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2 ¢

A& GEHA EH PVA ¥ A58 £3H o2 AMeldhr] sl celite® ZA3 AR 147 air-
lift reactor® AHE-3l9ir). PVA £34 231 2 g PVA/L-day, AFA17F 24 hrel| 4] PVA A A E-8-L 916%%]oH,
o] =f F/Mul= 013 g PVA/g cell-day® vtebsdc). §U3F AFAZ A wk67] e | S5 5 Z7}d ofe}
PVA A|7] &89 712 Fastdon, 593 I8 FxolA #4459 PVA 557} 2g/L ©]43d of PVA
A7 BEL A9 A FUP PVA £355el 4 A5z sl dA7t Melshe Ao 2529 52
B2 Aefshe AEc MA 2 GeiAAL Ao PVA FE& A vebych 22z PVA wAA
%% = specific PVA loading®] 0.7 g PVA/g cell-day7t Al A2 o2 Z7}stg o) 2 o)A e 7HAastgdc)
ol W A7 X A4 K& 0.069L/mg/hrolw) PVA A7) &8-S chg3} o] vebd 4 ok

S 0.069X-(V/Q)
S, 1+0.069X- (X/Q)

Abstract—The aim of this study is to treat efficiently PVA-containing wastewater. PVA is known as one
of poorly biodegradable materials. As a microbial immobilization support, celite was used in the air-lift reactor.
The PVA removal efficiency was 91.6% at 2g PVA/L-day of PVA volume loading, and at 24 hr retention
time, when F/M ratio was 0.13 g PVA/g cell-day. At the same retention time, an increasing rate of PVA
removal efficiency was decreased with increasing concentration of microorganism in the reactor, and at the
same concentration of microorganism. PVA removal efficiency was approximately constant when PVA
concentration of influent was more than 2 g/L. At the same PVA volume loading, treating wastewater of
low concentration at short period resulted in lower PVA concentration in effluent than treating wastewater
of high concentration at long period with respect to the effluent PVA concentration, even though the removal
efficiency of the former was lower than that of the latter. Specific PVA removal efficiency increased propor-
tionally with specific PVA loading up to (.7 g PVA/g cell-day. PVA removal rate constant, K was 0.069 L/mg/hr.
PVA removal efficiency could be expressed as follows.

S, 0.069X-(V/Q)
S, 1+0069X- (X/Q)
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Fzoll A2l FF PALEAE AikEe] FgA
ol &= glovt Eal7l olgr] wEol 2E2 A
AL Bk el falEs 2EAbe Eel &
s Al e LEAbEch b g1l

PVA(polyvinyl alcohol) += &l 48 5= A 82}
EAZA AR, A, A A uiiv)ge g de 4}
459, £3], A f4o242 PVAE A4 447} o+
817) ajgooll cf 22 FHF Aol TARA AREE I
sieh AEF Yo Halell Woinl Ee 7hFFA o A
Aejsle Gl didel AFE el g 3y
Z o) A 1A ol A Al A sl Fofof ghot. wpefA] A rpE
TAATe AESH i £4 PVAE o &

Ria] U
PVAe] vl &5t3 Falol ¥ 7= 1936'd Nord

(2]l 2)5}o] ] 2kE]9l.o, 1962+ Yamamoto S[3]2
PVAol 4] A3t of2] £9] bacteria ¥ moldS E
ofoll 4} H-2lalgich FHZ 204 $¢F PVAY A28ty
Fallol #ak e Byl wbi gl o, £3] Suzuki
=[1,4]e] Pseudomonas4-2} PVA ¥-&) bacterias
2lsle A Be] dFr} Eis] s gleh vt Saka-
zawa {51 FFHoz Ale)g F bhacteriad] F
A= Ao 23 PVAS] Es & wirslel o, Sakdl
506,71 A DA og PVAY] #aiE ¥ a3
LI

