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Abstract

Bacterial numbers, such as endospore-formers, and treatment efficiencies were investigated for Rotating Activated Bacillus
Contactors (RABC) and other advanced wastewater treatment processes including anaerobic-anoxic-oxic (A20), sequencing
batch reactor (SBR) and biological aerated filter (BAF). Endospore-forming bacterial numbers in the RABC showed 129-fold
higher levels than those of the existing advanced systems. RABC process demonstrated the highest bacterial numbers in its
bioreactors (paired t-test, p<0.01). RBC biofilms and aeration tanks of the RABC system showed 131- and 476-fold higher
than other existing advanced processes, respectively. Mean treatment efficiencies of the existing systems were 83.5% for

chemical oxygen

demand (COD), 59.1% for total nitrogen (TN) and 76.8% for total phosphorus (TP). However, RABC

process removed 96.9% for COD, 96.9% for TN and 91.9% for TP for highly concentrated food wastewater (COD>1,500
mg/L, TN>150 mg/L, TP>50 mg/L). Treatment efficiency was significantly reduced when the numbers of Bacillus genus in
the bioreactors decreased below 10° CFU/mL. The automated RABC (A-RABC), in which dissolved oxygen concentrations

are automatically

controlled, showed higher treatment efficiencies compared to the RABC process. The RABC system

maintained sufficient bacterial numbers for the effective treatment of highly concentrated food wastewater. Moreover, final
effluent was in agreement to water quality standards.
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254, 2005 HFAFAE g AHEH gt AT WA EAGGAFS 718 5=5Y T4, 718, 88544
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sfuoltA &3, 2007). RABC 23S dub#9l AEuz
He A #F 2 #71E WsE M ago] YolA
A gom, RAHAl AA LaFHE A Y= AENS
Z U Bacillusg X3ste HAE 2o 98 1E=9
#7118, A4, A 2 AHPEY AA W 2&FHom
dotes o2 BRIASJTHHSE &, 2004). RABC 373
< RBCYU 25494 # 22 AELIHNA ALEEHE 24
of Hlgte ZFoln B AR Y2 PH4E I
AE AHEs7] WFel AEFo] dA5 F7HE By oY

2HA ASEA 717 2 SSEFE AAE Uk(E
, 2008). #Z RABC 542 Agx7]=] DO A&x
& F&Aste] GFA2Y 2ASE =
Automated-RABC (A-RABC) Z@ o2 WAk
, 2008).

HeAgagel AEFo] FASIL(FIZ S, 2000),
RABC &4Ho] Bacillus & A& 5
&3t (Park et a., 2007) HHAAZH

on Oof m o M
4T rfr X Hr

F59 AU EEHY BAG B Bie BA @

ot} ole] ¥ ATME ARABC § 49 LT 7
SAYE ABRezAAY 574 2 A7H FE5ILA
FH(AARS) S Bacillus £ FFah WA EAE YA

274

TFE ZAERLH, olE A s o HeAEaeno)
BAE A9
2. YAH
21. EMOM AlE 2 2M7|72t
A-RABC AT IZEL AEEE AN AL Je
o, E.E5% 9 $71F A5 19 AEF 1,300 m® T

22 AZsa ok #H$E RBCE #UF o #1, #2,
#3 E7|R £o2 32T DO HEE RBCOIA 05~1.0
ppmel®, E7|ZE 7LV (tapered aeration) o2 2
dso] #1, #2, #3 E7|Z DO’} ZZ 1.0~15, 04~05,
01~02 ppmzZ A2 FoETh RABC 33 AR 4t
AZANAT G, G L AFAFADE, 429 AEFHS
A G setd A gl AFsA T 2L 7€ A
EAEZE AlEe 49 M) steEeAdd(EE, 54
=%, ZE)H ddsFE LA A AF s 20079
895 E 2008 5971 AAY F 2809 ARE EXS

rr

l..

