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Summary

This study was performed to evaluate the effects of the ratio of aeration/
mixing time, the fill time and the repeat cycle of aeration/mixing, for the
removal of organics, nitrogen and phosphorus in sewage by SBR(sequencing
batch reactor process), which is one of the biological treatment processes.

The results of this study were summarized as follows :

1. As the ratio of aeration/mixing time was lower and the fill time was
longer, the ORP showed a greater potential difference and the pH values was
maintained in a more stable state on microbes because the consumption rate

of alkalinity was decreased.

2. The organics removal efficiency-was increased with increasing the ratio
of aeration/mixing time, the fill time and the repeat cycle of aeration/mixing,

and it was the highest when the repeat cycle of aeration/mixing was 6 times.

3. The SVI was supported under 120 and the sludge bulking did not occur
in all operating conditions. The TSS removal efficiency exceeded 93% and it
was not affected by the ratio of aeration/mixing time, the fill time and the

repeat cycle of aeration/mixing.

4. As the ratio of aeration/mixing time was higher and the fill time was
shorter, the NH; -N removal efficiency was increased, but was not the
affected by the repeat cycle of aeration/mixing. The T-N removal efficiency
was increased as the ratio of aeration/mixing time was lower and the fill
time was longer. Especially, the T-N removal efficiency was the highest

when the repeat cycle of aeration/mixing was 6 times.



5. The T-P removal efficiency showed a great difference in each operating
condition, it was influenced greatly by the ratio of aeration/mixing time and
the repeat cycle of aeration/mixing among the operating conditions, and it

was the highest in Run 7 which the denitrification rate was the highest.

6. The highest removal efficiencies of organics, nitrogen and phosphorus
were obtained by the operating condition of Run 7(the ratio of aeration/
mixing time : 1.5/45, the fill time : 6 hours, the repeat cycle of aeration/
mixing : 6 times) and each removal efficiency(effluent concentration) of BOD,
COD, TSS, T-N and T-P in the treated water was 955%(5.7mg/¥¢),
89.2%(8.6mg/ ¢ ), 95.3%(7.4mg/ ¢ ), 82.3%(7.6mg/ ¢ ) and 75.9%(1.3mg/ ¢ ).



SBR(Sequencing Batch Reactor process)& ©@de] kg xor Z7] A=A
Ao e 5 Foke AL WHORE vx, e A4S sk A
sHe]l HEAA F - AEAR Ao st o] R Zopgl uht
AAle] Aelaldel dolA 2 A WRio]l A& oA tkrvine, 1996).

TuUle] A9 A A 83 o= aohx @x gow uiRite] sh4A
THol BOD, SS9 AAE FAHoR 3 HF FAEHA Y7 witd dx 2L
e AATHLS F=5T N@O]E}

Az 9l AAG el we ATAEES A R AweH ¥

[

T - et gtk 1 A3 Modified Bardenpho Process, Phoredox Process,
UCT (University of Cape Town) Process, VIP(Virginia Initiative Plant) Process
ol MIEAT. o] IAHEL EF AHFEEFEFT ¥87|(Continuous Flow
Stirred Tank Reactor, CEFSTR)E AF&38t3L glow, st i A5 AA
st=dl A 20019 &3 S TP STl 1996). 12y CFSTRS A&
S AAsHY] el s7]%, Fakahzx JAV|x T8 FHHoE FESoF &)
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Fig. 1. Typical SBR operation of one cycle.
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(&) (M o] REEAZFI HAAZE B 1Cycled] A7Hs A ®stAl A
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2. SBROIAM R7[=2 JH 72 H A

3

03

sho] HAYUJAEZH] Hael e Fa wjEdol AEstroln 1 7]
A7F A 30~40%, Slo] 40~50% HZolth, A T AoAe F
b 2 A el golMe] Ax A Sl fFrlEwe obyel Aot <l
A Aol Aasit) a5 DA AL AASE WHol= @A, 3}
, AE TR0l ThgsHA AAEHL ot olF AAHJ] FHAA
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1) #+71& #|A(Organics Removal)
SBRelA ) fr7lEe] Aol F7leAAME AAATG defA Uk
< ol AAEe MAER JE5TF Al GAaAd FrlEe] 9 wE
Gdof| AdddF AEE7] witoltl SBRelA BOD A A& 2547k Z7]A]
oA oF 85~95%7}F HTH(BN B B SERE, 1995).
SBRelA mlA & 54 2 A4 54 mAsS 9 e $4e9l
o o8 #HFHH, FrlES A=Y AFI Akl Fagk ek shal

MAAES AALE o]&ste] 249 F71ES 0, CO, 18il NHy 522 3
1 1 , %‘ vl A o
o

A

_*,13
>~

Fi
>~

stk A ESA AgA|~glo A o]stad <l AksH(oxidation)

i&‘
:_
O_t.,
l‘ﬁ

g

*m

E‘L"

o_>L

(synthesis), 223 WA Z & (endogenous respiration) ¥} 2] A|7}A] thAlH
712 A (CHONS)# AZZH(CGHON) &2 Yehl th&3 Z2ri(rvine 5
1979).



