F7t
Hel gdz yuade Aasna BIIAL, E@ 21. dEBwAl A 29
£ AT AHEE SBR ¥HgEE Fig. 1149 Zo] {8
R &4 10 LY SBRS Aoz, gz awts 984 60
To whom correspondence should be addressed. N ° ol Zolo o=l ard
ysb9643@hotmail.com RPMS] bEd, Wz W FUF FHES 95 IFE=

2ASH sRBHZSEX| MR F15, 2008



ol A ZF oA coDFSIof e AMspEEE YW REEL BR 3]
Table 1. SBR operation mode
Run COD load N load MLSS FIM ratio DO (mg/L) SRT HRT H
(kgcoD/m® - d) | (kgTN/m®-d) | (mg/L) | (kgCOD/kgMLSS - d) | Anoxic Aerobic | (days) | (hrs) P
1 03 0.06 1,085 0.271
2 0.4 0.06 1,476 0.270 <01 2.0~8.0
3 0.6 0.06 2,275 0.260
4 0.7 0.06 2,625 0.261 105 120 | 68~75
<01 1.0~2.0
5 08 0.06 3,225 0.252
6 1.0 0.06 4,024 0.247
<01 0.1~1.0
7 1.2 0.06 4,895 0.246
$1si A= Standard Methodoll <&t UV EFF=A (Helios,

Unicam, UK)E ©¢]&35t9 =3

FATHAPHA, 1998). X3t

o
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<}

Solenlid Valve
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Fig. 1. Schematic diagram of SBR process.

)

E/ES 95t Solenoid Valve, 283 Z+ 7]7]19 A&
5t ElolME AA st A2 Table 134
Zo] HRT+ 12 hrs, 1-cycle time2 6 hrs, pH= 6.8~7.5,
F2E 23~25°C, DO= F4t&azAddA 0.1 mg/ll °ld}
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Fig. 2. Time variation of 1-cycle operation condition.
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Fe TR HddA 79 FHELY FF FEELY Table 2. Output nitrogen (mgN/cycle) by clarified water
e Tk, A (1)F 2ol fYFad dd FEE4LY drawing
FA8E&E F+& F QAT Run Merr Nox MerF NH4 Merrnss) Meren
1 60.0 0.3 3.6 63.9
2 498 0.4 4.0 54.2
INPUT N = Minnns + Minnox (1)
3 30.3 0.4 4.0 34.7
4 18.3 0.4 3.8 22.5
Minnra = Q * Cinnka 2 5 88 04 415 137
6 3.8 1.0 1.7 125
Minnox = Q * Cinnox 3 7 1.0 16.0 95 26.5
OUTPUT N = Meren + Moen + Mwasten @) o] HlEEH &, ol # CODE ztstAl7l=d o] &
EMAT Bo] BV WELR dddrh £ 4F
Meren = Merenns + Merenox + Mereniss) ®)  wzsel sst Run 5744 45 mgNicycleol 38 A5
Ak Run 6~794& w&2U MLSS Z7te=2 Qg SV
Merrnms = Q * Cerrnmis ® dsorw AAEHAL AR G259 P wWEHe 7.7
2 9.5 mgN/cycleZ %—7}0}921:},
Merenox = Q * Cerrnox )
31.2. 8A| #H7&x
Merenss) = Q * Cerrss - i ®) EeA 2 A7 He Ao (Mwasten)= Fig. 33 o] COD
B3l =7k wEt 195, 26.6, 41.0, 47.3, 58.1, 724 %
Muasten = V- Cvss/SRT - fy - T./24 ®) 881 mgNicyclez F7bsiTh ol A (@)eIM% 2ol B
A3 SRTAA #HEHA F2 SBRY VSS 5E(Cvss)9t
Moen = Moeans + Moeanz + Moeser (0 wags] otk AseAN vssel d@ zAB| fy
2 Barker and Dold(1995)c] A|A]g 0.1 N/VSS9] & A}
% N mass balance gatol et E, AaAARE S7HI717 Aalde
= (QUTPUT N = INPUT N) = 100 (D) & ageqe gol copRate F/IA HAAFL
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HelA| o] 2 Aistg, 228 2 §E249 FHE
AESRoH 1 A%e oed 2o
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Fig. 3. Output nitrogen (mgN/cycle) by sludge waste.
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Table 3. Output nitrogen (mgN/cycle) by denitrification

