- w3

SBRellA ofAEALS o] 83

FENG) A& - QA AA 5

BB KB
S TSR

B B %

0 L7

20004 12H



SBRol|4] o}A|EAl-g o] &3t
FEdlre] A4 -9 AA EA

BEER F K

B E %

ol FE T2 BN Fore s i

2000% 12H

RRIEZSRS| T2 2T #S B

BEZAR o & F @
£ Bz ¢ 4
£ & 3

BB KRBT

20004 12H



Removal Characteristics of Nitrogen and
Phosphorus in swine wastewater by Using
Acetic acid on the SBR Process

Jin-Young Kang
(Supervised by Professor Mock Huh)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING

2000. 12.

THIS THESIS HAS BEEN EXAMINED AND APPROVED

DEPARTMENT OF ENVIRONMENTAL ENGINEERING
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



Summary ......................................................................................................................... 1
L A e 1
I, o1 @A T e 4
Lo QEBIELY THR oo 4
1) SEULY AU A e 4

) SEUHY QESS M- e, 4

2. SBR(Sequencujg batch reactor) F™ ..o, 6

) SBR FAHHR. e 6

2) SBRY FBITA JAd e, 8

3) SBROJAL] A A Q1 AA oo, 10
DAAEYA AL AA e, 11

2) REWA Al A - UL T I O A T e 13

L AR W P e 17
Lo AR 9l B M e 17
1) ABAFA] e 17

2) BABE B M e 18

2, QEBEY FABA e, 19
B A R e 20
Vo 3} gl T8E e 23
12|83 MFBAIZEY ZA e 23
1) THA Al AR e 23

2) Fe|¥A HFAZHHRT)Y B2 oo, 24

2. BI)/38Y A 7MY BB e, 25
1) DO, ORP, pH B! ALKAlinity oo eese oo 25

2) BIIE A e 28

3) AL QA AIA e 29

3. HERAY FQAAZEE BB e, 32

1) DO, ORP, pH Bl ALKAlinity oo, 32



2) BZIB AA oo
)AL G QL AA e
4. TSS AN B SVI oo
5. M/AO] WE T-NAIA, T-PL] AZZA oo,



Summary

This study was performed : 1) to find the suitable HRT(hydralic
retention time), 2) to evaluate the effects of the ratio of mixing/aeration
time and injection time of external carbon source, for the removal of
organics, nitrogen and phosphorus in swine wastewater by
SBR(sequencing batch reactor process), which is one of the biological
treatment process.

The result of this study were summarized as follows :

1. When Ks and K was caculated by experiment of swine wastewater
treatment , they had 10.95mg/L and 8.76x10 ‘hr' in the batch reactor,
and 120.89mg/L and 452x10°hr' in the SBR, respectively. And the
HRT was caculated 22.86days in the batch reactor, and 7.13days in the
SBR. Therefore, when practical SBR was operated or planed, it
suggested that HRT should be about 10days.

2. The SVI was supported under 130 and the sludge bulking did not
occur in all operating condition. as the ratio of mixing/aeration time
was higher, the TSS removal efficiency decreased so gradually that it
could show 83% in case of the 16.5/5.5.

3. As the ratio of mixing/aeration time was higher, NH;'-N removal
efficiency was increased and it wés increased with increasing injection
time of external carbon source because nitrification was affected by
denitrification microbes propagation when injection time of external
carbon soruce was shorted. T-N removal efficiency was increased with
increasing the ratio of mixing/aeration time and injection time of

external carbon source.



4. The T-P removal efficiency showed a great difference in each
operating condition, and it was increased with increasing the ratio of
mixing/aeration time increased and when the injection time of external
carbon source was shorted because denitrification was done effectively

by denitrification microbes propagation.

5. The highest removal efficiency of organic and nitrogen were obtained
by the operating condition of Run 4-1(the ratio of mixing/aeration time
+ 16.5/5.5, injection time of external carbon source : 15hours) and T-P
were obtained by the operation condition of Run 4-2(the ratio of
mixing/aeration time : 16.5/5.5, injection time of external carbon source
- 3hours), and efficiency(effluent concentration)of BODs, CODma, CODcr,
T-N and T-P in the treated water was 96.1%, 87.7%, 90.6%, 86.6% and
84.5%, respectively.

6. When swine wastewater-its' BOD was lower than nitrogen, phosphorus
relatively-was treated on the SBR process, the correlation equations were
calculated by the ratio of mixing/aeration time, T-N removal efficiency and
T-P  removal efficiency, they had y=-9.8422X°+45839X+12221 and

Y=-9.4282X°+52.306X +0.9891, respectively.
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X7} 60.3%, EfkE 32.6%, Alo] ¢ 8.1%8 Apx|s} QYrHBAR
1999). §Fe2= 4, HA, © ¢O02 Ex wdato] FoU HAoME
Tk FYY SEER, HFAEWI}), EHCUME ko) Moo @e o2&
A3 glth 19979 feluzlol A d1Fol UAEHE ZAlw4are 199 9
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THI 7712 g o83 FYAXE S YA FLUE FAof 2
Ethe A28 20hAl 32 ol8YU 4 YT o] A|Mo] YR Hzjs)
A 4 ok #ut ozl YEMSU AS CNHITF W] oo ujiutg
& AR £E7H ddthe AE dsich a3y d43EA wex
(Sequencing Batch Reactor, ©]3} ‘SBR'Z 7]4)= €A Tl HE2-Zoj A
718 AMARL ohzl AAtstel galo] o o]Fojd £ Q] @B
U7 gt 22 Aol e glo] Alde] A7 ANE xYU £ Y3, &
Aol miely 448 YU/AE BY 4 A wio 2y ae u|
EholM FAHo|th, =Y GENISo} o] 1 4] gahHto)] 0%}
ARt} RPHAFAY Hg5o| L43ln, Sx|e] ulfo] By ey
A T 43 FASH AR #H 5 1Y W, 272 2y
BE AldolMe HSEHAEEN SBRY HLIMsAo] AR 714 AE
7t A1 33 Wesitia gigkc

A, S FESST BHALE J13 go] o] £H 3 Ut &4
e &2 FHAMY F28y MFAZ(o]5 HRT'E 7]&)S < 20
BE7t A2 glon), SBRej gt J1Ee FU AHATAo| o3t
1~12¢0] AAF 2 Yrha &, 1999: N 5, 1995: 2 5, 1999; 2} %,
2000: Jung &, 1997: IETI,1999).

olet e AFZAto] oJ3hH SBRo| oE}e] FIAH WA Hol |
siA B HRTS ZA4& Hel¥ 4 gou, 2 #Has} tia 7] oo
°j9] F¥Y HFo| Wasiciy zitigc)

EY, SBROJME R71E2 N, P SAAAE 915jM g Uje] At}
BHUL(0RP), &, DT ZHo] WiHo|n, HAA o]g i/ &7
A| 2] (Mixing/Aeration Time, ©]3} ‘M/A'E 7|&¥), BAtA/B7] A7)
(Anoxic/Oxic Time), ¥7]/Z7) A] ZH] (Anaerobic/Aerobic) 508 H ¥ 3}
3 gtk ool #stod ©](1992), IETI(1999), %}H(2000), 71(1994) S-&
/18, €(1998)& 3/5, =(1999)¢} 21(1999)L 1/29) 2AL, a3 3
(1996)= AaAAolE 1727} oL} AMAE AWML 2/18] MAZRA
& A ABL vt E¥ A(1995)2] A-Fof oFH MAZ L] WHEle) o)
CODc-8] AMAXEZol= FRY 2o|7} gadrtz Rastza o)

323 FESFFY A4 FEUY AoE YMHE BA/ AL y)

2



(o]8} ‘C/N'22 7]&), B COD/N R COD/NOx-N & ZHo| W o|r}.

