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Abstract

The purpose of this study is to investigate the effect of influent phosphorus concentration on the nitrogen and phosphorus

removal in sequencing batch reactor(SBR) and sequencing batch biofilm reactors(SBBRs) in order to recover the enhanced
biological phosphorus removal (EBPR) capacity at the sludge of the deterioration of EBPR capacity. In SBBRs, comparing
to SBR, the organic removal was occurred actively at the 1st non-aeration period because of the active phosphorus release at

this period. However, the variation of TOC removal according to the decrease of influent phosphorus concentration was not
clearly shown both in SBR and SBBRs. In case of SBR losing EBPR capacity, the EBPR capacity was not recovered by the
decrease of the influent phosphorus concentration from 7.5 mg/L to 0.9 mg/L. The nitrogen removal increased by the
decrease of influent phosphorus concentration both in SBR and SBBRs.
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27} stk B S0l ABD A A
Z R4 A|A FAHOR partial nitri-tation, nitrifier
denitrification, anaerobic ammonium oxidation
(Anammox) 50| 7 A=]$] .20, aerobic denitrification,
lithoautotrophic denitrification, combined autotrophic
nitrogen removal o] T3t J1 = ks ATl Q)
thAnh, 2006).

HEH o A AAgez FHYEE EBPR
(enhanced biological phosphorus removal) 3742 o3
2] 71A] ol = sty ofFtEE Row dEA Qe
o, 7P dE A Q] A2 7 7149 FR(Carucci
5, 1999; Jeon &, 2001), ¥ 7|(Brdjanovic 5, 1997)
9 HW7|-37A7He B wiRo s oduA Qla
(Matsuo, 1994; Wang, 2001)o]2i3t &4 z70] &4
=M PAOs(phosphorus accumulating organisms)2}:
7R Aol E=o)= GAOs(glycogen accumulating
organisms)7} th H4)5}7] oot}

EBPR 3752 o2iol et Q17 H17 go] 52
w31 glouh o}she EBPR 3792) 8sio] 23t
FE AdHos Bae 4ot TRz 2 o
oAl o3k EBPR 374-& 3E317] 93t A+
9] 918} © 2 SBR(sequencing batch reactor)¥} SBBR
(sequencing batch biofilm reactor)ofA] ¢ B3}= 7}
2A1717] Y5t FYE= Q1Y) =8 AaAH
A Za9} ) AA As-& AHEYTH

SBR-Z &35 Q2] Al Mo a3}
© 2 deiA 9lal, SBBR-S SBROJ| & ¥
Ag FAHCZA He S| WA 1Hd
7] AR st} W2 Aol Q= Ao RE &
oj(White &, 2000; Zhang 5, 2006), 2149}
AA B8-S s oll= 7178 At 202 wt
=, 2 Ao 4= SBRT}F SBBRE) v &3} &
Aloll SBBROJlA] 124} 22} W32 7] 7]|7k9] ¥stof wp
E A2 JAAA AF2] WshE 3 stk

ox ot
filo okl
H1 ot
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2. Mz ¥ ghd

21 #8 3%
=2 Aol AR AE A= Fig. 13} o] 129
SBR¥} 329 SBBRZ A 2|5to] LA A=dl, 27|

34
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Synthetic |
water Water |

$2 &3 T 34§22 2 L2 3k HA &
A F71E RAZIOR 8o 1 Y 2527 &2 vHE 245t
ek

SBBRO|| A% o] 2= polyethylene |22 4] 1]
THA o] 3.0~7.0x10" m*/m’olH, T=go] 0.93%
SAla) e R M, 0.5x2x20 em¢l 72 Fep AR
|20 2 uhg7| Hd |FAEEAH Y oF 25%7} H=F
FUHA FAAH

Hs HPFHLE o]8310] §Eg7] Aol 4] uj
F7ntch 2 LY fAAIFH oo, Azl AAARE30
23 P E o]83te] Ao & 8§42 50%2]

atof ghg7| shitol] AA)H g 7] BAVIE B3t
o 3718 FYAIF o1, rotameterE A5t F7)
ZQluks 0.5 L/min® $x3t4c) 713 33, H2)
FulE, 7] 9 23 5o 222 timerE 0|31
Alolgtglom, S=2d71E kg7l dX|gte] ¥
7] e L5220+ C2 YA gA8Hch
£2j2)9) AF2 {718 A7 A GA] sheA
240 vk &2 XE AF8to] 35 meshe] AIE o]
B3to] FYES AASIL 23U A= Z7|AF1H
Al &R R) Aol DA == A% (scum)S 3] A