Run Mpenox.ant | Mpenox.anz | MpenoxseT Mpen
1 453 135 8.0 66.8
2 35.3 21.0 13.0 69.3
3 18.8 28.5 21.6 68.9
4 3.8 34.5 18.2 56.5
5 1.3 29.0 9.2 395
6 1.3 6.0 0.0 7.3
7 0.0 0.0 0.0 0.0

34.5 mgNOx-N/cycleZ2 Z7138l995H7F, Run 5~79+ 29.0,
6.0 2 0.0 mgN/cycleZ2 W& ZAds FEFS HYdh F
Ao dAFE &8x] FHZAA DOFEZE At
=o] gdo] o]RojFom I & Run 1~74A4 80, 13.0,
21.6, 182, 9.2, 0.0 ¥ 0.0 mgN/cycleo] 1Tk ol HZ <
@4 3732 Bl Run 39 CODR3l 0.6 kgCOD/m® - d
£ fAsor & Aoz AdHT

314, 2L SEHFTA

Table 414 Run 1~79|4 COD¥-3&t& 0.3, 04, 0.6,
0.7, 08, 1.0 9 1.2 kg/m® - d2 WA Ze wa P&
& 150 mgN/cycleel oigt F&d A4 (mg/cycle)d] =35

A5 YER AT

Table 4. Nitrogen mass balances according to COD loads

Run cob Iosad %

(kgCOD/m™ - d) | Meren | Mwasten | Moen Total
1 0.3 42.1 12.9 44.0 99.0
2 0.4 35.6 175 455 98.5
3 0.6 22.9 27.0 455 95.4
4 0.7 14.6 30.7 36.7 82.1
5 0.8 9.0 38.1 25.9 73.0
6 1.0 8.2 475 4.8 60.5
7 1.2 17.3 57.5 0.0 74.8
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@ CODH3l7F EolxdA Run 6914 =
8.2%7kA Zastdth Jod&EA #7144 Run 19
12.9%°04 A2t F7Fstd Run 79X & 57.5%E *}X|5tdq
E2 CODHsAE A2AAY Fo 7FezE ERHA
o gd4s 42 CODF3HI Run 1~394 440, 455
AL 455%E AAst] ALAAY Fo T]Fo o
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SRT : Sludge Retention Time (days)
HRT . Hydraulic Retention Time (hrs)
T : 1-cycle operation Time (hrs)
\Y : SBR Volume (L)
Q . Average influent flow per cycle (L/cycle)
Qwaste : Average waste sludge flow per cycle (L/cycle)
Cuss . Concentration of VSS inside the reactor (mg/L)
Cerrss @ Concentration of SS in the clarified water

effluent (mg/L)
Cinnox - Concentration of NOx-N in the influent (mg/L)
Cwnne : Concentration of NH,™-N in the influent (mg/L)
Cincop @ Concentration of COD in the influent (mg/L)
Cerrnox : Concentration of NOx-N in the effluent (mg/L)
Cerenng : Concentration of NH,™-N in the effluent (mg/L)
Cerrcop @ Concentration of COD in the effluent (mg/L)
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Minnia @ Amount of NH,™-N in the influent (mg/cycle)
Minnox  : Amount of NOx-N in the influent (mg/cycle)
Mpean: : Amount of nitrogen denitrified during the anoxic
(I) period (mg/cycle)
Mpeanz @ Amount of nitrogen denitrified during the anoxic
(1) period (mg/cycle)
Mpeser @ Amount of nitrogen denitrified during the settle/
draw period (mg/cycle)
Masonox : Amount of NOx-N 280 minutes after the start of
SBR operation (mg/cycle)
Monox : Amount of NOx-N at the start of SBR operation
(mg/cycle)
Mpen : Total amount of nitrogen removed by denitrifica-
tion (mg/cycle)
Merenne @ Amount of NH,™-N in the effluent (mg/cycle)
Merrnox :© Amount of NOx-N in the effluent (mg/cycle)
Mereness) © Amount of nitrogen removed as sludge in the
clarified water effluent (mg/cycle)
Mesen @ Total amount of nitrogen in the clarified water
effluent (mg/cycle)
MwasTen : Total amount of nitrogen removed by the sludge
waste process (mg/cycle)
fn Nitrogen fraction in the waste sludge (mgN/
mgVsSS)
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