T B/ R @ T

FLEREE FAe
BEKS| HERME B Mol RS iR

F &

BKEETES A2 avdodr B o EHE
RS H & A S I8 F94 71 ( Aera
tion) & Al&ale zZ4Fe 374 vAES 4
Ak o] 5714 nlAEe] H S BiEsa
A wsdel 289 2E §718e ®iketn, =
BB o 8le] FFE Aol o8] RESIEA
Hog BMbate Pxo o (EBRES, 1983).

a2 v EEGREES A2 48] H
FEol 93 Bulking,Sludge &F, R84,
Disintegration 5 ZFeja<gle] glom, 2t
%o e we ozl HEo] W] qth

(REIEES, 1080 :JEE B4, 1982).

- oleR) HEtBTREe] ©ES nastyl sl H
EERAES o] &3 Aoy, X APE,8)
ALIEF A7t AESH Xelygo]l #HE
= ch (R B4, 1982)

Mgt Be o) 83 Aol doid
A= w=hre] A BIESIH, HESY 3 (R
& B4, 1982 : R.L.Antonie, 1975)< 3j
AZpAA w o} iGNk o) 223 HEY F
UAxEE S.R.TE AA Fu HelF EHES#
7t & HEE WEM F4me T3 Hikel ol
ATE o Yo (BREK, 1986:].S. Jeris et
al,1975).

EZR /g stn FHo 3 wakay

Anaerobic Filter& 1876d #EdlA g

T AR ALSE%, 1968 ol FH
B A7l o] 244 H3est Al &=
(J.C.Young et al : 1969).
SR REL BLEX RESS 383 &8
HEES 229 RESC sFE kAo
z2Asl FHE FehAA dide S8 B
B2 o] &3l Ao RES k= AT A
=3 glon (NarjariN.K. et al., 1984 :
J.S.Jeris et al., 1975), FEFH HERHR
Bkt 7Hdsre] |2 (P, F .Cooper et al .,
1981 ) ol FHAHAT .

T3 REEHFEAAM] pHl g G (E.
Arvin et al., 1982), fRZE7} Alkalinity ¢
A ( J.S.Jeris et al., 1975), EzBdx
AN F71E o] REFHRA Hste] 378 v}
7} 9dth( T . Chakrabarti et al., 1983).

Bio- film ¥h8-7|ell X K- HicER2a} Pilot
Scale 24 Aol FA| o] 7| Fxu] o]
ozt Hatta ¥ad vtx ¢l o (M. Denac
et al., 1983), Z=ln M &34 ResEES 2
o BRI Z Bt - EH] 9814 Kinetic
WA S Alte BRax th (Lawrence,A.
W. et al.,, 1969).

7 e A g B ENTEE 2 THE B
JIES Bk A7 7)7| 98] Upflow Anaerobic



Sludge Blanket Reactor 7} AA1E A& Y},
(G.Lettiga et al., 1983).

wety & Fges BEU HFo] e AL
Fifsted 592 Bk MRt tu werls
AHgste] A7IAQ B Zol M) sholy Eae

42 AR st EEEL, FEFHEAY

27, Algae Bloom, 3t ¥A159] ‘2] ( R.K."
Dart et als, 1980: R,W,Benninger) & of
7ishe #HKe BEE BMo=s 4mEm B
=EHel A58 Pelstud sy

MEmA W Y

BRE

A Eigl £ BEE Fig.l 3 20 KiE
8BS Afe] 80mm ot=Zd TAYUETS M
gov, KERRKS BES 35+ 1CTE #HRspl
ot KEHRS Incubator &ofl #ESIGT

REHS o1t 120mmEZ A& 4DAZ
3ol A Zgtultt Media 7} 0700 o8 o &
BN BAE = RS Bhiksta iAKS
HEkgst 24 dxE BEifRe RESIAT

5 gol

A
B Feed tank

C * Storage tank

D ¢ Gas interceptor

E ¢ Micro tubing pump
F : Check valve

G+ Flow meter

Fig. 1 Schematic diagram of experimental
apparatus.
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Aetel AR o

