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Nitrification and Denitrification by Using
a Sequencing Batch Reactor System
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Sequencing Batch Reactor (SBR) was operated under various experimental conditions to improve the efficiency
of biological filters used for the treatment of recycled wastewater from aquaculture. This SBR system was operated
for removing COD, ammonia and suspended solid that were the major pollutants in aquaculture wastewater.
Aerobic and anoxic conditions after FILL mode were applied intermittently for effective removal of nitrogen.
SETTLE and DRAW modes were followed by the complete aerobic and anoxic REACT mode. The total volume
of the SBR was 75 liters, while the working volume in a cycle was 35 liters. When the final operating strategy
of the SBR was FILL/REACT/SETTLE/DRAW of 0.5/10/1/0.5 hr, the removal efficiencies of TCODcr, NH4'-N,

and T-N were 94, 98, and 89%, respectively.
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o2 g AREE 847 AR BEFH7] fEol AEHA
s A FHLEE oA Ak wEbA FHZ
FoEFE Aol gdte &8 A F2A Al2Fo] Fu
Al el A ATE L Yo} (Kim, 1980; Rogers and Klemetson,
1985; Jewell and Cummings, 1990; Nijhof and Bonverdeur,
1990, De Los Reyes et al., 1996; Honeyfield and Watten, 1996;
Cho 1996: Hall 1999; Lee et al., 1999; Simonel et al., 2002).

=

Losordo et al. (1994)2 19923 vl LG E AAE
EE7), 2719 2445 FFE 98 2]
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AE718 A8t 8o H/A FoZY 713 2
3PSl S ET Yol Aae] AAE 98 A FR
ARG FAAAES Nt E T ATl AFR-E systeme
THE AAS Hsh JH=E, 3% 34 7) (screen filter) 9}
Al Al Ad37] (granular media filter)S ARE3FFH O 4w
YolE AlAse 23l 98712 SR A% HE 7] (rotating
biological contactor, RBC)$} 5% WH-8-7], 8% W7 &E

f

Ti 0

A9 Losordo et al. (1993)2 X TEE]7] (foam
fractionator), A}&F5F bead filter (up-flow bead filter), 3]
I FE7] (RBOTHE: 318 Al=go 2 8g vf$ des)
H %2 A]2~¥9] Model Aquaculture Recirculating System
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(MARS)& 703}tk Losordo (1995)% ECOTRAPSE A%
gk ECOTANKSE A2 E 8t 18 & AAE Y drum
screen filter, AE-8}Z 3 2] & X] £ BioSump biological filterS
A3 E3he ] A Al2FE sl lth Reyes and
Lawson (1995)2 bead filter$} A4 4712 A3t +38
A2 A A 2EE G slEEk T

T g 9o K fE 2 e
g 5 e Az oig A7 ALE A= Irivine et
al, (1970)o] 91818 Sequencing Batch Reactor (SBR) A} 2~®}&
g 2ol A EHZAE SoldA M & Qo] A
9 e AAsteH ERFH AR IHA UL o9
SBRS FAHZ7F F8 flu, #52 IS 3hy, v-3AE
ZA3te P2 A 4S8 dHT FELE AT F
dtke A 5ol Jdemz A ZHA 488 5 As
Ao = 7|t

<8 o2 FAFE A0 FH3] HHT F2
Al B E LHEAS EHHORE AATFOZAN AR}
ozt Aget 84S AFstor st tHEAH] L FGEF
¢ Yol FE o7 it AAME EE IRAISERE
AAE AezM dATE ol EAA ofFdll XAl s
£ Fo 4= 48A 7] WE AW vlol24
AR Uols v AR 5 AP M= 002 mg/L ol8t2 FA S
T2 AASL Tt (Rogers and Klemetson, 1985). TESF AFS-
Zo] EEFVNEL Ut A E) o) Eal=EA
E 40 SEMAE ATATL A4S A Fge s
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THEAE olFoly Tvl0) w2t P B2l
AEHAE Fol AW FA7, Al t
(Herbert and Merkens, 1961) 25 mg/L
ol3tE FAY AL BAIL AUtk
T §&ENAY 1, FANEY 493,
FFRAY F3) T oM, A A 34 Y spe R
FredA 25 (algae)®] 43S FAA FAX Fdd3E
7}EE A 71 FU EAolth (Painter, 1970). 54 80]
259 T} 4RL 2B AR Fa, o 48,
A AFS WA B A AAEAe] YR §ENLE
TEAA ol e FAAEY) FAFL T 5 Utk 583
Z (receving water)oll A f-71&0] AEEH O Z {afjA] &&
A2E LRSS A% PBIIAR dELlopy Aie ohdlt
@ 8 Ao A8HE 208 HHoIN §ELLE 48
drh mey dael #EE 47189 BRI SAR A
W F29 org 2eo.

