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Abstract—A new pulsewise fluidized bioreactor(biofilter) which uses immobilized microorganisms was de-
veloped for the effective biological treatment of high concentration organic wastewater. The content in the
biofilter was mixed by the turbulence generated by the falling wastewater which has potential energy. Polyure-
thane foams were used for the support of microorganisms. In order to test the effect of mixing in the Biofilter
pulse was off for 24 days during the experiment. When the pulse was off, the Biofilter performance was
reduced dramatically. When the raw wastewater was introduced to the Biofilter without neutralization, COD
removal efficiency and biogas generation rate were almost the same in the case of neutralization. During
the 400 days experiment wastewater residence time was varied from 15 day to 1 day and soluble COD
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removals were 90-97%. In terms of COD load polyurethane foams showed 27 kg COD/m?-d with 90% soluble
COD removal. This biofilter showed more than 15 times performance in COD removal than conventional
anaerobic digestion. In spite of non-neutralizing the influent wastewater the reactor kept stable operation

without disturbing the performance.
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Fig. 1. Sponge for the support of microorganisms.

Table 1. Specifications of the polyurethane media(sponge)

Size(mm) $9X 18
Apparent density(g/L) 0.02
Density(g/L) 1.05
Porosity(%) 98
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Fig. 2. COD concentration profiles and COD removal
rate during the experiment(N: neutralization, N.N:
non-neutralization, N.P: non-pulse, rl: recycle ra-
tio 1, r2: recycle ratio 2).
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Fig. 3. Organic acid concentration during the experiment
(N: neutralization, N.N: non-neutralization, N.P:
non-pulse, rl: recycle ratio 1, r2: recycle ratio 2).
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during the experiment(N: neutralization, N.N:
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Fig. 5. pH variations during the experiment(N: neutraliza-
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recycle ratio 1, r2: recycle ratio 2).
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FIg. 6. Redox-potential variations during the experiment
(N: neutralization, N.N: non-neutralizatibn, N.P:
non-pulse, rl: recycle ratio 1, r2: recycle ratio 2).

o
—

Redox—potential(mV)

o} 63%°1 o5 S = Alg Hasted 53% 71
ZAadtdnh 2 F A5 A A S i o] Fosle
A5 FIsr)A A2 =k

3-1-3. pH #H3}

Fig. 5ol 34 2 ubg7) &4, 559 pHit
vehdigich fd52 pHikel A& HAE Bol= A
AFRE FH 7t ]l AR A ABEAEHT glgel
71Q1%c}. o) B3] 7] £4 whAl2} 135U 4] 4Y

717kl & vhehh glel. 238 BE] 261 Atolof| A ul
7] &t9} &4 Alelell pH #bo]7} 2 712 pulsed
Fdg) 7] gFoin] 314 olF pHrl A=z ag
AL fd7E AF F3AI1A B2 g fAl
d 7193} {4 MR S e de
w27 9] pHyto] dubH o2 wjebdbio] A3 3
o2 ozl 72-769 HEHNIL FYFS FIATIA
22 A% pHe 68 HE=2 "ojg o AFA2ke] 3
271 Holx Ao Bare] A vepdx] gg B
tg] AA&(Fig. 2 32)o] o &4 Jehydrh o2 7
Tol Hol il F3be &3 Z7] whAldA w4

22 #4314 717] Yetede =) Bash) n| Y Ee)
A= 7 FAo] hHW dAfof we} F3ER| o
otz u] B9 wiAle] ofa] o= Mo HF FHE
2= Heg Halr

P22 FHS o FeE w7 s AR89 pHE
%29 pHEC o] 2 571 A9 {359 pHE
Fzapde g ztasht g2 AEHS dgie oA F7)
stgdt}. o]lx galel dnts} w|sb B HbSU)o] &

rlo e

o4

BETE H32H M4S 1994 39

100 13
3 (et Y, ’ i o
g o T proren é\
: he)
8 )
~ &, 42 £
= n\
2 Ve 3 \E/
: . 3
2 sof- Ly 4o 2
_ " - o
E . B c
g by S S
40 f- % de 2
] [ty kS
. pol
A °
o "
o) g g e
O 2} < -3 @
Ly P
o
(@]
o : : L ! .

0 10 20 3

COD loading rate(Kg COD/m’day)

Fig. 7. Effect of COD loading rate on COD removal and
gas production rate.

