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The Characteristics of Microbial Community for Biological Activated Carbon in Water
Treatment Plant

Hee-Jong Son' - HongKi Park - Soo-Ae Lee* - Fun-Young Jung - Chul-Woo Jung**

Water Quality Research Institute, Waterworks Headquarter, Busan - *Myungjang Water Treatment Plant, Waterworks Headquarter, Busan
**Ulsan Regional Innovation Agency, Ulsan Industry Promotion Techno Park

ABSTRACT : The purpose of this research is to survey characteristics of microbial community and the removal efficiency of organic
materials for biological activated carbon in water treatment plant. Coal based activated carbon retained more attached bacterial biomass on
the surface of the activated carbon than the other activated carbon with operating time and materials. The heterotrophic plate count(HPC),
eubacteria(EUB) and 46-d1a1md1n0-2—pheny11ndole(DAPI) counts were ranged from 0.95x10" to 52. 4x107 CFU/g, from 3. 8><10 to 134.2x10°
cells/g and from 7.0x10° to 250.2x10° cells/g, respectively. The biomass of FUB and DAP! appeared to be much more 10% than HPC, which

- were increasing in bed volume of 20,000 at the stage of steady-state.

- The change of microbial community by analyzing fluorescent in situ hybridization(FISH) method with rRNA-targeted oligonucleotide probes,
the dominant group was o-proteobacteria(ow group) and high G+C content bacteria(HGC) the lowest distributing rate before reaching the bed
volume of 20,000. After reaching the bed volume of 20,000, o group and other groups of bacteria became decreased, on the other hand, the

. proportion of both B-proteobacteria( group) and y-proteobacteri(y group) were increasing. Coconut and wood based activated carbons had

+ similar trend with coal based activated carbon, but the rate of o group on coal based activated carbon had gradually increased.

Bacterial production with the operating period appeared highest in coal based activated carbon at the range of 1.2~3.4 mg- -C/m’ - h, while
the coconut and wood based activated carbon were ranged from 1.1 to 2.6 mg-C/m’ - h and from 0.7 to 3.5 mg-C/m’ - h respectively.
The removal efficiency of assimilable organic carbon(AOC) showed to be highly correlated with bacterial production. The correlation coeffi-
cient between removal efficiency of AOC and bacterial production were 0.679 at wood based activated carbon, 0.291 at coconut based acti-
vated carbon and 0.762 at coal based activated carbon, respectively.

Key Words : Biological Activated Carbon, Microbial Community, Biomass, Fluorescent in situ Hybridization, Bacterial Production

QO : B TN pilot TR THE TAL LATHEA Y4 eHgranular activated carbon: GAC) BANA Y- AEEH
(biological activated carbon: BAC) BAIZ A& D ¢ ¥ 744 4% AA¥e 4718 AASH dE 2HELE A AR
&9 AZE f71E F352 494 AF Y FYgo] /M SR, bed volume 20,000 o] EXE & 37FR] @S| F44
gl =gstdth FFAFY AADA Y T N4 AL YN E = :z‘_ AoZ ‘4’&‘;2’9—“5' heterotrophlc plate count
(HPC), eubacteria(EUB), 4,6-diamidino-2-phenylindole(DAPI) o AJA+8g 247+ 0.95x10” ~52.4x10" CFU/g, 3.8x10°~134.2x10° cell/g,
7.0x108~250.2x10° cell/g P 12~34 mg - C/m’ - he] WY ety a8ln RAAFS) QA2 AA4ELS 2% bed volume 20,000

FHY Zrlsle 4EL B 48 A2Y BEAZ AAES A B4 3 S8 d #7124 (assimilable organic
carbon: AOC) A Ag7e Aoy BrllAe Hetd A2 g4do] 713 53 JAHE BRon, F5d2s Ad 4F4 o
3 A@Ao)l Aoz e Aoz el Fluorescent in situ hybridization(FISH)ol €13 AFLH F& ZAMA#, bed volume
20,0007} = BE A @A o ZE(a-proteobacteria)® other bacteriaz} 7 3H9L, bed volume 20,000 oM E HgA Ad &
e A= B LF(B-proteobacteria) ¥} y T1E(y-proteobacteria)?] $FH]gol F&stH o, kA% HBAANE o, B Ry IFY
TRl d5ste A= 2AE AT