F AA E5WA wyksty]
=2

Z e F AR 50mL A HFE 450 mLY FA 57t
@21 facon tubed] ¥tk 714 844 0.85% NaCl

9 FHRTAL 78 gHe= 755 1 Lo NaCl 2.25
g, KCl 0.105 g, CaCl,-6H,0 0.12 g, NaHCO; 0.05 g= ¥
QoH, HEZEE 0.0001%7t HA resazuring @7}t
THoT PG E AT F AEE 4T AFeF
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e wuKvortexing) 18, oo ZolFr] 18, 2S94
Z(Branson sonicator 7150, USA) 1, 9&o] ZolFr] 1
9 F 434S AXY(Lee ¢ d., 2007), o] FF& A%
Aoz 3¥ WMEIICL AggIARFE d&He= 3
ANG Fol] BEES AAS7] ¢85k 1,000xgel Al 183F
A EGFo =N AE AHDEFR Ax7t FFd 59

25k

23. MZHTE HiX|

37148 FEYFATFS 1L5% (wiv) FHHo] HrbE TSA
wl X](Tryptic Soy agar media, Difco), &714 WA EZAFH
Al Bacillus <4(genus) Al Bacillus 3Hd i
(Fluka), @718 SEIIAE2 B2 X5 TA &
AR S A7 anaero-TSA HlX), 133 @718 WA E
AZHAFQ  Clogtridium &  A#E  RCM(Reinforced
clostridial medium, Fluka)2 Z+Z} AFE3lTh

24. HHQF X A=

A&EME AEE FNUEEZE 100 uL¥ Fato HE
Hlx] 7hedd BEstn fHE E=2(loading) st th
3718 SEIIATH NAAZAZGA T2 37°Coll A 484]
b e gSt ok A (Colony forming unit, CFU)E A3t
Aot FEIGAFE ZE TAE AFHAL, Badillus &
2 Clogtridium & A9 Alee WA FFAY] AAld o
g A8 =5 VA0 S As U dASHI
At 30% ool 4P & &I B FHRFA F
41 Anaerocult A(Merck)Y+ GasPak EZ anaerobe container
system(Becton, Dickinson and company, USA)S Anaerobic
ja(Merck)ell dol 7144 23 AAHEE siHeH, 3
714 278 &A9& st F7FE dry anaerobic 100 indi-
cator strip(BBL)& anaerobic jardl ol #AMo] Itz &
A= 270904 37°ColA 96413t v ok FAE Al
ot th

25 AME|E8 TAt
AE AALE FHeE 1539 T 2AUY =9
P AdEed HF 97 2 A
stk 4k 4l AT dAsTELA g &
3 ASE 2FHANA FIH KA F A
2008; F2HE 3o, 2008).
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3.1. M@= H|u