A3l F31) A4 Espol sla) W7 Sy AR
pH7} F7}8= 7ol Hlsl anaerobic filter:= 34 &
7} gl whgr] sRoA s1A FlE do 93
Aol 9l&g v ok

3-1-4. Oxidation-Reduction Potential

Fig. 62 A¥% 9871y 352 Redox potential
(ORP)£ viepd Zojct bA3E wjebdd FA o4
BH-8-71W ¢} ORP+= —330mV ©]3} == —420mV o]
2 e Qloh )9 ORP & <k —250 mV
o4 +300mV7HA] W WelE vhehl el olsh 7o)
%3149 ORP7} 42 & AxE Jehi: e 23
5 Gagel s Wes F el At Aelch
2ep whgo el W74 20 WAdEel A
Z27] Ae et 927t FAEHAR A E A Qslne #
2l ORPo sHAIGle] cHF-Eeo] —330mV o3&
frA8te] FAe] A S-S vepich

P27t %—‘45]‘;1—% W COD9| AF3} o] ukg-7]

s 2| 5.2] ORP+= §43] 453l —100 mV7H#] 4
B L A 4
Jepich. 949 ORPE o 25 59t —400mVA1 &

A5 Ao} T Fele A5atr] Azl —270
mV7bR bk shAlel SAse] sl mgEEe) A
g w3 e vhehich

315 $olEel da she A4 ET AE

Fig. 7 3315 ol ot 7k A& A7 S
el Zoleh. o] 5L FAol 247 Yyl £
shoie We) b A7 Holw oir]A FalEEs) shs
e Aol AR[7]9 2ok

ol 2ol }Ee AEAET AL A4 A A
Azl AH 249 Aoleh, LE Sl Foi%mol

o]
dhstel AR FrBANA Botrka] e A e A
o3 Aol A9l gee vehich AEAE AR



A7] 3o 2jF 2 {54 74 Biofilterd ¥ E §7) 5 Mz BEA

N L NN

2 1536
- 134
o0~ ‘.
>
-8;-8 s w |2 5
32 215,57 106 103 T, F '
H .
3
—
f

3
T

3

=

Gas pro./(Flow rate x COD,emoved) (

g

200 300 400

Time(day)
Fig. 8. Yield of gas during the experiment(N: neutraliza-
tion, N.N: non-neutralization, N.P: non-pulse, rl:
recycle ratio 1, r2: recycle ratio 2).

1536

TIR R
22,4
19,15 NP )
137108 103 1 (]
N ] NN

Residence time
(day)

o
o

b
»

14
>

e
u

©°
~

o

CH, production/COD removed(l/g)

e
°

200
Time(day)
Fig. 9. Yield of methane during the experiment(N: neutra-
lization, N.N: non-neutralization, N.P: non-puise,

rl: recycle ratio 1, r2: recycle ratio 2).

ALEE o AAEL Fo) FAFH FE5er) 27 kg
COD/m*/dY o= A AHE&E 90% o]Atelglr}.

7t A& HelEEel A AYPA R 7tk
3457} oF 27 kg COD/m¥/dd W= 11.014/d= 4
g o i v)ot AR7]9) vld 3hE Jepi
glc}. o] A& A o A regression coefficient(r)+ 0.94

o]elek.
3-1-6. 7}25&3 Hsk4g
Fig.8, 9% 72483 sg42¢ Jehigled o

547

34
-+

Se A% e 2o) AeHn

WA E 7} Ek(])
#4 ¥l 52() XCOD A A4

WA 5 efjeke(l)
AA=R COD %)

7hasge Aol ups} o) ofw s4e COD7}
100% ¥aisiae o wAshs 7h2e F = A5 1
JE R P = 9l Hujo) spxazpolch shaggo)
AR ke AL AMZ w5 o] Az g
ol4d 4 glom, EHEE AT N Ahgs}
B2 A5%39 28ELe A7} ok HE COD 2o
e oAl Ay AE St gk = 8Eo] yatw
2719 A5l 248 COD AAFRUE o B
COD7F AARUE $7F Q& Ao Aspgoz s4a
5o o B4 29 3 giok A AY 7]7F ek 4009
Eabol 2AY 7ha g0 HFAE oF 13 Aol

AAT CODY LAY 5 gl wietey] ke o)2A
© 2 0.351/gelch. Fig 9o Yehd glZo] x7]d| =gk

$o] 03557} B& AL fafgdd AR A
o] AAZ 7hasgt fsl2 o] COD ZAo) x|
=7 oighgol 7)A" ggo] =r

