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Study on the Chlorine-Resistant Bacteria Isolated from Water Pipe Network
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Abstract

The free residual chlorine of tap water samples, collected from 266 faucets on the water pipe network in Daegu City, was

between 0.1 and 0.79 mg/L. On microorganic tests, general bacteria and the coliform goup were not detected and thus the tap

water was turned out to be fit to drink. In particular, samples of which free residual chlorine was 0.1 mg/L and over were
cultured in R2A agar media at 25°C for 7 days, and as a result heterotrophic bacteria were detected in 65.9% of samples; (1).
The closer tap water got to the faucet from the stilling basin, the lower residual chlorine concentration became but the more the

bacterial count became. And, more bacteria were detected in the R2A agar medium than in the PCA medium. (2). In the case

of separated strains, most colonies were reddish or yellowish. 16S rRNA sequence was identified as Methylobacterium sp. and

Williamsia sp., and yellow strain was identified as Sphingomonas sp., Sphingobium sp., Novosphingobium sp., Blastomonas

sp., Rhodococcus sp. and Microbacterium sp. White strain was identified as Staphylococcus sp. (3). Sterilized tap water in

polyethylene bottles was inoculated with separated strain and was left as it was for 2 months. As a result, bio-film was

observed in tap water inoculated with Methylobacterium sp. and Sphingomonas sp. It was found that heterotrophic bacteria

increased when free residual chlorine was removed from tap water in the water pipe network. Thus, there is a need to

determine a base value for heterotrophic bacteria in order to check the cleanliness of tap water in the water pipe network.
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M AZAAE BAIRT AFAL BARE FEE
ANE o2} 74 Aol EAL QA= Aol T2
293 gFERBIA B A dad ¢ 549
3 REAYE 2ASRen B A g4 Aol
NANE ARHAT £ F2AD IeE 5 A9z
Ag Wl A ANE AN FAARZA $5ID

B =90 B AESG,
2. A

21, ZAHHY H A B F

2009 99FE 20109 8L7HA F4F, Wi, A1, A4
7FE 5 ATAl S AelA AdE e R de-Ed
Bo) FEAPRAY 08, FERA 2042F BYoz
HHE L FIUEF] 591 °‘t dd&710l 29678 ARE
Astdeh AR S Al FHEZFFILAHACH Chlo-
rine Test Kit)Z DPD(N-N-dimethyl-p-phenylenediamine)™
o 9% ARALFES SFFGOM AR A F 1-5°C
2 YgRyste dads gwtstal, 447 ol AldS
SE5AT

AiA 3 SHZAETAE S deST23gAdd =
Fi, FEIEAT2 HeeTd3GNEER AATET
AR ZAst W FATFH =S WFSEA AR E
Aok Ak ALGeAES AP EHA wE wA 9
TES 2=, IS 2Estd dFat 29E
9 $82 cored 2 aIgEAs dAske IH #F
< SFal API 20NE 7|ES AMgste] AststAHAE o3l

H, AP FTATE A EALAE (Biological Resource
Center)°ll 9] F3F] 16S tRNA partial sequence (900~1,055
bp) A& &3t HF SFAh

23. SAKMENNE
FrERG AAAM EE #FE R2A Agar A
(Oxoid CM0906, England)lA <= ¥l Al7]3L o] & &
78 FEE AFste] 5U7F 25°CHAA wigste] <k 10°
CFUmL =2 w50l GLaAFA A ARSIt Ao}
YALIEF AN (Waco 197~02206, Japan)o] thsle] He
g-’,:ég'—ﬂ/\]oU]TOﬂ W}f’/} FEEALEEE &85 9.40%
s=7F Z4+Z- 0.1, 0.5, 1.0 mg/L9)
%Ti 81433 0.IN HCIZ pHE
%‘ihEE HE A5t 94A
£ 0.1 mg/lLolA 58 HE 39S
%27 %9 10%1 o] JESIH FLAT] Ue
o= S&%o}ﬁit} FaATgol B 47 5= 94
].