Oxidation

CHONS + 0, + Bacteria — (1)
=z A

CO, + NH; + energy + 7IEHHEA=

Synthesis
CHONS + O, + Bacteria + energy — Cs:H;0,N (2)

Endogenous Respiration

C5H702N + 502_’ 5C02 + NH3 + 2H20 + energy (3)

2) A AA[Nitrogen Removal)

—>| Organic _nitrogen |

Bacterial.
decomposition

Influent and
[nfluent |

Hydrolysis

L [ Ammonium nitrogen |Assimilation Organic nitrogen
N S ose (Bacterial cells)

O l TLYSiS and Auto—oxidation | l

R —

| Nitrite (NOz") | Organic nitrogen

0o l (Net growth)
—

;
t

I

i

£

i

¢ enitrification

4| Nitrate (NO3) ID—>| Nitrogen gas (N3) |
I T

o)

n

Organic carbon

Fig. 2. Nitrogen transformation in the biological treatment processes.

ZAAAANA EA5= A4 de= Organic Nitrogen, Ammonium Nitrogen



(NH4 -N), Nitrite(NO; -N), Nitrate(NOs -N), 12]3 th7]5< Ny, 5o 74 =
of Atk HAae mAEe Aol dFHolH, AT UM dFow 12~14% A
T FREY Ak FFY AaE FE A 9 9ag o]Fojx glon oF
HAE el o3 dryotE HIHEATHA, 1997).

Fig. 201 A=3tA Al dgelAre] die WS YelSIT

rlo

(1) AEst# 2A23H(Biological Nitrification)

AakshE NHL -N7F NO; -N2 5= Zo=2A F2 9714 - SIS
(aerobic - autotrophic bacteria)®l Nitrosomonas®} Nitrobacter 5ol &3] 3%
g olE M2 FU1ES AHEEte] duUAE A= FE5Y %“ﬂ;f(heterotrophlc
bacteria) %= @2 F71dA SFES Abstste] e 2ad duAE 4
AeA 545 7ML Ak B, 5A-S 7] Foll mepA Abste ¢ e da
shstE o] FH7F AlgtE o] k. Nitrosomonast NHy -NE NO, -NZ AFsia
T AAT NO; -N2 43| AspalZd = gloem, Nitrobacterv= NO; -N&

N

NOs -NZ 4tgr] 7] &= 289k g 4~ 2l (Bishop, 1976).
AEFAHAAES FAS Astbst vk32S oS3 ZoH(EPA, 1975).

Nitrosomonas

NH; + 1.50,— NO; + 2H" + H,0 + (58~84kcal) (4)

Nitrobacter

NO, + 0.50, —> NO; + (15~2lkcal) (5)

Total reaction

NH; + 20, — NO; + 2H" + H,0 + (73~105kcal) (6)

Aok AB)E A & WSS H6)erm YEtllow, o7 Wad
73~105kcal®] U A= AAbst gl o) AEe) I FAE sk o



oo

]
<

Asksl AN Qo7 AUA}F AEFA o] FH = WS Ferao

2= yeue e 2

Nitrosomonas

55NH; + 760, + 109HCO; — %0
C;H,0,N + 54NO, + 104H,CO; + 57H,0

Nitrobacter

400NO; + NH; + 1950, + HCO; + 4H,CO; — (8)
CsH;0,N + 400NO; + 3H,0

Total reaction

NH + 1.830, + 1.98HCO; — ©)
0.021CsH,0-N + 0.98NO3 +! 1.88H,CO; + 1.041H,0

rlo

gk dakst B U)ot 2 Ay wkgo] AHKHow Uojufof sk
g, duotxoz Az HAGoA e EZA|ZH(rate limiting) WA= NHy -NE
NO; -N= 2Fspr]7]= whg o=z 4efA 3

AArsd e NESAHASFE  Nitrosomonas® 3% 0.04~0.13mg VSS/mg
NH4 -N ©]3L Nitrobacter® 73-% 0.02~0.07mg VSS/mg NO; -N o]t} 2} (9)o]
ME Aikste] #oddte MAES] F AAES B9, 159 NHy -NE 0.0215 9]
Akgl wreEols: FAstEH, FANE 0.17mg cells/mg NH, -N o]t} o]
ol FEAGAT Hle W frolm®, 8~12¢ o] ¢] SRTE w3t

O O
ofof Aistdel FEL W F At
ABF Qe e Aol glel A BOD/Ne| Hlgo] H& 7%

o= SRT, BOD/N®| H]&o
21 o] f= BOD/Ne] EY
Lrwrt 27] wiEolw, BOD/No| @ A4 &4 FolA ditstte 4@

,11,



o] S7kat7] wiZeolth(— L, 1987).

