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Bacterial regrowth in biofilms formed in granular activated carbon filter
adsorbers and the bacterial isolation and identification
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Abstract

Jonggeun Park2

AXIUGITLY SESEMOITHIE,| 2 CHRCHSm ARHCHS S mSa)

This study aimed to investigate the biofilm formation, bacterial regrowth, and bacterial community structure in the granular-

activated carbon (GAC) filter adsorbers (FAs) used in water treatment plants. In 2005 and 2006, raw water, settled water, GAC

FA by depth, and filtered water were collected twice a year from water treatment plants (WTPs) B and S. The number of

heterotrophic bacteria, including mesophilic and psychrophilic bacteria, in such collected waters was investigated along with

the total number of coliforms therein. Heterotrophic bacteria were detected in most samples, mainly at the surface layers of

the GAC FAs, and fewer such bacteria were found in the lower and bottom layers. An increase in the bacterial number,

however, was observed in the samples from various depths of the GAC FAs in WTPs B and S compared with the surface

layers. An increase in the bacterial number was also detected in the filtered water. This may indicate that there is a regrowth of

the bacteria in the GAC FA. Considering, however, that heterotrophic bacteria were not found in the filtered water, it can be

deduced that most bacteria are removed in the chlorination process. Coliforms were detected at the surface layer of the GAC

FAs, but their regrowth was not observed. MicroLog systems were used to identify the bacteria commmunity distribution. Eight

genera and 14 species, including Pseudomonas spp., were detected in WTP B, and 8 genera and 9 species, including

Aeromonas spp., in WTP S. Further studies are required to elucidate their role in the biofilms in water treatment processes.

Key words : biofilm, granular activated carbon filter adsorbers (GAC FAs), bacterial regrowth
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n)=9] 79 A ARLe] A3 Q1 ARlo] ‘%dx]x] o
AR Ao 713] A nAES | - 3 o
B dEhom A vt 41 nldsE Aol —’F’fﬂl At
et AyAdol USE PR {53 v AT
(Geldreich et al., 1987, Camper et al., 1996). =] 7
19909t ZRE A2A] o4 vl - w5 Tl Al
&2 Z|AIARS: B sk vE lom(Hr 5 1993), i - &
o I A Pseudomonas spp.2t Mlcrococcus Spp.
oheFet Mt A8kl AEare] S0l thsf Hargk vl 9l
THLee and Kim, 2003, Lee et al., 2005). 12|} o]Alo]|

A A E HEel Zo] njAiE —Jﬂ AEd FA4T} ol59]
Aol Wk At == v - F5 TS W E o]F
ojfom AT 34 5 oA oA P E= et A
g7oll T3t A= obA] m| gk Aot

A I 5 A SYHGAC)S o]81t ofif= A
gt 18l WA 59 djlo] E= okt §U1E, %“91“7:'?,
agja AAelEd = AASH flgk T oltkMagic—
Knezev and van der Kooij, 2004). Z12j1} E/JEto)l+= A
=0l FA FESte] AETE BT 5 qlo], e 3
J MletEo] AT A ok =5 «dA N = ok
(Velten et al., 2007).
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GAC FAsolA A= nEe] E4S ?ﬂ-‘[L—S}jlx}
BAZAT SAZARS ARSI B A=A § A=A
o A 47 129 3 30vt & qfEolal, F A
E% SHE YR ARgSkaL Qlom, Ay x%al

31, oA 2 YA SARHGAOS ARERITH AEE ¢
% Ao, oAb, 2ol YA SRS oA S8
(o~1, 1~5, 5~15, 15~25, 25~50, 50~75, 12]aL 75~100
cm)E 2005W 2 20060l 2+ 2314 F- 43]of AA 3|5}

mlm
_O|L
r*° Rloo

il ;O

o =
245190, o] ¥ ARE 105~1100oI 2417F A2 3
Az Fope 24590 27] 30 A% S 03]
Aol efedsto] T2 Akt
‘ 2713%-A%5%
g (%) = EE %100
2.3. A BAEH ofapAle MRz
YA} SR ofahalolA] n YR FHE A5 9]

A okt 22 A skqiTh ofTpAF 5~10 g2 FIstod
5 Y4 (saline solution, 0.085% NaCl)
30 mL& A7ttt 2947 HA7ME AlRE wrist
action shaker(Pall Corporation, U]=9)& ARE5Fe] 920
oscillation/min®| &= 2 1A7F 59F ASAA AldtS &
Al FT