FHO0| : BERAE, nAE £, A, Fluorescent in situ Hybridization, A4 4+%

TLME

+ Corresponding author Aexg ZAdA AEE4 Hbiological activated carbon:
E-mail: menuturk@hanmail.net BAC) 3L vgEe f71E AATE S 4FY
Tel: 055-323-4718 Fax: 055-323-4719
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AEAR FFoz oldRH FuU - oM dd AgHn
Yx AFAY /et ™ BAC THL gutEos o=
A ALEET, 2&o o5 AHY AR 715 418
(biodegradable organic matter: BOM)o] F& BAC A9 A
AAHH,Y o] E A4 23S (microbial regrowth potential)¥}
£ERAE A% ARAE BHAE FFoT duA 9
2 Az PRI FBH 2P A2 F5H
3322 ¥451 qn.”

BAC 24L& 1 FA &A%t w4 EE(indigenous mi-
croorganisms)o] BAwl 23 - A +52) B
E7Z(natural organic matter; NOM)& 7|42 o]&3}7] W&
oA 2 A XAEes H8E 54 A¢ gEFHog =
g £, #7188 FF 2 pH 3 22 $U59 A4
248 Ao dHME FANAEY FHF 4 AAZ
o B2 ZolE f&¢3ted BAC T3 T B e
HAna A kY webd, BAC 8¢ 3oz &
gotuz g o LAY EY A5 AT BHL wf
T2% 8k, 97]d d¢ B 7AW} Rugu
g}\l:}.m’”)

A AAE X 9 2398l g Aol g 3
B} vEi g wo] ARSE I gtk WY 715 d o}
¢ FFE Wlgste =33 heterotrophic plate count(HPC)
HE A Wioll vl 871358 A (viable but unculturable
bacteria)o] ¥ W &R EA5Y] dEo) LAZ 4L 7}
A HAE AAT 2o 3A 235 59 EAZ Ul
HEA el @AE Roln gty wuigkE wWhHow:
AHY Aol 2% FAFTY &4 9 8(total direct count:
TDC)Ql DAPI ¢4 %H(4,6-diamidino-2-phenylindole)™ ¥ F
E22 EAY rRNA-target oligonucleotideE AM&3 in situ
hybridization {2 A4 Feie] AF FJATZE 7+2 3
gapA e £ gl ZFHE A3 AR 28, Flu-
rescent in situ Hybridizzition(FISH) He Ho Agn B
ABESH monitoring 7| o2A WAE ZHTZY olF
oA Vg AFT PO AANL UGV S92 gor
AN F=2 8- AsAY 23 5 AEXA AP u4
2 Td &£4d FISH 71¥& o]ARE o] o]&3t1 Qe
o, P07 g Bopll e R ) - F5BFAM 1]
BE A B(regrowth)oll g5 FHE AETG FHRHPWY
2 A 3P F % BN Hode fas njyE
o EHEAES A8 A&t

& dFx= 19 Ad 1008 A8 %< pilot-plantE
o]-&3t BAC T3AY 4 AAPE A7 w
#7188 AASH A E 4AF, A0E § 2F nyE
EXIHE ZARIAL, E3, FISH WY& o]§3to] BAC
FA#Y FRHTZE E43A

de o

2 MBTE U uh

o

2.1. Pilot-plant & & &tX|
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2 Ao AHgd pilot-plant= Hdl 100 m"/Q A=) &F
22 AeE -AA-3&9H, FL& BAC FFHLE T
AgolA ot £22& AYE 1 mg Oymg DOCY FEE
LFE FUFAL, AFALLE 20802 nPde Hs
Atk AA77HQ) 20023 12958 2004d 1297449 &
& A9 J4E Table 1o] Ve Ak