A3 nAE o] Ao kS | xi= ¢lxEE DO, pHeF Alkalinity, <%,

@® DO

(el o8k 159 NHy -N7F NOs -NZ 4ksts = dlojl= 1.8359 ka7t
dosta FA¥ZE 42mg Oymg NHy -Noju}, dutz oz Aasiyl dojd
F 9dE HA FAE 03mg/l ol Img/lolAE 2mg/¢ QD wo] vla] 90%<]
AxsleS A4S 4 THEPA, 1975). &, Z7|A2F F DO %7} 1.3~2mg/ ¢
ol wl AEstA Ayt FE glo] Mald 4 oy, DO F%7F lmg/ /¢
olstd A AxAFE Eu A vAER FHIIVNBED] FANA
Axksl g Eo] B4S WA Pdo(Wild 5, 1971). 2R E, A3 AiEs
Al A= 2mg/ 2 01de] DOE SHrstolok ghrh

@ pH%F Alkalinity

Akl Ao A pHeF Alkalinity+ Solx iz, olw] Akl w] Y& pHel of
& s wzkelAl wrgEtE 2 pH Aol 7b wr=A] I Q )

o] AL A9l et o] 1E9 NH,-N7F NOs -NZ HgxHA 19859
HCO3 & AWl COxHA G2+ HoCOz)E A7 wWdolth o3-S F
v 2 Yeld 864 mg HCO; /mg NH, -N o]il CaCOs= 34Fstd NHy -N
Img ¥ 7.14 mgel Alkalinity7} AR ¥+ 3ot} o]F AL 4 Axy Ed=
A FAEE dRES HAstE s S8 FholRs FIATIEH ol &Hu
(Bishop, 1976; EPA, 1975).

pH 7.2~8.0 WA= ZA zol7b glov pHF @S5 Absi= AsE
WA E W 55 olatrt Wi FAFTHUUK 5, 1984). 28l pHel o3k F3F& &
Tol wEbd A et BE5E pHy 4SS 2 9F8S vAE Qew B
15t (Hang ¥ McCarty, 1972).

dakshe] ol ola] Alkalinity7} ZH]¥ o] 1 xbEFo] A A pH7E A

,12,



sfatol

st AdEr] Wil sheel NHI-NE A8 dusz A
el 2%

= 1 &9 NH. -N¢b Alkalinitye] EAn]o] #o&x ko
otelth sh42] NH4 -N7F 30mg/# ¢! 7, NHy -N A¥-5 Aitsls|= pH7F 9
oA A &7 Yl AAE HHS 3 50mg CaCOsz/ ¢ ©] 49 Alkalinity 7} #&
stojof &tm, AWt Ft4=e] A9 Alkalinity7} F53 7leA ol HFad( 5
1996).

® &=

%o sl A= Nitrosomonas® 79 ¢F 30~35C, Nitrobacter™ 35~42T
A wrt Hd 2xow AAEHIL %QUEL 4T old}, 45C ool = Aitstrt
o =] ¢k =tH(Painter, 1970).

{7

(2) BE3r3 =43}k Biological Denitrification)

AETA Aaksl A AAHE NOs -NE AAsE B, NOs -NE
NO; -N, NoZ A7) o] 8} 2§ (dissimilation) ¥} FEUoFZ FUAA A E
Az A st= 534 E (assimilation) T+ 7}%]7]- gom AMESHoT AL
AAB7) 98k FH 712e o)gtztgo|t) = 5% DOt nzAEAH &
osle HAES dAFHA=R HL‘5J%-xq(fermentaxtlon)E AR Az E =
NO; -N7F EAjskd, o5 &A1 A & F(repiration)s AFth. ol NO; -N7t
%A 248 A (terminal electron acceptor)® ©o]-& % o] No& dH T}

2L Ao g Al wek v o] oy T dAE AR AL
2 434 Ak Dawson I Murphy, 1972).

NOgi — NOgi - NO — NgO — Nz
Nitrate Nitrite Nitric oxide Nitrous oxide Nitrogen

(gaseous) (gaseous) (gaseous)

SAyAHe EA - F49 %A i (facultative - heterotrophic  bacteria)el] <] 3f

o]FojxH gd wAEES Achromobacter, Aerobacter, Bacillus, Micrococcus,

,13,



Proteus 3 Pseudomonas 5 YW&sith Aibslels @] 29 545 nAE o
g3 dAH R HPH = o] oy, AntH oz T vAE FoA kA
Al Aakol} o} dA4lS HFTHAASFEANE AEE & e ALGAAE 7 v

Agoletd gdstE 533 4 dth(Painter, 1970).

7174 €t A (organic carbon)t© B3-S Uo7

DO, pH¢} Alkalinity, &%, NOs; -N, SRT %o] g2 Ao| J&FS Fr}

Fs® §717140] MEA EAstelol dug FRE DAE
A= BOD/NH| = COD/NHIZb F23th web 545 3 A2
3L L
o H

o}
19] H]go] HAEA oW Methanold® #& JREIALS

e ot &
i)
o)
rlr
2
oy b
N

N2 o
ro
Ho
N
N
m>‘ >

2

o]
)
rlj
r
o

gstel dEE AFFP2 o E}%%MI AAH 3 glE=d], MethanolS 7] &
1(10), A1)l YEfW o, 2(12)o] F2&

[e)
wgA 2, A(13)e AETAE 2o BEAT PG, A= 18

P8
rio
o
fru
o
o
ok
o,
o
L
N
&
o
tlo
>

2 wafon olgd A% UwHel FANE UYEhATHGrady # Lim,

1980)

6NO; + 2CH,OH — 6NO; + 2C0, + 4H,0 (10)