2.4, D|ME MEF A R M= 22

2.4.1 353U M (heterotrophic bacteria)

FEA Ao 2 -2 UM eH(mesophilic bacteria)¥:
AL UukA i (psychrophilic bacteria)s H4135190th &
YurAl S A4 S oJifAtREE AR 2sto] et
Al AAIAE 108 314sted 0.1, 0.01, 22]3L 0.001 mL
A ZF 2709] plate count agar(PCA) vl A|(Becton,
Dickinson and Company, U]=p)o] dEs}o] vjF2: 35
+0.5TOA 48 £2A7HS BjeFssict. A2 URlwE ¢
g T oIt R EE A elsto] gl Ak HAHS
1071 3]43}ke] A|& 0.1, 0.01, 0,001, ZL&] 1 0,0001 mLA]
< 7} 270¢] R2A ¥l A (Becton, Dickinson and Company)
of HEstrt A2URhAlF viF2E 21 £1.0 CollA]
72 +3AIXFE Hi sl

F

T(total coliforms)
Z W —‘:'u:”—‘ﬂ% Fadbvof weh AlgstlchHE
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5 2002). A2 Colilert(IDEXX Laboratories, ]
T)E A&, Ads 53E Y8 Quanti-
Tray/2000(IDEXX Laboratories)S /\}%3}31‘:}. T
T At S 218l P AT oIS A A 2t
2e)et Al A 10 mLE BA A5 90 mLt &35
At} o] 3 Quanti—Tray/20000] Z3}o] 35 +0.5Cel
Al 20~24 X171 BloFsto] bl o 7 W Bko| 5 Al
shct, S & E4=(most probable number,
MPN)+= IDEXX Laboratoriesoll A A3 MPN 3o u}k
2k APgstelrt,

2.4.3. 0|Mg0 22| ¥ 5%

n]A-E2] 542 MicroLog system(BiOLOG, "|=h)<
o] &5ttt ZH2ke] uR|oflA et SR U= FEHH £
= v o2 RS R R Y 2447 SEE Fof
Z7o] £ ZRYE AHste] PCA iAo 3& &=
Tste] 35 +0.5TColA 24417 wiFstaict, o] F shte]
S2YE thA] AElste] 3B WS o] 85t &4 B
gL 13] 9hE =3skort, Aol 53E gt A dAR
JFAAE kAT IHGMNLS crystal violet?l safranin
& AHEske AFHAHE S E5F9HHCappuccino and
Natalie, 1992). 1AM B7& thA] &Rlstr] fste] A
ZAFe] =34 W ol wheh KOH test(BIOLOG)E 4+ oPOﬂ
t}, o]& IF-2X(Gram positive) AlH2 2 BFE 5=
oxidase test(BIOLOG)E 335192, oxidase test %
d2 non—enteric AlHt22, 3442 enteric Al 2 &
=519t ko AlF o R HEn F3El g o uf
W@} FF o2 FR7EIG o] & 2E wEa 39
Mol 8l catalase test(3% hydrogen peroxide,
BIOLOG)E AAlgte] 549 HLlE &5lch w28 Al
< MicroLog system& ARE-st] FA817] ¢fste], -4

@3

R
=
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Fig. 1. The percentage of water content according to sampling
depths.

=4 229 F2YE JT(sheep blood)E 4ol W=
BUGHB #iz]oll Altate] 35CoA 16~24A17F viFatSl
o}, o]% viFE S GN/GP-IF FFABIOLOG) 5
o1z o] JloflA +£2% oJH=Z Alxt-& FEstsltt. o]
o 1334 enteric Al 18 P Al HI Yol 2
Z}2] gAJo| A E=F thioglycolateE 2% 5= 5 mM
7} B2 H7F8keict. GN/GP microplate(BIOLOG)2] i
9FS- GN non—enteric¥} GP platex= 35TCllA 16~24A|7F
v}l GN enteric 30°CollAl 16~24A]17F w34l
o} 8iFE microplater= MicroLog system(BiOLOG)&
ALg-sto] 575kt

1.