B izl osiME PVAZL fE55HE FAZ5H
PVA a5 5 Helste] 43 é# Pseudomonas
%o F T*—r/P A Al 2] 8} PVA ’} F3 5=
A5 gl v Qlok(8] v, o) e} 2L bacterias:
v A A Ao F Areds] o, vl %J*é"] 3171

el 7]&e @42 el 23 PVAS asfHq £
7t AL Brlesich &, 272 Yol Y EY F5E
xol7] fAste] AMFAIEE ZA ok 3t wely H
Falel AAe] A=Ay, £ex] H3}(sludge bulking),
Hegh ey W zhE T AR5k 4y AL v
2| aL gleh

wreba] & Aol gy GHe Bt
817] 9alod AT A2 A celiteZ A& air-lift4]
uHE-71 & AMApste] {71 ERs Y kst wE o)
AL FA4d W 718 A BE 58 2Ae
o 9-g719 A%E sAMssidh

2.4 #

2-1. °F
PVA F-sle-2 £ 732l oJsled Fe)- £ Pseu-
domonas % Strain G;Y ¥ PWe ¥ #3535 A48ty

oH 8l

2-2. =X ¥ EHdm$o =M

Table 14 Ei= wie} o] #5358 £441717] 9
sho] gthgl oA PVARE H7lkd el g w45 AHg
st e, gAgdre A i3l s o
o} FABLEE Ao 2 corn starch® A7)shgd
o] Table 13} 7o} w&t gHAd o 42 pHR 3= 01N
NaOH % 01N HCIE Ap§-3ted 2331

2-3. nE3 oA

28 A e AR AR (A2) o] )4 PR $#200
& H-sfsted TFEA 300 meshe}l 400 meshE AF&-s}ed
Hejate] spgatelom gizke) Eeld 542 Table

Tablel (‘omposltnon of resting medium and synthetic wastewater

Resting medium

Synthetlc wastewater

C omposmon o Concentration Composition Concentration
PVA 1500 o 20g PVA 1500 l4g
(NH,).S0, 10g (NH,)2S0; lg
KH,PO, 10g KH;PO, 02g
K:HPO, 80g KHPO, 1g
MgSO,-7H,0 02g MgSO0,- 7H;0 02g
NaCl 01g NaCl 1g
Stock solution™® 10 m/ FeSQ,-7H,0 001g
Distilled water 990 m/ Corn starch 02¢g

pH 7.5 Distilled water 1,000 m/

*Steck solution: FeSO,-7H,0 0.1 g, CaCly- 2H,0 0.02 g, Na;MoO,-2H,0 0.5 mg, MnSQ, 0.5 mg, Ca-pantothenate 0.4 mg,
Inositol 0.2 mg, Niacin 0.4 mg, P-aminobenzoate 0.2 mg, Pyridoxine 0.4 mg, Thiamine 0.4 mg, Biotin 2 ug, Vitamin By,

0.5 ug. Distilled water 100 m/

315128 H3oH H3E 199214 63
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Table 2. Physical properties of celite

H,0(%) 64

Particle size(um) 40-50

Bulk density (g/cm®) 0.675

pH(10% solution) 55
29} 3t

2-4. AEFX| W WY

AYAA & Fig 13 Zow, 712 4cm, A2 7.5cm,
Eo]7} 46 cm, ¥ F-37} 800 mL<l air-lift reactore]c}.
uh-g-7]2] 9)¥. 2% = water jacket-2 A]3}e] 34k 30
+1TE #A3H

Je vl AFHZE AHE-sle] ubg7] 9] AFRol A
Eqstg e, 7l #ik4E Alg-sle] ukgr)e st
Fojl& FFatch ubsr)e] F2be] AYE T air-
liftg FAEAA FGAlgdAle] 22 | PEE 33HAT]
), vh8-7] oA gAE A 377 H3ste] 6
$7)9] -5 60° % 40°2] R E Fo) SFA sl