6NO, + 3CH,OH — 3N,T + 3CO, + 60H + 3H,0 (1D
0.5N,7 + 0.83C0O, + OH  + 1.17H,0

NO; + 1.08CH;0H + 0.24H,CO; — 13)

0.056CsH,0,N + 0.47TN,T + HCO3; + 1.68H,0

,14,



ANO; + 5(Organic—C) + 2H,0 — (14)
9IN,1 + 4OH™ + 5CO,

2t A (NOs -N, NOp -N)&= @Al Al daAggAe dAhde] F 714 9
&g oA HeEd, kT Aihe I8 aRHeR AHEshy] eiA e AES
Ao &3l 7bed FrlEe] Fwd Aok &M, Img NO; -N/Z & 23
S-S doA NoZ HEA7]7] f8lAE 86mg COD/ /4 (35mg BOD/ /)7 &

238} tH(Ekama ¥ Marais, 1984; - 2 #5K, 1991).

Abufayed ¢} Schroeder(1986)2] 9% @& F7]& F3bd n| 43+,
ol Aehst 42312 Cyclerlt, DO &%= 3 #7]9] A=(&¢e Zehol
L3thar Baskl o, COD/NOx-N¢| Bl o] 7ol o o & 23455 Ho
FAtt

A A AAEELS C/NH O F7el BldstA vt FHjx] o] el A+=
C/Nule}  F#3lt}(Narkis &, 1979; Skrinde ¢ Bhagat, 1982). Shin ¥}
Park(1991)e] ¢lslH PBCSBR(Porous: Biomass | Carrier Sequencing Batch
Reactor)<S ©]-&3F A&t ¢l SAAZ sAdA FAiksts C/NHIZF 36 ol 4o
& Z7hgtel wep AAkskgo] Ashslr] AlAbste] 5407t gholl A srobA |
g43ste] gl delAe= C/NH7ZF S7He a5 3= Sl

e

o

2d W xE FYdEe Ahe 2EstE o8 2o ARG AAY dd
el aAiaAAEs o . AATES olgdte HASE glucose 1mole™
686kcal/mole®] ol |YA 7} ®Ask=d  Hl&l NO; -N& °]&3= Aol
570kcal/mole ¥ro] Agtt 1o 2 HFHAFEAZA NOs - NE o] &3]
AaiA = DOEAEE S A7 e FARA B (Anoxic)7F RS o] A oF gt

(EPA, 1993).

—|—‘—|—4

Palis ¢} Irvine(1985)¢] dAFZAzto] oW HFUAY ZHAE&LS 05mg
oxidized-N/g-MLSS - h2Z4 §9 %9 04mg oxidized-N/g-MLSS - h ¥t} %2
92482 Bt &, Anoxic Fill 717F &<te] && &o] {9 Fo dojyes &

,15,



Hi

i

AE w1t =rs A9E A9k
® pH% Alkalinity
NO; HE NO; ¢ #HZ Imge]l #EAa7l2=z 3kdEE FAA o] &%

Alkalinity= 3.57mg(as CaCOj)o] A" 5 HAibsto|A ARw  Alkalinity

(714 mg as CaCOs)9] A7} 3|Hrh, gy dA4 A3 SAHE40E
B 29mglas CaCOs)o] AAEE Aoz A oy, FaxQl FHo|A=

Img % 3.0mg(as CaCOs3)¢ Alkalinity7} A2ts = Aoz 78} wepa &
Aol A pHE dsstA ETHEPA, 1993).

pHell gk FaF2 A4zt whgolA rue | wizksiy, EAsts e
el Agodel whel 2ebx 7] wiitel pH 65~80 == Bl Qi A9 pH
= 70 FZoltH(Dawson ¥ Murphy, 1972).

Ao Aed Ayl AALL emdl Hld unsl wee),
20T~30C WA FAT sk AxAAG] 444 4FS nolxw 9

=1
ow 5T o]&te] 2XoAe= &dd&o] A AT (Stensel &5, 1973).

3) ¢l A A (Phosphorus Removal)

34Ul T-P* Organic Phosphate®} Ortho Phosphate(PO4>), Poly Phosphate
(P207)% 9] Inorganic Phosphate®] HE]& &A%k},

¢l A7) #BosE= m AW E(Bio-P Bateria)S Acinetobacter, Pseudomonas,
Micrococcus 5°) ¢&# o™, Acinetobacter’t 1 W x4 o|t}.

Bio-P Bacteriat= @714 Z3ellA AZAWE Poly-P< Ortho-Po 2 &3
gl Ao oA E o] &ete], FFe f+7]&S PHB(Poly-Hydroxybutyrate) ]
JeHZ A EZA Y| Akt olul, M¥EY PHBE S7ste ¥Hdd Poly-P2
aotA "ok =, s3] Zagk oAyA= AlEdel A%4E Poly-Pel 7k
3] = A Ay gk,

ghdel] 3714 A AEW SHE @A 34EQ] PHB7F 238 ¥ W
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AATP7E §A H AL, ol dojAl= oAU A & o] &sto] whg-el&o] g5 o] 9]
+ Ortho-P& @74 B&d dun dzds A AEZ Wl Poly-
Agetet, 1 AA FAsh= MAES GAE ot 2R U1 230
Al ES 19 Hd SuiZkAE 714 A AAT F e AR dEA
At

olgA ¥7]/57] AL nYAZ7IWA Bio-P Bacteria® -5-(acclimati-
zation), =7 (augmentation)A# Z 7|14 ZFAsA <& HUstoz HFHsA
g & i (granule) FEE AFE A& FHstal e PAES AGE WEA
HozA Ax stg5we AS AASA Frh(Barth, 1982; Ml I 7%, 1982
bl FH, 1987).