)

24 zjg—/\]al F, JEZAIPE A8 03 M E &4
EE(Sigma 7143, USA) 0.05 mLE F3eta FYHIH

o] Wt R2A Agar Wixlo] HE&Gh 28] 25°C+1°C
Al 747 wjgste] 7o AEFS FFs AEES A
st .

ful
I
-

. 2ntH 1

31. 22| #Fo| =X EM
FrERGA Y ARG FEE
Sgom, AuAEAAE

0.1°14 0.79 mg/Lo]
Eato] 48A17b-7Y7E wjgate]

A AR FEe A2 WAt wEA GA AL B
Xste] WiR EH Y2 22 0 74X 6gs 2 2L
A Ee =3 A4S VK AEE At 284 Ee
H2A e 57 =3 Ee @AM I 115, 94
A 17 5 F 17578 &5 s 4 2

Methylobacterium sp. 45, Sphingomonas sp., Sphingobium
sp. 23, Novosphingobium sp. 25, Blastomonas sp. 3,
Rhodococcus sp. 25, Microbacterium sp., Williamsia sp.,
Staphylococcus sp.2 A = 1tH(Table 1). 53] H24 A
&% 7R #F 4F
lobacterium fujisawaense (25°), Methylobacterium brachiatu
S 359 Methylobacterium 5 2.2 ZAFE Q). Methylobac-
terium %2 FAFHMA ol = LFSFA RSP R2A Agar
WA FEoA BAROH PCAMANAE Azhs
54¢ Bd FQEd 349 FHLEE 25-30°CAOH,
WA &l FEH 91 wWE st Ade] BEHA
dgod WA EW A2 BEH0 3719 854 =29
HF AT HLAL R B 9Lt ek
ArERE ARE WFs] 448 A%L dololz A7
0 AEA9 g2 w9 B3 5 A9 @A
o] &2 API 20NE KitZ & E7/3t < @
16S 'RNA #HdA9 €7] Wids 7|22
o 93 7hsaATh

Methylobacterium %59 2] £+t S =3 139 A
¥ ‘“ﬂO] °1°1Urb’3] 295 E A A SAIE ARE
oz AL FAT 5 e WA FA
HE H4 3%] ool QAT Methylobacterium &2
IHSH ST EH S Z facultative methylotrophic ©]™H
< oA He8d AaE fH 19769
Patt 5o o3 AFoz HIuEHAT 20061 d 119704 22
Tol A AdAA g7 EESIAL len F2 E 3
A ZHE Aoz LA Urth(Furuhata and Koike,
1990, 1993; Furuhata and Matsumoto, 1983, 1984, 1987,
1992; Furuhata et al., 1987, 1991, 2006, 2007; Hiraishi et al.,
1995). A& X W FXE NFLE Methylobacterium
S XA Ao mEW 168 rRNAS F& 97] v el
ZAS R 2F, M aquaticum B M. fujisawaense ©]
7V Bka, I 9ol M. mesophilicum, M. radiotolerans, M.
dEEen 94 &%
H FEEA Methylobacterium 0] IAHIEZ £ 5 0]
22 &) 60~80%° ot ALZ ALE AT M I <

= Methylobacterium isbiliense, Methy-
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Table 1. Morphological and physiological characteristics

of bacteria isolated from tap water

Characteristic 1 2 3 4 5 6 7 8 9 10 11

Gram stin GNR GNR GNR GNR GNR GNR GNR GNR GPR GPR GPR

1l length(zm) 2-5 2-4.4 2-35 3-3.8 0.9 2.4 1.1 1.8 2.1 0.6 3.5

1l width(zm) 0.8-1 0.8-1 09-1.1 0.7-0.8 0.3 0.6 0.4 0.7 0.7 0.5 0.7
Pigmentation Red Red Red  Yellow Yellow Yellow Yellow Yellow Yellow Yellow  Pink
Diameter of colonies (mm) 1-3 1-3 1-2 2-3 1-2 1-2 1-2 2-5 1-2 2-5 1-1.5
Oxidase - +(w) + + + - +(w) - - - -
Blood plate agar - - - +(w) - + - +(w) + + +
REACTIONS/ENZYMES’
Reduction of nitrates to nitrites - - - - - + - - NT NT NT
Reduction of nitrates to nitrogen - - - - - - - - NT NT NT
Indole production - - - - - - - - NT NT NT
Glucose acidification - - - - - - - - NT NT NT
Arginine dihydrolase - - - - - - - - NT NT NT
Urease + + + - - - - - NT NT NT
Esculin hydrolysis (/3-glucosidase) - - - + + - + NT NT NT
Gelatine hydrolysis (protease) + - - + - - NT NT NT
(3-galactosidase - - - + + + - NT NT NT
Glucose assimilation + - - + NT NT NT
Arabinose assimilation + - + - NT NT NT
Mannose assimilation - - - + - - - - NT NT NT
Mannitol assimilation - - - - - - - - NT NT NT
N-acetyl-glucosamine assimilation - - - + - - NT NT NT
Maltose assimilation - - - - - + NT NT NT
Gluconate assimilation + + + - - - - NT NT NT
Caprate assimilation - - - - - - - - NT NT NT
Adipate assimilation - + - - - + - + NT NT NT
Malate assimilation - - - + - + - - NT NT NT
GNR : Gram-negative rods; GPR : Gram-positive rods; W : weak; + : positive; - : negative; NT : not tested; * : API 20NE TEST(7days); 1, Methylobacterium

