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Abstract

Thiswork experimentally determined the effect of operating parameters such as temperature and solid retention time (SRT) on
the phosphorus removal of municipal wastewater with waste-tire media. The experiments were carried out in pilot-scale
moving bed biofilm reactor filled at a 0.15 filling ratio with the media. Total phosphorus (TP) removal efficiency was 91+5,
7516, and 59+14% at the temperature of 9~10, 10~20, and 20~26°C, respectively. TP removal efficiency was 7117,
74416, 74416, and 68+18% at the SRT of 3.5~5, 5~10, 10~15, and 15~20 days, respectively. At the nitrate concentration
of 1~3, 3~6, and 6~9 mg/L, TP removal efficiency was 8219, 68+18, 47+7%, respectively. The concentration of total
phosphorus in the effluent was 0.1~1.8 (0.8+0.4) mg/L regardless of operating conditions, which meets Korean phosphorus

limit value, 2 mg/L, for discharge into receiving waters.
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Axg Qlo] 52 51 = 22 AYA L] B ste DUEEAZE R FREE 9 FAEE VAE
Qsle] Fg Yoloz AHA o]F FAZEE oS Qo S B ol&she @Al 52 °l&dhe StolEE(hy-
222 AA) 9% oA a7t AgHw Qo ¢ KT Tl mwHEE. FAYE AES 18T 2
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Haflof & A F syt &0 wE AAZE WSt Aok 7€ =2 ATEE 3 &2 A, 9%, 2
(2= &, 2000). 2=7F WESH QIAIA mA= & 7l & A3 10~70% BHE AHESIEL YA THEH
o] tisiAe &uE Aol vk &7 20~37°ClA <l s} &, 2001; A9WH, 2005 HFFFH 7], 2000), T
AAGZEC] Fddth= ATF2H/E 3L, 5~15°CY 22 HAE FAE A& F=stA FAE S5 987 A
2504 Ql AAZEC] FdEtEsE Bix: JYHEIEF FEAHo] FaEA HRTZL Fotd f&5dce] g5d
5, 2003). Enhanced biological phosphorus removal (EBPR) Aot kA Herolol FAEY, §84, YT 55
FA 2= TS AFs] AFS AL vnF HAZ AHS 7ETA(}EEE I, 2001)S HFoE TU|EY
ol o ®2 A7/ Zad AFe|tHChoi et a., 1998; F FXEE 15%= 3 h
Mamais and Jenkins, 1992; Randal et al., 1992). w-2}A],
E AFME deelolg BAE o§F HUY FRY 22. SETA
F54 A2RITEL U0 LA 2x, TYEAFA A= BE Fikx ovlzE PR Sls
ZH(solid retention time, SRT), 244 A2(NOs-N) 5 9% gzl F29] Anaerobic/Anoxic/Oxic(AY0)E el F71%
Azt WE QA A ENS AHHgTH FETY UL RS ARAA FAREEY WS A
24 588 IV A AaARxE FUHe Aol &
2. oi51dhH Feolth(Fig. 1). =AY IS AHx &FS AT v
Z % 8§32 637 miolw, FrxlE A& FFH DA
21. st & HEOIH A FES 98 271#(2.3 mImin, 3500 mm of water, 4.6
stre 71 & S EAYY 13 JARA fEF kwW)3 554600 rpm, 0.75 kW)E X392 959
£ Ade AMEstE(Table 1), 4= #HEro]olE AMESt vl Z(baffle) s AXote] FAY &S FASIAT(ERRA
=, 2008)
Table 1. F:haracteristics of the municipa wastewater in the HhezE oF 370U7F 99 S 230 mYdE SLAFGC
Influent and effluent W, RUEES 99 B 20002, cdA WEES
Concentration (mg/L) . . .

Parameter pr— — mixed-liquor suspended solid(MLSS) s%=E 2,000~ 3,000
o 6377 (6.8:02) ) mg/lL BAR FA7] Al FY FFY 50%E A5
ss 32~753 (130+115) 3~35 (9:6) o Yd9&EHAE 19 284 FrIFo=E VeI oH,
COD¢ 80~464 (194+95) 8~70 (25+14) SRTE 4~21Y, Wex 22 9~26°C2 A3 oh(d

SCOD¢, 27~120 (70+22) 4~32 (13t7) A 5, 2008).

