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ABSTRACT

Laboratory scale experiments were conducted to study the conversion of sludge from conventional activated sludge
to nitrogen-phosphorus removal sludge using two types of sequencing batch reactor (SBR) systems, a conventional SBR
and sequencing batch biofilm reactor (SBBR). The nitrogen and phosphorus removal characteristics were similar
between SBR and SBBR and the removal efficiencies were very low when the influent TOC concentrations were low.
The nitrogen and phosphorus removal efficiencies in SBR were 96% and 77.5%, respectively, which were higher than
those in SBBR (88% and 42.5%) at the high influent TOC concentration. In SBBR, the simultaneous niujﬁcation—den—
itrification was occurred because of the biofilm process. The variations of pH, DO concentration and ORP were changed
as the variation of influent TOC concentration both in SBR and SBBR and their periodical characteristics were cleary
shown at the high influent TOC concentration. Especially, the pH, DO concentration and ORP inflections, were cleary
occurred in SBR compared with SBBR.

Keywords: biological nutrient removal(BNR), sequencing batch reactor(SBR), sequencing batch biofilm reactor
(SBBR), pH, ORP
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Fig. 1. Schematic diagram of SBR and SBBR systems.
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CaCl, 3.76

FAGE 93 A0 SBRA A0 SBBRAAN #%) #71&

FERg mE. 453

AAT AAE] w7l A AFA L sludge
residence time, SRT)YS- 20-30d AEZZ #4317 9
3 4 o SR E d A A FHol A At
At

2 Age] 28" F4uFE Table 19 et A
3} o] FAYL glucose, AAY-L (NH,),S0,, ¥

2 KHPOLIM, 718t 215 v|gdag F7bslt

7y 3 eAzAL st gt 15971 12413
o= e, AAHed 4L FYGE0E), 1A BIE
Z1(3A1ZF 308, 13+ E71(3AMZF 3058, 22F H]E7](3A]

7F 30%), FHGER), ME 2 FAVGEOR)E 3
At AAHQ ¥ E7)-E7 A EE AR 1087
3080l 2, HE7|d] TAIZRS FEFAL X7 AR
3A1ZE 3080] HEE ko] vlE7]|e} £7] A7 vl
oF 2:10] HEE 3T

AL dgo]l 4 £ A71E FxolA oAb A4
“Jell(pseudo steady state)ol] =28t TR o] Fo]AH T,
ZF kg7 AR AIFE 30 e M7 HFHL
2 3o, N7 AFH F %)\] '0.22 pm membrane
filler #sle} AR W EAicke PAES 23]
AAT o B0l Folztth., NH, N9} MLSS=
Standard Methods®?l] we} £AEgoH, {7159
55 TOCE A|FEF 3] TOC Analyzer(Schimadzu,
TOC-50004, Japan)E ©o|-&3led EAsi9cl. NO,-
N, NO;-N, PO/-P?] %+ Ion chromatography
(Metrohm, Ion analysis version 2.0, Switzerland)E
ARgsld Z2A8l4tE pH, DO ¥%, ORPE A7
A5 =77|(Inolab Multi-Parameter Level 3)& AMS-
3l Bt s H5 T TOC e 4
d 2o w2t o 30me/l, 75 mg/l, 225 mg/lE W3}

AZIEA AFEIE, NHS-N 5= 15mg/l, PO -P
FeEs 16mgl2 UASHA FRISTH

I &z 3 oF

1. MEsE KA

%%‘ TOCY FEZ 30, 75, 225 mg/lZ H3A714
A A0 SBR3}+ A0 SBBROlA NH*N, NO,-N,
NO;-Ng| 15714 WHsE 24 . AdsiAchFig. 2).
Y TOC $EEF 30myiE AFER AR 720
= AL Al mgEke of 208 A=0F A8
HAL, ¥ TOC BEE T7MA 75 mg/l= FAA
A At B o 4590] AAHEeH, #91 TOC

Korean Journal of Environmental Health, Vol. 32(5)



a5 g4 - Hre - B4
SDF NA A “tuNA  SD
All A TR

Nitrogen concentration (mg/L)

]