Dawson F(1973)2 fel42] C/NH|9} Aal4e] A2 §r)etr g A3}
ool Al thstd FU49 cNul7E Y c/Nu BT 2 A4S &
258 RIIRtE 527 WAHAY, e O wje AL S&4e] A
g A4s=rt #AYCT sttt F, WALl Qo] C/Nu|e A3}
< UAE FAol WL nAE N0y FHo|y, ATreuie Hel
SUE & N0 HUE Fo YA 2eYstm, 3w cAM|E
Y4B FEoIHeE FIMIItE YAHUNE 2331 QASEL AN
3}A "ch(Hanaki 5, 1992: Issacs &, 1995).

ololl, Carley 5(1991)& wjg=] A&+ LA #I8) 23 COD/NOK-N
Hle R7]t4de] 2410 A9 59, HEIROMHE 6.2, IRIZL 9.0
o] ¥tti ®astoirh =3, Dahab 5(1988)L x|st4e] WAL~ @A
of oA frltadoz 24bg o] &Y A HA c/Nu:= 1.45%c)n
Lig=3

EY, ®7-37]-Ralae d4yog Ast: AL, 2zt o} n}
Tt d¥3he khaglo] 2z thEd), YAFol iy 24 MBI}
(Wilderer %,1987).

olo] & dAFeNE Aol w3 §I1EWY x5} Arjyoz ye
58& Ze SEMTE ASHEY] 3 Y H»slo, APALY 7
U+ At MY HRTE =233, R718 9 29} AL ol A A
#1% SBRE PN 2371 5 I Ey) A7 E WHAAN AAe
2] ¥/ & 7] A 78] (Mixing/Aeration Time, ©o]3} ‘M/A'R 7]€)8E =33}
L, ol A zAoJM ¥ et (acetic acid)e] UG WA
A FAUYOZH A 20374 7|H 75}o] SBR systeno] |3 YEW 4
AMe|a] 7124 dA Q SAU=E HA|sta} o),
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CEMTE 7182 B, 7139 Al4o} ot g Al A7 o=
TREHH YL ARRES, AWy, Ado] me} Wy, §3) @
% 2ol ©E JESS UM T 5E 2o by 2 Ys &
th YU R Eabs EutAwAlo] whel Slurry WAl Scrubber g4
SE LhrojAln, Azl AL 22 3R YEQo] FLEojgl Tx ¥
YA, Faio] He $29 B 7 A4 scrappero] o3 &2}
8 27} o] FolAE Bk Heaog 2z apm BESI) Hgy
1A= WA elth feluelel B o] o]RAke] wa|at &l scra
pper YA ETh= slurry$ A& A3t glo] Auts] T o) W4t u
A3t it

oY JYETFE YA wal thE PAalg Mo dt2bgoict Mg
ThE 84& Basted, o]AL Hx)2) wjd o] rji Loy} FAL ¥4
R Ao whel FESISY AL 3A Walx 3 &4} ez
Belol mletyE ajo]st Uepie)

2) SV YENSY NejEy

1999 1249 BF Yol UEY z5o] e} fig. 1o]4 2} Yol A
A FE WYL BARZ 2o Aes] WA glom, AHF2 o
o Astee] £0 FAAAA F4Z 2ol R A sal), EY,
D 71T FE ASFEIE A2 BT 2885 Qo] k) MR e 856+
E ERAGel vlaly dts sl FEASURS Uelyz )
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Fig. 1. Local distribution for breeding head
number of pig in Cheju Island.

olRt FEFIIoNAM vEY GEHTE Melsle FINAHY BS
2718 4EUH Aesl Bt ol 8HD YA NLFTIL AV &
7] F¥ol Wizt tigel g S E WSl Az, HEo] B
Higlem, MN4, £F4 YM4L Bol 40 HEJt Wesice
Aol glrh. ojzit AHM ¥rY nHES o83t WY BE Ne
HE F7] $Yo] BUASITHE oux] Fa 3ol FAESH LSt
HIE7hA S o] 8ol fASIH: o] RE o|WRE FEFHI WL ds} A
BEol Ak 2y, WU A3HE w4 §2ULE AxSLANE
AHEBHE 27178 ulgEel A% 2714 el de] RI1Eahe A
& HAFEAZ o] g3t HIIY BB 3l U=, ol
B OEES O FNEET} ol L2ln HY YgzA HIE ) F
7) dhZoll olo] /A7t Nela &} A ol JY} F2¥ Az} W
oh ER ol HIIY Aeld B¢ B ¥z, d54a
°of ThE AFellM ALY 71&S AH8sta U7 TRl VAL g
<A & ob7lsla glrh. B3] 13 AelA 2 BIMALL HAFS 9] ¥7)d43%}
He3UE =AW FFA, 8AAL UHAIY Fe "I 4% K&
HEUoH Ao =7} ulf gol ¥H02 o YEUY 15N F
Boll 54& gAY, A NARFZ o/|AlA 2 712 2y



€& FthAgl= A2E Yeha QUTHIETI, 1999).

19999 149 1458 g3t felue} Saul4 RN L] UF
T +A7|&L2 BODL} SS7} 30mg/Lo] 3}, COD 50mg/Lo]d}, A A 60mg/Lo]
3l 223 F<l 8mg/LolstEA WY 2HTAVLE AM N4$E Ay
EB A HESI A= RYolut n]Iof uls) HY 1T NS 78}
AL glch 53] FEQ UG FEYoT # AL, Laualoly FaIs}
A e A W A FA FEAE Mr) Ay o wtkya 9l
ch stAgt, ®a) AREE I Qe HENY JUHFAA 23 (Biological
Nutrients Removal : BNR)Z &2 W% R¢sxo wWiliEo] IArje
FEHT 5P GEIY MY L Y of e Ao ux] gt
TEE0] o] AR Qe B3 2942 ¢FH 43431 BAS})
olgch EF HAYIA ¢ YEVSE A4 Ty AW E 38l
A4, A ® UAE Yasts dre AL AYE T g vkl e
Ut B¢ SEUTE LAEE FAHS ol Mo 23l Qo] o]
AT AN E ABY & gt HZATF 7FAL}, ulaty feuel
Aol Ye GEMS Al TRE ¥stn, Sy 713 wjdES Ry
oA RAYEE 2| st 2alg she AlY BEF J)go] 275 o]

Kil=
2. SBR(Sequencing batch reactor) Z

1) SBR ZXL

SBRE ¥t} Ei= 27] olite] Wz E FAE o4, o 3o Z
3 cycle Fig. 2o Uehd 23} go] §472, whg7]3, AASZ,
&2, FAA2eE 22t RUW A JIRES T4He] ATHIrvine
5. 1979: Arora %, 1985: Barth 5, 1982).