Table 12 EAT ASE9 AEFE AZITdE=E g
gt Aot AwtA oz = AU WAZAZHAFL Clos
tridium & A#FY F7F 37148 EAEAHFQ Bacillus &
AFrc 2ot JEHSEY T T5IINFT= RABC
Z3(A-RABC ¥ RABC)o] ¥ 5.0x10° CFU/MLZA 7]
£ A9 BHF 2.1x10° CFU/mL] H|3te] 233u] mgrth.
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Table 1. Bacterid numbers in bioreactors of various advanced biological wastewater trestment processes
Wastewater Name of Mean bacterial number (CFU/mL) BaF::iaIIIIL?s (Ei/o)
wastewater .
treatment S Bioreactor Bacilli | Clostridia Endospore |  Aerobic Anaerobic Total To To totd
process lant ) (B) formers | heterotroph | heterotroph | heterotroph | aerobe [A/(C+D)]
(A+B) (€ (D) (C+D) (AIC)
Biofilm 58x10" | 9.0x10° | 1.0x10° 5.9x10° 9.6x10° 1.1x10" 9.8 05
ARApC | Gimeneon ira;zrr’]ertik 17x10° | 13x10° | 74x10° | 69x10° | 53x10° | 63x10° | 243 | 27
L food
:rang]er;k 88x10" | 6.3x10° | 9.1x10° 9.2x10’ 5.6x10° 5.9x10° 95,5 15
Biofilm 1.1x10" | 3.7x10° | 4.8x10’ 3.1x10’ 6.6%10" 9.7x10’ 35.5 113
Y angsan 2r;§1ertik 32x10' | 11x10° | 11x10° | 91x10° | 41x10' | 9.1x10° | 35 35
L food w4 Tooered
i miﬁertank 13x10" | 20x10° | 33x107 | 13x10" | 18x10" | 3.1x10" | 96.9 419
RABC®
E;T%‘;”g Biofilm 47x10° | 21x10° | 68x10° | 1.4x107 15x10° | 29x10° | 336 16.2
Japan food | Biofilm 40x10" | 2.8x10° | 3.2x10° 9.4x10° 1.5x10° 1.1x10° 43 36
iﬁz‘:‘:ic o Biofilm 1.7x10° | 4.9x10" | 6.6x10° 2.4x10’ 2.6x10 5.0x10’ 70.8 34.0
y ¢ ARABC and Biofilm 1.8x10" | 6.3x10° | 9.3x10’ 9.0x10’ 1.3x10° 2.8x10° 20.4 6.5
. :Z”CO ] a0 heration tank | 5.0x107 | 1.2x10° | 22x10° | 17x10° | 38x10° | Lox10° | 300 49
Total 29x10" | 82x10" | 1.4x10° 1.2x10° 2.1x10° 5.0x10° 24.2 5.8
NPR® SDe"’V'Ve;ZZ” Aeration tank | 2.7x10° . 1.9x10° . . 14 .
Jsznwigz Aeration tank | 2.7x10° | 4.0x10° | 40x10° | 1.1x10° 6.2x10° | 73x10° | 25 0.4
MLE®
Noksan . 5 5 5 7 6 7
sewage Aeration tank | 1.3x10 9.0x10 2.2x10 1.0x10 1.9x10 1.2x10 13.0 10.8
SBR® Sez,”g;gng Aeration tank | 1.2x10° | 6.3x10° | 75x10° | 1.3x107 11x10° | 24x107 | 92 50
BAF' i:(ﬂ’lr;ggae”g Aeration tank | 1.6x10° | 18x10* | 19x10° | 25x10° 82x10° | 11x10° | 6.4 15
Mean of Others 7.1x10* | 8.0x10° | 1.1x10° 1.5x10° 1.8x10° 2.1x10° 48 3.3

°A-RABC: Automated-RABC; °RABC: Rotating Activated Bacillus Contactor; “NPR: Nitrogen & Phosphorus Removal process which is a modified A20 with

an fluidized-bed oxic tank; MLE: Modified Ludzack-Ettinger;

a3 WA ERAFGAFST A RABC 30| B 14x
10° CFU/mL = 71% TR PF 11x10° CFU/MLY 129
Witk RABC 33olA Adse 713 & 542 Az
A Al 7hrtﬂ*1E &3] Bacillus & MNd57F 71& &
el v dAs] F7FEATHE AR oltH(p<0.01, paired
ttes). & RABC &3¢ H# Badillus & A7 2.9x10°
CFU/mML(4.7x10°~1.7x10° CFU/mL)S 7]& B
7.1x10" CFU/mL(1.6x10°~1.3x10° CFU/mL)<] 401H] 2A],
EEISA A4 2338 Y Clogtridium & Ald4 S71E 129
WiEg @8 =4 eyt F 71E 12X 3EY AE
vhe x| A 7bd B2 Bacillus & Ald4 1.3x10° CFU/mL
€ RABC 33AE 718 AL A+ 4.7x10° CFU/
mLETH § Y42 $#FQ Zo|th. RABC 339 AEWS

Q1 RBCY ARI7ZANAM AFFe Hshes E=2 %ii’iv}.
A gk Bacillus & Ali<] vl g9l doixe & Zy|x7b

-
T3

AgAY ErzRT dA5 F7MEE Ro=2 Yeuth
A-RABC 339 AZE/NZAAY 3718 SEGLEAAF

SBR: Sequencing Batch Reactor; 'BAF: Biological Aerated Filter.

gi¥] Bacillus & Al ¥&S 2E #3 L7127t 955%
2A #1 ¥71%9 243%°] HlE] 3w ol ZErtetdx
RABC ZA AL #4 7|27t 97%, #1 7|27t 35%=
168) olFoz AA3| Z71E Uk o]2A RABC 23 #1
X7)1z9 Bacillus & Ao Hlgo] B3 35%FE A
22" AL, Table 1914 BE ulgl 2o] #1 E7|RA
Bacillus =7} F435HA Eo1E7] ®iEo] ofyzh#l 27
% 3.2x10" CFU/mL, #4 ¥7]% 13x10° CFU/mL), #1 %
Nz INPYEST F 3NH FEISATTIE #4 E7)
o W AR @yl HEY Aelth#l Erlx 9.1x10°
CFUImL, #4 E7]% 13x10" CFU/mML). #1 £7]%¢]
FEAFT7E olEA B2 AL A, uz Pl 9
BEVSE F RBCY FE57F #1 TVIRE §9%
37188#F7E S7F AolaL, B4, #1 27