3714 dHelA dEE V€Y ZT FAEYUYAHAANE FVE A
AL FAEAER] ol AHAH. shARE
S SAEH dwrHow A 15~2% Aot Yy
Zol A ForA A

4
ol AA 7NAe MHFEES =243 st Fig. 3¢ 2t}

ay
ol
=
fl

e

s
l
[S—
[\]
X
XN
o
Y
ke
=
=2
Sy
ax
i
X
it
i)

Substrate Substrate

energy Hzo

Ortho-P

Anaerobic condition | Aerobic condition |

Fig. 3. Biochemical mechanism of the phosphorus removal.
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%, pH, ORP(Oxidation Reduction Potential), &%=, SRT T2o% <4#A At}
o]7]A SRTE U ZolAd BAHE SefAFo] AojAa, oz A3 HET)

A AAZe] Fade AARE sk, US @okAld AxFAC et €
ok & xzdel wel 10~209 Akole] SRT7F A A= i lth

Z o
A

o

7t
T B Afdde 28le 9 AR dojd & k. o
dol M= T8 TRl wek Aolrb AR
COD/P H]&©o] 20 o]Atolw <l¥3}A s (phosphorus loading limited) A}E
i, 20 ostol¥ Q1A s A
HHReddy &, 1991).

7t
(phosphorus storage capability limited) A}ef~7}

ro

Shin # Park(1991)¢] PBCSBRS ©] &3¢ Ao A= F9+52 CODE 250,
500, 750, 1000mg/ ¢ & A5A7 74HA O AAEES =43 A FE5Fo
T-P9 X7} 10.3, 54, 14, O.6mg/£i A} GolAE AE2S Aol TES F
717149 FFol o AAN #8354 olﬁim 4+ 3

Rigel ¥} Goronszy(1992)¢] 2@% ATl ¢éw BOD/POS -PH| 7} 12~20
A Acinetobacterol| ©|3t QI WEo] ayH oz ZPH Ao, 90% o]
o]

I AAZES AU

@ DO ¥ NOs; -N

AESH o HHE DOEE 0.lmg/ ¢ oA Poly-P &Aool AAEw 05mg/ ¢
o el A Q1 HHAZF A2 "Avkar &delA AvH(Schon -5, 1993). 5 DO &%=7}
Img/ ¢ olstz FAE 45 Aistes AFH 0w Jaks wAT 2 dHd= &
A7 gk

3 e gelelA = DO =5t NO; -N¢ 3o t% Atk 3719

= EArAAH (anoxic condition)ol Al @1 AA wlAEo] T E Z& kAol B
3 fF71E AFAAA FAHe] vy wiEo Q1 WEo] Asjeta o, I
2= o W= Ao AHAH dAdE NOs -N7F A& ¢} ntz7bx g2 HZEA A}
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TE&A 9&s 7] wEolgt= As|7E A A ol v (Petter &, 1993). #7] 7|zb
ANA WHF aYs SFEEA K3 2 A A= 7] Ve S A
kAl Ztth ¥ Gerber 5(1987)9] A3d A Aol ot NOs -N¢ F%7F <
7he w Qle] WEFS A HH, o)A Q1o WES ARt U=
I FAl HFAS Ao Ha

® pH

AETA Sl A A g pHY G332 pH 65~80 HH oA Fsstm, pH 9
o gl M= AalE Wi pH 52 olstel= M= Fgo] AAH7] i
A8 AAEA F=vh(F, 1994).

A GFAF AATHAA DO= A5 Omg/ ¢ H-7kA] A sh= il
ol DO 4719 AFEme 4ds] vonmw FALAGHA st
J55 FA goehr] fal-d&EH o A% 4+ d= ORP 54 &
) A tH(Charpentier 5, 1987; Koch ¢ Oldham, 1985; Wareham, 1993).
oe A72=(Koch ¢ Oldham, 1985; Ra &, 1997; LA 5, 1994)e] A4
o] o]t &Aool FREE= M, F NO; N2 FX7F zerodl A& A ORPY
H 24 (Bending Point; Nitrate Breakpomt) o] ‘JrF/]r‘/L oW Nitrate Breakpoint7}
et Add gt Aol T-P= 90%0l7do]l A7 %A ORPE= +150mV ©] %
o] MeA= et £ ORPE F8) %733 zdstmza 409 o

g3 % FT)e w2 sEnE A3 Al

rlo
)
o
= I oE &

Az skA
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Aerator WAS walve
Stirrer Effluent pump
D probe Effluent tank