FER EARE RAKE AFFAdP=Z=
—EstA staell A BE g

Z}gre] EZol: 250mmel i Zghuit}  EEle]
HHE 95t zhde] stdRelA 200mm H &
AFl REHRIE BB

& PR T Media = ZEAEA AT
=7t AR, ®ol7t 22 10mm=EAM Bk

o] HEY F e BArRERS 24 RSk,

°] Media®] HELS 0.3F¥:Z2 Exct 7iug
A GA #E3A AT

o]z & Media o] —fA9<] #etES Table 13}
2

Table 1. Characteristics of media in the reactor

Item Unit Magnitude
Total volume ot 1320
Empty reactor Volume 1 .37
Media Volume 1 1.32
Total
Mcdia filling number Piece 1320
PLiL L iRiS

A Ehel BB 9std iR HREEEE-
nda-s : Y E) & FHY KEZEAMedia
o kMol —ERES #HE & I=F 20R
el <8 27371 HES EE o

a3 fRel fHE ASAREKE FA—R
E= fliEsled RFF o2 = Methanol & A}
43l C/NHE BEAA AN EHE o= B
g&stdch

HE 1942 C/NEE 3/1 2 #REsidA
waR:fe Estyl 98] 4% 2.47hr, 3.53
hr, 4.63hr, 7.6%hr, 8.90hr, 16.5hr<
2 H#EEgsig o

i 2 oA 2 BeEniie 4.63hro2 —F
A #eFHsa s C/NEE 31, 3/2, 3/
3, 1/6, 1./92 % C/Nlkel ti3l 10 AHM
A sl EEINETT e 54 RE= )
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a8l Media Rifell KiEe #emES W
871 A A EERel BTEZ o # 2duict
Media Z#& 5{Histe] 2] @HeEmESMem-
brane Filter & FIHst HEst ol

A RS ERARY BE= 34 35
+1C7 #FHE =8 s

RS 8 ST

& ghel fFAE Akl ABSREAEN 2
ke Table 2°1uebd A7 2ok ad3 K
HEY RE H#72 Standard Method (APHA
~AWWA-WPCA, 1981 ) ¢ KD 54T ({LEF A,
1981 )l &3l fyate] Foh

Table. 2 Composition of synthetic wastewater

Compound

Concentration(mg/})

KH,PO,
NazHPO4
MgSO 7H20
FeCl_," 6H20
CaCl,

MnSO, "H,0 =

15
15
100
0.5
7.5
10

Table. 3 Analytical method

Item |Unit

Method

pH

NO2 — N |mg/l

NO;~ N |mg/l
NHJ ~ N|mg/l
Total

Alkalinity{mg/1

pH meter (TOKAI spc - 5)

N-(1-mapfthyl)-cthylene diamine

method

Cadmium reduction method

Scheinar method

Methy! red indicator titration

method

e MER A9 BA, RHKE &S
# NO;-N, NO;-N, NH* ~N, pH,Tatal

Alkalinity & HIESIR o™, REHES Table

3¢t zth '
NQ; = NHo & NaNoy &, KEFozZe

Methanol & I oH, ABSREKAY

C, Ne| BEE #gsle] # A

- C/ Nkl W& AE&BEAAM C, .

BEE= Table 40 Vebd 3 g},

Table 4.C and N concentration according to C/N

ratio m synthetic waste water ng/8)

CIN C concentration | N concentration
ratio (as CH:OH) (as NaNOQO;)
3:1 120 40

3:2 120 80

3:3 120 120

1:6 40 240

1:9 40 360

Algigan & na

- RIESRAS] —REQ) SEERERE

SEHEIEHS Table 59 #Zo] #EFsHx Eigs
#3k A3 NO™, —N ®ES NO3—N RE
W3 WA M) BES A $3te vebd A
o] Fig.2elt},