BOD 48~342 (119+62) 3~42 (12+9)

SBOD 16~78 (41x13) 1~13 (4£2) 23, EMuh
TK+N 9746 (25+6) 0215 (4+4) FRABNFELS MLSS, mixed-liquor volatile suspended

NH.-N 4~35 (20+7) 0.01~11 (3+3) olid(MLVSS), 3514 428 T-2Hchemical oxygen demand,

NO; N 01720 (04204) 1711 (2£4) COD¢), M3sts 4ka e F(biochemical oxygen demand
P 1.1~8.4 (3.0£2.0) 0.1~1.8 (0.8:0.4) ' N s
POLP 02-27 (14205) 00-15 (05:0) BOD), total Kjeldahl nitrogen(TKN), NH4"-N, NOs-N, 21

CODG/TP 30~ 137 (69+21) 6236 (47+41) (total phosphorus, TP), POsP S22 Standard Methods

BOD/TP 18~86 (42+15) 1~63 (9t8) (APHA et d. 2005)¢ F2ed FFAATH(EEE,

"No nuit 2004) F3te] BASIA T £, AAA ZE&F AR
Internal Recycle (200%)
Influent
Q = 230 m¥/d r m m
HRT = 6.5 hr ke v &b v
v B =_ Z
N
—— —— > —> Effluent
=§ __V> =§ . Media | __]
Anaerobic Anoxic Oxic DO Depletion
14.0m? 18.6 m* 27.0m? 4.1 m?
1.5 hr 1.9 hr 2.8 hr 0.4 hr

Return Activated Sludge (50%)

SN
Waste activated sludge

Fig. 1. Schematic diagram of the moving bed biofilm reactor.
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SBBAS 2A7] e EAZ=d Minitab(Minitab
Inc. Release 13)& AM&-sl%ith.

P 7B ¥R 231 A A 99y fE B
T O0Dqg, BOD 729 80~464(194+95) mylL, 48~342(119+62)
myLZ ZZFAKTable 1). 9IEHF =& = TP= 1
1~84(3.0+20) mg/LE YElETh dWtFoz MESHAH O
2 Edj7} 803 sl59) CODo/BOD H]7F 2.0 ©]god
AESH O R AFER L= {78, TEASFFTE Fo] 2
o] xg=o] gthe AL YnsRE YETH A 4
e HFS COD/BOD Hl7} 20 °lat7t Hojof &
(Hao and Li, 1987), =A3t5¢] CODG/BOD Hl&= 19 3
Lo|th(Eckenfelder and Ford, 1970). & A3l A& &
9449 COD:/BOD HlE 1.6£0302 Ueh} AESHF
Y7t ol e & & AH A F, 2008). FHFTY
71E3 Q19 W7l 255 AAAREC] 2 AL
HFA Qeo(F LS 5, 199), AYO Rz HAAE AH
2] COD/TP ¥]¢} BOD/TP ]9 ML 34~43, 20~
252 AAHPHILBY F, 2004). E=F FEF] T 5

£ 1 mglL °l3t2 #A87] fl&iAE COD/TP, BOD/TP
H]7} 400] % (Randall et a., 1992), 20°]4H(Ekama et dl.,
1984)clooF gtkar A Qlvk & Al AHgE f9d
49} COD/TP % BOD/TP Hl:= 69+21 % 42+152, <UA|
AE 99 gold XoZ UEyth & AT
COD/TP, BOD/TP H|: 7|&2E& (P8 =, 2004; dh&2
# Ho&, 2003)0 AAE R v A Jebged,
olgd AdE AA AYAH=R fdHE FU889
CODe ¥ TP HFEE=7} 3424117 mg/L, 6.9+1.9 mg/L=
COD/TP H]7} 5022 EA #A9 71& =8(F243} o
49, 2006)7 FAHHE, 2 TolRE FEY ATOFFCl
g EAISHEY FAa E <l xﬂﬂE A7 =2(AYH
2007)9141 BOD/TP H]7} 30014 4A=l= A}

o2 HZ EFAst #A Gzt & o] Fo
v¢] COD/TP, BOD/TP H|7} Z7tete ATES Hol
oz #odn

QI A HFet pHY E$l= 66~74(Randdl et a.,
1992)2 AAFIL deu B AFd AL 59 pHE
6.8£0.2%2 ZHE3 AS=E AT ugr B AP AL
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3.2. 21 A

3.21. 2l HES

TP} POsPY =L FYFolA 1.1~84(3.0£2.0) mglL,
02~27(1.4+05) mglLZ ZHHUL, FEFME 01~
1.8(0.8+0.4) mg/L, 0.0~15(05+04) mg/lLZ Z=F=Ah
(Table 1, Fig. 2). }2 % s4%H(2007)9] wW=H 20083