Fig. 4. Schematic diagram of experimental apparatus.
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B4 gz sl WEURE WXk A AAY MFYI A0
%7 9 awre $HEAFig 5Ol o8 BolvZ A4 AHES sgon,
DO % pH/ORP 3¢ §18 AF& wgzud 21zt Axsdrh. A5 )
Fo zUA9 BURES AN FAR AT PANE AL oleAn
2) BAZE 2 Py
Table 19 #48= 2 %S tehhaich

Table 1. Analytical items and methods

Items Analytical Methods
pH/ORP Electrode Method(Istek 740P ; Korea)

DO Electrode Method(Orion 810 ; USA)

BOD Winkler Azide Modification Method(20C, 5day)

COD Titration Method(KMnQy, Acidic)

TOC TOC Analyzer(Dohrmann DC-180 ; Germany)

SS Gravimetic Method(Dry Oven, 105C)

T-N Spectrophotometric Method(K>S20s, 220nm)
NH, -N Spectrophotometric Method(Indo—Phenol, 630nm)
NO2 -N Spectrophotometric Method(Diazo, 540nm)
NOs; -N Spectrophotometric Method(Brucine, 410nm)

T-P Spectrophotometric Method(Ascorbic Acid, 710nm)
PO -P Spectrophotometric Method(Ascorbic Acid, 710nm)
Alkalinity Titration Method (as CaCOz)
Microbe Microscope (Olympus BH-2 ; Japan)

Zh gz Frdaek Aol diste] Table 13 o] 1270 58 4]
stk o714 BOD+ 20CeolA 547ke] BODE =439, CODE= 4Hd 10
0CelA KMnOsll % CODE =7Asttt. T-N3 T-P= 145 7|Ed7]
(Autoclave)E o] &3lo] AAg stgoew, TOC, NHis-N, NO; -N, NO;-N,
PO, -P& GF/C A& o3} F HA sk},

kel tialA pHeF ORP+ 102 7H4, DO+ 5 HA SR 747h A%

,21,



zqsglen, EdolF MLSS, SVI 2 An4e 58 vdze #2e A7,
T

o]l & gt EAL FALATHAIEWHA997) ¥ Standard Method

Table 20 ARA717F §ke] FSFo F24EA4 A%E e

FAFe TEHAETEE)E pH 7.2~74(7.2), BOD 114.9~1385mg/ /¢
(1269mg/ ¢), COD 749~86.2mg/ ¢ (79.6mg/¢)°e1™, TSS 1264~191.4mg/ ¢
(166.5mg/ ¢), T-N 40.4~46.8mg/ ¢ (435mg/ ¢)%Z BOD/T-N& Hit 292
Wiz vk NHy -N& 29.8~39.2mg/ ¢ (34.2mg/ ¢ )E T-N9| 786%%5 |38}l
Qo NO, -N¢ NO; -N+ 1.5mg/#¢ ©|3t=s vehfa gl
® T-P9 %% 50~68mg/¢(60mg/¢)= BOD/T-Px= Hit 2122 el
lem PO, -PL 32~56mg/ 4 (4.3mg/ )= T-Pe| 71.7%%E AA8k1 It}
Alkalinity= 138.0~172.3mg/ ¢ (1585mg/ ¢ as CaCO3) & e}
S@uhete] AwbAl ®AEe] AR (E B A, 1996)S EW, BOD 99mg/
¢, T-N 32.1mg/ ¢, T-P 2.8mg/#¢ 2/ BOD/T-N- 3.08, BOD/T-P+ 354 ©]

by

olg g =l st A Hlad uj, & Aol ARSEX C s AHE
Hl 29k Olﬂ% BOD/T-P Hl“ O wiokth &, =W sheeek C b A

2 959 BOD : N : P 42 747} 100 @ 32 3, 100 : 34 : 5= M523
o= 2|
T

Fxolu, et Aes g o)A dFEd A 100 0 5 1 13 WA
E 2

,22,



Table 2. Water quality characteristics of influent (unit : mg/#¢)

Item Range Mean
pH 72 ~ 74 72
BOD 1149 ~ 1385 126.9
COD 749 ~ 86.2 79.6
TOC 36.1 ~ 450 40.8
TSS 126.4 ~ 1914 166.5
T-N 40.4 ~ 46.8 43.5
NH, -N 29.8 ~ 39.2 34.2
NO; -N 01 ~ 03 0.2
NO3 -N 06 ~ 14 1.1
T-P 50 ~ 6.8 6.0
PO, -P 32 ~ 56 43
Alkalynity 1380 ~ 172.3 158.5
BOD/T-N 2.6~34 2.9
BOD/T-P 185~26.4 21.2

o
fan)
@)
=
Z
=
o
ﬂi{
=)
°
>~
2
N
oy
1
N
N
i)
2
2
rie
S
filo

“Eok% HHZﬂ 3171 HOH T o2 A AT
tﬂ'% W MLSS+= FYELdEAE 7|02 3500+500mg/ ¢, SRTE 20+
2day 2 A3ttt Cycle Timee 8A17to 2 3Fo] 1Y 3Cycleo] H =2 43}
(?:} 7