BAC 232 A7 30 cm, & 9] 250 cmg) 3709 otz
g ZY) HGA(F-400, Calgon), okAA(HAE 18) 2 =
gHA| (Picabiol, Pica) &4& Aehg FAst FFAFAIZL
(empty bed contact time: EBCT) 158, 8834 £3-&(hy-
draulic loading rate: HLR) 10 m’/m’ - hr2 £@slgon, &
A dNAE Hd F 19 A= St =&, 2@
AHEE 7] BT BRI AFREE Table 29
Fig. 1o} Yehi et

Table 1. Characteristics of post-ozonated water

Item Data
DOC(mg/L) 1.2~1.7
BDOC(mg/L) 0.7~1.1
AOC(pg/L) 230~410
Temp.(C) 4~125
pH(-) 6.8~7.5

Table 2. The physical characteristics of GACs used in this

study
Species Coal Coconut Wf)od
(Calgon F-400) (Samchully) (Pica)
lodine value(mg/g) 1016 1163 937
Specific surface area(mz/g) 1100 1230 1350
Total pore volume(cc/g) 0.548 0.495 1.031
Mean pore radius(A) 23 18 28
2.0 [T T T TPty TTT

—0— Wood base -
—&— Coconut base
—&— Coal base

-
(5.}
¥

Desorption volume [cc/g]
.O -
(4.} (-]

0.0
101 102 103 104

Pore diameter [Angstroms]
Fig. 1. Distributions of desorption volume with pore size.
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22, TEEE BY

DOC(dissolved organic carbon)= 0.2 ym @E#H BE
(Sartorius, Germany)2 J#3t & 7 AL TOC analyzer
(Sievers 820, Sievers USA)E EHgFoH, £%9 =3
7ted F7188 &3 8= AOC(assimilable organic carbon)
Spirillum strain NOX(ATCC 49643)$} Pseudomonas
Jluorescens strain P-17(ATCC 49642)E A) 8229 HE34
¥949 colonys @5 en, & 79 &g
4.1x10°, 1.2x10" CFU/ug of C as acetate® 3} t} 2

L

-

23. MIT Mz

BACd] FZd F&YY A7 A (biomass)E BAC
F5Y 1 g€ A2A7] ¥ 37 kHz, 190 W2 38 59 28
5} A2](DHA1000, Branson, US.A)3le AFS 2z A2
¥ R2A agar(Difco) HRA™o) A2 1 mLE @AHo =
3N Eud & 25T wlgrlol M 257 vigsle] £3% 1 ¢
g colony BN AFs2 EASE

% AlESE nucleotided] AYEo] AH3= DAPIA,6-
diamidino-2-phenylindole-2HCI, sigma, U.S.A)2 g4 s} A
H Asste DAPIY S ol &3t9 Z2Asigth

Ad<] AAFE(bacterial production)& *H-thymidineo] DNA
o FrHe AR TG WA BAC 5% 1 g2 2
&3 A2l A7 GPAIZ] A1Z 2 mLej 200 nM [methyl-
*H] thymidine & (specific activity: 40~50 Ci/mmol) 1 mL
9} 200 nM cold thymidine €<8 1 mL& 718 & mu
W71l in situ RACE 4A13F WAt ATP £
(25 /L) 100 pLs} 1 N NaOH 2 mLE A7}ste] 100T o)
A 1A B 7HEslel DNAS 353 & #A) Yz 7]

5 5%
99

aL 3,000 rpmellA] 1087 Q42889 45 1 mLo|
ice-cold 10% trichloroacetic acid 5 mL& #7}lstd wleg

FEAZIE 158 B WZAAZ % 02 pm dHQ TS
AFEHTE ©) ARAE vialo] @3 ARAZ] = ethyl acetate
1 mL9 10 mL9] scintillation cocktail(Aquasol-2, Packard
Co)E FU3t liquid scintillation analyzer(HP, 2500 TR/AB,
USA)E dAAEE 24890 Qox DPM(disintergrate
per minute) gk Z5E Parsons 59 93 Ag o83
& incorporation® thymidine®] ¢& Aitstg ok