SBR¥} SBBROJA] - 91
A% b, 3-43je) SAES AR B, =o)A|
MLSS7}2,500~3,000 mg/L7} 5|2 7+ 2rS7]of &
AstA FAAHTE HAH]] vEE71 9] &2X] AF
AlZHsludge residence time, SRT)& 20~30 2 A%
2 FA87) sl 4 o] £eAE v A A
2b 2ol A7fshodc

2 Ao Abg-E A H<4= Table 10f Yehd A
I} Zro] g2 glucose, A4S (NH,),S04, ¢l

L KHPOol, 7]e} 28 mjakias 17k

=

Table 1. Composition of synthetic wastewater

Concentration,

e ol whg A Ao A 54 Wt

485

“&eli(pseudo steady state)ol] =23t th o] o} F L,
7k g7 o] Alm A F = 308 Em 1A 7HAH L
=2 3gom, AlZ A3 T =4] 0.22 um membrane
filter® o}7}ate] A2 Uj EASH= DY ES $He)
A7 ehe- B4 Solzich

NHy-N¢+ MLSS: Standard Methods(APHA,
AWWA, WEF, 1992)f we} 24381500, §7]1&
9] =l TOCE AEZ 3}o] TOC Analyzer
(Schimadzu, TOC-5000A, Japan)& ©]-&3d}o] 4
at9ck. NO.-N, NOs-N, PO,"-P9] & ion
chromatography (Metrohm, lon analysis version 2.0,
Switzerland)S A3t £A319h pH, DO &%,
ORP= AA|I7E A% &47](Inolab Multi-Parameter

Compound
mg/L Level 3)E AM&3to] Bafaqith
lucose o FYURE 5 F2 PO -PEEE AR 1]
MeS0: +THO 300 2} o} 7.5 mg/L, 3.8 mg/L, 1.9 mg/L B 0.9 mg/Lz
o 1L . WBHAI7] WA A SHATL NHI N S5 30 me/L,
LSOO 222 TOC %4200 mg/L & RSP £4150h
KCl 7.00
(NH50. 7.1 2k al &
K:HPO, 13.7 3. Zat 5 ud
NaHCO; 300 3.1.70C & 5}
Cact, 376 Ao A SRR ke g B4 S 7}
A 31 hglek. =g NH, -N 2] f¢lofl whe pH7F 2+
2.2. MY ud axkiar, o whek Q1 AlA vldEel 7 & 54
7 3 @ARUL oh&at Ak 127]= 124 < ol SBROJA = ¢l A A 58& Ao} Al
oz sglom, A 14 Table 29} o] SBBROj|A = &l AlA F8& 2= FAISFA(Kim
iESHlTh AR vlaE7]- 2710 AfEl= AZH 3 2008). 1= £ Aoz SBRI}F Zol ¢l
& 1047k 302014, Blsz7]of TAI7hE SEatglat AA 58 AT 2849 9 AATE FEA
7] AIZRE 3AZE 3040] E=E sto] Blazr|eb & 7] st} 1213 0= Qlo) Rals ZhaAl7|HA] A
7] A7 eRo] ek 2:10] Eie & 3Hr). Akt
VAS A" 24 4§18 wollA] Ak A
Table 2. Operation time schedule in SBRs
Influent Ist non-aeration Aeration 2nd non-aeration Settle  Draw ldle
SBR 3.5h 35h
SBBRI1 3.5h 35h
0.5h 3.5h 0.5h 05h 05h
SBBR2 2.0h 5.5h
SBBR3 5.0h 2.0h
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‘ TOC concentration (mg/L)

012345678910 1234567829%10
Time (h)

Fig. 2. Typical variation of TOC concentration according to
the decrease of influent phosphorus concentration
(® 7.5 mg/L, O 3.8 mg/,, A 1.9 mg/L, & 0.9
mg/L) in SBR (A) and SBBRs (B, C, D).(NA :
non-aeration, A : aeration)

FYElE A 5 PO -PE AT THE AR
9 FEE= A AT AdolA, 44 PO P
o] 2T £7] 7.5 mg/Lo|A] 3.8 mg/L, 1.9 mg/L,
0.9 mg/LE ZAA7|HA TOC ¥& Wsle vhs)
GrhFig. 2).