isbiliense 99.3(similarity%); 2, Methylobacterium fujisawaense 100; 3, Methylobacterium brachiatum 100; 4, Sphingomonas asaccharolytica 97.7; 5, Sphingobium
aromaticiconvertens 97.3; 6, Sphingobium olei 98.5; 7, Novosphingobium aromaticivorans 98.6; 8, Blastomonas natatoria 100; 9, Rhodococcus fascians 99.9; 10.

Microbacterium esteraromaticum 99.8; 11. Williamsia muralis 99.9.
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(97.3%), Sphingobium olei (98.5%), Novosphingobium aro-
maticivorans (98.6, 98.2%), Blastomonas natatoria (99.3,
100% 25) Htk.  Sphingomonas ERAFHCR 168
rRNAS] AlEF, nucleotide signatures, AUl X|&ake]
A, 283XZA9 2-hydroxy fatty acid 774, polyamine<]
AZ W 5%, 23 =29 FF 5 49 =2 2001d
Takuchi ol 93l, Sphingomonas (cluster 1), Sphingobium
(cluster 1), Novosphingobium (cluster 1II), Sphingopyxis
(cluster IV)2 AEF Aot vF e aFSIHHY T
AFeg 3584 E 45 Y Y(chemoheterotrophic) S &+t
M E92 lipopolysaccharide ™4l glycosphingolipidsE 7}4]
W, =@M MAE Wi 37F0] BaEolx] Utk Sphin-
gomonas, Sphingobium, Novosphingobium 12|13l Sphingopyxis
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A AET Y VgAY Foste AdEH GSAT
B Sphingomonas % A4 16s tRNAS}F f-AMeH
FIIMEE HES Bavt qlom, AeAld wigsHze
gﬂul- ;(%71—3]—0}051:#(;@—8174 2009)01]/\1 gﬂul- kﬂ&&g
B A3 Sphingomonas 9 Methylobacterium ©] QA
el Al 2 WYy oy AFYHF 2= Rhodococcus
fascians, Microbacterium esteraromaticum, Williamsia muralis
s 357t B2 HAEY R fascians, M. esteraromaticum <=
3 ASS ARSI, W, muralis = EEN FEFS §

gote Aoz ZAEAT

pUErEe fURRdse 4@ ATIE 2@ 2
F= Table 29 2o FAFHAALAFE 0.1 mg/LolA 58 H
3RS W 37-87% MESH I Methylobacterium sp <
S.accharolytica, Rodococcus sp, W.mulralis &< 80%°]%
o Zd AEES YIS oE 478 299y M
lsbllzense: 1.0 mg/Le TFRYATZAAE 34%9 A=
YJER 2 %7] 100,000 CFU/mLeld A EZ57}F 12

*VJ AFHS T % 32 CFUML7E AEste G0 s
A A4S Yele Aoz I

o] dZNA B2 775 Methylobacterium sp = U
Aoz 3 GAAFAH AT (Hiraishi et al., 1995)0] <J&tH
HEeEga B 305 5 28F(93%), 27 28F & 9F
(32%), F+E 105 & 45(40), B4 75 T 25(29), +A
P24 25 5 25(100%)7F 0.1 mg/L 5= FIZFIL
£ SE FEA 10%e)d YES ALR BAsHth
Furuhata 5(2007)°] 4EEY FERENA =38 M4E

e 2575l ustd 5FH AT Sphingomonas ursin-
cola/natatoria 125-(48%), Mycobacterium frederiksbergense