Add 8L B9 colonyd] Feed ERL BAslg
AZ E colonyE RA HjAlo] 84 xw ol &5 B
It = 2 TS API 20 NE Kit(bioMerieux,

A% 47

FHNA BB AQe] e $ANAE 1313

TH 54

France) @ A35}83 AL AAIslE Bergey's manual 9
SRAAN B & $& FUAA 2F FARAGY
24, M 283X

241, A2 HRE|

WA BAC £5% 1 g& A=2AZ 3 289 A st A
€ 28427 U2 AEE 0.2 pm polycarbonate M E Q)
He|(Millipore)2 o35}t o3} F Ixphosphate bufferd
saline(PBS, pH 7.4)Z A& 3R 31, thA] ethyl alcohol& o}
&5t AFsta Z7) FAAN EHE ARAAT

24.2. Gene probes

2 AF A8 probeS-2 Eubacteria®} 2 3s1= EUB33S,
o groupd} ZR3= ALF 1b, B group} Adsl= BET 42a,
v groupF AE¥sH= GAM 42a, Cytophaga-Flavobacterium(CF)
group®} A#s= CF 3192, I8]3 Gram(+) High G+C Con-
tent$} 33l HGC probeo]d, o] probed) sequence

specificity S Table 3¢ Uehl Aot

2.4.3. Fluorescent in situ Hybridization(FISH)

Gelatin coated slide glasso] HEE Z#E-& Fo probe
1 WL(3E5X 5 pg/ul)9} hybridization buffer(0.9 mM
NaCl, 0.01% SDS, 20 mM Tris/HCI, X% Formamide) 8 pL
F A7 46TolA 908 AE ¥heAIZl & water bath
(SB-9, Eyela, Japan)Z w]&] 7}EAIZ] washing buffer2 48°C
A 158 &< Adste 7] FolM AZRAZRY. AN
Z(Axioskop 2 plus, Carl Zeiss, Germany)3} scanning confocal
laser microscopy(LSM 510, Carl Zeiss, Germany)E A}g3}
o} 800u) 2 400wl ] wWhgo)A fieldjo] vieElhG A
109 o4 A%t 1 WEgke AgsaAr

3. dut & na
3.1, EYEH HAE 27|20 IE 8ER7ISH

298 A2E £377%) BE DOC AAE HsEs
2 e 4 278Ad49) DOC Fe Fig
20 Uehd Ael 449 g¥gl A3 e4a9, o
o2 opA(Fig 2(b), SBA(Fig. 2(a) €-2§ LrebstT)
&3l bed volume 20,000 58 3 71X A2 g€

o] A’ddel(steady state)d] T@sl= Aoz ZAME Y}

HMAHS
Fig.

Table 3. Sequences, target sites specificities of rRNA-targeted oligonucleotide probes used for Fluorescent in situ hybridization

Probe Specificity Probe sequence(5'—3") Formamide Reference
EUB338 Eubacteria GCTGCCTCCCGTAGGAGT 20(0-50) 33)
ALF 1b a subclass of Proteobacteria CGTTCGYTCTGAGCCAG 20 23)
BET 42a B subclass of Proteobacteria GCCTTCCCACTTCGTTT 35 23)
GAM 42a Y subclass of Proteobacteria GCCTTCCCACATCGTTT 35 23)
CF 319a Cytophaga-Flavobacterium TGGTCCGTGTCTCAGTAC 15 14)
HGC Gram(+) with high G+C content TATAGTTACCACCGCCGT 25 20)
CHOI A SS9 X} 27H 123, 2005 12Y
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poc,cic,

{c) Coal

1 N 1 i 1 N i i 1 N i

0 10000 20000 30000 40000 50000 60000
Bed volume (-
Fig. 2. DOC breakthrough curves for various GACs.