12
AZEE aE AT SR 102 9] A e A4 %), MESdT vk §
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1) DO, ORP, pH % Alkalinity

7y A ZAE 1Cycle 599 AP o] & WkSZ4U DO 5%, ORP, pH
o] WM3l= Fig. 69 YJeEFA 21, Fig. 7¢] Alkalinitye] +9 - &5 5% £
28 YeE AL

AAA o2 Z7|A71e] DO %5 25~50mg/ ¢ & A8 gow, A7H74
ol wel F7|AZA A DO FE=7F S7bekE AES el ol Y %
71 f71E0] A AAFH, v & I fA59 FIUF FoE

o oy wef A ARE(HFE)] YeobA 7] Wl DO =7t F7hst

= Aoz ARHY. FE T3 wiAgte s gAdEe Ko o8 109E o]
Woll Fa2des FAGIT FAA A 158 Sk wAgta= DO v %

7} F43 Yol wiEFE F 1.0mg// S FA3AT
Z WA 6A1ZF F F7)/aW AHE 15/45Run D2 SAsH SR &
71Nz DO sEE AastE 93 wxd 2mg/€ O]”(EPA 1975)& A4A
] Ak

ol% DO FE) ?ﬂé}% 1o, 45/15(Run 3)9] ARHle| A E7 A7k o
& WA PEo] AW Hol Ak D A9 AAA oF JFE WA Ao



(= 1.5/4.5 +3.0/3.0 =4.5/1.5 —6.0/0.0]

6.0

DO(mg/1)

200

00 T T e

ORP(mV)

- 100 N -.;111‘4

- 200
7.2

6.4

0 1 2 3 4 5 6 7
Time(hr)

oo

Fig. 6. Variations of DO, ORP and pH with the ratio of

aeration/mixing time during one cycle.
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HZEHAA T 6.0/0.0Run 4] AlgHHe A= o]y g A2 gluth. F71/

W AIZRZE S s A9AE AA F7]/aek A 7F 15/45(Run 1)9] Al

ZHe] o wf £100mV - ©]/%+e] ORPE YeEtW L dth 90% olde] T-P AA&ES

ety = A7Z23 ERa 5, 1997, WA &, 1994 <ot +150mV  ©]d<]

ORPE et ARt 2 AdolA = i w2 A9AE yehlia vk

A FAxzANA wwkAI Rt = pHZE F7bskal F7]ARbel = ZHASEl o,
el whel Z7|AZrol A o] pHe A vrobsith

Z7)/nWt A7 7F 15/45 € W (Run 1), pH 69~71 &8 X332 99
<ol AA wAE pHel % Al v Aoz Alsdch oy F7)/
b A M7 2 YA A ZRAANAE pH A FE5Y, 45/1.5(Run 3),

6.0/0.0(Run 4)¢] A[7t8] & o} pH 647kA A étsto] wjAEo] of o] ¢4

2ot (Dawson ¥ Murphy, 1972; /AK 5, 1984).

Al Z

N

mﬁ

El
=

|—I— Influent & Effluent =©- Consumption rate

400

70.7 73.4 8321 g0 -

&

= 300 | T
£ 47.6 160 €
2200 | 165.5 152.8 154.8 g
E : : : 138.0 4 40 %
E 86.8 g
o jan}
= 100 {920 @
< 448 41.2 939 O§

0 0

1.5/4.5 3.0/3.0 4.5/1.5 6.0/0.0
Ratio of aeration/mixing time(hr/hr)

Fig. 7. Variations of alkalinity and its consumption rate with

the ratio of aeration/mixing time.

Alkalinity« % 7]/38F AZHH]7F 15/45 4 w(Run 1) 47.6% AE¥ o] 86.6
mg/ £ 7 HESFG O, Bol/mw A FEE 2SR F7heke] 60/00 <
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X

] (Run 4) 83.2%¢] Alkalinity7} 2R ¥ o] 232mg/ ¢ (as CaCO3)7} HEF F %
otk 18 n 2 Alkalinity®] ARl <3 pH Aste WAE7] Qe &

de4s qnd 5 e T2 aAS of gt}

2) F71& AA

Fig. 8o %7]/aut Alzkdlo] w& BODC ¢ - & TE9 AAES
LFERUI SA Tt

T8 AA AEES Ve E BODE E7)/xNk Az 7 AR wel A
158 sttt A =% solx= AFgS vedla glvk F7]/unk
AlZEE]7F 6.0/0.0 & wi(Run 4) 94.4% 744 A7
& AT & Ao, 71/t A7kn7E 15/45 9 wW(Run D% 92% o] /o]
AAH] Agd FES 10mg/ ¢ ©ldtzE fAs=d olegol . =, 7/

ARk AIZE 15/45 FELR EZ7|AHE Eoly g BODE 92% ©14 AA
HATh ol WRHAIZE T FARAEHYE 28407 fXFHe] gd - gl A
Ao ead e o {718 AA oF Ao 2 Atz g rvh(Ekama 3}
Marais, 1984; Shin ¥} Park, 1991).

o

Y

|-I—Ir1f1uer1t —A- Effluent -©- Removal efficiency I

200

94.41 95
92 3 92.6 93.3 -
150 | S
E 129.6 1% §
E L 1227 122.0 : g=
= 100 114.9 =
M {85 ¢
50 g
9.4 9.1 8.7 6.4 g