Ax 394 FA30A (nitrogen fixation), Y2 o}3}
(ammonification), &AAFE¥FS  (nitrification), AR
(denitrification), 53}2+%- (assimilation) 322 o|Fo]& 3l
© ™ (Anderson, 1981; Atlas and Bartha, 1989; Barnes and
Bliss, 1983; Grady and Lim, 1980) ©]% A7, Haksih-g,
2ARg-2 -2 Aol 23] WP ATt (Patiquin and
Knowles, 1972; Carpenter, 1983; Capone and Carpenter, 1983;

o e L.

Seitzinger and Garber, 1987; Dommergues et al., 1978; Smith
and Duff, 1988). A8 #3 A7+ 2 7358E IH
o) vheFguint ofujel zh wAlel loiA thdgt mjAlE o]
Bolglel Yehbe 294 BZd L A7) e T2 2k
B 5led w) &3 AA o)t} (Anderson, 1981). Burns$: Hardy
(1975)= AT AT AL T5S FFH R Altet
Atk A AFHE a9 Fe §A A 135,000,000 ton,
vltholl A) 40,000,000 ton 7€l BEHIE FHES B3t
35,000,000 ton 52L& ol AAaFe iaiiA, 538
T2 AXM HEH o2 2HAAE T3 ] ATks
=2 gadd.

A A Arsieke-E T2 383 SYJYAT (chemo-
autotrophic bacteria)ell &3 o2 4&#A 9t} (Kelly, 1971;
Kaplan, 1983). ZAtsla o] A7te] Ha g x| d=o}
£ oA o2 JSAIF| AV F2 oA E S Ao R
2EAA A, o] F ubg-F dAQ] A= ZA Nitroso-
monas/} oy, Fx}el 79+ Nitrobacter7} #ed3hoial
E3EI o

AESH A7 Wy ZAAAY, FA8E 2 7id 59
TR B o g A Wil vt o 71A] A&
WZzsln AT, L EEA S AA7|=e] Bgeial o A
AALEo] SHAE] AAHAQ I VAR FAHLA
2 2REs} oyds g5 AYa vk

£ dFere ez oA AlA o] AR Foirte

AAZQ B2e FHAidem dol £348 gaHoz
AFE7) A3 ALEF WEF 8
o

g 48 FPsien,

A8 % A2 BT

ME =

2% o) A}8-3F SBRS Y5 F O F total volume©] 75 L)1,
working volumeo} 35 L2 olzmdz A&t 24zt
SBRUj ol baffleg X3t &S Y&3A 3, &=
3] A1 dREte F718 FY93 FUL, H5o) wiE
2 98 AU BE AFRE] 2™, sludge retention time
(SRT)E Z24A3}7) Aste A& AE WE3AE AUt
(Fig. 1).
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Aol AHEE Q5 CATA W Fol AFRS 2}
9% 71do] AQ2YA Y PRI AEE W)Y
27 10419 A3t} 6AIT HRAN F F5AE olgahd

okl

o 44952 927142 Zhu and Chen (1999)0] 4
9 (Table )& W5ow, COD 248 93 275228
A7 slH A 71Eke] o2 RS 2A4skA) g Ao wiES
5 U2 ARSI B AFdA FAFE o8-S 3
EJ& Table 20 YJEMIUTH

1Z EAJEFEA 2] F o 4] Mixed Liquor Suspended Solid
(MLSS)7} 2,000 mg/L$l B &2 X & A3 3}e] SBRoY 2
Z3193, Hse AYaga Megdes fFIHT 27
SBR &+FWH-E 1Y 1 cycleE 3t9o, vEgAI7H 1L5AIZE
3.7), 0.5/ BAka 2248 8 E 4o 1647HE 2
A3tk BEe M5 wolr] fsked BFEAIZEE 10
AZre @ Zola, 1A &7, AR FAkhk 2790 7H8

1 =
7] Ao g 1Y 2cycle ASATH (A AX, 1995). 71E}

v ug

Table 1. Composition of synthetic substrate
Ingredients Mass (g)?
NH.4Cl 1,377
NaHCO; 3,500
MgSO4+ 7TH0 36
Na;HPOa 159
KH,PO4 153
FeCl;-6H,O 5