WMAKAY NO3—N FHBEE 30.9 mg 4,
mHEKALY NO;—N FHRBRES 0.6mg/ ¢ &
A, TigkEsel 8% BiFs HREAS F
A}k, FAKAE] NO3—N BEF —%E3HA
FEREEI A 23 AL Rl uiel REge KEET
g gel ME Ro = RHolu, o]o wa K
o] BEF T #4brl dold Ao 2 BHEHY, &
B 2 EEERE BiFsATL

a=la AKS BESEE 19T 21°C
Hod, MAKY pHE KESR @ 9%
L nAA] @ FEQ 5.9 2 FHE=EA0 o
ol pHoll k3 g@e EEsA Ltch,

Fig 3 & CANKIZF 3/19d AFAIZe] #
{koll i3k NO 3 —N2 Reog AFALS2.47
hr, 3.53hr, 4.63hr, 7.69h; 16.5hr &2
BN AL wl NO3—No| BrEzhEe AFAL



Table 8. Value of operation

Parameter : Value
Detention time(hr) 4.63
Temperature (°C) 19-21
Influent pH 6.0
Effluent pH 7.7
Influent (N02+N03)-N (mg/D) 26.5
Effluent (N02+N03' }-N (mg/l) 0.6
Percentage (N02+NO3 )-N removed(%) |98

C/N ratio 3:1
©
Inf,
L
2
TEx»
l%":‘:
5"
Eff
A_ e
1 2 34 5 67 8 9 10111213 14 15
Time(day)}

Fig. 2, Results of nitrate nitrogen plus nitrite
nitrogen
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Fig. 3.Variation in nitrate nitrogen concentration
according to detention time changes
(C/N=3/1)
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Fig. 4.Removal efficiency of nitrate nitrogen
according to detention time
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Step A
Fig. §.Auached cell mass to volume of media
of each step

I} BrEahAES UEbd Fig.4 9F 2ol A FAI
o] s@pnell whek BrkghEe #inst o 1h4.63hr
ol o] A FANM = WEisl ©E BRE
wo] HIFHREI 3R RE2E KX ERAdAM=
Bkghape] 98%LL L #iFE mefiel 4.63hrE
AGH FA e 2 3Tk

BT % SRAM £RE BEHES HE
3 &EB= Fig.5 9 #stth

oA MAKS HWE £A He 1BlA
o] kol TERe 2 atte AS & F U
T}, ol =ls 1 Broll A MRk Alkalinity
o] 4% /it dolvks BRI H & Aoz
¥ Methanol & 15~ 20%7} cell mass
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24 gifEcn 1a9 vle 9ok (J.S.
Jeris et al.,1975) .

#IBER Methanol I Nitrate ¢+o] BEtR

KHERZAR tEASE Methanol 2] B2 RZE
1t KIEANA w19 EES Efolth RE(AE 9
gt #3:8 Methanol & ¥ A2 Hifizkel BODEH
Al BB R FEY) Al ERET

a8 E2 K BBl e KESAY ®AstE
E8C/NKE T3 98] C/NHE BEAA
AT R, C/Ni 8k & NO,— NE
Y BMERRE Fig.69] UehiAch

8

g—a C/N=33
o—e C/N=3/2
&2 C/N=3/1

8

8

8

:

L. et 5 |
Inf . 1 2 -3 & Eff.
Step

Nitrate nitrogen concentration(mg/€)

Fig. 6.Variation in nitrate nitrogen concentration
according to step changes ‘

Jeris &= 2 & FIHZ Fluidized Bed ol A
C/NEE 3/1= HEHEsIS o, BRERE
95%ehe fERet & ERelAoh vikd #Riflel
fen (J.S. Jeris et el.,1975) ,RZ=ARE]
Al Methanot ] JEES Barnes 7} %3 &
o= s 2 WAK NO 3 —N BEZF 30.
9mg/¢, NO, —N#E7} 0.17mg 4, DO
E7F 5.0mg/¢ B F# kel Methanol
BEE 8lmg/ ¢ =X X BRI —FEIA &
£ R (D.Barnes,et al.,1983) .