23(8%), Sphingomonas adhaesiva, Sphingopyxis witflariensis

Table 2. Survival rate of bacteria exposure to residual chlorine

I2]3L Porphyrobacter donghaensis °] E2HJom o]

£2 01 mgll 559 FAXRIALE 12 FFA F
I 2274F(88.0%)7F AEF Ao HIFFTE o]FEA
o] FE3 FFAA AEAG mAE FF7F 25A o

@ Wyol 37kt oz 2 W AY §7182 FhaA
G AYY gz wivel 4EGS FHSA P9 @
gz § 3% AGYL 7Ha Aoz 4.

33 2ol Fe MEN ¥
Zejdg Ay ZE(REZFELE 0.05 mg/l)

= = 77 JEsial 293 AA B
&3t A Methylobacterium sp ¢ Sphingomonas sp & 3
3 Felx BETo] FHH= AS BASFHAHFig ).
o

NFEA7] B 84 S8 F 29 o9 olntE AL
s e HF2 =dr7t A dEthe vdo] A5 HA5)

£, ol HAETLY Mol 27], s il vA
=°] Futst FHdA FEE Ev 37 FY %O’ﬂy‘i%
WAddEel sPdd A, E}"a‘ 501]

ZE AR d4d %
B &0l =Ho ﬁg”é}q] 7F 9l A
gol 718 733t Methylobacterium ©) -3 &
02X FELS FAFeEN F2 EWR HolA He
Aot Ay FFAL FEE FIL 257 9F B =
7] @Zo HBEo] FEsty] £ FEolth wEtA s
A PAETLY Hole B2 Algto] S84 wEt ek
A 2 ZAE 7 FZO|EE EFTS oFo] BASA
ol edd s H28 MaE M Methylobac-
terium Sl H & F GA HA Azto] BHITFE F
< B9 A ¥=e gastA g
LeChevallier 5(1988)% AEY ATHEILY &stH Hlo]
2 IEE AT AFE Fi7 AdEt R dsel sl

N

E

. Survival rate (%)
Strains
0.1 mg/L 0.2 mg/L 0.5 mg/L 1.0 mg/L
Methylobacterium isbiliense 85 80 65 34
Methylobacterium fujisawaense 82 76 35 3
Methylobacterium brachiatum 80 57 23 3
Sphingomonas asaccharolytica 85 14 0.13 0
Sphingobium aromaticiconvertens 37 0.5 0 0
Sphingobium olei 65 0.2 0 0
Novosphingobium aromaticivorans 75 44 0.3 0
Blastomonas natatoria 67 24 0.1 0
Rhodococcus fascians 86 58 1.2 0
Microbacterium esteraromaticum 41 0.5 0 0
Williamsia muralis 87 15 0 0
Table 3. Survival rate of Methylobacterium isbiliense (Unit : %)
Residual chlorine The first 30 sec. 1 min. 3 min. 5 min. 10 min. 20 min. 12 hour
0.1 ppm 100 94 91 87 85 80 78 42
0.5 ppm 100 79 76 70 65 55 43 19
1.0 ppm 100 43 37 35 34 31 28 0.03
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A 150~3,0008), 2FAA eIz tisiA 2,100 ¥ e AET A5ER F2 A AEsE Aol o 58

Hl Aol B& Aoz =WEen, Anderson %—(1990) ol Aoz 4HA Utk

< SEo] FolxZ i Fols FFFY EHdE £

Hlste] F4 AlZEetd] ERst AdAZE B AES 34, AFRHL SEL MEF

Fol7]& ATl BAF AEge wWE F Adde 3 341, RFHA

g 4 ggx EJ_o}ﬁu} Borenstein (1994)2 Algo] H}o] *C}—T—ET&‘%M]H 9 #edRALEEE HA 0.1 mg, A

