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Figure 61. Example of biofilm cells hybridising with the ALF 1b probe after 42 
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP) 
supplemented with 400 µg acetate-C L-1  

 

 

Figure 62. Example of biofilm cells hybridising with the BET 42a probe after 42 
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP) 
supplemented with 400 µg acetate-C L-1 

 

 

Figure 63. Example of biofilm cells hybridising with the GAM 42a probe after 42 
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP) 
supplemented with 400 µg acetate-C L-1 
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Figure 64. Example of biofilm cells staining with DAPI after 55 days of biofilm 

development in chlorinated Sydney drinking water (Orchard Hills WFP) 

 

 

Figure 65. Example of biofilm cells staining with DAPI after 65 days of biofilm 

development in chlorinated Sydney drinking water (Orchard Hills WFP) 
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Figure 66. Example of biofilm cells hybridising with the GAM 42a probe after 55 
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 

 

 

Figure 67. Example of biofilm cells hybridising with the GAM 42a probe after 65 
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 

 

 

Figure 68. Example of biofilm cells hybridising with the GAM 42a probe after 90 
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 
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Figure 69. Example of biofilm cells hybridising with the ALF 1b probe after 78 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) 

 

 

Figure 70. Example of biofilm cells hybridising with the ALF 1b probe after 90 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) 

 

 
Figure 71. Example of biofilm cells hybridising with the ALF 1b probe after 65 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 
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Figure 72. Example of biofilm cells hybridising with the GAM 42a probe after 65 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 

 

 

Figure 73. Example of biofilm cells hybridising with the ALF 1b probe after 78 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1 

 

 
Figure 74. Example of biofilm cells hybridising with the GAM 42a probe after 78 
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills 
WFP) supplemented with 400 µg acetate-C L-1  
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Characterisation of potentially opportunistic pathogenic biofilm cells 

Three morphologically distinct colonies were isolated from the biofilm reactors used to 

investigate the effects of organic carbon on biofilm development. Small white colonies 

(CRC3) were isolated from all reactors and contained branched rods, which gave an 

indeterminate Gram reaction. Off-white colonies (CRC2) were also isolated from 

reactors supplemented with 100 µg acetate-C L-1 and 200 µg acetate-C L-1. These 

colonies were formed of Gram negative cocci. In the reactors supplemented with 400 

µg acetate-C L-1, mucoid colonies containing a blue/green pigment (CRC1) were 

mostly isolated and contained Gram negative rods. 

Comparison of isolate sequences (Appendix 1) with those in the 16S rDNA database 

revealed that isolate CRC1 (blue/green colonies) were 99% homologous with 

Pseudomonas aeruginosa, cells from the off-white colonies (CRC2) were 98% 

homologous with Acinetobacter haemolyticus (but 99% homologous with an unnamed 

Acinetobacter sp.) and cells from the small white colonies (CRC3) were 99% similar to 

Mycobacterium ratisbonense. Phylogenetic analysis of the isolate revealed that it lay 

within a cluster containing M. ratisbonense, M. fortuitum and M. chelonae (Fig. 75). 

Discussion 

Little is known of the types of bacteria in biofilms formed in Australian drinking water 

and even less of the impact of water quality parameters on biofilm population 

characteristics. A number of studies have used fluorescently labelled oligonucleotide 

probes, specific for different bacterial groups, to characterise drinking water biofilm 

populations (Kalmbach et al., 1997; Szewzyk et al., 1994; Manz et al., 1993). In the 

present study the use of fluorescently labelled oligonucleotide probes directed against 

the sub divisions of the Proteobacteria showed that the disinfectant type and 

concentration of BOC in the water selected for different populations of bacteria in 

biofilms formed in Sydney drinking water (Prospect WFP and Orchard Hills WFP). 

Bacteria from the α subdivision of the Proteobacteria were the first biofilm cells to 

hybridise in the chloraminated treated drinking water (Orchard Hills WFP), however, 

hybridising cells were only observed late in the experiment (day 78). This suggested 

that prior to day 78 there was insufficient cellular activity, resulting in a low number of 
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Figure 75. Phylogenetic relationships of the strains belonging to the genus 

Mycobacterium, including the isolate from this study, and related bacteria 
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ribosomes in the cells, to give sufficient signal for detection of hybridisation. The 

correlation between bacterial activity and intensity of hybridisation signal has been 

shown (Poulsen et al., 1993). The presence of low bacterial activity may also have been 

the case during the investigation of the effects of organic carbon on biofilm 

development, as no bacterial cells were observed to hybridise within 60 days of biofilm 

formation in either unsupplemented chloraminated drinking water (Prospect WFP) or 

chloraminated drinking water supplemented with 100 µg acetate-C L-1. It was not until 

the BOC concentration was increased to 200 µg acetate-C L-1 or above, that it was 

possible to observe hybridised cells in biofilms in the chloraminated water from 

Prospect WFP. In the chloraminated drinking water supplemented with 200 µg acetate-

C L-1 cells from the α subdivision of the Proteobacteria were observed by day 22 and 

from the α and β subdivisions of the Proteobacteria by day 32. When the acetate-C 

concentration in the chloraminated drinking water (Prospect WFP) was increased to 400 

µg acetate-C L-1, cells from the α subdivision of the Proteobacteria were observed by 

day 22 and from the α, β and γ subdivisions of the Proteobacteria by day 42. Similarly, 

supplementation of the chloraminated drinking water from Orchard Hills WFP with 400 

µg acetate-C L-1, allowed cells from the α and γ subdivisions of the Proteobacteria to 

be observed in biofilms 20 days after supplementation with acetate-C. This compared 

with 78 days before detectable hybridisation in unsupplemented chloraminated water 

(Orchard Hills WFP) biofilms and highlighted the increased activity in the 

supplemented reactors, even in the presence of disinfectant. The predominance of cells 

from the α subdivision of the Proteobacteria in unsupplemented chloraminated Sydney 

drinking water (Orchard Hills WFP) biofilms differed from population characteristics 

of drinking water biofilm populations observed in other drinking water (Kalmbach et 

al., 1997; Manz et al., 1993). In their study, Kalmbach and co-workers (Kalmbach et 

al., 1997) showed that biofilms formed in unsupplemented German drinking water, 

containing no disinfectant, were mostly comprised of β sub division cells after 35 days, 

and up to 70 days of biofilm formation. In this case it is likely that the lack of 

disinfectant provided the opportunity for greater cell activity and hence the detection of 

biofilm cells earlier in biofilm development, compared to the Sydney results. 