Y71 A BAE Nelert YRIAAU thr12Q Aejolmg b
Zuole ¥dgelx] Eydo] AE3A EHiul, o] CFSTRoIA u}
22 AP 3= oy o) £9= A} Hrlh 24A17 AN
A e ZFeole A8 Y PERE MR ¥ gz K9
ol FEH ¥ E t}E Wg2o] FYAINE AAHE HAY & AUt}
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Fig. 2. Typical opreration of SBR.

UE71%E HI1E B3 TI1Y ANAE sk Aot atae 23 ¢lo]
T WU EH YY) W Rl PElE AF e A9 & ¥ B
B #7) FFole 7B AAL B2 HEHY A4 AAY A AAE
Aol ol& 4 ok Hbg A ¥ 3] ol ciE} 50% ojstE A
Utk W72 2 AAHOME HI) W 3] FHY F FHOR EF
¥ 4 glen §7] 332 HEuros €A g < wEo] dojun, 3
7] 8L 4EYHo2 A 9 YA A9 2 M7t o). o]
o, F71 % ko] AzhlE FE, EE SR mel AL P Qo
HA e & 20lE vehdr),

AARE EYdo ey 1o Ee§ olf: WAUY, o] M F
e FUdFe ZFo] AF g7l wlBe] & FH ALE 7IAA "o}
SBRZ @2|2|e] e glo] ALY &7} vl Alo]Zol Ay uhgo]



2% ndEE |Y] die] FH AL YA He ALY YA Y
oz AdMrh YitHog {4 FIvt B2 U2 FE BA AT
2 0.5~1.5 A2t FE2 T Aol B, & - ujet A
Aol AW FAXELLE AFestaAnt, Aol o3 UAsE FAIIATL
Sludge Rising& R'U3}7] wiEoll Y WA g HAHsT & A7}
2 wi& oy F& ZFsfof ¥t

e 2|7t F F B4t $REHE AR 10cled HA £
HEot7tAl Hoi, A4 457t g Rel dol gdoemg &HLL Y
2 g gl vjE AN E 1o EeE A5duY wEg 53
L% 317] wiFo] ALY A EEHC] U=EF wi&ste o] A4
o] 3 Aol FAY FFo] Hrh AL E2E ¢ F7] AT 5~30%
BEE ApA| Pl

FA) 7122 w=A] WAy ¢hAlE o] wiEol Fx|7]Zto] FAIF o
& Foll FA fol AMYH 45 AUx|T o] 7|te] LAY o] ujel
H AE&E FUY 4= Atk o] 712 Tt Cycleo] A2 7] Az}x|
HE 7o dao uet ave stn Frix stoy, A MLSS(Mixed
Liquor Suspended Solids) X SRT(Sludge Retention Time) RX|& ¢3] &
2] UE HAgic)

o]-d2t ol SBR2 m¥EL HIl, X7, Fildo] L&F = AT 2
Aol mz} Wg7UolM BEE= nBEE] X deY Yelg =
2y 4= glch

2) SBRY| &ty Hi

o3 E2 & ol &3l LAES AMAs: YA sHaNe] 3%
oy &Y VPP FFY ihgol 75 = R A2 BE
UY ST E2 FP 7] Systend] ey FH S AFAIA ALY
4 olth

uhg 2ol 42]3Ael 7jd-2 Mckinney2} 0'Brien(1968)°0] A& £¢)3}
A3, A7]o] oBE MHAe] £ E2S ZYUStH Pearson(1966), Jenkins(1
968) 52 71 AAL SRT7/HE §& B 25l 2 (Orhon, 1989)%| 27}
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SBRE CSTRO] Alzbel mhel sk wlg4t Aele) B4 Zith SBRE
CSTRZ} PFRE Xt8lE AZ% 8Alg Zteth SBRY §¢A|7te CSTRel, ¢
BYsHA EHslE %3S HA on 4Uw Hos gd Eygms
Fed-Batchihg2] H4% 7hxim, f<lo] BY $38 Wgo] 22Y
7l HEA Welo] YL 4 ol HEY Wgsle A7 WiE
AW+ ulRol Fd PRE Uehd 4 gtk

Y £X4& SR EBEHE RUAI, PRE EUYE 037
Z98 Belstol Uehd4 o, &y e oheat gl

|70
as _ Q)
Ve = ASi—9-A9 D
v=['0a 2)
g7
4as _
= AS) 3)
oA 71A, v . £3(m)
Q 8 nf/min)
s 7142} ‘5% (BODmg/L)
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°l¢h ol 7h¥stAE o RIIEo] UPY $£27x] AAHE=Y Yo
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Fig. 3. Graphical for Reactor Configuration(CSTR
followed by PFR).
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878t 2718 AR oulstisul WolHolu Batk zpow &
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1ol B HgtRol SBRE CSTRY PFRE AYE AZAst %& Heje)
UZFHIRZ ulgBo] 248 H4Alol H8Y o g 7ix PAE u
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EABA Hisdl ol WA o Ao thyt o] 2L e Zrl
(1) BEY A2 A
AN E2BH= A HE)= Organic Nitrogen, Ammonium Nitro
gen(NH'-N), Nitrite (NO;-N), Nitrate(NO3-N), 22|31 cth7]g N, &

22 P8 ded, GEHSM P2 $BE Fig 4o Uehhdr).

Plants —®| Animal Nexcretion

Fecal N (Qg%a{lyrea)
_:: A

l Runoff \ Runoff I

Ammonification \
microbial
breakdown

via urease

immobilization

e e ]

mineralization
- Nitrification
NO
o |\
Denitrification

NOy volatilization

e\l —

Soil Organic Matter

Fig. 4. Nitrogen cycle of a feedlot(Bieman, 1996).

ol ALE Aziol olM HEYHOT UAE HASIE AL,
3t32] NH(-N7} 2714 (aerobic) Atefoll n]gBof oj3) MEs}yog
AAEH(nitrification) FHAThzb Tl BEaa AlejolA s}
(denitrification) Rt-go] Yoji} AAgHEo] N2 BUPOTH o] Fo]

_11_



Zct.