QAT SR ofabate] BERL ShEuTh BaelA 9
o}, #3~25em5 7R 9] S 36.9%~65.7% H R
75~100emZ7H A= 26.3%~41.0% HAFHFig. 1. o2+
AoA B Hl2E AFolA sHE0R HEEs BAR o
BPE0. shEol A F4gol Stk et YA T ofat
ApellA] 102 24 gl e Ae BAT] 24
SHe 7129 ofo] HF02 245 27K A3t pele
Ao Atagc

olN
['_L,
>,

3.2. BEIUMT

{7189) 718 A\EQ DNPAIFE GG e} 37T
oA HoFEl FeUutAlETt Mg wiRIet 210
Mkl A LU0 R BRE 4 gk 4 A AL
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Fig. 2. Seasonal variation of mesophilic and psychrophilic
bacteria in granular activated carbon filter adsorbers.
Closed circle, mesophilic bacteria; open circle,
psychrophilic bacteria.
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d7t diiF o m ggkon Ro] AFos =9tH 8
A1} 1080l F2UEAIFS] Alet4=7t Bol HEE
(Fig. 2). %99+ heterotrophic bacteria)S 4250l
EAet= f71=el wigh 1 X ER ZEEo] vt £ A
TolA TEHYFATS 5H-S F 7] BHE 7HR AL 4=
steltt, A= 2 3744} omkx] Zloof| wE Al
Z7ste] AlFe] AT BEre ESAE Elsh] 9
olglom, A= 7 AlmollA] wigE Ml <= =alsh
AMte] 570l Basgh HFE5 g sty] Aol it

¢

[
1

ool oS

2

3.2.1 3F0|MQ Lt

Aol 4] FLUUA|F-S 1.5%102~3.0%104 CFU/mLE
A&Eon, AAeoHEe EHEEAY 1L0X101~8,5x
10! CFU/mLO 2 HEEG, ojilgolx= E3&=AY
AAGET B2 3 4x1038 CFU/mLE A&% UK Table 1).
A7E F2UurA|ES 293} 492} 8YRE 1090 Wo]
HAEE UL Table 1014 B v} o] B A4 94=2] 7
< 993} 4¥oll= 2.2X103 CFU/mLolglen, 84x} 10
ofli= 1.2x10* CFU/mL o0& oF 5 58) o1449] M-S
Boom S AH4to] Aem 89t 10€) 22k 5.4%x102
CFU/mL, 3.0x104 CFU/mL o]42o=& 4¥9] 1.5%x102
CFU/mLETH =2 208 PE| ), F2UvkAlto] I
Aaprct ofTgoA =4 HEE A2 ofTA] WellA Aot
o] YA EUAY E= AT FEEUS 7S 9
ujght}, 53] 2006 109ef] 2=k B A4~g2] x40l
EHEENE Ao oo A= 1.8x103 CFU/mLE 57t
skl HAEEloH, S FeAe] 9 ofilamo 4] 3.4%103
CFU/mLE A&ro] 3A4=9] 73-9-of Hlaf| 408 o1 57t
SkSth, ol= AR HellA Alste] A 4= Slas &jv|

FT2UNA|l 7 Bt Wo| AEE A
Table 104 Xi= v} Zo] §4=2] Z-¢- 2005 89 S A4
oA 2.0x102 CFU/mLE 7P Wokon] difi 2.0%
104~4.8X106 CFU/mL W92 F2U9tAl+ 2rof oF

10~1608 ol AEE Ut x4 4$ EHE =AY
5.0%101~5.8 X103 CFU/mL=E |40l vlal @A A&
o}, ol AE ¥4 T AR o)l Hda Aol <
a3l Alto] tiRE AEEAY S - FHEN7] wiEolzta
Ak olula=o] 79 20064 B A44e] A0 S A4
o] - i AR AUukAlgte] FF4e] ]
A AEEU o] AnR n|Fo] FL2UNAlFR uprt
A &2 ALl A AT ol A A= AL T
A= Alate] S5 E|9lS lolekar AZhE )