SBR2| 7-Fig. 2(A)), SBBRE2| 392} €9
271 13 wlz7) FelN f71Ee JA3 davt
TEHER o=, 2 olfe A AA vjE) 9
A7 227 A9 QIg7] diERl Aes wdkE
th Q) AA7E s dAYEE 2] v|Zr]
el A F24% {7180 gt wEEs e B
TET YT E, 2007). €4 9 =7} 7.5 mg/L
2}3.8 mg/LE v)13 -2 Ao A= 79U TOC &
% 120 mg/LojA F71E9] AA &-E&0| 60~70%°]
ETSIRoH, 19 2l FEE 1.9 mg/L of3t= A
Aol mah d FAWY TOC F& Fast 2%
TOC A AH &L 80~90%8 vrelydcth

2 AofAls 1Y AlAE AEslA] Rt A 7]
olAl BjA2)El NOY-NO| sE= IrhA| £4] go} <l
A nPET S npdE] 9%t f7)E LRkt
= Qukz|e] £4:099F u]AlE: (ordinary heterotrophic
organisms, OHOs)of| 2J3t §7158 42232 B Aol
Ao Ao o,

SBBRE(Fig. 2(B),(C),(D) ] 7A-L-ollAx= 12} 1]

27] SA A T3 5718 AA @Al TEEHA
L), ol A F7] % v)He)® NO;-N7} A9 &4
3H4] o B 2(Fig. 5(B), Fig. 6) B3| 23t 57
B Ang B gk ®3Fig. 3(B)9}Fig. 48
£ uf 12} v]E7]| DAl Qo] FEol YEsHA T
AE|= A Wast = 9loB g, SBBRO] 1R} H]E
7] el A B EE 4718 AAE 1Y FES ¥
3 AnE F7IEFOR His o] AT AR #
itk 7] gAl 231 B 3E27] Aol A eFke)
B718 WPt ole stgoy, AAFes & o
2 {7129 #shs TR Furh

E3} Q9] HEE HWsAFIHA TOC % W3k
Z a3t 23, SBBRE EFoA 219 %71 1.9
mg/L A=Y ¢ TOC AA A7t MG w2 RS &
4= 3l

SBBRoJ|A| 17} H|327| 717ke] W7o ut2} TOC
AA BAL of7ke] zlolg YERfgl oy 11 Aol
34 sttt 54 ¢ =7 1.9 mg/L Y uf, 13} 4]
2Z7] 7)17ke) sAZeR M 0 AR ol N1 F
TOC =& 5 mg/l J=2 7P @A vehgtod,
2F §& TOC ol oAl 12} v|27] 71719
W7ol k2 & Xjo] glo] A 2| u]shA LebT

30

non-aeration

aeration | non-acration

!

E
|
! \
l |
E |

PO 43'—P concentration (mg/L)
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Time (h)

Fig. 3. Typical variation of PO.”-P concentration according
to the decrease of influent phosphorus concentration
(@ 7.5 mg/L, O 38 mg/L, & 1.9 mgl, A 0.9
mg/L) in SBR (A) and SBBR1 (B).
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Fig. 4. Typical variation of POs*-P concentration according
to the decrease of influent phosphorus concentration
(@ 7.5 mg/L, O 3.8 mg/L, A 19 mg/L, & 09
mg/L) in SBBR2 (C) and SBBR3 (D). (NA :
non-aeration, A : aeration)

32. 7Y o sEHsl| m2 H3IIl o % Hst

A A AS-S AFASE SBRY ¢l Al A% RG35}aL
U= SBBRE o]-&sto] FUZH &4 F7]oA, §-
¢l =& 7.5 mg/L, 3.8 mg/L, 1.9 mg/L, 0.9 mg/L
2 A2AZIHEA ZF R W ]l s HshE v4]
Ao 7 FE59 et (Fig. 3, Fig. 4).