© BE¥3 Atz (Biological Nitrification)

A MHO-NZE NOSNE S 2o g 28 3714 - SUAQMZ
(aerobic - autotrophic bacteria)Ql Ni trosomonss®} Nitrobacter Sof 2]
8} YT olF MFE RIES AYstY oUAE AL EE AU
(heterotrophic bacteria)z}:= e BrjaA HUES Ah33t A 3oy
A ouAlg At ey 5L 7K Utk = SPY 29 o
metd A 4 ol AANYES] /I MY St Nitrosomonas
= NHO-NE N0 -NZ APIAZ 4 olx|mh Noy -NE @8] Abgpag £ g
2o, Nitrobacter= NO; -N& NOjy -N& AbA 71 et @ 4 Qr}
(Bishop, 1976).

A Aoy dold oUa7} MEIG o] 8HE WL Beter
=HeZ Yehdd o3} g},

Ni trosomonas

RANH; +760,+ 109HCO; =

CsH;0,N+54NO; +104H,CO,+ 57H,0 8
Ni trobacter
400NO, + NH; +1950,+ HCO7; +4H7C_03 d 9)
C:H,0,N+ 400NO; + 3H,0
Total reaction
NH; + 1.830, + 1.98HCO; — 10)

0.021CsH,0,N + 0.98NO; + 1.88H,CO, + 1.041H,0

VY A 2P yrjot e g Wgo] d%H o Yojujol
stedl, Aoz AN AFolMe HEA(rate limiting) AL
NH'-N& NO-NOZ APAl7)= ubg o2 oajx oich

ol WHEolM WA ugEe] o] YL nE Uzlze Do,
pHet Alkalinity, &%, FAHe H2 g S5 89 §7E9 qE 9
sx 5ol drh

QAEYHAY A (Biological Denitrification)
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BEYA A Aol BHY Nos-NE AMABE 4P Noy-NE
NOz-N, N2 A7l = &3 2polth. &, 32 007} 22Ed @il
Bolshs D] BES NOy-NE BUAA THFS BTt oluf Noy-N7H HE
M EAZ o] &Eo] B HYHL}

A2 Ao B Yefof] we} thet Yol oy 2 VA Axs
202 43A glcHDawson and Murphy, 1972).

NO; — NO;, — NO - N:20 - N;
Nitrate Nitrite Nitric oxide Nitrous oxide Nitrogen
(gaseous) (gaseous) (gaseous)

HAUNY LS 54 - THY QM F(facultative - heterotrophic bacteria)
of 2J3] o]Fojxn] ©A u|PE-L2 Achromobacter, Aerobacter, Bacillus,
Micrococcus, Proteus B Pseudomonas % TIO}3lt}. AArdjel: e g
53 njg el o3 vAPes AP o] ope}, YNHow 37
8 olAE Fold Aacial Ailolu} opUatg ZHASFLANE ALY
T Ue ALAAE 712 B Eolehd YANE +3YU 4 QcHPainter,
1970).

#7174 ¥t4(Organic Carbon):= A& Yoyly WL oUxE =
=3t DO, pH®} Alkalinity, &%, NO3-N, SRT Y SHEH o] g
Ayl Y& &l

(2) BEHA A AHA

AERH A AA A2 AUEAL YIstel Neyg "esl ge
2ol ALEHS ol Aol UAT o] FTHL Auist= n|PEY NE
A 2412 o) Y=o Qlr).

Y A AA iy LY mde oA st oy 1 2
Comeau/Wentzel Model (Wentzel, 1991)& 7}x]31 A K 7|2 cl).

o] BolXN e AAMA W FFo njgEo| Foyrim B
et o2t vPEE st Bio-P ¥ poly-P Bacteriagl
Acinetobacter7} 1 thEF-o|t}. Acinetobacter= Gram2’dolm, v]|SEA
& Zteth B o] 32 ol3atgA] 1A WAR iy, oW 252 A

- 13 -



£7b Y& Al Nitrate§ AL AU = loem whagow
Ethanol, acetic acid, Lactate 58] §7]4} el E o] &3l Starch: 7}
TEHAL 4 glth. olF pathwayE ZASH= 5 7}z 208 paraveter
= ATP/ADP, NADH/NADH| o] o] BEdE Mus) 2= Aoz ®71/3%37)
ZZo] ol =21 Q).

Fig. SlME ®71zAslolA Aoty BE55S Uehz gy °olE&
2015t ol Zo] Uehd £ alry,

Outside cell Inside cell
CH3COOH
CHCOO
u
M
H
H>PO4 H>PO,
OH OH"

Fig. 5. Schematic Diagram for the Behavior Proposed by the
Comeau/Wentzel under Anaerobic Condition,
a. ATP= oUY2]7} F-5-¢ Polyphosphateo] ADPE o] M{loj wha} xjA™
=2
(i)oly—P),,+ADPv—=(boly—P),,_|+ATP 11)
b. F 7] Acetyl-CoAA}= Acetoacetyl-CoABI e 2 A=}
Acetoacetyl-CoAx= NADH.of 23 Hydro;(ybutyryl—CoAi P ¥
Y=g o] Hydroxybutyryl-CoA= 272 Yslo] PHBE A@sL}
d. Acetoacetyl-CoA§ Hydroxbutyryl-CoAS AHA 7= Uagh Haayel

]

_14-



NADH& Z-3317] $13tod <}zte] Acetate’} TCA cycle@ AA ctjAld
Tt Acetate”} PHB(CiHe0;)n2 HVE & 2L 4] 129} ).

2nAc+2nATP+ nNADH,+ CoASH 12)
—(C4H0,) ,CoA + NAD+ 2nADP+ 2nPi

TCA Cycleol| A Acetate?] thil= c}g3} U}
nAc+ nATP+AnNAD—4AnNADH,+ nADP+ nPi+2nC0O, 13)
A 122} 138 AYsHAE o A 142 Uephd 4 gich
IAc+9InATP+ CoASH—(CyHy05) 1, CoA + 9nPi+2nCO,  14)
o AollA o2 Acetate F49} H&H 29| moled]: 1:10]T},

Inside

cell H.
. PHB
synth€$ 0
< NAD \
NADM/

H'+e  acetylCoA

Electron
Transfer

synthesis

HoPO,
OH"

NAD

NAD

Fig. 6. Schematic Diagram for the Behavir Proposed by the
Comeau/Wentzel Model under Aerobic Condition.

Fig. 6ol= 271270l Agd BSES Uehdr},

a. PHB= ®©71Y Z7|chatol A Eafslo] AJ&Y 4 gt}

b. ©]3}2}-8A] PHBE= ®3E|o] Acetyl-CoAR Xty o]AL TCA cycle®

_15_



9|7} Glyoxalate cycleo gttt Glyoxalate cycleof A kRl
BULHA NADH= o] Foll AAAYAZE AA A8 o] Sajo] el
Bol 2%t Absh= ATPE Aalyic)

c. BEH ATPE ME7} =] LB poly-Pe] zj§H4gA] AMRHT].