F&HE JATVERE AA wAY
ol2W F&HIIA TS

(98.6% #L), WAEAES AHs= B

F y
4

£ B
G
N
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Gl o]th(59.4% #
&), & wAY JAEI)ZQ #4 I 0 5%7} 0.1~
02 ppm¢ FALEAAD ARG EA
Bacillus & AldS WAEZAES FHste] &3t vhd o
2 7Y 3U1H SSIGAFS AZo] dAHAY ArE
H7] fEot(EEE 5, 2004). BHFHow FFHow
7FeEI e RABC 349 wiAY AZEI|ZAAME S
718 EEG e T 95% ol4o] Bacillus & Aldez T+
45+ Aolth. RABC 39 AMEHIAY Hi Bacillus
& AgFE 1.8x10° CFUMLoIth Park 5(2007)& #H4
7} obd AEs4E Az2she RABC, RBC, &4&dAF
FellA9 Bacillus & A#5E Eistded, RABCYH
10°~10" CFU/mL, RBC7} 10° CFU/mL, 84<8A %7z
7} 10* CFUIMLZA s 9 apdrtA 2 st g oA
T RABCAIA 9 Bacillus & A7t RBCY &4<8 A
FHET £~ b o 2dth

RABC 339 MEW3Z AldsE A-RABC 330
3 dudez H Aoz YeElgti(p<0.01, paired t-test)
53] Bacillus & Md< H|E3 WAEAFZAHY]
v st A-RABC 27 ¢] 10°~10° CFU/mLZA RABC &
Ao WAZAFEAAF 10°~10° CFU/mLel Hl5te] A 2
gteh o] A2 DO AEX2EZA7F WAZAZIAHY v
S Foled WS EHHoE &% ARE Bl

@)

3.2. Bacillus = M=

Ho 2oy s xﬂﬂs}L 15%4?4%@% Fo9o 7
Pzt FAE A FHoF fFHA o, FHZ 2o
AAZ HFHE %‘ﬂ% 4 F Ute HAMxz #
Aol Az JYTHH-S A, 2005)

o]# 3t BHNA BaC|IIus
Q0] A& FFEF ¢

FA2Z7F dx" v AHA S
ZAA S} A71&, 2000). E 4
= A=A TH AEULZE U Badllus & NE5S &

71E(COD), ZE4(TN), 2J(TP)9 AYa &S A=Z "

s Bgiot.
Table 2= L=AZZ3 A F=9] COD, TN,
TPY B¢ 3EE Yehd Aolth A- RABCUr RABC &3
9] H#{l#H<E COD 1,450 mg/l ©]4, TN 160 mg/lL ©
A+ TP 50 mg/L o]Akel FxL o] AZFFolAY Ex 2
Btz FeArh olo v o}cl 71E A=AYZ8Y strA
278 FYd4E COD 140 mg/L w2, TN 20~62 mg/lL, TP
5 mg/lL w5t &2 A RABCO| Hls| A4 A
HeHoh 2¥o = B35t RABC 339 HF WR+FR
COD 49 mg/lL, TN 86 mg/L, TP 44 mglL2A, 7|&
=X EEY B TN $F5F2< 140 mgLel Hlstd
A5l G FEE FAYRLEN A AL AARES
HAFQth B85 5(2004)2 olaw RABC 339 &2
bl Bt o
9l

—

AR mgo] ARTIRA) LgudEnez A4

Fig. 12 #l=x2l&3¥ COD, TN, TP Xalagd A
Btz 71 EJ1Z W Bacllus & A#FFS 5714
TEGHAFTE e "ot A-RABCY RABC 3
42 712 3FEY AYdagol Y ¢t @
RABC #¥ &9 Bacillus &= EE 7]1& FHo| 4|3}
o A 10%) Z& 10° CFUMML o4& §Astgen, &
3] A-RABC 239 Bacillus = 10° CFU/mLYl 7171-&
AER olF Bth wa VY EEIGAETY BF 2