SBRE] 7A-(Fig. 3(A)), &< 2l =7} 7.5 mg/L
el o 12} HjZ7] 7)7F 2 BTy Q) Eri= 87
mg/Lof Al 11.8 mg/L2 o7t 2781911, £7) 7|17F
ZoflA 11.8 mg/Lo|A 103 mg/LE 7t ZAagto
2N A7) 71 F A HET 37) 71 S e A
F7H A5 st o 11 Bisks 1ok 3.4) ¢4
UEbdTh B3 /-4 Q) Fokg daaA A AAE
o] &2 FEs] sl 7Y ! BEE AhAY]
A ZE A <l s o] HSkE Wegich R

A FEE Aol wet MAH 0 g npxjut thA)
Q1 22} H|Z7] 717F ol 9] Q1 s A
L, 12} H] 7] Ao A <
3L ojojR = 27) FA M E Q1 AdFH e A o) WAy
A ot A AR 717be] 2F 90Y HE = Bl
A SBRE A FZoN= B8l /1 Al A50] 3

| HhZo) uhgslR| ook

EE|7] gglct 13 ER Xhﬂ’“ 2 SBR WjoflA ¢!
AAFo] FEE71E 7| HEths 22 Fofnigt Ao
& dAE A 1 offii= SBR2 —‘i‘—‘r’r“ﬂ%xéo
2 QA AA vl Eo] AAstr] ozt &8 e
9 9k27) oFE FAE7] 400, EE L AIA Ul*ﬁ
Eo] RE3T Aol A= < AA v &l f23h g
70| ZAE| T el BES ngEgo R Qste] 2
o] A2 Aghey| TG BRsE A 4 Qs

o2 Holrt,

SBBR1 oj4]-= SBRa}M= 244 5] thE 2l AlA 9FAF

& WY 4= QUSITh(Fig. 3(B)). 134} H|Z=7] FA9
A Q1o wkEo| YAgsHA s o, 7] A 1°ﬂ
A Qle] ket A3 dAlskGich B3 2 A
ol LRt Eojgt A= 22 WlZ7] Ao 1
= XH‘%%O] stk 2otk 23} vjaE7] E‘rﬁﬂ
A9 o1 &2 R A FHE= f7lE 71
i lierh e WRZE 6718k 5L f7)Ee] &
wol Alghg e e et 14% AR} 7} 2 AYSEAL 2}
A]—Q.oﬂ ,,]5}] A(E/H _'9,_7] ]Q_*}o:‘ o] \:ﬂ»zo] H}
ME Ao Z B 4= Qi) o] ‘IH AEar TAE A sks)
Al A48l s ey diEFAgl 471 1,000
um oo 2 PPstgc

%x7] ¢l ==& 7.48 mg/Le} 3.74 mg/L2E -3-AJ$H
7oz F7PdE oA o] HEE = 2l 27 mg/L
2 A e 2] Aol ¢1e] A= we
A detth 28y fUEe 99 =8 187
mg/L Haxel uet F7VdEd WEE o &

= 17 mg/LE Yol on, 8¢ ¢l =& 0.94

mg/LE HaAZ] Aeolids WEE < w271 12
mg/LZ gAsHA Fasilch aeiEs d AdE
Eoto] Qo] el f7lEe Tt o9& ‘?ﬂ
Zlo] ok} F-U = %
=t A& 9 5 ATk 013%?* > 7
8 sEe 4% é'&*JEHOM A F=7H 3
Fozn ol AA Ul%‘g‘% W& 5o Hak
i) QALY 9] Eu vt ZFAsh =
U, QL AA U o) ZHaR B 4E glomw
ole] e et e 4
P Rlos paEt §
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0 mg/Lof Zgaheich