0 A A A —aA 80

1.5/4.5 3.0/3.0 4.5/1.5 6.0/0.0
Ratio of aeration/mixing time(hr/hr)

Fig. 8. Variations of BOD concentration and removal efficiency

with the ratio of aeration/mixing time.
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3) A4 B A

Fig. 991+ NHJ'-N, T- N«] T - frET ek AAEE W NOs -Ne|
NH, -Ni= Z7)/mwk A1 zba) 7 S7hgkell wel AlAZeS A5ste, Z7)/u
d w(Run 4) diFel NH,-N7} 2bsiseo] Hesd

T-N¢J zﬂﬂb 7]/J17tL AZHE7F 1.5/45 4 W(Run 1) 787%7F Al A = o
! %
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WARE, kA ZE] gl A2 (F /A AZH] 6.0/0.0) Al M= AR L]
" A3 shdske] 46.0% Whel A71¥ 21.8mg/ ¢ o AR FEE WERHAL T
g4 A=E vEhlE NO; -Nie F7)/agk Azkd] 15/45 4 @i (Run 1)

3.0mg/ ¢ 7v Al T FESHAL d ok, F|/ank A7 7F A wet gd &
o] Astste] 6.0/0.0 ¥ W(Run 4),17.3mg/ L 7} ZEs gtk NO, -N&= A
A7l A El5 T 0.4mg/ 2 0)etE A3
Y E R, NH,-N AAEEe] thh ddets F7]/a8k A7 S 1.5/4.5(Run
DE 73} E‘%@J F83E 53 T-N AAZE ¥5S F=sof g
T-Po AAZEL 50% nvto® AZ3 =52 UeEla 9o
JAHE AR 7E F 2 (7] /e A7) 45/15, 6.0/0.0)9 A= 15% A%
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—- Influent & Effluent “©-Removal efficiency

100

78.7 1 80
80 | 2
160 %
—~ =
= 60 [ 3}
E 46.3 2
E 140 %5
T 40 | e
= g
£
20 99 12°2

0 0

60 e 975 100

88.1 89.4 '

s
= 40 | 180 ¢
2 39.2 g
= 35.4 &
! 30.2 29.8 2
T g
2 20 | 160 %

(0]

~

41\3,'3\2‘5\0;7
0 40
20 17.3
15 |
iy
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Z. 5 |
1.1 1.4 0.7
0
1.5/4.5 3.0/3.0 4.5/1.5 6.0/0.0
Ratio of aeration/mixing time(hr/hr)
Fig. 9. Variations of each concentration and removal efficiency of T-N,

NH; -N and NOs -N with the ratio of aeration/mixing time.
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- Influent & Effluent -©- Removal efficiency

10

T-P(mg/1)
(@)

3.2

15.5 16.3

Removal efficiency(%)

1.5/4.5 3.0/3.0 4.5/1.5 6.0/0.0
Ratio of aeration/mixing time(hr/hr)

Fig. 10. Variations of T-P concentration and removal efficiency

with the ratio of aeration/mixing time.
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ARES UEATH

DO &% 25~50mg/?¢ & FAtaL Qom, AZHA ol whal F7] A7kl A
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= 2hr « 4hr +6hr|

-
f/

g
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Fig. 11. Variations of DO, ORP and pH with fill time

during one cycle.
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DO°l tiaiX = Akl ®igte] e JdaFo] A9 gllor, ORPS 49
o Hd £50mV o] o= UrEmm
zUle] Aste wkgo] FFEo] ES 4 Atk F9Ae] 247 4 wl(Run
5) +50mV, F+A1zto]l 6417 & w(Run 1) +100mVZ FYJAzte] 52 A
9l A7F A vERda e

FgAke] 6A12F 4 wW(Run 1) pH 69~7.1 o
Zro]l 2412t & wW(Run 5) HA pH 68~7.0 F+& FA8%th F4AIzto] w&
pHe| & A= floy, FYAzte] &S5 pHe tha Askebadth

|—I—Inf1uent —A- Effluent -©- Consumption rate |

400
65.2

53.1 1608

ot} ©

E {40 2

Zoooo | 1723 167.2 165.5 3

£ - —m n 3
997

22 78.4 86.8 20 3

= 100 [0 JI0%00 nanoua | gizesss wenan z

S

0 0
2hr 4hr 6hr
Fill time

Fig. 12. Variations of alkalinity and its consumption rate with

fill time.

AlkahmtyL FYAIzEe] 6A17F A W (Run 1) 47.6% 2EF o] 86.6mg/ 4 (as
CaCO3)7F &S o, FdAIZre]l &S ARSS F7hsto] 2A17F A o
(Run 5) 65.2%9<] Alkalinity7} &&= 60.0mg/ ¢ 7} AHEl¢+ 5 FEATH
e Alkalinity®] A% % pH AdE A7 s FAALS FE9]

Z7hA Ak Bt
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Fig. 14. Variations of each concentration and removal efficiency
of T-N, NH4'-N and NO; -N with fill time.
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