Fel=Ele dHae wiHe Helprt fE2HH A
Fo] £AS 3 s st date] A7HAE 42717
st /&S YRA= HHE AA sk

u-2-7] Welle 7, & S[8]el #=]- 543 Pseudo-
monas sp.= HEA712 27} £k A5 0.55 m//min
9 £52 FYAIA vAES TFHY 9F 204 F
Fokd vl B FErt S8t 35g/L7F HAE o
celiteE 45 g/Le] FEZ FJ3i4d)

3439 Pseudomonas sp.8] 57t A FFo)
Hee o FAAFE Fdsien, A4 A =
g3}l S o $&2 PVA 5%, COD, V|4 &9 5%
9 celite?] FEE 22 FAstdct of of ¥k W2
L& 30C, pHE 758 fAstdch F719 F4& 02
m//minolv] w| &S FEo wie} Fx FrRA

pH #3ld] @8 4L x4 93t {42
PVA %! COD ¥=& Z2 2, 1.75g/LE dA3A F
AAHH, AFAZE 6hr, F714% 04 L/min 2 W
47 WY v AE FEE TgL2RE {3417 x, 0.1N
NaOH¢} 01N HCIE AMg-31ed ub-g7] Wie] pHE 6
4 857+ WA F&52] PVA 2 CODF=E
zb7} 228t

AFA7ZE L PAE FEo) o2 s A7) 9
shod A FAIZHE 6, 12, 24 hr 28] Wb-g7] W o] v]AE
¥E2 7,9 12 15gL2 77 dsjeisich

AFA7Me 12 hr2 dASA F23h Fdee] PVA
¥TE 1, 2 4g/L2 77t Wiz A PVA F2o ©&
od3ke zAsledc) o of k&7l W v AE F=7t
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Fig. 1. Schematic diagram of air-lift reactor system.

7,9 12 9 15g/Ld o 279 §45& 77 04, 06,
0.8 % 0.8 L/min% W3 Zck £, PVAS %7} 1,
2, 4 /LY W MFAIZHE 476, 12, 24 hr 2 24 31
)3k PVAY-# 23} 40g/L-dayell Al 2l ¥
shistel] 93 FAMF A AR oH, o}
A A5 ot

2E A¥AETN= 2700] viFA L ¢ o] F At
=gdE o FAslgon, BAEH 5HE 77 o
Had e 2 2749 APAARE el

2-5. EA{uH

CODE Fall-34 Ayl 93 44 KMnO,& A}
a3l9j.om, PVA %= Finley?] uwh[9]o] <& &
seplo g ZAslglovn] FZEsM= starche 05N
HCIZ 7p-aA17] & & A 3ksich 0.5 N HCl 50 mi«]
AlE Adere vhe) 15 hrsat slddch shde) Bl
49 1 m/E 2T F 01N iodine £ 7025 7}l
WS4 A Brh o] shAE] g Hged FE
o] glojxnd 0.1 N NaOHZ pHE 7.02.2 A &
PVA &A% 93 A 82 AM43tgch

uk-g-719 959t §&259 PVA 35§ A3
PVA A7 E&S Aok

v AE e HAe A5E g4aEe] ¥ 105CeA
FAZE A& A7} Azslo] celite Y v AES] HA
FAE e F 550CA 5hr 3EA|AH o] PES]
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Fig. 2. Schematic diagram of immobilization mechanism.