00—

B2

QPR SISV W

533

120 2 4 6 H 10 12
Time (h)

ng. 2. Typical profiles of NH,"-N (@), NO,-N (A), NO;™-N (A) concentrations by the variation of influent TOC concentrations
(1, 30 mg/i; 2, 75 m'g/l; 3, 225 mg/l) in (A) SBR and (B) SBBR. (F, feeding period; NA, non-aeration period; A, aeration
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Fig. 3. Typical profiles of PO,"-P concentration by the
variation of influent TOC concentrations (@, 30 mg/
I, O, 75 mg/l; A, 225 mg/l) in (A) SBR and (B)
SBBR. (F, feeding period; NA, non-aeration period;
A, aeration period; SD, settling and drawing period).
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Fig. 4. Typical profiles of TOC concentration by the variation
of influent TOC concentrations (@, 30 mg/l; O, 75
mg/l; A, 225 mg/l) in (A) SBR and (B) SBBR. (F,
feeding period; NA, non-aeration period; A, aeration
period; SD, settling and drawing period).
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SBRelM 9] pH Wbk vl FESiskA velstar, HA
9] pHE ¢ TOC F=7F W& wjol vj&) 243}
For pH WHelELE FA et 12f HE7] 7]
o= pHel FAT vt #EE A= (Fig. 5A1), ©I
E FE 9o WEn vg BAbE) o3 sleg et
"t o33 EA B3 Chang?t Hao'”9} Lee
519 Aol dsiME FEE vk vt Jeondt
Park'"& SBROIIA glucoseE |83+ 2l A|# AFolA
%7 pH7} ZadteE AL PAOsY ¢ WE A
lactic acid producing organisms(LPOs)l <]3l glucose
7} lactic acid® H#k=]7] W&ol pH7} ZHadhhes ol
24 ANEIE st E8 o] 717k ko] pH 7t
aw 233l W pH ZAAEE B AZtE gleu,”
52 o2 d7ase 23 sk edslie)] o)
Ae pHZt S7HIAY HEt gls AoE B A
7F gFelH, B Ao e 7] 7Y 713 Tl
gsy} dREDE (3} H|E7] 7|7k 59 pH TFaE
gAslo] 23t PO B B AL A-sK] Yria A
Z4gct, 12 HE7] 2719 pHYF 3H4g o] %2 pH
o] W3y} A9 gl AoR Hol ¢lo] WEo] £EH
A= AL ou|g), 2Rz A4 9 BES F
Qd N7} 271 1A BEZ) 17 F wle &L AR
ol dojdths AL-& 4 U, 17 H
< A7 308 AER AA A et (d A
o= ghdE

327] 717kl ksl PAOsell 2%k 1) A&7t
B o] 717+ F f71eAe o8& BEHAd A
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R LTI (AD) - (B1)

pH ()

Time (h)

Fig. 5. Typical profiles of (1) pH, (2) DO concentration and (3) ORP by the variation of influent TOC concentrations in (A) SBR
and (B) SBBR. (F, feeding period; NA, non-aeration period; A, aeration period; SD, settling and drawing period).

o=z d#A 9k 12 27] dAleA 27]4 pHeE F
A Assided, ol X vE7) 594 344
CO2s ErNZoey JAE Zog & 4 rfl9o]
Z A& INE sk FAaste] ko =z Hvb v
Z=]o] pHE 748 o FEsiAAY Al (valley)2]
H2dS Yehlie Ae2 HaEAULD 271 27] A
ZARE gakslel ojgko 2 FAS pH A4AE Ve
og Ayt s s pHrt oA FE S A EAl
He dRUYol AlE(ammonium valley)s UERATIE
BY% Ak ™8 Zeht o] 593 Marsili- Libelli”
£ B delae) o] pH7t ZVisIct pH BT S
A gF AFH] 71 ke ZleR dEsigich

olgA AFE 7+e] A#rt Aol vehe A
Hagk A9 AAFAEAN FAA tdEde) 7
7ol me} gl 2o s AaAATS
oz AU ] AAN s Aol AA7L Adoh
Hoz ol BAY ZHPole YUHORE Lee 5°,
Akin %, Kim $'%3 722 pH Z3g Jepia &
a9} Q18] FAAAZE vl 2 dEE Afole o]
593 Marsili-Libelli??e] Az} v1523tA e
Rog AR 1A 7] 7|7elle HAds Q1 A
H 9 Co, 2717t WSk, 271 &2 A7k el
pH Z7h= CO, 871 23 Zeg He szt A4
Holw, ghrvjo} 4kshrh AuiHd A-¢oll= pH7t 3