2 FE ¢t Jg o AL A7 YA B2 AEY I 0.79 mg/LY HAZAN HEEFAVES USSR o

ZYME Atstd AEAC W AFHo] e A= AP AL 0.36~0.41 mg/LY HAZ ZALH AT

Eié}‘ﬁétﬂ ol AFAZE WA F99 A WEHY=

o} Wk AEoko 4hEE 2 A Xol| =Edty] Ao o A 342 SEHAM T 2E|siE

Hej ok ??é SRtk B Ao BT 4FES FH HeE5A 3Pl e dutdFd SuldFdA

HAESHZ dadoel =P AELS Fgsd d2 T 29670 A]E B2FoA o/mLe EAZ/100 mLE

i o 2 ATFel AE Aoz FHo| "t AE Ueht $27|ES UEsEth a3y fEIRFEL

9 B BHoRE= B 35 o] AMgHE s 0.1~0.79 mg/L-»] %‘-Ai EAFAE BEFSHAL 1907 AR

S Yo RE AEEY 94, oF XETY, AULYA (64.9%)°14 R2A agar, 25°C, 7% ©14 wjgolr HeA
o] glon ALAPME AEE9) ogA(soqoo mg/L) FE L@ MAZ 717 Ao BRYQYT AERALAEL

FE4

)
o 1~241%ke] HFo] BasdH, A sEAA HEADS

H FEGEAT AEIES Table 49 Zom I

@
Fig. 1. Biofilm of Sphingomonas sp. (a) and Methylobacterium sp. (b and c).

(b)

©

Table 4. Residual chlorine and detection rate of heterotrophic bacteria (R2A agar, 25°C, 7 days)

. . . . HPC (CFU/mL)
Residual chlorine (mg/L) No. of sample Detection sample | Detection rate (%) -
min. max. average

0.1~0.19 14 12 85.7 0 240 67
0.2~0.29 48 38 79.1 0 600 46
0.3~0.39 62 46 742 0 300 18
0.4~0.49 108 66 61.1 0 150 9
0.5~0.59 44 21 47.7 0 13 1.9
0.6~0.79 20 7 35.0 0 11 1

Total 296 190 64.9 0 600 18

Table 5. Detection rate of heterotrophic bacteria by tap water (R2A agar, 25°C, 7days)
i . HPC (CFU/mL)
Residual chlorine (mg/L) Total sample
<10 10-49 50-100 100-600

0.1~0.19 6 2 1 3 12
0.2~0.29 16 14 4 4 38
0.3~0.39 32 12 0 2 46
0.4~0.49 51 13 0 2 66
0.5~0.59 20 1 0 0 21
0.6~0.79 6 1 0 0 7

