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Efficiency of Different Disinfectants against Biofilm on Carbon Steel Pipe and Carbon Utilizing
Ability of Biofilm. Dong-Geun Lee, Jae-Hwa Lee, Sang-Hyeon Lee, Bae Jin Ha and Jong-Myung Ha*.
Department of Pharmaceutical Engineering, College of Medical and Life Sciences, Silla University — The
influence of disinfectant on bacterial concentration and carbon usage patterns by Biolog GN plates were
investigated for biofilm on carbon steel pipe. Heterotrophic bacterial concentrations were not different
among non-, monochloramine- (1.0, 1.5 mg/1) and free chlorine- (0.5, 1.0 mg/1) treated samples (P =
0.56, ANOVA). However treatment of 1.5 mg/1 free chlorine and 2.0 mg/] monochloraime showed
significantly lower densities than control (P < 0.01, ANOVA). By the stepwise increasement of
disinfectant concentration, the carbon usage activities of biofilm microflora were decreased after
increase without the decrease of bacterial concentration, following reduction of cell density. Carbon
usage patterns were qualitatively and quantitatively different with similar bacterial concentrations.
Principal component analysis suggested that type and concentration of disinfectant were main factors
on the usage of carbons. Our result suggest that the differences of bacterial communities were different
among the samples and the need of monochloramine for the reduction of biofilm in drinking water.
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Fig. 1. Schematic diagram of semi-pilot plant system.
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Fig. 2. Patterns of heterotrophic plate count on carbon steel in
the tap water at the end of the drinking water dis-
tribution system.. Arrows in figures represent the sam-
pling time for CLPP analysis.
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Fig. 3. Distribution of carbon usage (optical density) patterns
of bacterial communities on carbon steel in tap water.
Control (A) was not treated with disinfectant and oth-
ers were treated with free chlorine (B) and monochlor-
amine (C). Numbers are culture time (day) and 3, 6
and 11 week was the sampling time (see Fig. 2).
Numbers in parenthesis represent concentrations of
each disinfectant.
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Table 1. Actively used carbon sources by biofilm in each disinfectant

K Free chlorine Monochloramine

Ran (05 mg/1) (1.0 mg/1)

1 L-glutamic acid L-glutamic acid

2 succinamic acid succinamic acid

3 urocanic acid L-histidine

4 citric acid L-asparagine

5  y-aminobutyric acid urocanic acid

6  L-asparagine cis-aconitic acid

7 L-arabinose y-aminobutyric acid

8  adonitol citric acid

9  L-aspartic acid adonitol

10 i-erythritol

11 B-hydroxy butyric acid

12 D-galactonic acid lactone
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Fig. 4. Principal component analysis for the average values of
each sample in the CLPP analysis.

goH F 7577 TFH AT MEtF o o] 8 e ¢
A2¥e Exgzaddr 20, #HIBFARAA 54=
(Table 1) 22229 A TAMe B4E Role 24+
Z9 9¢3 5 MR Aold TR F2 A% 293 7HsA
ol & AoE AZHA.

74 NEE TA%te ATEY 849 olgxd 9% v
Ae 8AEL FLQEA(principal component analysis,
PCA)2.Z £439 ) Fig. 4= 494 Hol& Jetgw o 7
T2 ol &st] FLARHE FAF Zolth. AWA F4
13} (PC1) FulA 8.9 (PC), A WA 389 (PC)o] 2
7} 527,333, 140%9) B]Z 0.2 @A g o]85d] 93-S )X
© ALE Yeitth PQe &FA A 794 254 $F7
2 AZHAT AAFIL A F7E B AolE By
PC1# PC3& &54] & &2 AgAAA 72 AEHAT

FEA: Hgks o] $3t= AWCD (average well color
development)d | M&[7] &5H A A F5Ato] 9 Aol
EAT 5 )91, PCAY Y (Figd) &gl o] 89 HFH 2
#2 (Fig. 3) 254 F7, ASAAN7], 254 sEE
THTEY Aot A& Ao FHE + Yo 282
7 gad o] §EE EAStY (Table 1) T HT29 Aol
o dstA 4T F AAqD £ a7 2 ANEAH 2
Ao HAETER S FAstE F9 W] A€ A Jedt
T 8457t obd, 94 F9 4R 9% 23d THeAol
ATH20]. st S5 Fo A3 o Azt strjztx 24
gade] AYH, AFH oj&e] & H& #HATA 39
Atolo] &g Astel & Aoln A=A F/Y v it
o] &8 & Je B4 o849 47 (Table 1), FFH (Fig.
3) #hel 22z nAET o] ME FolFe Atete 2
G2t & Aol

e <%

FEEA 4T BB 4B FABTIL

=E2Eus Astd Adss Was 14 o @
]85S ZAIAY &5 FEE @AHE &}
229N FY FEE 222U FARFEL
27 2+ 1.5, 1.0 mg/17AA| &= =74 vlg] #art 9l
Agk (P = 056, ANOVA) Rx=Z 227 20 mg/l, #27
F494 15 mg/1 g AU (P < 001, ANOVA). &%
Ao FEE GAHCE EYY AA8HI T F 2L 2
gu AEsEe Zart #2HASG AdsErt FASHH
BT 2t gadl g FFH, A4F ol&xst M2 28t
ZATRIL Bold Ao g AA4HUY

32 o to P o
of 2 M g

References

1. APHA. 1995. Standard methods for the examination of water
and wastewater, 19th edition. Washington, DC. 9.1-9.38.

2. AWWA. 1999. Water quality and treatment: A handbook
of community water supply, 5th edition, McGrau-Hill,
New York. 14.1-14.15

3. Braun, B, U. Béckelmann, E. Grohmann and U. Szewzyk.
2005. Polyphasic characterization of the bacterial com-
munity in an urban soil profile with in situ and cul-
ture-dependent methods. Appl. Soil. Ecol. 31, 267-279.