20
= 15+
N
2
3
¢ 10+
s
S o
§
o 57

0 i
40 45 50 55 60 65
Conc. of Celite (g/L)
Fig. 3. Effect of celite concentration on cell concentration.
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Fig. 4. Effect of pH on effluent PVA, COD concentration
and removal efficiency.
(a: PVA removal efficiency, a: COD removal effi-
ciency O: PVA concentration, @: COD concentra-
tion).
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3-2. pH Hste] EF

4E3-7] W4 pHE 6.0 4 857k A H o2 ws}
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Lol M= #7217l fAge]l A dAsisdch of o
A FA17E 24 hrof| 4] PVA A7 8- 91.6% % viebygon,
F/M¥l& 0.13 g-PVA/g-MLSS/day ©]3it}
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Fig. 5. Effect of retention time on effluent PVA concen-

tration and PVA removal efficiency(PVA Conc. of

influent=2 g/L).
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Fig. 6. Effect of retention time on effluent COD concen-
tration and COD removal efficiency(COD Conc. of
influent=1.75 g/L).
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o} 2 ol AE A FUEA astoh =¥ A
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Agle]l A9 dAsIHen Fig 7¢] Yehliglch ]9}
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Fig. 7. Effect of influenct PVA concentratior on effluent
PVA concentration and PVA removal efficiency
(Retention time=12 hr).
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Fig. 8. Effect of influent COD concentration on effluent
COD concentration and COD removal efficiency(Re-
tention time= 12 hr).
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Fig. 9. Effect of hydraulic loading on effluent PVA concen-

tration and PVA removal efficiency(PVA Volumet-
ric loading=4.0 g/L- day).
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Fig. 10. Effect of specific PVA loading on specific PVA
removal rate.
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ek
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jata H303d H3IE 199244 68
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Fig. 11. Plot of X(V/Q)S/S, vs X(V/Q).
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o171 PVA A A =44 K=6.9X10"%(L/mg/hr)
£ 2k ole BE RBR10]9 #4<eA] 3
ol A de]Al A2 K=6.66X10"3 (L/mg/hr) 3t 2} 10
o] 4te] A A £E& Al A2 el K 3
A (Dol dadste] PVAY A7 &S o482 & ¥
A5 2she] #AE ebd & 3l

S 69%107%X-(V/Q)
S, 14+69X107%X-(V/Q)

€)]

4. 824 £

(1) Celites] 2A3tgl Q&2 F=5 15¢/L, Al
227k 24 hr % PVA 5% 2g/L9] 274 PVA A A
g 916%ow, o] o £4Ksle} F/Mule 77
2g PVA/L-day, 0.13g PVA/g cell-dayE ‘}elgdc}

(2) AT AFARANA w7 o] v E F=F
7g/Leg §#A8E 4 e PVA =8 1g/LolA
2g/Le 2 Z718hd PVA A7 E8& 7% 78l ovt

2 ol FxeAe mAE Fxdd #Agle] PVA
A 5 Ao Z7kERA Adsdrl £ v|PEe 5
=7t F718E PVA AlA E89 37188 Ha 3t
Astdor] 15g/L A o Fd5e PVA 5o 7
el ¢ dA 3}t

(3) T3 PVA &3 %-8lelA] AFze H4E o
AIZE Ml she Wle] RFEL H5E Az A
2 Bl AA Zge DRI FE59 PVA ¥
= 2A Jepd

(4) PVA u]%-3}7} 0.7 g PVA/g cell-day °]3td d&
PVA vl A 457} A% v &2 JHHez 713}
gom 0.7g PVA/g cell-day o]4¢8] 2ANME 27}
v]-go] F3}=%ir).

(5) PVA AlA &5 K=69X10"%(L/mg/hr) 2
velgdorn AA Zg, vAES = 9 AR
A o3 A3 o] veludcl

S, _ _69%X107X-(V/Q)
S, 1+6.9%107%X-(V/Q)

A&
k  :maximum specific substrate utilization rate
[(T-1
K  :specific substrate utilization rate constant
[(LM-'T 1]

: half saturation velocity coefficient [ML"%]
: specific substrate utilization rate [T']

: flow rate [L*T ']

: PVA concentration in the reactor [ML %]
: effluent PVA concentration [ML™%]

: influent PVA concentration [ML™?]

: removed PVA concentration [ML~%]

: reactor volume [L*]

: biomass concentration [ML™%]
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