20 e
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23 19 AF7E AuAY Afole pHrt B
o}, gkl <le) AFr) 95s7] Ao Faksrt a9
T}, ammonia-valleys WAEA] ko, vii= <19
FE7F AA LAEa 2 o] F 2 AL gRLjo] 4k
37t BAECE, pH 7HA7F BAsHA HaL 2ol wlat
ammonium-valley’} ¥Hsl= Ao g Addr) g8a
2 27] & M7 Weles Co, 871, 919 dalet &
Fue} AbslrEiEAle] BAlsht AR Co, 871
7F AuiE] G3E sz, dRYol st Sk
w2} 2AE HeF AvE dtE)=e oJs) pHe| Ft
£ £3l5ojA pH WA o]2A Heh & AvAt
E19200) ZAslol] ojad o] Hol| Aiksle] ABAIHO
2 my gou, & dvel Ane 2 sl g
Ao B ZHcke dRYol Aslel] @ NO, <]
Ho) A Ades BE Zlo] AHY Zog neln
usPa el 4kl W NO, FATHAN;
w5 dvlElEs) o] A Aasl 3 F AR
© e gRE-g AR ] dizelr). o] MR
olFollE dRYo} Asle ZolBI Qo] AHe A%k
TSR] wEell pHe T S7kshe AloE A

273} ¥|E7) Y F pHY RAHE Ae wE R
2ol WE Jygor nE Zo] HAY Zow ek
€} :

frYd TOC s&=8 WA A% 29, SBBROAM=
SBReA 9} fALSE pH Rish #S. 7B THFig. 5B1).
I} #Y TOC B57F 25 mg/lE B 79, HZ
7} 71ZF&<te] pH W3t #4-2 SBR# & zbol7} §
ot 7] 717k e SBRoIAM S ZHe HeEish Wi
e YepAlE el ol o] 7I7k & Filshyh
AsiE Aol ofvet AE el osf FAxkstel esrt
FAlo] A g2 Aoz T,

DO ¥z} 4] SleME #% TOC F5g WA
2ol weh et Aol g vephsith. #9 TOC =
7b 30mg/isgk 75 mg/lE PlaA e 73|

fie
i)
=

DO F=olA & zlols YepliA] U 3718 3+
ol et DO =% F43H 71k AEE Ve
wolth zeh 75 mgiel % TOC E%M DO #
o] Hr} mEA vepston, 371 Fa T2 DO

TEe] 7t £ thh =gA JEiHT ol Ak
2 o 3 A3 v ES} PAOsY| BFo] g
;A7) WEQ] Aed Az B & JdTh 2t F
Y TOC =& WshrZld wet 1 Al7A= Hapt A
o] glori(Fig. 3) Al e Frlshe 2oz R’
°kFig. 2), ©] 712t %9 DO 4Ke) 4IFe 2
2bsh wAEel &g o]folA= Zlow Az &

FU TOC FEE 25 mg/lE 7700wt &4
3l g2i7l DO ¥= Wl #Ag 5 ek &7
30% A=l DO FE7F 03 mgiE w9 @A A4

bal%7] Woleta St 1 o] DO R F
AstA Z7HIeou A DO 5= 7Y TOC 55
7h wg wiell wis] W FRAIEA O Gt A2
FAZIZE &Sk 2322 §9 TOC 5%t &t
ALE A 7 sde Fd DO =7} Holr| L,
tl DO FE FX7I7HE Fold B olyz), DO &
T=7h Hskshs Aol 7o) Holzickes Ae & # 3

= :

SBBReWA = SBRIA= A4F3] UE DO 5% #HilE
YEP K tkFig. 5B2). 59 TOC T=7} 30 mg/[2 v
JejellX= SBR} 2 Aol vERNA] gighon)
Y TOC FE=7} woFdaS o7t F3lsAl vehd
. frd TOC %7t 225 mg/iRl 75~ SBBReA =
7158 DO FEw 7RIS 2 o|F auigt F
7b ZAeS JeEldled, g DO 5% /% TOC
27b 5 el vl W e eI o)e A
ool 9|3t B4 miiel Aoz wetdd)