ol¢} o] M2 hitElE R/ Ve AL i
AKe] NOg —N ol X A7} Cellmass 2 [d
=171 v 2ol MRELRKE T2 FRAF 2o
BILHA &3ts Aoz FkEc

Tables & &HIN C/NK  Bifkel o8
NOs — N W Brakspasol oh,

Table 6.Nitrate removal efficiency according to
each step

(%)
Step C/N=3/1 | C/N=3/2 | C/N=3/3
1 68.7 547 387
2 92.8 66.0 40.8
3 97.2° 874 593
4 97.8 94.0 85.7
Effluent 98.1 95.1 87.2

o71M BRZE(L7} C/NK7F EingdsE, £
o2 SE7lAA o] FolXY, SIE3] BEMITL
oqutE 1 BS BES UrA BoA AHER,
C/NK 3/161M% 2 Bl 24.1%, C/N
H3,/2 % 3 Bl A 21.4%, C/ N7t 3/3
e 4BlA 26, 4%2 ol AL CONHL 18
mE S22 mEbEET 9ol e €+ Ut
Alkalinity ¢ Nitrate 2ol BER

Bl KIES 13 (LB HEAN =i N
03 —N 1mg/¢-& FLA71e8 3.5Tmg 4
9] Alkalinity 7} ZEsioka st h( J.S)eris
et al.,1975).

Alkalinity ¢} Nitrate #Ele| BifRE Fig.
7,8,9°] WeR) et 714 Alkalinity 7} 1
Boll A &3] #inde2M NO,—NBEZT &
B3 BoEde oA e REt |
Broll A o] Fo] L & & Atk C/NHIE3/1
A& KM A vl Fdoler,
3/2du = 2 BolA Alkalinity 7} A7F =
Rom, 3/389e 3BlA Alklinity 7F &K
7t A

o]A& C/NE7F 3/1¢d & No| BE/L
7| W Eolf 2% 3 fREE(t o]l ol FolAA I
A A 7HE & Alkalinity & JER RO
2 BREY, 3,2, 3/3¢xE Ceo g N
o] Mol Eingel ulel Rt Kol & %
XA = Ao BHAT



NO™3 —N Imole¢] OH™ Imole & 4Kt
et KERL a3 229 ( J.S. Jeris,
et al., 1975)

NO; —N+ 1,3 CH;OH—NO; =N+ 1/3
CO: +2/3H,0 '
NOz — N+ 1,/2CH3OH— 12N, + 172
CO; + 1/2H, O+ OH™

NO3 — N+ 5,6 CHgOH— 12N, + 5/6
CO; +7/6H:0+OH™

Fig10& #ErolAe] C/NJt $#bol ©& pHEHLE
Uehd ol

Alkalinity
120 (as CaCOy)
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S o
g
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o
S
3
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I 40
8
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Step

Fig. 7.Varation in nitrate nitrogen and alkalinity
cocentration through step (C/N=3/1. D.T

=4.6hr)
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Fig. 8.Variation in nitrate nitrogen and alkalinity
concentration through step (C/N=3/2.
DT=463h1)
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Fig. 9.Variation in nitrate nitrogen and alkalinity
concentration through step(C/N=3/3.
D.T=4.63hr)
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2. C/Ni 314 MRS £411 2.47,
3.53,4.63,7.69,8.90,16.5hr .2 #Ht
ANZAE o 4.63hr LA Lo HERREAA <
NOj3 — N9 BrEzhae]l 98%LL kel th

3. RERA 18, 28 38, 4Bdx9 &
GMEe £4 11 6.38mg/ch, 1.68mg,”
ed, 1.32mg/eh, 0.43mg /At

4. RIEHRE BT MHKelMe NO; —N9 B
s C/NH 3/1,3/2,3/394%
% 98.1%, 95.1%, 87.2%ch

DLES e 298 2 o BEEES FES

Rt ER= 5] BBl flowA, F2
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