&, Comeau/Wentzel Modelof A= poly-P BacteriaZ} EMPL} ED pathway&
7B oA 2B R Glucosed thAb 4 glom C}2 nMEEo] rja}
3t S Acetatel} SCFA(Short Chain Fatty Acid)& o]&3}o PHBE A
Aste] PHBA3 gl W23 NADH = Acetate THA}SH= TCA Cycleo|A] T3
"Hrhe g A3 g

ol o]E& HIYoE YEYHoT A AAG: et WA
ol A & (phosphorus release)¥t Q& 7124 WolA nAE M yE 4
#|(phosphorus uptake)sto] Qg alojgalx] Helz HEAdog A A
3}A] ®th(Barth, 1982).

d BE L Aol Bolsl: FAYUAEE KBS T D0 kY
NO; -N®] %%, pH, ORP(Oxidation Reduction Potential), X, SRT 5o
£ €3A Atk o714 SRTE UE Zojxd RS &ajx|ato] 2 o] 2]
A olZ A FEUA A MA FPo| AAEE ANE s, YE 7
oMA™ MEitgol Yshst Ak AR whal 10~209 Aol e SRT7}
A A3t}

- 16 -



m A& 93y

1 IR U BMYY

1) AHRA

1. Feed tank 6. ORP probe
2. Influent pump 7. pH probe

3. Aerator 8. WAS valve
4. Stirrer 9. Effluent pump
5. DO probe 10.Effluent tank

11. External carbon source pump

Fig. 7. Schematic flow diagram of SBR.

2 4ol AH8¥ SBR MYEAAE Fig. 7o) UElith ¥lgzE S
Smn®] FFoIAYZ A2H JP2RE ALSIAD, Wgze] 2 8L 350
(D=0.29m) 2 U&H2 20LE Aslgct. 9 X 422 I 5me] Alg
2 72 d nPUIE ALsgth Y REAUYOT ZaAcetic
acid)& FUS= FFolT 2] MelE B Q njAyTE A}Lstgc)

At (Mixing) Al Zhol M 9] W ZU) A¥Y YL o] LIS MA st

_17_



Astom, &7|(Aeration) Aol o) F7122E S &7 [
WN71E AH8BtE, A7l ez RFFol 2tz WA s U)o
AR F713F HEUE JWrh YA&HXNE HAAs] AN Nz
Stetoll Mi& R E WX stodct. Axjo] YAY mPyze] 2} & [
ARk 2AZA(Fig. 8)ol o3f Elo|i2 AZAHHES stdon], o
R pH/ORPEEE $I% B3 b zulol 242 Mx|siadct. Nel4e) wja
< S FURES Yr\9s] HALE HAY Lyua LA o8y

[l
-

2) BHYE 0 Py
Table. 1. Analytical items and methods.

Item Analytical Methods

pH/ORP Electrode Method(Istek 740 : Korea)
DO Electrode Method(Orion 810 : USE)

TCOD,. Titrimetric Method(Open Reflux Method)

TCODwn Titrimetric Method(KMnO,, Acidic)

TBOD Winker Azide Modification Method(20C, 5day)
TSS Gravimetric Method(Dry oven, 105TC)

T-N Spectrophotometric Method(K;S:0s, 220nm)

NH; -N Spectrophotometric Method(Indo-Phenol, 630nm)

NO2 -N Spectrophotometric Method(Diazo, 540nm)
NO3; -N Spectrophotometric Method

(Cadmium Reduction Method, 630nm)

T-P Spectrophotometric Method

Alkalinity| Titration Method(as CaC0;)

2t 28 229 RYU49} Ael4ol thsto Table 13} go] 127] BEE
=M3tgrh. o7]14 BODE: 20TolA 59U BODE &Fetd:, COD:
KCrz0700 2%t 3 2 AHd 100TolA KMnOoll 23 Wy g Alg3le &

- 18 -



Bttt T-N2} T-P= 29EF7](Autoclave) & o] £8}od AAe 3jge
o, NH'-N, NOZ-N, NOs'-N& GF/Codx]2 ofz} ¥ EMsigry.

EZuUoll thel A pH, ORP, 123 DOk 158 AT 237 A4 R
Stdom, TP MLSS U SVIE st} o|Ate] 8Eo) iy £
< TULAFFAIUYY(1997) X Standard Method(1995)0] Z}od Al )
3todcl.

2. YEHFO MY

2 YoM 218 FESS] FFE T Table. 29} g},

Table. 2. Composition of the swine wastewater in the study.

Maxium Minimum Mean
TCODc (mg/ 2 ) 6,700.0 3,846.2 5,273.1
TCODmn(mg/ £ ) 2,718.4 1,359.6 2,039.0
TBOD (mg/¢) 2,664.2 1,1955 1,929.9
TSS  (mg/?) 1,705.0 1,3415 1,523.3
T-N  (mg/0) 2,141.3 971.1 1,556.2
NH4'-N(mg/ £ ) 1,726.3 908.4 13174
NO; -N(mg/ ¢ ) 0.69 0.06 0.37
NOs -N(mg/ ¢ ) 0.001 0.00 0.00
T-P  (mg/¢) 1,263.2 376.4 819.80
pH 8.9 79 8.4
Alkalinity 4,115.0 2,517.0 35535
BOD/T-N 1.24 1.32 1.28
BOD/T-P 2.11 318 2.64

Table 2ol ofu] ¥ 7|2t Fete] Rel4e] $+ARN AZE ehhor).
9714 KW, BOD/T-N= BZ 1.28% LERSZ NH -N= 908, 4~



1,726.3mg/ £ (1,317. 4mg/ £ ) & T-N2&] ¢! 84. & A8l QgRog B
°h. TN & ¢RUotdadar}t detat axticie ng T ooch =
g T-PY AL 376.4~1,263.2mg/ £ (819.8mg/ £ ) 2 BOD/T-P= B 2.64
& e glgic),

ole¥ data® ZEs) RO o, ¥ 7o) A&HoA JFA s 7ol A
o HaE YEUAHA Aelg AW o4 darEay +/3H]Ql 100 : 5 :
12h vt of, Yo}, 83 LY ulgo] Arjzos ghi o )3y
BR8] wol Ealste g U 4 o yEYyyow Aeshe AL t}
£ o3 &o] w2 AUE Yehh gt} oo Fyuiyl BAfo 2 24t
(Acetic acid)& #7} FUUC2HN VL F Nelstdn, =y 21t i
ol 2314 A7kl FA] Azlstadct.