It was not possible to observe hybridised cells at any stage of the experiment (90 days) 

conducted in unsupplemented chlorinated drinking water (Orchard Hills). Cells were 
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only observed by staining with the nucleic acid stain, DAPI, which showed that there 

was a transition in cell morphology from short rods and cocci, to medium length rods 

over the experiment. The lack of hybridisation signal from the biofilms in 

unsupplemented chlorinated water was likely due to a lower ribosome content and 

hence lower activity of cells in this disinfectant type, compared to chloramine. This was 

surprising considering the rapid increase in biofilm development once acetate-C was 

added to the chlorinated system (see section Comparative Effects of Disinfectants on 

Bioflm Development). Indeed, it was only after supplementation of the chlorinated 

water with 400 µg acetate-C L-1 for 10 days, that it was possible to detect cell 

hybridisation. In contrast to the chloraminated drinking water, the predominant cells in 

the supplemented chlorinated water were from the γ sub division of the Proteobacteria. 

No cells from other Proteobacteria sub divisions were observed. 

The detection of hybridisation in the reactors supported the trends observed in biofilm 

development after the supplementation of both chlorinated and chloraminated reactors 

with acetate-C (see section Comparative Effects of Disinfectants on Biofilm 

Development). Biofilm biomass reached a maximum 10 days after acetate-C 

supplementation compared with 20 days after in the chloraminated reactors. The FISH 

results also indicated the increased activity of the biofilm cells in response to increased 

inorganic nutrients. 

Sequence analysis of bacterial isolates from reactors supplied chloraminated drinking 

water (Prospect WFP) supplemented with 400 µg acetate-C L-1 showed that one of the 

isolates (CRC1) had 99% homology with Pseudomonas aeruginosa, while another 

isolate had 98% homology with Acinetobacer haemolyticus (CRC2). It was not 

surprising that bacteria similar to Pseudomonas aeruginosa and Acinetobacter 

haemolyticus were isolated as these organisms are commonly found in drinking water 

biofilms (Norton and LeChevallier, 2000; Percival et al., 1998; LeChevallier et al., 

1987). The fact that P. aerugoinosa was isolated from the reactors supplemented with 

400 µg acetate-C L-1and belonged to the γ subdivision of the Proteobacteria (Woese, 

1987) agreed with FISH results. Conversely, Acinetobacter was isolated mostly from 

the reactors supplemented with 100 µg acetate-C L-1and 200 µg acetate-C L-1 and yet 

no FISH positive results for the γ subdivision of the Proteobacteria were obtained. It is 

possible that these organisms were relatively inactive in the biofilms but readily grew in 
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culture. Further, it was surprising that no cells from the β subdivisions of the 

Proteobacteria, and in particular no cells from the α subdivision, were isolated as these 

were also detected in the supplemented chloraminated reactors. It is likely that the high 

temperature used for isolation (37°C) may have selected against the cells from the α 

and β subdivisions present in the biofilms. A high incubation temperature was used to 

increase the chances of isolating potentially opportunistic pathogenic bacteria as well as 

indicator bacteria, such as faecal and total coliforms, but the latter were not isolated. 

Phylogenetic analysis of the third isolated strain (CRC3) showed that it was most 

closely related to Mycobacterium ratisbonense (98%), which formed a cluster with M. 

fortuitum and M. chelonae. Both M. fortuitum and M. chelonae are part of a group of 

rapidly-growing Mycobacterium which form colonies on culture media in less than 7 

days (Hall-Stoodley et al., 1999; Butler, 1986). The rapidily growing Mycobacterium 

also contain the species M. vaccae and M. duvalii, which together with the isolate from 

this study, M. ratisbonense, M. fortuitum and M. chelonae were grouped separately to 

the slow growers M. lentiflvum, M. avium, M. tuberculosis and M. kansasii (Butler, 

1986), based on 16S rDNA sequence comparisons (Fig. 75). The isolate from the 

reactors in the present study formed colonies within 48 hours, which agrees with the 

genetic grouping. 

Both M. fortuitum and M. chelonae have been shown to form comprehensive biofilms 

under both high and low nutrient conditions in relatively short time periods (10 days) 

(Hall-Stoodley et al., 1999). Similarly, the isolate from this study was found in each of 

the reactors regardless of nutrient levels. Mycobacterium is commonly isolated from 

drinking water and has been found in distribution systems biofilms (Falkinham et al., 

2001). Indeed, it was shown that Mycobacterium numbers were higher in the 

distribution system than immediately downstream of the treatment plant, which 

indicated growth in the distribution system (Falkinham et al., 2001). This is not 

surprising as Mycobacterium is resistant to chlorine with typical free chlorine C.T. 

values about 10-fold greater than for E. coli and greater than 1,000 C.T in chloramine 

(Sobsey, 1989). Nevertheless, while Mycobacterium could be isolated readily from 

swimming pools at free chlorine concentrations of 0.5 mg L-1, none could be isolated 

from water with free chlorine concentrations above 0.7 mg L-1 (Leoni et al., 1999). In 

the present study, the isolated Mycobacterium strain was readily isolated from reactors 
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in the presence of approximately 0.5 mg L-1 chloramine. Both M. fortuitum and M. 

chelonae have been identified as opportunistic pathogens, causing infections mainly in 

trauma related injuries, nosocomial infections and in immunocompromised individuals. 