12} ¥ 7] BAE 227k & 7H4A]7] SBBR29]
A= SBBRI} w23t @4fo] whsheict. Tt 1
2} u)27] GAS BAAIRIO] meh 23t o] kol
S 71817} FojRI] gk o e ol B En
SBBR1 o H]3 @3] Zashadeh. Zo|AdIA <l
o] 437 A3A LAISTo] 9 BEE A2 0 mg/L
o 2sRLOM, Qo] Waro] Hojxlof what 413
%55 SBBRIC] B3] vj$- 12 Ro2 ehych
SBBR20J 2] & T}2 4.2 SBBRI || u]3) 23} 1]
7] @AM 2] 23} 1 who] Bk Zolck. ofx
Sholl ] st vro} o) 23} W]£7] 7|3ho] SAIZHe.
2 Zojol ufet BN A7} go] wbygre.
2R A9 Ago] YU BT o B 4
oltk. IHEE SBBR RN 23} ¥lE7] 7|7he
27 Stk 2L Q0] WSS §ES 4 glone
23} 1) 27] 71708 B She Aol o Aol f2le
Ao Bk,

SBBR3IAE 13} HIE7] 71748 5AIZ0 2 S
327} ¥ 7] 717k 2AI7EO2 ZHaA]F]EA] Qle]
A B PRSI 17} W] 77k ZAHA
7ol whe} oh2 SBBRo] M8} 71 B8 ol ke
Heon], LGN E 71 28 o HHse
o} 91 2L LRIt E3L 23wl ) 717kl
B STl et 23} o RS Ae] WhEn) of
of, 7P HEH o AA PP Uehsick
SBBRIo|} SBBR2] 2o} upaizlx)2, 4] ol
FEE A4 e} o W st o
o) Fre AAshe RS Uenhic

2 Ao SRl Q9] BEr} Hale 2k
oM Q1 AA 78] elare uld 4 gk
Berslol, 9 AR o] AME LT WerEe
SBRo| £:9) 91 %518 4|zt <l A7 So]
52514 ohe Ao 2 BekE|gr), DHEa o Hat
2 7447194 SBRE 23 AIZH Bt 2HBAS
o= BT5k3 ) A o] 3EE]F) ok 2
2 9l AA wldRo| Aoz Axe] Apeo] £

2 24 SBRI} 22 H§ Aefjol A= 4A wash-out
Elo] Q1 AA u|BEQ vt AR oz 7HAE QY]
EQ AR W= Ao e} A o2 wetEch

T3 9l AAE Wt 7129 tjRE-S PAOs
o} GAOs2}e] AATAZ B3 PAOsET} GAOs)
27t Y58t Wobd 7% EBPRO| mtk3] 7L AisH
o B Aot gl o]l v (Mino 5, 1998),
2 E°] EBPRo] ma] g AejollAe= #7189 4
H= §githe A7} Hi1E 0 2R (Fang 5, 2002),
71& GAOsof| 23t ¢l A8l o] Z8-5]7] o= o
Eo] Yehlr] A8tk 2 J7o M= Fig. 29
A Bz vk} o] SBRO| 7--ofli= 12} v|27] 7|7¢
% B33 TOCY Wyt WAshR] gkgo=zy
GAOs©|| 3t QI A3 meo] 2G| gk oz
s £ = Qlek diuskE GAOse| 25t 91 A3
7H RSt sHH 13} ¥)27) 717 5 TOC 5=
H317} PAOs7E AISE 749 ulzlriz] 2 gilslA|
wAgstofok shal o] wf Al#E TOCE PAOs7} obd
GAOs7} o]8-8= A 02 weddh = glo), 2 4
9] SBROJ|A &= FA T TOC Y] ¥3l7} HAYstA] ¢k
225 GAOs9] Q1 A3|| 2-go] wAst i et
37] o2l ek ohual, SBRo|A Q) §7|E<] ws}
7}SBBRs 2] -E3 EIsHA o7t = Aoz |
o}, grollA] 3t viel Zo) ek A¥(Kim %, 2008)
o] 7] §4 ¥HYo} K3} F7to| wE pH 3l
oJ3) PAOs ¥4t o}12t GAOSE 2 57& Wot 4
AEo] AetE L E3 Hg AEolA u|AEe]
wash-outo] gho] XAt Ao 2 Azts| & 4= Qi
Okunuki 5(2004)= 2] A7} 7}zto] w3 H Atejof
A= @71 717 Fet 714 9] AF7E AR ofsktt
RO 2N, GAOse] o3t ¢l A5 Zdlo] 24
A& A3t v Ak