TAEH s=2E8HES|X| H243 45, 2008
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Fig. 2. Concentrations of total phosphorus in the influent
(O) and effluent (@) and total phosphorus removal
efficiency (A).
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detolo] FAE o] &7 ATOZTHANA a5AE Al 2=
W7t 9~10°C, 10~20°C, 20~26°CellA AAAZTEL
91+5%, 75+16%, 59+14%=2 UERTHFg. 3). ol %7}
gl Wl JAAAZE] F7ete AFH(pP<0.0)E 24
Fi en, £%7} 20~26°ColA 9~10°CE Zasd e

&2 0%l St T & =g T

A X8R EkAwE 15°Cet 25°Coll 4] AFA
2 A 2 32 25(15°0)00A4 JAAEZE
& AT B AAZAT Zo] AFATEY
WSZEE 14°Ce 22°ColA 4 2 14°ColA QIAIA
2 ETh= Hi(Ekama et al., 1984)9} 14°C$} 24°Cel
£ 3to] 14°CollA Q1 A|A E&°] 58 FEste
HIl(Siebritz, 1983)7F Utk 454 S(2000)= A271Y
g ¢ AAZEO ¥ =& Aoz BIFYLL o= QA
A RBES AL, T2, A9 FHEste T e IS
Zo®g FAYo glE=t(Randal et a., 1992), A2dA =z
A AR QAANYEC] F2A4 & AHes 24
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Fig. 3. Total phosphorus remova efficiency with the temper-
ature of 9~10 (O), 10~20 (2), and 20~26 (0)°C.

AAARAERT AAAd E&8H0]7] el ALz
e

ol whal, 10~28°C 2=H A AAAZELS A &
=HYoA AT RIS 5 2002 B L=t
JQAARZEN & FdFS "AA FEevhe Eil(Banad,
1983; Choi et a., 1998; Florentz et a., 1987)= ith =
2 2594 JAAY EH Bag =E(AEF 5,
2000; 38 &, 2003; Mamais and Jenkins, 1992;
McClintock et a., 1993)% t4 0o olF7A] &9} <l
AAZERS #A= BEEEste B 4580 A+ 2
Q3 A oi TJ‘}E}HE}

XY

O
= — i
A AW BE *ﬂELH"ﬂ —E—-’FE]”% g8 9 L‘WE a7z 9l
A& TS HERE POLPE FYE F VXA 71
sHAl Ha, ST|xAAME @7IxAA TES F oY
PO,-P7 A= Aol FAJoz HHAHER FAsHA =
TH(Chuang and Ouyang, 2000). ¥ AJNME %o TA
ol Z+ ghgxo] BE POsP s=WSE FVEAA F71
st &7 ZAA ot o] 83Q1 Q1Y ATELTH ¥
3te ZAo® YEsthFig 4). 2571 10°ColstE HobAl
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é: 20 r 40 é
‘S, 10 1 k20 g
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Fig. 4. Soluble biochemical oxygen demand (O) and phos-
phate (@) concentrations in the influent, anaerobic,
anoxic, oxic, and effluent zones.
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Fig. 5. Specific phosphate uptake rate in the oxic zone with
specific  phosphate release rate in the anaerobic
zone.
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2002; B§F3 ¥ZFA, 2003; Choi et a. 1998)% Z =}
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3.23. DHEMFAIZE

HEtolo] A o] & AYOTHAA steAlE Al SRT
7} 35~59, 5~102, 10~15¢, 15~20¥A AAAZ
8L T1+17%, 74+16%, 74+16%, 68+18%(Fig. 6)=, SRT
Wsl] 2 AAAZE WE7 ATHP>0.05). £ 432
#9} Zo] SRTe AZFLZ Ql AA & IFE HAA
Srvin F33 EF(Barnard, 1983; Randall et a., 1992)
o] 9+ ®A, Rodrigo 5(1996) SRT7} ok 10€4 <1
o] FEFH} 477 F oJFRTA HIuEon, 54 o
sl A e AAATE & o] R A getha sdth SRT7G
3~28YellA 209 ool A E A9 AMAEE] FH5 ¥
AREe AFE EHd FSE AHAYEHE 5, 2003). US
EPA(1987) X & SRT7F F7letd S8l A Y F4o] Yo}
AA =Hol JAAAZEZo] AslstA Aok T35t ch Wenzel
5(1991)8 Aol = HAE &l E2 poly-p ©HHE ] of
£ SRT7F 245 A" oA 335 &2 W
2 FHEFE g F Ao < AAREC] FgHAT
FAPom, ALl E(2001)L SRT 15, 20, 30L4lA
SRT 20¢IM JIAA &ge] 7Hg Eohal TRESIAT &
S JAAA HHEL JFE0] Yol SRTE Ha: #HE o)
FRAEAE AAAES FHHE F Avhe BI(HEF
5, 1995)7F o™, &%=} 10°C, SRT7F 58 Z7A
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"37-}%‘:]'( S8 5, 2001).
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