The pathogenicity of the isolate from this study is unknown. 

Characterisation of biofilm populations using the FISH technique showed that the 

concentration of BOC and disinfectant type, either chlorine or chloramine caused 

changes in biofilm bacteria populations. Bacteria from the α subdivision of the 

Proteobacteria were detected in either unsupplemented or supplemented chloraminated 

drinking water. Moreover in the presence of an additional 400 µg acetate-C L-1, cells 

were observed from each of the α, β and γ subdivisions of the Proteobacteria in the 

chloraminated water. Conversely, no cells were found to hybridise in chlorinated 

drinking water biofilms over 90 days. It was only after supplementation of the 

chlorinated drinking water with 400 µg acetate-C L-1 that cells from the γ subdivision of 

the Proteobacteria alone were observed. It was evident that low cellular activity during 

the initial stages of biofilm development in unsupplemented reactors, either chlorinated 

or chloraminated prevented the detection of cell hybridisation. This implied that in low 

nutrient, disinfected environments such as drinking water, the FISH technique might 

need to be modified to increase hybridisation signal. Nevertheless, hybridised cells 

were detected relatively early in biofilm development in supplemented reactors. 

Moreover, in the investigation of the comparative effects of disinfectants on biofilm 

development, the difference between the detection of biofilm cell hybridisation in 

chlorinated and chloraminated reactors (10 and 20 days after supplementation, 

respectively) corresponded to trends observed in biofilm formation. 

Isolation and speciation of bacteria from biofilms showed close relationships to 

Pseudomonas aeruginosa, Acinetobacter haemolyticus and Mycobacterium 

ratisbonense. Phylogenetic analysis of the Mycobacterium strain revealed that it 

clustered with the rapidly growing species M. chelonae and M. fortuitum. Both species 

are readily isolated from drinking water and are classified as opportunistic pathogens. 

The pathogenicity of the isolate from this study is unknown. This study was an initial 

characterisation of biofilm populations and successfully showed the dynamic nature of 

biofilms in distribution systems. As biofilms can contribute cells to the aqueous phase 

and the nature of biofilms can be impacted by water quality parameters, it is 
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recommended that a more intensive study of biofilm populations be undertaken, 

primarily from a risk analysis viewpoint. 

Outcomes 

This component of the project addressed the milestone “Description of biofilm 

community under various disinfectant regimes” by delivering the following outcomes. 

• The use of the FISH technique showed that biofilm bacteria populations were 

affected by changes in BOC concentrations and disinfectant type. 

• The FISH technique was not sensitive enough to detect cells in unsupplemented 

chlorinated drinking water and only at a late stage in biofilm development in 

chloraminated water. This indicated a low ribosome content and hence low cell 

activity in these reactors. 

• The FISH technique detected cells early in biofilm development in 

supplemented reactors, either chlorinated or chloraminated, which highlighted 

an increase in cellular activity. 

• The FISH results supported biofilm biomass results obtained during the 

investigation of the comparative effects of disinfectants on biofilm 

development. Hybridising cells were detected on the days of maximum biofilm 

biomass concentrations and indicated an increase in cellular activity following 

acetate-C supplementation, in either chlorine or chloramine. 

• Isolation and 16S rDNA analysis of biofilm isolates revealed relatedness to 

Pseudomonas aeruginosa, Acinetobacter haemolyticus and Mycobacterium 

ratisbonense. The Mycobacterium strain clustered in with other rapidly growing 

Mycobacterium species, which are readily isolated from drinking water. The 

pathogenicity of the isolated Mycobacterium strain is unknown. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 210

REFERENCES 

Amann, RI; Ludwig, W; Schleifer, K-H (1995). Phylogenetic identification and in 
situ detection of individual microbial cells without cultivation. Microbiol. Rev. 
59:143-169. 

Angles, ML; Chandy, J; Kastl, G; Jegatheesan, V; Cox, P; Fisher, I (1999). Biofilms 
in drinking water: influence of organic carbon and disinfection. Water 26:30-33. 

Applegate, DH; Bryers, J.D (1991). Effects of carbon and oxygen limitations and 
calcium concentrations on biofilm removal processes. Biotechnol. Bioeng. 37:17-25.

AWT (1999). Biofilm development in the reticulation system. Report No: 
1999/0092, prepared by Australian Water Technologies for the CRC for Water 
Quality and Treatment, Adelaide, Australia. 

Bablon, G et al., (1991). Practical application of ozone: principles and case studies, 
p. 133. In: “Ozone in Water Treatment: Application and Engineering” eds: Langlais, 
B; Reckhow, DA; Brink, DR. Lewis Publishers, Inc., Michigan. 

Balows, A; Truper, HG; Dworkin, M; Harder, E; Schleifer, K-H (eds) (1991) The 
Prokaryotes 2nd ed. Vol. IV, Springer-Verlag, USA. 

Block, JC; Haudidier, K; Paquin, JL; Miazga, J; Levi, Y (1993). Biofilm 
accumulation in drinking water distribution systems. Biofouling. 6:333. 

Boulton, AJ; Boon, PI (1991). A review of methodology used to measure leaf litter 
decomposition in biotic environments: time to turn over a new leaf? Aust. J. Mar. 
Freshwater Res. 42:1-43. 

Brown, CM; Ellwood, DC; Hunter, JR (1977). Growth of bacteria at surfaces: 
Influence of nutrient limitation. FEMS Microbiol. Lett. 1:163-166. 

Bull, R.J; Birnbaum, LS; Cantor, KP; Rose, JB; Butterworth, BE; Pegram, R; 
Tuomisto, J (1995). Water chlorination: Essential process or cancer hazard? 
Fundam. Appl. Toxicol. 28:155-166. 