3-2. 3R w(uEl$ AKR) A
H5E FEsled AA7} Babsiedd 2o 7bE
HlE F7iEich dde] FAHFE 53 Al o)
pH7} 2 359 9HE 55 7hx] 88 of 1md d4
o oF 25kge] 7P AT AREE ol & kel <
1,000E2] #)57} YA sk -2 shabsld 815 25
€9 Hdactr) arsleo} b} glol AHI A}
M3 g AHgstE ke JbEele o Y 2 5
)2} uhg-7)ell scale A} &eiAe) Frpv E
o] ) 2B g e AFo] Folk s HbEA
Z3tsojof Iinl o] A AFA= B 5 9l
o} gEha] B AYeMe A5 E FislA) gL 4
g2 Ae Axstgch
3-2-1. fr&e 5
45 F3b8Hx] o pHE HA7 gtz =4}y
HAsted A3 712 314U R E HEFE WS R o4
FFAFLH rlede #5171 10]9T 29 Ae 2

o3iE) 1714 BFME b o] ARk
S
3= =
258 (r) el e
Fig. 50415} o] 5814 oF 75013151 f5%] pHe

2T @Rl FAe]l FF¥IZE 1A rlelAe A

HWAHAK KONGHAK Vol. 32, No. 4, August, 1994



548 e - AeE - 374

&0z vopzon #5747} 29 r2dMe #eled
pHkel 2| & 02 olRlelm < 709 & FAst
At pH3to] wotd o & &3t COD A7) & (Fig. 2)
& 27] el kel A ¥4 B F o] ¥
obrovt 7k~ AAR(Fig & Uk #5797} ¥
ow 9hg7|e) AAe AEY w1 shekA R
o] 4% stollA dFstaRol w719 Aee R
$71ell wlste] dexA ek

oleigt #AE & AYAME Hell ebd #7TA
o wiate] 3504 o]F-9f W#FFAAMY ¥& sha
A AAE ehde.

3-2-2. MBFETA

Fig 5 viehtRoe] #5340l ol & ngi3Ae
Ae AFAZE o 8@ §ell w2} pHte] o o}
Aot of 684 MEHcE el AA&(Fig 2)>
AFAIzke] 1540] sl = 96% o) dololr #HFA14
24 Bk w4 vepdow AFAzEe] 1de] o
Fol® 27] A& Ad Fole oA %74 45
3313 Fig. 49} 7ol 7k wAgE FA3] F7}ste
19 5207 A= LAt

fraldlrs A FH3A 43 ARE A71A ge
o] AL FAY7A of 704 Fob HAA fAH 2
el FHAP7L Fo=A di® FE AT A
g9 F dsE 2ojFa gk

4. 4 2
2 Ao &2 AR w2 A2 BES

7HA4 B2 54 §714 Biofilter & o) 4-5}0] 4u e
FHAGE 40027 LA} the3t 2o ATE @

3181231 X323 M4E 19944 8§

sk

(1) 2R FAAFE A2 ga ~EA | 7|
qEo] A Biofiltero) 24 Fql3le] oF 400
Bk Aoz eAsgen H5 AFAZ 10,
COD ¥-3l&4= 27 kg/m?-dol|A] A|AEo] 2 95%¢9)
3tk

(2) WHE71WlA pulseo] o|F FFEIAE U7
WellA2] bz Ao F238l COD MAEE
AE FHF d¥-g wlH)

3) o dA5E FdetA) dn= F AG 2
e EEe B AAHo=R fsigr)

D28

1. Ghosh, S. and Klass, D.L.: Process Biochem., 64,
15(1978).

2. Zitomer, D. H. and Speece, R. E.: Environ. Sci. Te-
chnol., 27, 226(1993).

3. Young, J. C. and McCarty, P. L.: J. Water Poll. Contrl,
Fed, 41, 160(1969).

4. Young J.C. and Yang, B.S.: ] Water Poll. Contrl.
Fed,, 61, 1576(1989).

5. Chambers, B. and Jones, G. L.: Wat. Sci. Tech., 20,
121(1988).

6. Thomas, V.K, Chambers, B. and Dunn, W.: Wat.
Sct. Tech, 21, 1403(1989).

7. AR, AL3, 3749 sehg3h 32(4), 533(1994).

8. Dr. Lange: “Handbuch Manuel Digital-Photometer
LP1W”, Dr. Bruno Lange GmbH-Berlin(1987).