3.2.2. U AT ofutx|of A LUEM|
W AR AT ol A T2 U] UNHE] R
oA 1L 81508 A5 o= AFS HAlrkFig. 3).
B A4Ae] Ao HZ2(0~1mD)olA] 7.5%101~2,0%X 106
CFU/d.g= tF2 ol vlal wo] A&=qlet. 21=uk 2005E
8¢9 15~25cmZofl A, 20069 100l 5~15emZ=ol| A Al
71 S7F8ke Ao] TAE Y 2 H(Fig. 3a), o1& S-2UWA|
ol ARSI Qe onlgith SRl HS-w FEo|
A9 FeAduMlFeT) ThE FHL; 2o HS BYom
20059 4937} 20069 109 Al&2] 79 15~T5m3ol| 4] A
429 Aol A4dae e 4= AAchFig. 8b). A<l
W7 ARE 2SS 2AR e8] 2ok, B
o] 49 5~25emFollAl, S FolAl= 50~T5em%:
of| A A2l Agrol Alekar AR E T

ALARAlt GA] S Ul FARBI oAl 7}
%ol HEE e, oz oS dioA APl
HAE| QI HFig. 4). Y082 AubR] FFol|lA] W2 Al
| AEEIAT, 20069 29 B A4 AR 79 oj3A)
HZO)A 9.8x104 CFU/d.g8d A2Y9At4=7 1~5em
Zol|4] 96.94) Z715ke] 9.5x108 CFU/d.glo] Ta=gle
o Z|5152] 75~100cm3=of| ©|27|7FA] L& FofA] 47X
106~7.2x106 CFU/d.g2 &2 Alit7t S-A1=E3L )50l
T QICHFig. 4a). olEfgh @2 AT7tA] S 5
o], 20069 10€¥ B A49] ojul=of|A] A2 URkAlFe] 1.3

o)

o

Table 1. Detection of mesophilic and psychrophilic bacteria in raw, settled, and filtered water (CFU/mL)
WTP B S
Sefile Apr. Aug. Feb. Oct. Apr. Aug. Feb. Oct.
2005 2005 2006 2006 2005 2005 2006 2006
R.W 2,200 12,000 2,200 »30,000 150 540 X" »30,000
M S.W N.D. N.D. 15 N.D. 10 N.D. X 85
F.W 360 20 90 1,800 N.D. 23 X 3,400
R.W 20,000 >% 130,000 4,800,000 25,000 2,000 X 980,000
P S.wW 50 N.D. 65 N.D. 5,800 N.D. X 200
F.W 7,500 N.D. 130,000 11,000 29,000 81 X 11,000

M, mesophilic bacteria; P, psychrophilic bacteria; N.D., not detected; R.W., raw water; S.W., settled water; F.W., filtered water; X*1 no

detection as residual chlorine; >*2, too numerous to count
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Fig. 3. Regrowth of mesophilic bacteria in granular activated carbon
filter adsorbers of water treatment plants B and S.

x10° CFU/mLE "j|$- =°| H&5 v} QtiTable . B 7
Ao A ALYEAFSE 7S E 20059 3YT
20064 10€e]l 15~25emZ-ol| A Al<] /g3 o] L= 3 e
™, 20064 2¥ol= BE Fo ZA A-2dubAlto] s
AL IS & 4= AT S A4 ARkl
2 A EH 20054 49 A7 AL 25~50emZolA 9.4
X105 CFU/d.gq¥ Alat4=7} vkz2 o}#l&9] 50~75em3=ol
A= 1.6X106 CFU/d.g& o]xlZoll Blsll 1.7 S7FtRe
1, 20069 109 Al&9] -9 75~100cm3ollA 6.9%x10°
CFU/d.g= o]A9] 50~75mZ2] 1.5x106 CFU/d.gRch
4,64 =2 Al IEEE 5 20059 497 20069 10
Aol 50~100emZollA Alt<] Aol A= & 4= Sl
hFig. 4b). o/d2] Au=R n|Fo| FHYPFA ] Tk
Woll A A8 & 4= 932 & 5= AUt Tt AgollA
= TEYUAIR] HEH HE Q% ol HF dh A%

ol tize] Alte] A=E 7] wiZol2kar AR,

(a) ;
E 15
o
= 515
[=9
=
o |15 :&r
=111
=
= ag ;,,r
=
E
t:'": 0T
gt le+5 leth lesT
Colony forming units/d.g.
(a) water treatment plant B
{b} E —_——
i I<=
= p———x
E 1-54 [ JETR
= = Sep. 2005
= 515 ! - 2004
=i - =0 et 200
= —
o |5-254
=11
= —
= 26504
=4 _
& ) -
@ 5075
]
751004
le+d le+5 lesd le+?