3.AB=A

AYPANE 2220l Jhstt YAl MAsto] 200 5CojN 22
stgom, RU4E AH4Y Y4 $21A517] A8 4x1Ce Wl
R} SUUZ| o5 UREBE SEA SUHTE st Aol
Yot WHEAAE AR +UBAALY DESHAE ALgsle] o}
0YL AN NF Aottt Te)L $9Y L 42 FEUS Scale A
o A% RPAFL) Yx)o} MA(D0, pH/ORP)o] FE o] Hasio] 2T}
oAl A& YAS2 gzl YRS nAEo] u A i
317] 918l 271402 AAsL),

2NN Dok #7718 BAARES g8) 2~3ng/L7} Hs® 2
stol, W7o E Aae B3 I 2WINE ARSI A% =
uhst g},

g R MLSS:= FUHRBAE 71808 4,0001+500mg/ £, SRT: 20+
2day2 RABHGCE Cycle Tinel 242700 =S SAslAOn, JUA
B3t wiEAZEL 2509 Nelg R, wjEsidTh Be ¥ AP
2 AT 242} 142 Folom, wldo] BY ¥ Tl Mol &ax|

..20_



4B w37 A8 A/AE Fdch

A ThEt 2 z2dog AMstgon, Fig 8o 2 £HE 2
& Yehigdch

1) et AFA e w3

UEAIZE 22412 3 $2|8W A FAIZHHRT)E 2days, 4days, 8days,
10days 2 2tz} H3tA|7]HA Run 18] S8} go] SABATE AV, &
PMZLE TExe] GESfol o3 nAB &4 g 2HEsIE Wx
33, ul g A3t q YA ALY VAN BT} 98] g
T 3 204102 dAsAT ¥H(1999)9) AFol oshH YA zbo] 27}
UrE /718 AALEE A UElton, 1ETI(1999)0] st fa =
WU single feeding type O 2 ¢ wi WAL $1% 92| 2o] 100%
Fxlojol 3}, A<(continuous) EL Zd 3¢ WA (intermittent
feeding type) 22 U wi: 9874 BRA}E B 4 gch

2) F7)/73%t AJZhu]e] W3}

HHEAIZE 224124 M/AE ZHZ} 0.0/22.0(run 1), 5.5/16.5(run 2),
11.0/11.0(run 3), 16.5/5.5(run 4)2] A|zhl2 MAsigc). o714 89
AZHE REAIZE B 20212002 ST, awk/Er] nELiL 14s

Uro] 2ib/&7] £ st

~

(

3) X4HAcetic acid)e] FA|zZte] W3}

Run 48] SA2AoN Yho] YL EEIANG XA Acetic acid)
o2 AR, ol T Badol us) Zo] Astz, VeI 3
TAL-87-371 4 gEle A=A, oREElAgoTN A H KO
Fo0 pl7l ¥ PEISE $3A9)7] tjEo|th(wilderer, 1987). E
g, o2} ZaHacetic acid)& Yol glo] 1 J2g C:NH 2 slale
o, ojuf®] C:Nul& 1.45:18 3}itH(Dahab 5, 1988).

olofl mel 2 M¥olNel 2zt Azl mpE AL ¥IL |7t 224] 7
3 20/ 28] BabA7]20Q 152259 A0 2QAA7 &8 (Run 4-1)

-921 -



2 AR oA R Roj A 241 2bH A|ZHO R RE whga 7 4x12ke] R4t

£712H 321 ZHEH O E ) (Run 4-2)X7# Ay,

R —
0 4 8 12 16 20 24
I S D Run1
SENSNNNSEENODES
sl|o Run3
S D Run4
< »
<4+ —>
slo Run4-1
D S— >
<+ —>
S|D Run4-2
. Mixing time Aeration time
L SRS ¥ injection time of external carbon source
44— Fill time of raw wastewater
S ! settle D : Draw

Fig. 8. Operation condition,
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V. 23 % 2%

1. 2|8y AFAZY AY

1) S9UY 4 2%

583 A4 K(maximum specific substrate removal rate : ¥HS& T A
4, hr'')8} Ks(half-velocity constant ; Wh&EE Al mg/L) AL 3
oA A At A4 HEA AR 2239t ol FHY
2 F4 Ko} Ks& AMEste olft Y HRTE AMESIa, I o]Fo:= PC
& o] &3l Simulation& ¥ 4= Q7] wiFo|t}. Fig. 9¢ Fig. 102 %z
M AY At d4 HEA AYUFAAE Uehigdch o974 SHES
24 Kot Ks& F317] fI3t 2 HYAANE ¥ A2 AAE vehz
ded, 718 AMA SE& 4 158} go] vehd 4 glch

_ _KXS S-S
K. +S 7~ -6 15)
0 & t2 vlF3 A HelE shA A 162 Zol & 4 Ut}
(X K1 1
S-S K STK 16 )
1800
1600 | 3
1400 | /
o 1200 T y = 12501x + 1141.5
8100 r R =0.8345
x 80 r
2 ol
400 F
2m -
0 1
0 0.02 0.04
1/8

Fig. 9. Determination of dynamic constants in batch reactor.
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y = 26772x + 221.45
R? =0.9923

0 0.004 0.008 0.012 0.016
1/S

Fig. 10. Determination of dynamic constants in SBR.

AZIN +BE £A8E 2t2 1/S2} Xt/(So - S) OB 31 uf Ks/Ki
71&717h, 1/Ke d¥ol Ho ofs]AN Kst K& NEAQ AS$ 2z
10.95mg/L2} 8.76X10*hr o] 31, A< ¥EAl AYHo|M = 2tz 120, 89mg/L
2} 4.52Xx10%hr ' 2 UElyiC)

2) 218 AMFAIZ(HRT)Y 54

SBR] HRTE 4Hg 3ol o}, RUAIFolE HEEA uIgo] ojndr}
3L 7H¥shH SBRO| HRTE 4E%}3 urgo] AMsts §Ya|} wrga|
o o= FAY 4 don FAADoIU uiE AIZS Unix] e A
LES FEHHA o] dojubx] o= o e 7Y 4 Ut &, SBR
4 HRTE= 4] 172 Uehfold 4= ot}

63=T/+ Tr 17 )

o714, Tr: FYAIZA g HRT
Te : ¥E§A|Zbo] I HRT

ol HOoBZRE ¢lojM 41EH 44§ 71A]3 BODEE 7} 2000mg/Lel W]
T8 &2 BODSE 200mg/LE wiESlazl & A9 4] 200 o8] 4:q
A A FAIZO] AME 4 ok AF ol HogNy A2H MY £

- 24 -



S AR AR F$ 7.13daysoln, HEAJ Hex
22.86days2 LEISITE o7]AM, QA% EA MY HEA AgolMe B
27t thE ol f 2 HEAQ F9 AP Ay HoE AEHL) o
ST A2 A% HEA NI E ARt FAWSE Mz §to] Qlol A
ARG & A 2E 288l3, =71 o ol A998 thu|stod, HRT
& 10days2 3h= Zlo] Agsirin Al2®ch o]y 2 IEYI(1999)0) A
2] HRTE o} 122 R A3} 2}(2000)9) ATolMe] HRTE 7.7~
11.8day2 2| 23} FARRiC)