Butler, J (1986). The Mycobacteria p. 1435-1457 In: Bergey’s Manual of 
Systematic Bacteriology. William & Wilkins, Baltimore. 

Butterfield, WP; Camper, AK; Jones, WL; Ellis, BD (1999). Effects of chlorine on 
biofilm growth and substrate uptake in model drinking water systems In: 
“Proceedings of AWWA Water Quality Technology Conference” Published by 
AWWA Denver, Colorado. 

Camper, AK (1994). Coliform regrowth and biofilm accumulation in drinking water 
systems: A review p. 91-105. In: “Biofouling and Biocorrosion in Industrial Water 
Systems’ eds: Geesey, GG; Lewandowski, Z; Flemming, H-C, Lewis Publishers, 
Inc., Chelsea, Michigan. 

Camper, AK. (1996). Factors limiting microbial growth in the distribution system: 
Pilot and laboratory studies. AWWA Research Foundation, Denver. 

Camper, AK; Buls, J; Goodrum, L (2001). Effects of UV disinfection on humic 
substances and biofilms. In: “Proc. AWWA Water Quality Technology Conference” 
Published by AWWA, Denver. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 211

Camper, AK; Burr, M; Ellis, B; Butterfield, P; Abernathy, C (1999). Development 
and structure of drinking water biofilms and techniques used for their study. J. Appl. 
Microbiol. (suppl.). 85: 1S-12S. 

Camper, AK; Jones, WL; Hayes, JT (1996). Effect of growth conditions and 
substratum on the persisitence of coliforms in mixed-population biofilms. Appl. 
Environ. Microbiol. 62:4014-4018. 

Camper, AK; LeChevallier, MW; Broadaway, SC; McFeters, GA (1985). 
Evaluation of procedures to desorb bacteria from granulated activated carbon. J. 
Microbiol. Methods 3:187-198. 

Camper, AK; LeChevallier, MW; Broadaway, SC; McFeters, GA (1986). Bacteria 
associated with granular activated carbon particles in drinking water. Appl. Environ. 
Microbiol. 52:434-438. 

Chandy, JP; Angles, ML (1999). Significance of limiting nutrients on biofilm 
formationin drinking water distribution systems. In “Proc. IAWQ Conference on 
Biofilm Systems” October, New York. 

Chandy, JP; Angles, ML (2001). Determination of nutrients limiting biofilm 
formation and the subsequent impact on disinfectant decay. Wat. Res. 35:2677-
2682. 

Characklis, WG (1990a). Laboratory biofilm reactors, p. 55-89. In: “Biofilms” eds: 
Characklis, WG; Marshall, KC, John Wiley & Sons, Inc., New York. 

Characklis, WG (1990b). Energistics and stoichiometry, p. 161-192. In: “Biofilms” 
eds: Characklis, WG; Marshall, KC, John Wiley & Sons, Inc., New York. 

Characklis, WG, McFeters, GA. And Marshall, KC (1990). Physiological ecology in 
biofilm systems, p. 341-394. In “Biofilms” eds: Characklis, WG; Marshall, KC, 
John Wiley & Sons, Inc., New York. 

Characklis, WG, Trulear, MG, Bryers, JD and Zelver, N (1982). Dynamics of 
biofilm processes: Methods. Wat. Res. 16:1207-1216. 

Characklis.WG (1989). Structure and functions of biofilms, p.5-19. In “Biofilms” 
eds: Characklis, WG; Marshall, KC, John Wiley & Sons, Inc., New York. 

Clark, RM; Lykins, BW; Block, JC; Wymer, LJ; Reasoner, DJ (1994). Water quality 
changes in a simulated distribution system. Aqua 43: 263-277. 

Costerton, JW; Lewandowski, Z; Caldwell, DE; Korber, DR; Lappin-Scott, HM 
(1995). Microbial biofilms. Annu. Rev. Microbiol. 49:711-745. 

De Beer, D; Srinivasan, R; Stewart, PS (1994). Direct measurment of chlorine 
penetration into biofilms during disinfection. Appl. Environ. Microbiol. 60:4339-
4344. 

Dombay, G; Piriou, P; Kiene, L (1999). Quantifying the influence of environmental 
parameters on bacterial regrowth phenomena in distribution systems. In: 
“Proceedings of AWWA Water Quality Technology Conference” Published by 
AWWA, Denver, Colarado. 

Donlan, RM; Pipes, WO (1988). Selected drinking water characteristics and 
attached microbial population density. J. Amer. Wat. Works Assoc. 80:70-76. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 212

Elgi, T (1995). The ecological and physiological significance of the growth of 
heterotrophic microorganisms with mixtures of substrates, p.305-386 In: “Advances 
in microbial ecology, vol 14” ed: Jones, JG. Plenum Press, New York. 

El-Shafy, MA; Grunwald, A; Torky, HM (1999). Corrosion and biofilm on coupons 
through loops constructed on transported pipelines. In: “Proceedings of IAWQ 
Conference on Biofilm Systems”. New York, October. 

Entigen Corporation. BioNavigator (http://www.entigen.com). 

Escobar, IC; Randall, AA (1999). Influence of nanofiltration on distribution on 
distribution system biostability. J. Amer. Water Works Assoc. 91:76-89. 

Escobar, IC; Randall, AA (2000). Sample storage impact on the assimilable organic 
carbon (AOC) bioassay. Wat. Res. 34: 1680-1686. 

Escobar, IC; Randall, AA (2001). Assimilable organic carbon (AOC) and 
bidegradable dissolved organic carbon (BDOC): complementry measurements. Wat. 
Res. 35:4444-4454. 

Exner, JH; Fox, RD; Parmele, CS; Moyer, JR (1978). Chlorination effects on typical 
organic chemical plant effluents. p. 791-804. In; “Water chlorination, environmental 
impact and health effects, vol. 2” eds: Jolley, RL; Gorchev, H; Hamilton Jr., DH. 
Ann Arbour Science Publishers Inc. Ann Arbour, MI. 