100 g of the synthetic mixture contain 8.64 g NH;. Con-
centration of stock solution varied between 400 and 800
g synthetic substrate per 20 L; 5L of stock solution were
continuously introduced to 500 L feed tank over the course
of 24 h.
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Table 2. Characteristics of synthetic wastewater (1 cycle:
12 hr)

Parameters Concentration, mg/L
Total suspended solids 60 - 70
Volatile suspended solids 35-40
Total chemical oxygen demand 150 - 220
Soluble chemical oxygen demand 100 - 130
Total Kjeldahl nitrogen 25-50
NH,"-N 10 - 40
Total Phosphorus (T-P) 4-6
PO, -P 3-5
Nitrate (NO;-N) 1.2-20
Nitrite (NO; -N) 0
pH 7.0-7.2
Alkalinity (as CaCOs) 130 - 150

T 30, BAL 602, WiE2 3082 MR &2

O = = Total suspended solids (TSS), Total

% Waste sludge

Agitator

Schematic diagram of SBR system.

chemical oxygen demand (TCODcr), Soluble chemical oxygen
demand (SCODcr), Total Kjeldahl nitrogen (TKN), Ammonia
nitrogen (NH4"-N), Total phosphorus (T-P), Ortho phosphate
(PO, -P) To] dom, ZWHe Standard Methods
(APHA et al, 1989)9l #3&t) 2215} t}. Table 30l= A8
Ao ALgE AYPAS e

dz 9 pnE
SBR A|AEI9] p|ME =&

SBR2] AL %7] 504 7HAE 1 eycleS 244 71}2 34
on, FRIAXE 718 A vlEe] COD w4 HF)
A TCODer7} 150-220 mg/L, SCODer7} 100-130 mg/L. A%
2 3}l Summerefelt (1993)0] )3l &2 $7185& gl
% &3 (heterotroph) Pl A B 2} AAS 2RAA 71, &85
Al=glo)l AA kA QRS FIA T2 Iz Airelzt
& WEleh =3 AR e} 4% mAELS AFAA a4
AR S FEAT7IE fga Basiydo) B dea A48
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Table 3. Analytical methods and instruments

Item Experimental method Instrument
NN frmemeSdee  Oron Modd
NO; -N UV absorption method HP 8424
NO; -N UV absorption method HP 8424
pH pH meter Orion 290A
Dissolved oxygen DO meter YSI 52
Alkalinity Titration method -
Suspended solids Vacuum filtration Gl??ftefri:er

Chemical oxygen

demand Open reflux method .

SBRA|Z~E-S- 4% A3t OOD AA7} 9% ol AA HEZ
COD F7toll W& ofw Aol g FAFHL Frig Aos
ALEETE SBRE 50Y o] FREIE 1 cycled 124]1710.2 3}
A8 SRTE 15YE At oF 12049 &< 33}
Al Fig. 2& SBR 29717H5¢F MLVSS (Mixed Liquor
Volatile Suspended Solid) 2} MLSS (Mixed Liquor Suspended
Solid)9] E=HIE HEPH Rojtt. AlAEL] F& (MLSS)E
Z7Yoll M A3 F7heke] oF 2,500 mg/L-& A EA Tt olw
MLVSS/MLSS?] BlE HiF 08392 UEstth

Fig. 32 fY 2 F&2Fd #FE2 5% (S9)E Yed
Aoltk, FYFUl SSEEE oF 60-T0mg/l. ZE=H oW, FE5
W SSEEe £8A Jdgel EFPY 27 ¥ 71708
A A3E o 2mg/L B U5 3HT}E Sludge Volume Index
(SVDE Bt 50 AEE At o] iy Fasdnt
SBRo}A 9] SSAAEL vl§ oy fEa4U AR
AAEA 31 & TR A2 Yepsdth SBRe| £4
4 ARAZIREE wg2Ulol FA9] 580l Y glv] AHES
o] 31, SBR AA7t 4L Y HaAAe Ao
Aold & Ath= A& 453 T2 Atk (Park, 1995; @0l
Jun, 1993). 18\ 254 9] wijE& 7170l SBRU YF-9] dE
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Fig. 2. MLSS and MLVSS of the SBR system during 120
days operation.
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Fig. 3. Suspended solid and sludge volume index in influent
and effluent of the SBR during 120 days operation.