2. FI)/3t Alu) ] W3}

1) DO, ORP, pH Q! Alkalinity

2t W2 ICycle He42 A7 o] WE WL XU D0 B, ORP,
pHe] YHE Fig. 11o] Ueljglon, Fig. 120] Alkalinity®] ¢ - §&
T T A2 &S Uelgith

Ao g FIIXZY D0 SEE 2.5~5.0mg/ L & {3l Qo
A 3ol mel FAAZME AF e D0 ST 275 AR
Uetdch ol R 7)o R7180] et AAF ], whg R Ko
Y R4 R Aviyos zagtol] miel AtA ARE(HR)o|
olx] 7] WEel D0 sE7t FUlEte Ao AlE¥ch F/8 FUN 2
A ZHMixing time)olls " &=l o3 100dE olujo] FabiAte)
(anoxic state)& RxI8t%cl. eyt M/AE 16.5/5.5(Run 4)2 LAY %
. AN FibRe) DosEIL A Holxz| ¢m Eul,  Jeill
0h(1999)Fol oj3}d FAita
HojAtia 3o, & HJME o] 7|2t} u]%stA olaAlgdo] 2 Xy
€t AoE Mo} ghlof 9lojA glado] &3l Uehyd Rez xgd
th BAAZ A 158 $¢ 2ol D0 27 FH3] solx|o uy
38 ¥ 0~3.0mg/ £ & {2514}

M/AE 16.5/5.5(Run 4)8 Adltiels Z7]A 7oA D0 S = R A3}
T Y =AU 2mg/ Lo]AH(EPA, 1975)& BFAHoT {x|stdou,
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5.5/16.5(Run 2)8} A7t HIE SR ZFPolt TuUIAZ Fob Eabaatg)
& FXI3h=d o3 go] walr}

&, WEEF 3 MAJL16.5/5.5(Run 4)Y Z$ Z7] A7t BZof 23t
D=9 Ash= ¢loloul, 5.5/16.5(Run 2)2] A|zHujol = 7|4 zto)
tHE 2wt AIzE RZo] AR s} Hol WA W Qe MAo of g
ol Rog g€},

|:Run—1 —~—Run-2 —~-Run-3 +Run—T]

200
100?-6=-v—-:==»—~w-1
0
a -100
A L SL NN NN NSRRI
e S
Caos BT
SO L IR R O
10
g_i A o e e,
T 8
GM%’
5
6
s ]
5 M LAl Al
s 5 AR AALA] I%ml
© ] LT N
. B9 % AR
0 4 8 _ 1(5 )16 20 24
time(hour

Fig. 11. Variation of DO, ORP and pH with the ratio of
mixing/aeration time, (Run 1: 0.0/22.0, Run 2;
5.5/16.5, Run 3: 11.0/11.0, Run 4; 16.5/5.5)

AVBY L UehlE RPE Bl WS Zule] Ratartejol ] g3}
3 g2 el whotd 4+ gl=ti(Koch 2} Oldham, 1985), £HA|Z 7
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2ol w2t D0 = FZo] ulalsle ORPE Z7BI= AW Uehyz ol
th. M/A7} 5.5/16.5, 11.0/11.0, 16.5/5.5 @ w| A]ZtA o] wh2 ORPL
M7t FAE AR, 0.0/22.0(Run 1)9] A2 Hlo M= o] e Age ¢
Ach. WAZL AALE AT HM WAZF 16.5/5.5(Run 4)2] A]Zh]
o £250nV o]de] Hel 2E UEehhdrh Z3 o] N E Fukroey
ORPS] W27} AetA Uehtz] gdiul, o] E3 ehagio] R&s1y] wfSof
MHFo] A ez gdL Rog A&}

A FTAZAM 2ol pHrt 2718t BjA| ol ABIg
o, Aol wet Fr)x oA ps MA wlolAc)

M/A7} 16.5/5.5 9 wh(Run 4), pH 8.6~8.9 42 2|8} Qo] pHE
AL A4 - AA ojBEo] go| AL HoE ARHoAUY {7|E
Td4 3212 3 AALY AAE BF 2YA Ueluka] i

221} M/AZE 22 Run 1 ~ Run 28] LAHZAo|M = pH A 3l7} =ais}
*{, 0.0/22.0(Run 1), 5.5/16.5(Run 2)¢] X|ZH] & wf pH 5. 57} 2] 313}
o nl3gol o FYo] = Ar). (Dawson} Murphy, 1972; AKX 5,
1984) .

[-Inﬂuent AEftluent -=-Consumption rate

4000 100
3500 19 _
180 R
5 3000 | 17,0 %
2 2500 | {60 2
Z 2000 } 150 2
£ [=Y
3 1500 | , 140 €
= 1 {130 2
< | c
1000 1% &

500 } { 10

run 1 run 2 run 3 rund
Ratio of mixing/aeration time

Fig. 12. Variation of alkalinity and its consumption rate with the
ratio of mixing/aeration time.(Run 1; 0.0/22.0, Run 2:
5.5/16.5, Run 3; 11.0/11.0, Run 4: 16.5/5.5)

Alkalinity:= M/A7} 4.5/1.5 9 wi(Run 4) 42.4% ARE| o] 1820.0 mg/
L7 eI oY, WATL L4 AREE 27181 6.0/0.0 ¥ m(Run
1) 99.7%8] Alkalinity7} AR ¥o] 8. 3mg/ £ (as CaC03) 7} AMel4 & =&
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sttt J@E2 Alkalinity®] £2of 9% pH AstE Wxs17] gsjys
Yl FEE BEY 5 ol FEU aARE Folof Bt}

2) f71& AA

Fig. 130] M/Ao]l m}E BODY &4 - R4 5E9 AAXES Uehlgl
1=

f7l& AAY F=& el BODE YPH o2 M/AJE 1.5/4.5(Run
2)& AMAstie 1 w7t Aol e}l AARLE st

T 5(1999)0 2%t M/Ao] B AT Alzuist zfolol wie}
BODMAEE 715t Azte th2A Yelwtdl, ol& pH Asie ¢
Flel =] AR Iyt Aaiste} whaste] M AY Hog AL

[ R influent EAEitluent -=removal efficiency ]
3500 —— — 100

3000 {95 _
0 xR
2500 }F =
a 1 90 §
8 2000 | o
E =
= 1 85 S
8 1500 }F E
o 1 80 o
1000 | 13
&

500 175

0 70

1600 100

1400 { g5
1200 R
5 {90 o
< 1000 ®
E &
3 800 85 3
g ®
8 600 80 g
400 P 2

7 Z p 75

. '. 7, % 70
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8000 100
7000
6000 F
5000 |
4000
3000 |
2000 |
1000