9 712 FF(MLE, SBR)*IA RABC &7 H|%:31A
FAT 1 AFPg g dojAE RABC #
ugtth, o)A RABC F4o] 71& AR
Tgol ¥ AL AUFez N 22 Badllus

PZTHES} AZZHE Hlsﬂ 1/10~1/1000 $<1 5.0x10°
CFU/MLSl A7 9dgith 28 o] gA] AT AES
TN TP X2l 282 8213 29 80% mwte] AZaes

ag
71E2359 e, °] dE9 AHBEES 95% °]d9 Adae
& fASe ASZHERY 24 4g B ojyg J|E

Table 2. Influent and effluent qualities and important operating parameters of various advanced biologica wastewater trestment

processes
. Influent (mg/L) Effluent (mg/L) Flowrate . ML.SS in DO
Process Plant name b b 3 FIM ratio | aeration tank
cop® | TN | TP | cop® | TN | TP (m°/d) (mg/L)
(mg/L)
A-RABC Gimcheon L food 1720 | 1685 | 62 54.2 44 17 1,300 0.4~0.8° 3500~4500 0.5~1.0f
RABC Eomgung septage 1470 350 53 435 12.7 71 3,500 0.05~0.2" 15~0.1°
Mean of A-RABC and RABC 1595 | 259.3 | 575 | 48.8 8.6 4.4
NPR Dagjeon sewage 95 442 | 37 12.9 20.0 0.5 20,000 0.3~3.0° 4000~8000 =20
Jangrim sewage 132 624 | 47 215 18.3 0.8 285,000 d h
MLE 0.03~0.15 3000~5000 | 1.5~3.0
Noksan sewage 76 236 | 25 18.0 12.1 1.0 10,000
SBR Gangdong sewage 64 20 32 7.6 9.8 0.9 15,000 0.05~0.2° 3000~5000 | 2.0~3.0"
BAF Joongang sewage 57 325 | 29 9.7 9.7 05 120,000 NA® NA® =20
Mean of others 85 36.6 | 34 139 14.0 0.7

See table 1 for A-RABC, RABC, NPR, MLE, SBR, and BAF; °CODwn for sewage and CODc, for others; ckgBOD/mZ-d in RBCs; dkgBOD/kgMLSS-d in
aeration tanks; °Not available; DO in RBCs; ‘DO in tapered aeration tanks; "DO in aeration tanks.

2xHN SRS K| ®25A HM25, 2009
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100 1.0E+09
— — 1 1.0E+08
80 :
g — E
< 14 1.0E+07 £
> [
g 60 : 5}
k] Qe 2
S ) {10E+08 2
2 g 3
E 40} -
] X -
o =1 1 1.0E+05 @
= i £
\ | 5
ler =
20 s
11 1.0e+04
0 = 1.0E+03

A-RABC RABC NPR MLE 1

MLE 2 SBR BAF

CICOD CITN TP —+ Bacillus —— Aerobe

Fig. 1. Comparison of treatment efficiencies (%) in terms of COD, TN, and TP with numbers of Bacillus (@) and aerobic
heterotrophic bacteria () in aeration tanks of various advanced biological wastewater treatment processes. MLE 1
and MLE 2 represent the Noksan and Jangrim sewage treatment plants, respectively (refers to tables 1 and 2).

9 2 REAYFTP HHHNE F2 oY o 2
J= A-RABC 339 AEHS BE AZI/E 94
Bacillus & A#57F 10° CFU/mL ml@tez 743 fs

S o

TN TP} 22 nxx2ago] A3 A &
BAFE gA7t € § 98 Aolth RABC A|l2HoR 7
593 gt JAAAYA) 29 AERL Bacllus &
AF57F 100 CFU/ML B Eo]l(Table 2), TNT TP =
gl agol Z+7t 96%, 8T%E GAStT. FsAE st ohd
sAgo]l RABCEEol A 89 2 300 m/Y Ael &
o) 4%ZWE RABC FFol gt o 42 RABC
FZNN BB Bacllus & Al¢FE 107 CFUML, 2
2]l CODq, TN, TP A&l ZZ 865%, 79.0%,
70.0%E 71E35ATHEA -, 2003). FFAE E &l H| e
SeAzagol oA B AL AdF FAL £