Colony forming units/d.g.
(b) water treatment plant S:d.g., dried gram

Fig. 4. Regrowth of psychrophilic bacteria in granular activated carbon
filter adsorbers of water treatment plants B and S.

3.3. & 0%
B A5AT SHA-o 2 fYEe 9449 & e
1.3%102~2.4 10> MPN/100mLe]| ¢ tHTable 2). B A%
Yol A HEH F LY -9 =20] ROk 2005¢
497} 2006d 2Yo= 1,2x102~1,8x102 MPN/100 mL2.
B2 grout =20] =9kd X719l 2005E 883t 2006
10¥oll= 22t 2.4 x 104~3} 2,4 X 105 MPN/100 mLo.2 &
23| F7 o= S B ol= o] 5(2006)2] HE oA
OF nEPIA| R 25}t B ti=ite] o] vlggithe dat
oF PR3t HHGE} ol i =0] A E AlmoflA] F o
Aratato] AEEA] ggkon| S Aol e B A3t
gz 20059 99} 20061 1099 ojuf=ollA 242k 4.0%
10! MPN/100 mL#} 2.0 100 MPN/100 mLe| #&5 itk
(Table 2). 121 S A4 A B A449] 499 5Yst
Al ARl A F tidto] HEEA] YSkthTable 2). B
AR oJix] o] A9 2005¢ 497 8¥ofl= FZof A

EN
Ml
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Table 2. Detection of total coliforms in raw water, settled water, filtered water, and GAC FAs

WTP B $
Seale Apr, Aug. Feb. Oct. Apr. Aug. Feb. Oct.
2005 2005 2006 2006 2005 2005 2006 2006
Raw water 130 24,000 122 24,000 »2,400 310 X! 240,000
Settled water N.D.™2 N.D. N.D. N.D. N.D. N.D. X N.D.
0~1cm 9 69 N.D. N.D. 0.7 N.D. X 1,800
1~5cm 0.4 59 N.D. N.D. N.D. N.D. X 180
5~15cm 0.1 15 N.D. N.D. N.D. N.D. X N.D.
15~25cm N.D. 4 N.D. N.D. N.D. N.D. X N.D.
25~50 cm 0.1 0.9 N.D. N.D. N.D. N.D. X N.D.
50~75 cm N.D. N.D. N.D. N.D. N.D. N.D. X N.D.
75~100 cm N.D. 4 N.D. N.D. - - X N.D.
Filtered water N.D. N.D. N.D. N.D. N.D. 40 X 2

X1 no detection as residual chlorine; N.D."2, not detected
9~69 MPN/d.g®| & tdwito] AEHoH, ofgfjFo=
Weldas ks S Bt 200649 293 1099
= oA F dieitol HEEA SthTable 2).
20064 10¥ B A4 Yol A= 2.4 X105 MPN/mLe] %
tigatto] ot Ak s AX - Aol A
HE 24% HSIthTable 2). o= Haaxmol o3k &4 of
o] BEE o 7hsAdol Adeoll=E Etehal ST
2] 3o s WASHA] ka2 QlnlRith S A o
A Yo Fohga-e 20066 109 Aol EEHE 5

emZoll A 1.8%102~1.8%103 MPN/d.g2] o] A&HUL,
T2 AJR9] 4% 0.7 MPN/d.go] A&57Y, 4= =9

HTable 2). o] Aol A5+ & EHZH‘HLOl A4 A
glo] whet EARS WAL AEEoZ] A SEEAY A

3 A ke omRi.

3.4. 01420l 22| U S

< OO
B 444 S A ARs2RE vdgE i
MicroLog system©2 45ttt 194 = 5789 7]