3. 7Y o SEHS OE HEII HA Sk #E

9 ¢ $=E H3A]7]HA SBR¥} SBBRE
A A FEo] Hslks st Fig. 5, 6). HAH
22 = ¢ SBR(Fig. 5(A) M= FUs= g2y
oMd Ao AiIstel EA sy} vl A AdstA
AEO 2N Ao AAZE AFsHA doltent,
SBBREO| A= oFm o} 240 XS} & BrAgE]

w
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Nitrogen concentration (mg/L)

Time (h)

Fig. 5. Typical variation of nitrogen (@ NH,"-N, WNO;-N,
O NOz-N) concentration according to the decrease
of influent phosphorus concentration ((1) 7.5 mg/L,
(2) 3.8 mg/L, (3) 1.9 mg/L, (4) 0.9 mg/L) in SBR
(A) and SBBRI (B).

pon-actdlion acration  non-acration non-aeration  peration non-heration

Nitrogen concentration (mg/L)

01234567891 12345678910
Time (h)

Fig. 6. Typical variation of nitrogen (@ NH;-N, W NO5-N,
O NO2-N) concentration according to the decrease
of influent phosphorus concentration ((1) 7.5 mg/L,
(2) 3.8 mg/L, (3) 1.9 mg/L, (4) 0.9 mg/L) in SBBR2
(C) and SBBR3 (D).

%] eporon] T1of wret Ao AT UL ge
Ao Vehgt,

o]z Fig. 33} 40f| A SBRE] 7-9-ofl= 19| A|#7}
712] MPYsEX| LI SBBREOIE 919] #77} v
27 AP PYSGTHE L B uhe Fulr}
ok ATfet 2 4= Qe

12} B]Z7] DA A= 71l et 2s} o)
AEat ¢l A7 vgEe] AAEA N FolAl ==,

of o ¢l A|A nAPEC] SAISHA Q1of o] HE
SHA At RS 27k A o] Ak
23|79l BFEL 2125 4 9lr}. K AlF o) A= Fig.
22 & o 571=4 AlA7 SBBREOIA B|iLA ¢
A T 24 SBBREOIA Q1 AlA n]dE9]
5ol st S 4 4= AUSiTh

E3h 7] YAl A &E Akho] s HAkst
A E Q1 AlA mAEe] B BA A ok
SBRofA= B A2 /k]—EHoﬂ Qlov gz AAS} 1Ay
=9] g5 gdste] eyt s YT 4
2l o1} SBBROJA| = BZFAAF Ao B2 @& ALA
o) gt iR o) o] Aok ot WAk )
NEo| o] AL 4 ¢l 1o wel ZAkslt &
Uoluba] 23 47} 9lrk. Fig. 59468 & ), SBRo]
He A} A%sHA Ssh, SBBRECIA L
A A8k Fatohs 2 o 4 A9l

22} ®]27) GAo A= Tl 7ol st 2E
st =T o1 AlA wAEo] FAA O Fo ot
=AY T °‘E‘r SBRoj|A= B3 njEe] ¢
gato] f7lES o8kl o AlA miES flE
& o83 4= QLo SBBRoJA = HAtS o] i27] o
Aol A AEdh WitellA o] Easkz Q13 NOs-Noj
719 ZhESHA| oot BABE doj ' 7§l
Q3|8 G159 ZAE o Q3] Q19 27} HrZo] W
Ash= @] Yol 2l & 4= Qo

auug da AAHeE QL AATE FAl] AEsHA
et AT 4 2708 FATUTR AL 1)
o8& 2olghs AE o 4 UL, SBRJA
w A dao] A7} s wAYskal SBBR
BollAle 9] AA 7 Eisith= .

Fig. 5ot 62 & o, AA2 o= Qo] 58
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o
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A7l ket AAkste} sy} 2 dojdo 2H A
& A7} o & HE Ao 2 et

IHEE 919} A7} QA Yofuhx]) Fape
A4 919) BEE AAATIE AL 23l ol
o A7} o B B3k 23] Aaol AA7}

Y oA B 5 Gtk 22 & 4= ek

>

R

o] A A= & DAL QL AA 7 UgshA] &
g SBRY} A A| A= HEBEA] Eaht Q19 AlAE
H 2 &3 SBBREOIA 5 ¢l HE2o] #alo|
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