Falkinham III, JO; Norton, CD; LeChevallier, MW (2001). Factors influencing 
numbers of Mycobacterium avium, Mycobacterium intracellulare, and other 
Mycobacteria in drinking water distribution system. Appl. Environ. Microbiol. 
67:1225-1231. 

Farrell Jr., RE (ed) (1998). RNA Methodologies – A laboratory guide for isolation 
and characterisation, 2nd ed. Academic Press, USA. 

Felsenstein, J. (1989). PHYLIP - Phylogeny Inference Package (Version 3.2). 
Cladistics 5:164-166. 

Geesey, GG (1987). Survival of microorganisms in low-nutrient waters, In: 
“Biological Fouling of Industrial Water Systems: A Problem Solving Approach” 
eds: Mittelman, MW;. Geesey, GG, Water Microbiology Association, SanDiego. 

Geldreich, EE (1972). Buffalo Lake recreational water quality: a study of 
bacteriological data interpretation. Wat. Res. 6:913-924. 

Gibbs, RA; Scutt, JE; Caroll, BT (1993). Assimilable organic carbon concentration 
and bacterial numbers in a water distribution system. Wat. Sci. Technol. 27: 159-
166. 

Gjaltema, A; Arts, PAM; van Loosdrecht, MCM; Kuenen, JG; Heijnen, JJ (1994). 
Heterogeneity of biofilms in rotating annular reactors: occurrence, structure, and 
consequences. Biotechnol. Bioeng. 44:194-204. 

Griebe, T; Chen, C.-I; Srinivasan, R; Stewart, PS (1994). Analysis of biofilm 
disinfection by monochloramine and free chlorine, p. 151-161. In “Biofouling and 
Biocorrosion in Industrial Water Systems’ eds: Geesey, GG; Lewandowski, Z; 
Flemming, H-C, Lewis Publishers Inc., Chelsea, Michigan. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 213

Griebe, T; Hild, G; Schindler, U; Flemming, H-C (1995). Homogenous distribution 
of biofilms in a rotating reactor. In: “Proc. IAWQ Conference” Dey, The 
Netherlands. 

Hallam, NB; West, JR; Forster, CF; Simms, J (2001). The potential for biofilm 
growth in water distribution systems. Wat. Res. 35: 4063-4071. 

Hall-Stoodley, L; Keevil, CW; Lappin-Scott, HM (1999). Mycobacterium fortuitum 
and Mycobacterium chelonae biofilm formation under high and low nutrient 
conditions. J. Appl. Microbiol. (suppl.) 85:60S-69S. 

Hambsch, B; Werner, P (1993). Control of bacterial regrowth in drinking-water 
treatment plants and distribution system. Wat. Supply. 11:299-308. 

Hanna, JV; Johnson, WD; Quezada, RA; Wilson, MA; Lu Xiao-Qiao (1991). 
Characterization of aqueous humic substances before and after chlorination. 
Environ. Sci. Technol. 25:1160-1164. 

Holden, B; Greetham, M; Croll, BT; Scutt, J (1995). The effects of changing inter 
process and final disinfection reagents on corrosion and biofilm growth in 
distribution pipes. Wat. Sci. Tech. 32:213-220. 

Huck, PM (1990). Measurement of biodegradable organic matter and bacterial 
growth potential in drinking water. J. Amer. Wat. Works Assoc. 82:78-86. 

Humphrey, BA; Marshall, KC (1984). The triggering effect of surfaces and 
surfactants on heat output, oxygen consumption and size reduction of a starving 
marine Vibrio. Arch. Microbiol. 140: 166-170. 

Jacangelo, JG; DeMarco, J; Owen, DM; Randtke, SJ (1995). Selected processes for 
removing NOM: an overview. J. Amer. Wat. Works Assoc. 87:64-77. 

Jacangelo, JG; Oliveri, VP (1985). Aspects of the mode of action of 
monochloramine. P. 575-586 In: “Water chlorination, chemistry, environmental 
impact and helath effects” eds: Jolley, RL; Bull, RJ; Davis, WP; Katz, S; Roberts, 
Jr. MH; Jacobs, VA, Lewis Publishers, Inc. Chelsea, MI. 

Jacangelo, JG; Oliveri, VP; Kawata, K (1987). Mechanism of inactivation of 
microorganisms by combined chlorine. AWWA Research Foundation, ISBN 0-
89867-394-1. Published by AWWA, Denver. 

Jacangelo, JG; Oliveri, VP; Kawata, K (1991). Investigating the mechanism of 
inactivation of Escherichia coli and its residual in finished water. J. Amer. Wat. 
Works Assoc. 83:80-87. 

Jago, PH; Stanfield, G (1989). ATP luminescence – rapid methods in microbiology. 
Soc. Appl. Bacteriol. Tech. Series 26. 

Jeffrey, WH; Paul, JH (1986). Activity measurements of planktonic microbial and 
microfouling communities in a eutrophic estuary. Appl. Environ. Microbiol. 51:157. 

Jegatheesan, V; Kastl, G; Fisher, I; Angles, M; Chandy, J (2000). Modelling biofilm 
growth and disinfectant decay in drinking water. Wat. Sci. Tech. 41:339-345. 

Jones, K; Bradshaw, SB (1996). Biofilm formation by the Enterobacteriaceae: a 
comparison between Salmonella �nteritidis, Escherichia coli and a nitrogen fixing 
starin of Klebsiella pneumoniae. J. Appl. Bacteriol. 80: 458-464. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 214

Jones, K; Bradshaw, SB (1997). Synergism in biofilm formation between 
Salmonella enteritidis and nitrogen-fixing strain of Klebsiella pneumoniae. J. Appl. 
Bacteriol. 82:663-668. 