Bl

(c) Wood- based
Fig. 3. SEM photograph of attached bacteria on BAC.
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$718 350 &8 YL FUE FF50) W2
g% Bt Ao EAojgEd g freRdd &

Fol Holutts AL s, fr1gLdd FF0] *F
?} gygds RAHE nBEY JAF 9 FRE OIS
Aoz A= 7 AAE BdvE st FFEEH =
o 39 bed volume 30,000 F-ToA ke &4 27
A ¥2L A #s5ted SEM(scanning electron microscope) &
g% A& Fig. 39 Hehi Ao

SEM AHdZATzE @48 fdo] 138 AgEel Hste
FY A SHTE Yel7] wEe g 7FES s
A okAHA AR BAY EWE FJT Fig. 3()E BH
Fig. 3(2)9] AgA A2 487 (09 584 A2 €4
g Hlsle gz Ad 23RH AL AAFE e
AL AZF & AUk o)A AFAF VN g G B
o] e AF FA ulgEESe] 3 - Asrd $2 &
AL 500 A ©]39 AAZ(macropore) S EILSIL Utk
XeA et Bad 8499 Fee 2489 AZEEE U
R Fig. 1914 & % 1%0] 500 A o]49] AuAFe] oF
AA g4 2o go] ¥gd Jde A& B & Ao

32 EMEF THAE 2X7|7H0 WE FAMT MA
2 2AAX H3E)

DAPI:= A9 A ¥ EF35te] A XY DNA o5
2= AT @714 g0) 22 minor groupd AEsHE Y€ ol
£3= AoeA FEM9 FFL watA Aok EIL, FISH
= B3 G714 Q4T SolstAl 2F3stE gene probeE ©l&
o] AXFHE 2R FASEA daks AEE B2

I, A EAol 715% 5FE /MR e dHolth

Fig. 4= o]2]3 g€ o] &3ste] &4¢ AAdz F3v
QB 2xE 2AE ARz M Ad 4] tE A
A9 g4 vls] AAFe] B5S AvE FoAAM &4
F AA

gae AZY 237700 2 FFAF QAF W
Fig. 5o UEPAQTh 2aa7e) AAZE /1= Juedd
(HPC), FISHEZ 0|23 eubacteria(EUB) 4 DAPIE ©] &3l
TDCE Hrletgth 2# ZolA EUBE: Hojagfze A2

Rrom gAStGod, DAPIE SjadZe A2 FiE
3 Yol AN Gl Z AAZ EASAT

Fig. 5@l Vet AgA A2 499 39, HPCx 095
x10"~52.4x10' CFU/g ¥$1E JEeh)geH, EUB 2 DAPI
L 77 3.8x10°~134.2x10° cells/g 2 7.0x10°~250.2x10°
cells/g®) WS Jehljo] HPCRTE EUB ¥ DAPIY &%
2RAEe] AAZo] 10° B & 2HE vl &
3, Sk WE ZF71%4 = HPCY EUB 2 DAPI E
= bed volume 20,0002 E F7}ets A4S 2t

opzlAl ¢} BetAl AA e @4k A HPC, EUB ¥ DAPI
9 AAE HA3E Fig. 5(0)< () Ueri it HPCY 73
© oA A AN E 021x10'~16.0x10" CFU/g, &
g4 AR FAENAE 1.0x10"~30.5x10" CFU/ge.2 Y4

mlm

r

o
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(a) coal based (b) coconut based

(c) wood based (d) coal based

(e) coconut based (f) wood based
Fig. 4. Photograph of DAPI and EUB for attached bacteria
on BAC (a~c: DAPI, d~f EUB).

Ebstom, EUB 9 DAPIY A% oAl zhzh 1.8x10%~
56.1x10° cells/g, 3.1x108~100.0x10 cells/go @ Jehton
E8AE 27 5.6x10°~110.5%10° cells/g, 9.7x108~160.1x
108 cells/g &2 elytt}

300 e T T T 60
{a) Coal
200 40
7 DAP|
- EUB
100 P o HPC -20
2 120 T T ¥ T T T T T 0 _
> S
= (b) Coconut =
H =
- S
.
> s
w ©
hd o
a x
<
a 300 T ¥ T T Y T T T T 40
{c)Wood |
0 10000 20000 30000 40000 58000 80000
Bed volume {-)
Fig. 5. Variations of bacterial biomass according to bed

volume.