A7} A wiEHE A7 G st uiEA] (decanting
system)$] Moto] WG Ao viehgek

SBR HIEZX SEMADO) R pH gt

S 714 717l D09 F%7F H1 4 mg/L oA, AL
717l ®%7F 0.1 mg/L ©j3l7} H=F A sld Cobe
EE Aol gdo] a7 02 JUPHEE stFTh A7
37), 1MZF Fokh 27002 A9 S o SBRe| DOERe
H3le= Fig. 49 2 DOE HEE 7] cycleo] F71EFE
FHo 2ot Y WA FFE Hola Yk o=
cycleo] WHEESE SBRY] L. FEH o] AEHo] 44l AH
o] Ma} 7Asty] wZolet AztEH, vhA|Et cycleo] Evh=
FINEE FollE DOBLET} 6 mg/L7MR] Asdhe Aow B
HAok ¥ e] pHe 7.7-8.02] HYE Ao M3yt gl
Aoz velgou Bhg-x7ldlE 3714 A oz 71
e, FAbA 21 A o ZAdte AEES B o=
57144 27004 ALt dojut FholEErt FolAT
7} Fakd 2R e glo] dojut Fhol2F st Agh
Rog Atz gt

SBRe| COD HMHEM

F7) @ FAA AIZEE Zb 1SAIZHOSAIZE, LA ZHIAIZES.
2 $98-& 9 SBRY TCODcrs: SCODer £ % W 3}= Fig.
59} 2t} 3 cycled 2447t 2 FE AutridE FUS
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& FAtk WEE FE49 NHS N F5& 0.7 mg/L ©]3}
o], NO;-N FE+ 14mgL BEE veht 24s= 719
eEHA MU, B ] )7 gdE AeE e
Gt 25Ul TKNS $2 SR 23 f7184 ARal
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2 =74 veh

W-S-zol A E7|A7HE 238t 57] 2 FAkA
ZyZ} 1.5X74H0.5417, 1AZHIAZEe. 2 2389 o)
Well A NO™-N9| 5 ¥slE= Fig 73 2t} 3714
M Aslzt dojudBEE NOs N7} F718tthrt, 4k
e g3tz 3l NO;-N7F 7HA3tgith. obd4tkA
= 243 dAle FHAAER SBRAAH Y &89 wa}
A5 T/ i Wgshe RS ¥ F AU Ao
ol A FEE 0.1meg/L o3& QYA FAH=
Ao 2 veElytt} Nijhof and Bonverdeur(1990)9] 231 a4~
A Aaste F5olA dikslut Fibslgo] = A,
gl A AT g9 Zo] ShaskA dojdtha Hi1st
Aot

ZHEAZE F715 &7] 15417 F404 0541782 gt
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FA A o]EFAF7F 8 HY

SBRe| COD ¥ &4 MAHEE TIt

SBRY] +947|7t%F &5 9 COD =+ AAF o=
yeldth 2 Aj2"ojA] 50 o] F<] vwa P E 7iZkEe]
TCODcr B AATEL H 94% ©]192H, SCODere] | A
FE% 93%2 HluEd %A JetcHTable 4).

Table 4. Average of the SBR system during 120 days
operation

Influent SBR effluent
Parameters —

mg/L mg/L Removal (g)fﬁmency,

SCODcr 121 9 9.6

TKN 44 2.6 94.0

NH:N 29 0.7 97.7

T-N 52 6.0 88.5

P 4 32 20.0

PO ~-P 3.5 2.9 17.1

FE5U TKNS s+ B 26 mg/l 2 AAEEL 94%
O], NH, -NE 0.7 mg/LZ A AEE0] 98%E HAs} ¥
o] Z dojd& & 7 Utk AEFAAY NOS-N &f v
B 35mgl & Uehg 39-Eo] €21 AL & ¢ glon,
T-N A A &) 89%e] o] 231 girt. ol= FYU52| COD7}
Fol PE7] Yoz e SBRUIA A3HE A 51
ol | CODE FlazddA g2 da% gadoes
2837 WEd Ao AsEd.

T-Pu Ortho-P2] AIAEEL2 22 20%9} 17%2 SEA el
o ole 2 dTEHE AE A A% 23z
TS 49k7) dEolH, olel tigt F71A]] d7vt Bad
Ao 2 YT SBR Al LTS o] &8ty FolF wjEs 3
5 AT A 22 ERH2E o8 F glon,
T F-FUdste] 219de] He IYEFE AR AP
o] FAHHANE F2 HFS T+ UL ACE 7HiEt:

A
L
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A
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