Jonker, N; Neele, J; Ritsema, R; Hogendoorn, EA; Versteegh, JFM (2000) Results 
of the 1999 drinking-water monitoring programme in The Netherlands. RIVM 
Rapport 703713013. 

Joret, J-C ; Lévi, Y ; Dupin, T ; Gibert, M (1988). Rapid method for estimating 
bioeliminable organic carbon in water. In: “Proc. AWWA Water Annual 
Conference” Orlando, Florida. 

Joret, J-C ; Lévi, Y ; Dupin, T ; Gibert, M (1989). The measurement of 
bioelimenable dissolved organic carbon (BDOC): a tool in water treatment. Wat. 
Suppl. 7:41-45. 

Kalmbach, S; Manz, W; Bendinger, B; Szewzyk, U (1997). Isolation of new 
bacterial species from drinking water biofilms and proof of their in situ dominance 
with highly specific 16S rRNA probes. Appl. Environ. Microbiol. 63:4164-4170. 

Kalmbach, S; Manz, W; Bendinger, B; Szewzyk, U (2000). In Situ probing reveals 
Aquabacterium commune as a widespread and highly abundant bacterial species in 
drinking water biofilms. Wat. Res. 34:575-581. 

Kaplan, LA; Bott, TL; Reasoner, DJ (1993). Evaluation and simplification of the 
assimilable organic carbon nutrient bioassay for bacterial growth in drinking water. 
Appl. Environ. Microbol. 59 :1532-1539. 

Kaplan, LA ; Newbold, JD (1995). Measurement of streamwater biodegradable 
dissolved organic carbon with a plug-flow bioreactor. Wat. Res. 29:2696-2706. 

Kaplan, LA; Reasoner, DJ; Rice, EW (1994). A survey of BOM in US drinking 
waters. J. Amer. Wat. Works Assoc. 86:121-132. 

Kaplan, LA; Ribas, F; Joret, J-C; Vilk, C; Frias, J; Lucena, F (1996). Measurement 
of Biodegradable Organic Matter with Biofilm Reactors. AWWARF Report No. 729

Kaufmann, P; Pfefferkorn, A; Teuber, M; Meile, L (1997). Identification and 
quantification of bifidobacterium species isolated from food and geneus-specific 
16S rrna-targeted probes by colony hybridisation and PCR. Appl. Environ. 
Microbiol. 63:1268-1273. 

Kemmy, FA; Fry, JC; Breach, RA (1989). Development and operational 
implementation of a modified and simplified method for determination of 
assimilable organic carbon (AOC) in drinking water. Wat. Sci. Tech. 21:155-159. 

Kjelleberg, S; Humphrey, BA; Marshall, KC (1983). Initial phase of starvation and 
activity of bacteria at surfaces. Appl. Environ. Microbiol. 46:978-984. 

Kroeg, NR(ed) (1984). Bergey’s Manual of Systematic Bacteriology, Vol. I. 
Williams and Wilkins, UK. 

Lappin-Scott, HM; Jass, J; Costerton, JW (1993). Microbial biofilm formation and 
characterisation. P1-2, In “Microbial biofilm formation and control” ed: Denyer, SP, 
Society for Applied Bacteriology Technical Series 30, Oxford: Blackwell Science. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 215

Laurent, P ; Servais, P ; Gatel, D ; Randon, G ; Bonne, P ; Cavard, J (1999). 
Microbiological quality before and after nanofiltration. J. Amer. Wat. Works Assn. 
91:62-72. 

Lazarova, V; Pierzo, V; Fontievelle, D; Manem, J (1994). Integrated approach for 
biofilm charectarisation and biomass activity control. Wat. Sci. Tech.29:345-354. 

LeChavallier, MW; Norton, CD; Falkinham, JO; Williams, MD; Taylor, RH (1999). 
Mycobacterium avium complex in drinking water biofilms. In: “Proceedings of 
IAWQ Conference on Biofilm Systems” New York, October. 

LeChavallier, MW; Olson, BH; McFeters, GA (1990). Assessing and controlling 
bacterial regrowth in distribution systems. AWWA Research Foundation Report. 
Published by AWWA Denver. 

LeChevallier, MW (1990). Coliform regrowth in drinking water: a review. J. Amer. 
Wat. Works Assoc. 82:74-86. 

LeChevallier, MW (1999). A case for maintaining a disinfectant residual. J. Amer. 
Wat. Works. Assn. 91:86-94. 

LeChevallier, MW; Babcock, TM; Lee, RG (1987). Examination and 
characterization of distribution system biofilms. Appl. Environ. Microbiol. 53:2714-
2724. 

LeChevallier, MW; Cawthon, CD; Lee, RG (1988a). Factors promoting survival of 
bacteria in chlorinated water supplies. Appl. Environ. Microbiol. 54:649-654. 

LeChevallier, MW; Cawthon, CD; Lee, RG (1988b). Inactivation of biofilm 
bacteria. Appl. Environ. Microbiol. 54:2492-2499. 

LeChevallier, MW; Evans, TM; Seidler, RJ (1981). Effect of turbidity on 
chlorination efficiency and bacterial persistence in drinking water. Appl. Environ. 
Microbiol. 42:159-167. 

LeChevallier, MW; Schulz, W; Lee, RG (1991). Bacterial nutrients in drinking 
water. Appl. Environ. Microbiol. 57:857-862. 

LeChevallier, MW; Shaw, NE; Kaplan, LA; Bott, TL (1993). Development of a 
rapid assimilable organic carbon method for water. Appl. Envir. Microbiol. 
59:1526-1531. 

LeChevallier, MW; Welch, NJ; Smith, DB (1996). Full-scale studies of factors 
related to coliform regrowth in drinking water. Appl. Environ. Microbiol. 62: 2201-
2211. 