FZA BT Ao e FAuAE REY 1315

nebd, &9e FRE FRAF BAFL HPC, EUB ¥
DAPI 25 Mg A2 E4utdA 718 52 Ae= Yeg
B, o8 8, oA 848 £o= ZA}&H"}E}

&S HPC, EUB ¥ DAPI B% bed volume 20,000 o]3
B S350 2370l AREFE Frtsle FAE L}E‘r
Ytk o] A2 Fig. 20149 o] bed volume 20,000 o]
FH BACTI e =2t WAEe &40 &35
7 NAste ARF $RAZY AT A QAT
£ T 9tk

At (bacteria)Al WellAdE o8] F(Phylum)Eo] &A13}%
Tk Gram(+) bacteria®} Cyanobacteria 1)1
7t B2 HES (A& itk I & Proteobacterial Gram
(=) bacteria F 7HF 27} =29, dIdgdygoes gl
eubacteria 1502 FEL£YLYAFY HHEL x5 n
t}.*” Bubacteria 18§ % o 152 T3 2AUASTH

X FHE M AdTe '@3}“4 Asze F71E
&5l b Azd v 52 Aoz’ g age

& B S, A2Y FANA A%t BaFgoh
Y IEL B3V 8ol V18RS ol WE HE5S

Z

Proteobacteria

o)

&rg_o,_a;g

7H 3Fel, CF 252 443 EAse 0gd 18
A 249 Hoﬂ #goste Aoz dHA Ut

ol BAC F3A9 &4¢ A2E AgdLy F2uss
FISHZ ARG A3}= Fig. 63 Zth Fig. 6(a)o] Uerd A
@A Ad @989 FS AANE £2 A< bed volume
20,0007k 9] FISH Z+ 559 B $3u&L A 2
F a 2F°] 33.5%, other bacteria’} 26.3%= el on,
B &l 87%, y 2&°] 14.8%, CF 2E0] 10.5% = HGC

Fol 5.9%= E¥3T Y= Ao JEhgon, o 180]
7H BE vgE E¥IT %A, HGC aFol 7
A REITE Fig. 6(b)} ()M} 2ol A34d =2 &
Ql bed volume 20,000712) 9] A= oA &4 AR
9 &geelME HaAdg AR 3¢S Byt

S, BAC/E A4 H =2 %41 bed volume 20,000 o]
FlXE HdAd 284989 B a 250 FA s HL
34.3%(bed volume 20,266)914 24.9%(bed volume 58560)

2 A3, other bacterial= 25.8%(bed volume 20,266)
0]]1\1 3.4%(bed volume 58560)Z Z+A3lo] 9-Au|{o) 2 =
22 &gyt a8y p 289 vy 259 A9 bed vol-
ume 20,000 F-ZAX = 4.2%9} 17.5%2] $-AH)&& Vel
e}t bed volume 58,000 F-oA= 31.6%%} 32.0%9)
RS UrE‘rLHO1 FHHge] ZA AEstdon, CFY
HGC IFE2 10% "o Y42 239gg Yehioh
=3, 0]:;(]-21]9} EetA 2dee] ZFo)ME other bacteria
£ 287100 AHE5E $FEO] A Paoho] bed
volume 58,000 RZoNE 27t 92%5} 6.5%°] LEES U
BHReY o 259 e A A2 24eds v
2 3ujgo] 4 2718 bed volume 58,000 3o
M A7 36.39%, 41.0%9 AH &S JERAAT =3,
B IFdy 289 At AeA AR 497 2o

ot 3 a2 x| 278 123, 2005 129
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Ao go] 2A7|To] AHESFE AR FUEke AR U
Bigoy o]59 A g2 e A g9 ¢+Hue
Brhe= YA Jeldoh E¢, CFef HGC 2§2 AeA €4
g3} pl IR 2 92 £7HE YERien, 1 Hgks &
A71+9] AT wE FA gistes Aoz veigt 84
g AAgz Aged EX Aot ve ol 4 84
2 3718 FX5H AFEo AT ¢ e AFY 2
7] 9§39 AoldA JIAHE AL @UHY, B 1§
BoE a g0l £ Aoz U {718 o859,
2 f7E AAe F2 o 3F 98 2E=HARE € F
Rt