1 95

1 90

1 85

CODcAmg/L)

1 80

Removal efficiency(%)

75

run 1 run 2 run 3 run 4

Ratio of mixing/aeration time

Fig. 13. Variation of each concentration and removal
efficiency of BOD, CODw, and OOD¢- with the ratio
of mixing/aeration time. (Run 1: 0.0/22.0, Run
2; 5.5/16.5, Run 3; 11.0:11.0, Run 4; 16.5/5.5)

Fig. 13042} o] F7|/ a4t A]zhu]7} 16.5/5.5(Run 4) wj BODA|A
&°] 95.9%0]% AAEAOL W48 BT AAI} &7 GRo] ujEse
FEE 135.20g/LB3EHCL o]yt Abe S8 NFAE AR Y
ol A AL S I0xol o8 213ty fEog Ale¥T},

5. WAE 16.5/5.5 +80% &7|A7+g Foltjels BODE 95, 9% o)A}
AA= A=, ol AWML 3 Busatesl #8808 §xFHo @
A" APol Y BtAY 20060 o3 S8 HAT} o]FojA Row
AlRHr}(Ekama 3} Marais, 1984: Shin 2} Park, 1991).

¥ Run 1 ~ Run 48§ H]ZA], CODQ Z-% Run 47'o] Run 1RT} &
< A& YehdodAet, BoD2} C0DWel %, Run 10] H]3] Run 28] #A
&°] YW3AITt Run 32} Run 4+ Run 1of H]3] && AALLS Uehigl
th & F7]A2bz 2uAE A 2ysied WSS W AL w©aA -
el Foll 23 ghagdo] £H]FHo Y] wjBo] Fr)x|7te] BolEUelE
718 AL Fe) glol AYHE How AL}

3) A4 ¢ AA

Fig. 14 NH -N, T-N, NOs-N& /9] - 82&4 %9 NH -N, T-Ne]
HAAZEE JERHAIL, Fig 1500& T-P 84 - §24 =T} JARL
< Uehjdct
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L_Influenl BAEffluent -w-removal efhcnencTI
1600 100
1 90
1 80
1 70
1 60
1 50
4 40
1 30
1 20
10

T-N(mg/L)
Removal efficiency(%)

1600 100
1 90
1 80
170
1 60
4 50
1 40
4 30
1 20
10

NH,"-N(mg/L)
Removal efficiency(%)

NO3™-N(mg/L)
@
o
o

run 2 run 3 run 4
Ratio of mixing/aeration time

Fig. 14. Variation of each concentration of T-N, NH,'-N and
NO; N, and removal efficiency of T-N and NH;'-N with
the ratio of mixing/aeration time. (Run 1; 0.0/22.0,
Run 2: 5.5/16.5, Run 3: 11.0/11.0, Run 4; 16.5/5.5)
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3}88tod 7. 1%%ko] MAH 933 4ng/Le) Me4WE Uehiz Qe
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7h Mzl 3 BEsta gloul, MAYE Zadtel] ulel g gol 2] 3}13teq
0.0/22.0 ¢ uh(Runl) 672.3mg/L7} &3}n 3th  NO-N&  M/A7}
0.0/22.0¢ wh(Run 1) 84.3mg/L2 7b% &34, 2 2o 11.0/11.09 o
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Fig. 15. Variation of T-P concentraion and removal efficiency
each run. (Run 1 : 0.0/22.0, Run 2 : 5.5/16.5, Run 3 :
11.0/11.0, Run 4: 16.5/5.5)
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Fig. 16. Variation of DO, ORP and pH with injection time of
external carbon.(Run 4; 0.0 hour, Run 4-1: 15.0
hour, Run 4-2: 3.0 hour)
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Fig. 17. Variation of alkalinity and its consumption rate with
injection time of external carbon.(Run 4: 0.0 hour, Run 4-1:
15.0 hours, Run 4-2; 3.0 hours)
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Fig. 18. Variations of each concentration and removal efficiency of
BOD, 00Dy and (0D with the injection time of external
carbon. Run 4; 0.0 hour, Run 4-1: 15.0hours, Run 4-2: 3.0hours)
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ol O FoiM duidoz ARMZRTE £AF] HAY HELE AEE
th & olay A Ruiade] FUAE AA AFH NH-NY A
Aell o #e]¥ct.

- 36 -



| mminfluent @AEftiuent -=-removal efficiency |

2000 100
1800 90
1600 80 R

__ 1400 70 3%

2 1200 60

o L

E 1000 50 £

= ]

T 800 0 3§

600 30 ¢
400 , 20 &
200 ' y//, 10

0 . 7 0
2000 100
1800 | {190 __
1600 | {180 ¥

S 1400 | {170 ¢

2 1200 | 160

Z 1000 f {150 %

= 800 140 s

Z 600 | 130 @

400 | {120 g
200 . T 10
0 V7 % 0

Run 4 run 4-1 run 4-2
Injection time of external carbon

Fig. 19. Variation of each concentration and removal efficiency of
T-N and NH;'-N with the injection time. (Run 4; 0.0hour, Run
4-1: 15.0hours, Run 4-2: 3, 0hours)
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Fig. 20. Variation of T-P concentration and removal efficiency with
the injection time of external carbon.(Run 4: 0.0Ohour, Run
4-1: 15.0hours, Run 4-2: 3.0hours)
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Fig. 21. Variation of TSS concentration, removal efficiency and

SVI with each Run,
£ A¥oM &2A] & AAEE Uelle &2x]-&3*F(Sludge
Volume Index : SVI)& 94~132BEE & xjo]& Uehiz| & Qgton, &
A7t 3 Aol 23 Sludge Bulking B4 dojuiA] gttt &%
ez FHol AZgol ¢BHUE SVigio] 50~1509& ZdstH
Aoz QIR AREE YUehfa ot

5. M/Aol mhE T-NAA, T-PE] 337

Fig. 220l= M/Ao] m}& T-NA|AE W T-Pe] FAJAE Lehhalct

_39_



70.00

— 60.00 T~
9
%
¢ 50.00
()
3 / y = -9.8422x% + 45.839x + 12.221
§ 40.00 / RT= 0927
3 .
2 30.00
E /
€ 20.00
z /
= 10.00
0.00 .
0.00 1.00 2.00 3.00 4.00
M/A
80.00
—_—
_ 70.00
® /
% 60.00
[= 2
$ { = -9.4282x> + 52.396x + 0.9891
g 50.00 R?=0.9939
@
3 40.00 /
€ 30.00
Qo
a /
& 20.00
o .
10.00 7
0.00 .
0.00 1.00 2.00 3.00 4.00
M/A

Fig. 22. Relationship between ratio of mixing/aeration
and each T-N removal efficiency and T-P removal

efficiency
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