Lehtola, MJ; Miettinen, IT; Vartiainen, T; Myllykangas, T Martikainen, PJ (2001). 
Microbially available organic carbon, phosphorus, and microbial growth in ozonated 
drinking water. Wat. Res 35:1635-1640. 

Leitch, AR; Schwarzacher, T; Jackson, D; Leitch, IJ (1998). Royal Microscopical 
Society Microscopy Handbooks 27 – In situ hybridisation. Bios Scientific 
Publishers, UK. 

Lenoi, E ; Legnani, P ; Mucci, MT and Pirani, R (1999). Prevalence of mycobacteria 
in a swimming pool environment. J. Appl. Microbiol. 87:683-688. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 216

Levenspiel, O (1962). Chemical Reactions Engineering. 2nd ed. John Wiley & Sons, 
New York. 

Levy, RV (1990). Invertebrates and associated bacteria in drinking water 
distribution lines, pp. 224-248. In: “Drinking Water Microbiology” ed: McFeters, 
GA, Springer-Verlag, New York. 

Loge, FJ; Emerick, RW; Thompson, DE; Nelson, DC; Darby, JL (1999). 
Development of a fluorescent 16S rRNA oligonucleotide probe specific to the 
family Enterobacteriaceae. Wat. Environ. Res. 71 :75-83. 

Lu, W ; Kiene, L ; Levi, Y (1999). Chlorine demand of biofilms in water 
distribution systems. Wat. Res. 33:827-835. 

Lund, V; Ormerod, K (1995). The influence of disinfection process on biofilm 
formation in water distribution systems. Wat. Res. 29:1013-1021. 

Mackay, WG; Gribbon, LT; Barer, MR; Reid, DC (1999). Biofilms in drinking 
water systems: a possible reservoir for Helicobacter pylori. J. Appl. Environ. 
Microbiol.(suppl.) 85:52S-59S. 

Maier, SH; Powell, RS; Woodward, CA (2000). A parametric model of biofilm 
shedding in a test water distribution system. Urban Water 2:3-12. 

Manz, W; Szewzyk, U; Ericsson, P; Amann, R; Schleifer, KH; Stenstrom, T-A 
(1993). In situ identification of bacteria in drinking water and adjoining biofilms by 
hybridisation with 16S and 23S rRNA-directed fluorescent oligonucleotide probes. 
Appl. Environ. Microbiol. 59:2293-2298. 

Marchesi, JR; Sato, T; Weightman, AJ; Martin, TA; Fry, JC; Hiom, AJ; Wade, WG 
(1998). Design and evaluation of useful bacterium-specific PCR primers that 
amplify genes coding for bacterial 16S rRNA. Appl. Environ. Microbiol. 64:759-
799. 

McFeters, GA (1990). Enumeration, occurrence and significance of injured indicator 
bacteria in drinking water p 478-492. In: “Drinking Water Microbiology: Progress 
and Recent Developments” ed: McFeters, GA, Springer-Verlag, New York. 

McFeters, GA; Pyle, BH; Lisle, JT; Broadway, SC (1999). Rapid direct methods for 
enumeration of specific, active bacteria in water and biofilms. J. Appl. 
Microbiol.(suppl.) 85:193S-200S. 

Meier, JR; Ringhand, HP; Coleman, WE; Schenck, KM; Munch, JW; Streicher, RP; 
Kaylor, WH; Kopfler, FC (1986). Mutagenic by-products from chlorination of 
humic acid. Environ. Health. Prespect. 69:101-107. 

Miettinen, IT; Vartiainen, T; Martikainen, PJ (1997). Phosphorus and bacterial 
growth in drinking water. Appl. Enviriron. Microbiol. 63:3242-3245. 

Mitcham, RP; Shelley, MW; Weadon, CM (1983). Free chlorine versus ammonia-
chlorine: Disinfection, trihalomethane formation, and zooplankton removal. J. 
Amer. Wat. Works Assoc. 75:196-198. 

Momba, .MNB; Cloete, TE; Venter, SN; Kfir, R (2000). Influence of disinfection 
processes on the microbial quality of potable groundwater in a laboratory-scale 
system model. J. Wat. Suppl. Res. Technol. 49:23-34. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 217

Munster, U; Chrost, RJ (1990). Orgin, composition and microbial utilisation of 
dissolved organic matter. P. 8-46. In: “Aquatic Microbial Ecology – Biochemical 
and Molecular Approaches”. Eds: Overbeck, J; Chrost, RJ.. Springer-Verlag, New 
York. 

Nagy, LA; Kelly, AJ; Thun, MA; Olson, BH (1982). Biofilm composition, 
formation, and control in the Los Angeles aqueduct system. pp. 141-160 In; “Proc. 
AWWA Water Quality Technology Conference. Published by AWWA Denver. 

Namkung, E; Rittmann, BE (1987). Removal of taste- and odor-causing compounds 
by biofilms grown on humic substances. J. Amer. Wat. Works Assn. 79:107-112. 

Neden, DG; Jones, RJ; Smith, JR; Kirmeyer, GJ; Foust, GW (1992). Comparing 
chlorination and chloramination for controlling bacterial regrowth. J. Amer. Wat. 
Works Assoc. 84:80-88. 

Neilan, BA; Jacobs, D; Del Dot, T; Blackall, LL; Hawkins, PR; Cox, PT; Goodman, 
AE (1997). RRNA sequences and evolutionary relationships among toxic and �on-
toxic Cyanobacteria of the genus Microsystis. Int. J. Systamat. Bacteriol. 47:693-
697. 

Neu, TR; Swerhone, GDW; Lawrence, JR (1999). A simple rotating reactor for 
replicated biofilm studies. In: “Proceedings of IAWQConference on Biofilm 
Systems”. New York. 

NHMRC (1996). Australian Water Quality Guidelines. National Health and 
Research Council. 