T3, g49 Add 470 mE AlF A= (bac-
terial production)e] W3l ZFAE AWEH MgA Ad &
Aete] A9E 12~34 mg-C/m’ - hg HY2 Jeon,
bed volume 30,000 FZolA 7H A Jekstth ofxA %
g7 #4899 A$ 1.1~26 mg-C/m’ - h, 284 0.7~
3.5 mg-C/m’ - h2 ebdth EF bed volume 20,000 ©)
F9 B A AdEe A% 23 HEA A B4
0] 2.90 mg-C/m’ - h, ZeA AAe &4go| 2.58 mg-C/
m’ - h 2 oA AR BHDL 2.06 mg-C/m’ - he g
B A3 =9 ol%g Ad A4Ee FAe: A9
AR g¥dol 71 & A2z velgrh

Table 3. Distribution of bacteria isolated in different BAC types
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8o [ 226

o
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| =336
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Fig. 6. Variations of bacterial communities and bacterial pro-
duction according to bed volume.’

Hg 9 DAPIY] & EUBY ¥ && uUehhgit. 24713
of me 2z TAHES §48 Adde 2 Ao
o] A= @gkal, A7|Ztel W} EUBY| i o 159

i
o

o

Coal based

Bed volume o/EUB B/EUB v/EUB CF/EUB HGC/EUB others/EUB EUB/DAPI
10,578 32.7% 13.2% 12.1% 9.4% 5.9% 26.7% 54.4%
20,266 34.3% 4.2% 17.5% 12.2% 5.9% 25.8% 58.9%
30,933 27.0% 13.8% 16.4% 114.% 10.9% 20.5% 74.0%
40,232 32.5% 15.0% 15.5% 13.5% 5.9% 17.7% 87.9%
51,009 35.9% 15.8% 16.0% 14.1% 10.3% 7.9% 66.5%
58,560 24.9% 31.6% 32.0% 4.1% 3.9% 34% 53.7%

Coconut based

Bed volume a/EUB B/EUB vy/EUB CF/EUB HGC/EUB others/EUB EUB/DAPI
10,578 31.0% 11.1% 8.7% 12.2% 14.6% 22.4% 57.5%
20,266 29.7% 10.6% 12.0% 13.7% T1% 26.8% 57.5%
30,933 26.9% 6.1% 19.9% 16.8% 9.8% 20.6% 60.3%
40,232 31.2% 19.0% 20.7% 13.0% 3.4% 12.7% 61.5%
51,009 35.9% 10.5% 17.6% 14.9% 10.7% 10.5% 51.6%
58,560 36.3% 18.6% 20.5% 8.8% 6.5% 9.2% 52.1%

Wood based

Bed volume «/EUB B/EUB v/EUB CF/EUB HGC/EUB others/EUB EUB/DAPI
10,578 33.1% 11.3% 7.0% 12.9% 12.4% 23.3% 57.4%
20,266 30.5% 10.8% 12.6% 14.9% 6.2% 25.0% 56.4%
30,933 26.1% 6.6% 20.2% 14.4% 9.3% 23.4% 63.3%
40,232 34.9% 19.4% 14.3% 12.1% 5.3% 14.1% 64.5%
51,009 39.0% 11.6% 16.2% 14.3% 10.5% 8.6% 52.6%
58,560 41.0% 20.0% 20.2% 7.8% 4.6% 6.5% - 52.5%
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Table 5. Distribution of bacteria isolated in different BAC
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% population in BAC
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Bactefial identification
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Acinetobacter haemolyticus S 4
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Aeromonas hydrophila 3 2
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Flavobacterium breve 3 6 7
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Pseudomonas fluorescens 14 12 11
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Sphingomonas paucimobilis 2 6

Gram positive
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Micrococcus spp 2 1

Unidentified 10 7 9
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