ORP= Fakh Aol pHETE e HJEE 253}

Aos UefA 9Tk SBROIM §% TOC FE=7}
mg/[E tl§- e ASde (3 HlES] V1 F
ORPS] Wel7} A9l §ltizt £7] 717F & 2Fke] ORP
7 & 2z w27 717 F AskE AEES Jeh
S thFig.- 5CI). 9 TOC s%=7F F7tghol wa
ORP wish/t =7 veptrl AlEsisdch. #49 ToC &
E7} 30 mg/el M= -8 mV~130mVe] ORP - HE
el 2™, 75 mg/lell e -160 mV~95 mV, 225
mg/lP A ~290 mV~55 mve] B9E Wl 1
HEE 9 TOC ¥=7t 718 4lsk-8hy A9
A7 AR 2g o 4 AU B /Y TOC F
T7F 30 mg/ist 7S me/lE ITHA] BA] @2 AMejolA]
ook} 5% ORP W3S UehhA Rt #
TOC 52 225 mg/E £ we} ORPE 77¢
g2 FEig Wals Jehlr] Al 13 HIZ
dejollr 71d Axsl ) @43l B2 FAAA o)
D2 ORP/} Z&dh= A= & = glovh, £ 47
M G FY dAA A dEHER B3
Blol 213k ORP ZAE B7E T Zog Py
o, 235l8 DO W3z} X3 2 H3l FHE 2 o,
ORP 747} b= Aol TOC Zavt E8ljA]E= Al
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A3 ¢l "HEo] Folme AlHo] A YA3e AL
Z'Hol ORP ¥sl= ¢ WEa) I At o
= Ao Agkdt}d, Marsili-Lebeli?) o|shH FAkA
7] #3 & 2-3} 5 AFA ORPE HETHo)
sl 1 o) Fde WEE UEde A ey F
Fo o3t oz AFSACE LG Lee 50 < W
2ol FRHE A F71dEIx e ORP #i=Fxo]
dx )y Bt T3 pH W 42 exls)
o) 2EAAL AT THEA E3l2E pHE SBR
A ZHUAZ o|g3hE AL Tt vt e
AlZkol Qg B AFM . o9} mizriA 2 Bdls)
2 219 W& FEAIEE pH Wl FHM 2= R
Zeslgon, 238 pH FAXTHe ORP F4o] 12+
H|Z7] 717ke] 23 JIAZ olgsle Zo] AHE A
oz gda=EUn.

¥7] “JHlolA ORP= 71817 AlZslg=, o=
DO Sl W Atsigye] dges & 4 Qo
7] A& F A7 A% A 9 ORPE F718t
trh ekt 24 Veplled], o] Al pHel W
-3 DO FE FAolxe Wst Al Aol A3}
= Aoz vyt 28y o] A]¥E ORP ®3l
Mol BaslA 2= AL oEe Zoz d#A Sl
ot B 2me otruol A3l 8 AlFHA ORP
HEHo] Vet ORP o] HEs|xivty B
sl

SBBRY 1z} ¥|E7] @Alo|M = SBROAS} w3t
AeS Yehliglenl, 7] @Al = ORPY FZ ¢
Z71 & 9l 712 JEpi o= SBRY Zdkat
At xo)2 LERAITE ol pHS DO B 3}
ol Ao} vis=gt HEE vFERNSICEH

a#j22 SBBROIAE SBRe| H|E] AAHA pH,
DO, ORP2] H3lo]| o] A3t xlojde] e &
A3l SeAA, Aas 98 A-, < BE 2 ol A3
AE AHE PEkeA s IrE 28k ol A
Buo wE goz B £ o AEH e
Hedol ok A=A

Hd

Iv.2 &

SBR#} SBBRE ol &-3le] dubzel Edgeix|e] &
2 -9l AA SRR AZAA-S Aunr] Slsie
% TOC F=E HMIA7IHA dEsA0 +4
TOC 559 ¥l wl2 A4 - o) AA EAJe] M3
4L zk weE R A3 s 7 kg
AzHAAE(PH, DO 5, ORPYS A8l ZAFs)

Ho g x2

- A%

ztel7h VERA] 233t
ou, #9 TOC 57t & Afdle 74 7708 2
2AA Aol 9 FFe 2olE UepiT. B3,
SBBROIM & FA Airel-gdslel o] Aart AlA

£ 5A4L vepiled), dAF A AAEE
20}4= SBR 96%2} SBBR 88%2 JEhiIT}.

Q1 AA Yo} §Y TOC HE7 Fe Agole
SBR3} SBBR 5ol o) A Eles BE=A] 9%

.Y TOC =7 %2 7% SBRoIA9] 21 AlA
FEE 775%°)3 SBBROAME 425%% Ve, A4
9t 219] AAZIE= SBRE A7 & Zlow A
HAc} =

9 TOCY FE7t £7tEFSE pH, DO FE,
ORPe] W37t Tk Jelstew, SBBRYY His|
SBRO] 7ZA-9olA z} A Ee 77 B4}
AFAF, Zike) A48 A, 9 HE 2 9 4 g
ARe] FHeHA BE =

UMl 2

o] RS 20059% ZEAAAUR] MYz 7

SR TG NP wol FAH A7t
(KRF-2005-D00084).
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