Total 131 43 5 11 190
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0.1~0.19 mg/LllX HAEE 857%, B AHdFE 67 A EAE Rl MBERT 5, 2007) 2008 49
CFUmMLE 7} E%om, 0.6~0.79 mg/LolAe AEE JRAEBIEQ2007)NA ESIAAFE FEdE E854HF
35%, B AldFe | CFUMLE #fdFd45=7 & & F/AAZALH R2A Agard] X oA 747wl F3lad,
oldd M FEEY FH AldFe ZLSATH AZFF(CFU)7F 1| mL F°l 2,000 o3tz & A& AH7|E
AZE" AE 19071 7h2d 13170 AE69%)AN A E Al S AASAT o A= FEIFAAE F2ATIY
F7F 10 CFUmLeI&t AL, 100 CFU/mLo]d2 ZHFa4 AT ekt wjFEdF HelM e BEY IHE THed
0.5 mg/Lels} Al ZellAT Yebstth H3 #4= 600 CFU/mL A7) 9 AR oAtk I A Aw LdH
2N 489 #FHTFE 2,000 CFUML Rthes ¥ $X9 2% 339 s fs dAH(T)F, dvAlFAIA ]
on F£RE F AFILIT 7IEA o)dddE Eska &L Utk B A7Z2H SHEIFATY HES 957
F5gPARY EAE FAT F AU 3} vasd ¥ £Ee ohlgod AFIL i
BB FEFEFATFTE Table 67 ZowH golAH FEG G Tl F49] T4 F ALR FFHH
BrelA BE FEBAZ 245 AREE FEE gas ok Y 35 59 A% Fol Azt § Bol
I AdTe F7hte 2TE BAFAAT olgd FE5IY EAsta 7] W& RAeg Bt FFLADY 2% I
AFe A5 AYAA 4 A5 Fol ol FASE, & A AAY, MFFRY WA 8 27 Fao) 240
H-AA- AR daas 5 FFAHITEA gl TR A bE2 FEIFAFY Fh FRE9 FFS F™H /A
oA T gdao AFYE 7HAE T2 APEEA g3 & AR & AZs7) /&S G-l A7) Wil FF <t
AsHA "o 28 Fe=dd WolA AEYGS It A Fx= #HE 93 SEGFAA B FEE B
ABA e Aoz FPAT FUNNNE d22%S 4 oX AN FAgd] FEYIAZ U TEAS 4%
AE FEE 3 F5YPATOl 42Y BT At oe ¥ Badol Yo mUHy 23 AnE Pl vw
AtHEdF 5, 1993; Niquette et al., 2001; Prevost et al., st HIZARl S7F @4 59 Ass Hdste Aol T8
1998; Zhang and DiGiano, 2002). ®|=ol A&, w53 sttt Az-=E
A JFRIE FA B2 =90 FEEAFl ol &H
R, AR Aol AEPo=2A wisdT W A& 35. HPCAEE ?I&t HX[2t HHYZH HE
9 FHe AT E GBS FEIYG ARl HAZR BE FEIPARTY AlE AR A
ot o2 AdEE AT F Ave 2 Al 7 skl Table 77 Zo] ILPFAQ] PCASH AF AL
FAERFEHY IFA7E 2 JFsdel v A2EA AT o R2A Agartf Ao =9} AI7Hg GElste] vl AR
23 Adgol oA, vl= EPACIA = @A APt e W Frd B AFY AEES EFol7] st AEFES
AZFAE FHY BT wiFAlE"H] QlojM AR Z7FA 1 L 570, 100 mL 570, 10 mL 5712 ©E59] E
STl AEFIL UTHUSEPA, 2004). d&ANE 57 eFIUEFoR AFHLE AASA L2 M BF
Fart EAste E83 2 BAW FxE04 T5IY R2A Broth (MB cel)E 20, 2, 02 mLE Z+Z o] 747
Table 6. The number of heterotrophic bacteria in water pipe network
Filtered water A water pipe Tap water
A filtration R2A(CFU/mL) Residual R2A(CFU/mL) Residual R2A(CFU/mL) Residual
plant 25°C, Tdays chlor.ine(mg/L) No. of 25°C, Tdays chlofine(mg/L) No. of 25°C, 7days chlor.ine(mg/L) No. of
min.-max. min.-max. sample min.-max. min.-max. sample min.-max. min.-max. sample
(average) (average) (average) (average) (average) (average)
Maegok 0~3(0.5) 0.25~0.7(0.51) 8 0~230(13.9) 0.2~0.7(0.42) 34 0~320(22.3) | 0.2~0.68(0.34) 25
Munsan 0 0.4~0.65(0.52) 5 0~16(3.4) 0.3~0.6(0.43) 10 0~600(52.5) | 0.15~0.49(0.31) 15
Gongsan 0~1(0.2) 0.45~0.6(0.56) 5 0~20(6.1) 0.15~0.5(0.36) 10 0~240(30.4) 0.1~0.6(0.34) 17
Gachang 0~2(0.3) 0.3~0.5(0.41) 8 0~180(28) 0.2~0.4(0.34) 10 0~300(40) | 0.15~0.50(0.33) 22
Gosan 0 0.4~0.5(0.46) 5 0~23(3.6) 0.2~0.5(0.30) 20 0~130(9.3) 0.2~0.50(0.36) 23
Table 7. The result of HPC by culture medium
PCA R2A PCA R2A
Filtered (CFU/mL) (CFU/mL) (ﬁﬁN}’ng‘) T?flowitfr (CFU/mL) (CFU/mL)
water 35°C 25°C o 35°C 25°C
48hrs 7days 48hrs 7days 7days colletion site) 48hrs 7days 48hrs 7days
Maegok 0 0 0 0.2 350 Maegok(24) 0 0-60(2.3) 0 0-120(6.4)
Munsan 0 0 0 33 Munsan(8) 0 0-20(2.1) 0 0-87(5.4)
Gongsan 0 0 0 70 Gongsan(9) 0 0-11(2.2) 0 0-55(11.5)
Gachang 0 0 0 0.3 540 Gachang(10) 0 0-130(7.1) 0 0-320(38.9)
Gosan 0 0 0 0 17 Gosan(17) 0 0-7(0.2) 0 0-23(2.8)
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