wE fske Fol fYNFY 110 FEOE 7] o

-

o Cq>
HHoE U EE5ISNFTS Badllus & AL
RABC ZdEtt X HJth. 53] AHZEE&L CODwn
83.59(76.3-88.1%), TN 59.194(48.7~70.7%), TP 76.8%(60.0~
86.5%) 24, £ A7 4 RABC H A2 30 vlsiAe
AASA E%em TN Mg Ego] 53] Eolth Table 29
A B ukeh 2ol 71E e Hi 36.6 mg/Le TN
o] F=9 140 mg/LY THRF7 AAEE A Hlste,
A-RABC 332 1685 mg/lLe TNe] FY=o] 44 mg/L
of E3et Y42 TN 59 BRF7F A= fich 2
g 7| FZF RABC A 49 AHJages v
ws E9kS W= RABC 249 TN AZ&Eg2 &4
FatPen CoODY TP Ma&2 Hxatdth H&S
(2004)2 RABC IHol &d<&dA FHd Hvl&f £8x9

[s)
WPHe A1 AFAe Fohe gel Aok masig,

=

ot Ho

Bacillus & Al 338t B8 & & AFXE g0l &=
EZ H¢(EAAS Hr71E, 200009 gy ZEF A
(71 &, 200N E 2 AFEES Uehdt= A

olml Eyug ul itk HAZREI|GAS Fshe Bacillus

AFFE dASHA 7] A= RABC 349 9
o A JAE7|x9 DO FEE 0.1~0.2 ppm= EA

&= Aol o]d Y& DO FEE Bacllus? F%
A7 WAZRAZ WA sk §HE, g2 279 AdF2
AGE AAAIIAY AFBAR 2R Bacillus & Ald<]
" go] Folx= AoltlTable 1). AE3 5(2005)2 Baci-
llus & A9 A2FH EA5E Fsted Bacillus & AlFF
7t 4 FEoE FUtEE £8A ARG o] TUIELEHN
NFdTY AALZEC] SUHHE o2 Bt} Bac-
llus & A9 $HstE &9 tHTAZEE FHARSE
S, 2004; =AY AF71E, 2000), MEFY F7ME B
A ag g #F9 RA(FIZ 5, 2000 U A
T RABC F3°lA Bacillus & M3 4utA#9 =0
2 X g #I EHiE AY Yo B AF 2
RABC 349 =EE AEWSIE F AEYUH x7|x9
Bacillus & Al#47} 10" CFU/ML ool 53 A&
go] §A=E v, 10° CFU/ML wwrez Zhastd TN
I TPet 2 A=A F g0 A4LE F USE HA F

ATHFig. 1).

ol > I rlo

4 2 B

RABC(Rotating Activated Bacillus contactor), A-RABC
(Automated RABC)¢} 71t st 9 ¢ LE=EAHIHES
o2 Bacllus & A#5e AZHEETRY] FHTS 2
A7) 98t 2007'd 8¥FE 2008d 5€7HA F 28749
AlRE B39 ted 22 2HE i
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1) RABC 339 AEZ9 B THIINTF(=718+9
719)E 429 RBC7F Hi 2.8x10° CFU/mL, A%
¥71% #AF5E HEF 1.0x10° CFUMLEA 7]& 1%
349 dF F5IYFATSF 21x10° CFUMLY) 131
vl g 476uie] Elth 53] updE 29 22 yAE
AZPYAFE SHSA717] 98t RBCol F&5H+= A
ZEINZE 293t RABC 239 29 WAEAIA
AFFEHEdas+Z 228257 71E 239
120410 FFste 1.4x10° CFUMLZA HZE7]e]
sto] WA ZAF A o] dAS] S7HE AT

2) COD 1,500 mg/L ©]4}, TN 150 mg/L ©]4}, TP 50 mg/L
ol AFEAFHTE AHste A-RABC THI &
=5 A se RABC 390, B 1Es¢ g FF0l H]
3 7T 5 TNY dds=rt @3%kem, CoD, TN, TP
ol AAZEE 47 13.4%, 37.8%, 15.1% Z7}staich.

3) A-RABC A|2®l2 Bacillus % A7 =71 10
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