4. Degens, B. P. and J. A. Harris. 1997. Development of a
physiological approach to measuring the catabolic diver-
sity of soil microbial communities. Soil Biol. Biochem. 29,
1309-1320.

5. Gamo, M. and T. Shoji. 1999. A method of profiling mi-
crobial communities based on a most-probable-number
assay that uses BIOLOG plates and multiple sole carbon
sources. Appl. Environ. Microbiol. 65, 4419-4424.

6. Garland, J. L. and A. L. Millis. 1991. Classification and
characterization of heterotrophic microbial communities
on the basis of patterns of community level sole carbon
source utilization. Appl. Environ. Microbiol. 57, 2311-2359.

7. Garland, J. L. 1996. Analytical approaches to the charac-
terisation of sample microbial communities using patterns
of potential C source utilisation. Soil Biol. Biochem. 28,
213-221.

8. Khoodoo, M. H. R, F. Sahin, M. F. Donmez and Y. J.
Fakim. 2005. Molecular characterisation of Xanthomonas
strains isolated from aroids in Mauritius. Syst. Appl.
Microbiol. 28, 366-380.

9. LeChevallier, M. W., C. D. Lowry and R. G. Lee. 1990.
Disinfection of biofilms in a model distribution system. .
Am. Water Works Assoc. 82, 87-99.

10. Lee, D.-G. 2003. Bacterial growth on GAC (granular acti-
vated carbon) in a water purifier. Korean |. Env. Heal. 29,
133-138.

11. Lee, D.-G. 2004. Safety Investigation of tap water and bio-
film by isolated bacteria. Korean |. Env. Heal. 30, 207-213.

12. Lee, D.-G. and S.-J. Kim. 2003. Bacterial species in biofilm
cultivated from the end of the Seoul water distribution
system. J. Appl. Microbiol. 95, 317-324.



13.

14.

15.

16.

17.

18.

Lee, D-G,, J-H. Lee, 5.-H. Lee, B.-J. Ha and J.-M. Ha.
2004. CLPP of biofilm on different pipe materials in
drinking water distribution system. J. Life Sci. 14, 891-894.
Lee, D.-G., C. H. Lee and S.-J. Kim. 2005. Diversity and
dynamics of bacterial species in a biofilm at the end of
the Seoul water distribution system. World J. Microbiol.
Biotechnol. 21, 155-162.

Lehman, R. M., F. S. Colwell and G. A. Bala. 2001.
Attached and unattached microbial communities in a si-
mulated basalt aquifer under fracture- and porous-flow
conditions. Appl. Environ. Microbiol. 67, 2799-2809.
Mphekgo, P., Maila, P. Randima, K. Drgnen and Thomas
E. Cloete. 2006. Soil microbial communities: Influence of
geographic location and hydrocarbon pollutants. Soil Biol.
Biochem. 38, 303-310.

Marshall, K. C. 1988. Adhesion and growth of bacteria at
surfaces in oligotrophic habitats. Can. ]. Microbiol. 34,
503-506.

Boivin, M.-E. Y., B. Massieux, A. M. Breure, G. D. Greve,
M. Rutgers and W. Admiraal. 2006, Functional recovery
of biofilm bacterial communities after copper exposure.

19.

20.

21.

22,

23.

Journal of Life Science 2006, Vol. 16. No. 4 583

Environ. Poll. 140, 239-246.

Ridgway, H. F. and B. H. Olson. 1981. Scanning micro-
scopic evidence for bacterial colonization of a drinking
water distribution system. Appl. Environ. Microbiol. 41,
274-287.

Schwartz, T., S. Hoffmann and U. Obst. 1998. Formation
and bacterial composition of young, natural biofilms ob-
tained from public bank-filtered drinking water systems.
Water Res. 32, 2787-2797.

Smalla, K., U. Wachtemdorf, H. Heuer, W.-T. Liu and L.
Forney. 1998. Analysis of Biolog GN substrate utilization
patterns by microbial communities. Appl. Environ.
Microbiol. 64, 1220-1225.

Szewzyk, U., R. Szewzyk, W. Manz and K.-H. Schleifer.
2000. Microbiological safety of drinking water. Ann. Rev.
Microbiol. 54, 81-127.

Viti, C. and L. Giovannetti. 2005. Characterization of culti-
vable heterotrophic bacterial communities in Cr-polluted
and unpolluted soils using Biolog and ARDRA
approaches. Appl. Soil Eco. 28, 101-112.