Table 3. Lists of bacteria isolated and identified from water treatment plant B

Code Sample Species Prb."! Sim "2
LYCWO0212 R.W."3 Cedecea davisae 76 0.54
EMCW0208 R.W, Pseudomonas fluorescens biotype G 100 0.62
XLCW0202 R.W. Pseudomonas alcaligenes 94 0.72
XLCW0204 R.W. Aeromonas encheleia 96 0.79
PCCW0209 R.W. Chryseobacterium scophthalmum 100 0.70
PCCWO0213 R.W. Acidivirax konjaci 100 0.59
R2CW0208 R.W, Pseudomonas marginalis 98 0.64
R2CW0209 S.W.4 Pseudomonas fluorescens biotype G 94 0.65
06-LYCW1001 O~1cm Pseudomonas fluorescens biotype G 100 0.55
06-LYCW1002 1~5cm Pseudomonas fluorescens biotype G 100 0.5606-
LYCW1003 1~bem Pseudomonas fluorescens biotype G 100 0.6806—
LYCW1008 F.W.™ Burkholderia glumae 72 0.55
06-EMCW1003 1~5cm Pseudomonas fluorescens biotype G 100 0.6806-
XLCW1001 0~1cm Aeromonas hydrophila DNA group 1 100 0.76
06-XLCW1003 O~1cm Pseudomonas fluorescens biotype G 99 0.66
06-XLCW1003 1~5cm Pseudomonas fluorescens biotype G 100 0.59
06-AZCW1001 R.W. Lactococcus laclis ss lactis 100 0.73
06-AZCW1002 R.W. Lactococcus lactis ss lactis 100 0.72
06-SMCW1003 R.W. Pantoea stewartii ss stewartii 87 0.78
06-SMCW1004 R.W. Pantoea stewarlii ss stewartii 87 0.78
06-PCCW1001 1~bcm Pseudomonas fluorescens biotype G 100 0.74
06-PCCW1002 5~15cm Pseudomonas fluorescens biotype G 100 0.55
06-PCCW1003 1~5cm Pseudomonas asplenii 78 0.55
06-R2CW1003 R.W. Pseudomonas corrugate 72 0.67

Prb.’", probability; Sim."2, similarity; R.W."3 raw water; S.W."4 settled water; F.W.

5 filtered water
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Table 4. Lists of bacteria isolated and identified from water treatment plant S

Code Sample Species Prb.*! Sim. "
06-LYBY1003 0~1cm Aeromonas sobra DNA group 1 100 0.7606-
LYBY1005 50~75cm Chryseobacterium gleum/indologenes 84 0.5606-
LYBY1010 R.W.*3 Aeromonas sobra DNA group 7 99 0.60
06-EMBY1005 50~75 cm Flavobacterium tirrenicum 96 0.6706-
XLBY1001 0~1cm Aeromonas hydrophila DNA group 1 100 0.55
06-XLBY1004 R.W. Vibrio cholerae 01/0139 99 0.62
06-PCBY1004 50~75cm Chryseobacterium gleum/indologenes 100 0.54
06-PCBY1005 75~100cm Chryseobacterium gleum/indologenes 100 0.74
06-PCBY1006 1~5cm Carnobacterium divergens(26 C) 98 0.59
06-PCBY1007 1~5cm Carnobacterium divergens(26 C) 98 0.59
06-PCBY1010 0~1cm Chromobacterium violaceum 100 0.60
06-PCBY1011 75~100 cm Chromobacterium violaceum 100 0.51
06-R2BY1002 1~5cm Acidovorax konjaci 98 0.55
06-R2BY1003 R.W. Aeromonas hydrophila DNA group 1 100 0.86
06-R2BY1004 0~1cm Staphylococcus xylosus 100 0.51
06-R2BY1006 0~1cm Chryseobacterium gleum/indologenes 99 0.66
06-R2BY1007 5~15cm Chryseobacterium gleum/indologenes 100 0.64

Prb."", probability; Sim."2, similarity; R.W."3, raw water

Z2 probability 70% 14}, GAM 0.5 oA+ 7|&e 2 Al
Asksict. B 49 *]Eoﬂ/\ﬂ v cheket Al & -2
A A B, BHE W 84 UFORE F 24950
(Table 3), ©]% Pseudomonas spp.”} 14+5+58.3%)=2 F
TZ o|F L YTk S A *]E—J A% o8 A &
7). EAE FRL 8% 9202 F 1775230 (Table 4),
0] % Chryseobacterium spp.(5+ 5, 29.4%)2}
Aeromonas spp.dat=, 23.5%)7F FEF o|F1 A3t
oo A== sl & o] oJikR] Woll= iRt AlekE
o] & o]F= e 2AFE & = AU ol= Al
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& ojaiol M E AEE
2 A7 ol itk 47}
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