Nobukawa, T; Sanukida, S (2000). The genotoxicity of by-products by chlorination 
and ozonation of the river water in the presence of bromide ions. Wat. Sci. Technol. 
42:259-264. 

Nobukawa, T; Sanukida, S (2001). Effect of bromide ions on genotoxicity of 
halogenated by-products from chlorination fo humic acid in water. Wat. Res. 
35 :4293-4298. 

Norton, CD; LeChevallier, MW (1997). Chloramination: its effect on distribution 
system water quality. J. Amer. Wat. Works. Assoc. 89:66-77. 

Norton, CD; LeChevallier, MW (2000). A pilot study of bacteriological population 
changes through potable water treatment and distribution. Appl. Envir. Microbiol. 
66:268-276. 

Owen, DM; Amy, GL; Chowdhury, ZK; Paode, R; McCoy, G; Viscosil, K (1995). 
NOM characterization and treatability. J. Amer. Wat. Works Assoc. 87:46-62. 

Page, R. D. M. 1996. TREEVIEW: An application to display phylogenetic trees on 
personal computers. Computer Applications in the Biosciences 12: 357-358. 

Palmer, CJ; Bradford, SM; Clark, DL; Rigby, MG; Olson, BH (1991). 
Determination of bacterial regrowth potential in drinking water using model 
organisms (P17 & NOX) and heterotrophic populations. In: “Proc. AWWA Water 
Quality Technology Conference” Published by AWWA Denver. 

Parent, A; Fass, S; Dincher, ML; Reasoner, D; Gatel, D; Block, JC (1996). Control 
of coliform growth in drinking water distribution systems. J. CIWEM. 10:442-445. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 218

Percival, SL; Knapp, JS; Edyvean, GJ; Wales, DS (1998). Biofilms, mains water 
and stainless steel. Wat. Res. 32: 2187-2201. 

Peyton, BM; Characklis, WG (1992). Kinetics of biofilm detachment. Wat. Sci. 
Tech. 26:1995-1998. 

Porter, KG; Feig, YS (1980). The use of DAPI for identifying and counting aquatic 
microflora. Limnol. Oceanogr. 25:943-948. 

Poulsen, LK; Ballard, G; Stahl, DA (1993). Use of rRNA fluorescence In Situ 
Hybridisation for measuring the activity of single cells in young and established 
biofilms. Appl. Environ. Microbiol. 59:1354-1360. 

Power, K; Nagy, LA (1989). Bacterial regrowth in water supplies. Urban Water 
Research Association of Australia. 

Power, KN; Nagy, LA (1999). Relationship between bacterial regrowth and some 
physical and chemical parameters within the Sydney’s drinking water distribution 
system. Wat. Res. 33:741-750. 

Prevost, .M; Rompre, A; Baribeau, H; Coallier, J; Lafrance, P (1997). Service lines: 
their effect on microbiological quality. J. Amer. Wat. Works. Assoc. 89:78-91. 

Prevost, M; Rompre, A; Coallier, J; Servais, P; Laurent, P; Clement, B; Lafrance, P 
(1998). Suspended bacterial biomass and activity in full-scale drinking water 
distribution systems: Impact of water treatment. Wat. Res. 32: 1393-1401. 

Reilly, JK; Kippin, JS (1983). Relationship of bacterial counts with turbidity and 
free chlorine in two distribution systems. J. Amer. Wat. Works Assoc. 75:309-312. 

Ribas, F; Frias, J; Lucena, F (1991). A new dynamic method for the rapid 
determination of the biodegradable dissolved organic carbon in drinking water. J. 
Appl. Bacteriol. 71:371-378. 

Rice, EW; Scarpino, PV; Reasoner, DJ; Logsdon, GS; Wild, DK (1991). Correlation 
of coliform growth responses with other water quality parameters. J. Amer. Wat. 
Works Assoc. 83:98-102. 

Ridgway, HF; Olson, BH (1982). Chlorine resistance patterns of bacteria from two 
drinking water distribution systems. Appl. Environ. Microbiol. 44:972-987. 

Rogers, J; Keevil, CW (1995). Species diversity in developing freshwater biofilms. 
P. 77-82. In: “The life and death of biofilm” eds: Wimpenny, J; Handley, P; Gilbert, 
P; Lappin-Scott, H, Bioline, UK. 

Rook, JJ (1974). Formation of haloforms during chlorination of natural waters. Wat. 
Treat. Exam. 23:234-243. 

Sathasivan, A; Ohgaki, S (1999) Application of new bacterial regrowth potential 
method for water distribution system – a clear evidence of phosphorus limitation. 
Wat. Res. 33, 137-144. 

Sathasivan, A; Ohgaki, S; Yamamoto, K; Kamiko, N (1997). Role of inorganic 
phosphorus in controlling regrowth in water distribution system. Wat. Sci. Tech. 
35:37-44. 

Selleck, RE; Saunier, BM; Collins, HF (1978). Kinetics of bacterial deactivation 
with chlorine. J. Environ. Eng. Div. ASCE. 104 EE6:1197. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 219

Selna, MW; Miele, RP; Baird, RB (1977). Disinfection for water reuse. In: Proc. 
AWWA Annual Conference. Anaheim, CA. 

Servais, P; Anzil, A; Ventresque, C (1989). Simple method for determination of 
biodegradable dissolved organic carbon in water. Appl. Environ. Microbiol. 
55:2732-2734. 

Servais, P; Billen, G; Hascoèt, M-C (1987). Determination of the biodegradable 
fraction of dissolved organic matter in waters. Wat. Res. 21 :445. 

Servais, P; Laurent, P; Randon, G (1995). Comparison of the bacterial dynamics in 
various French distribution systems. J. Wat. SRT-Aqua. 44:10-17. 

Shull, KE (1981). Experience with chloramines as primary disinfectants. J. Amer. 
Wat. Works Assoc. 73:101-104. 

Sobsey, MD (1989). Inactivation of health related microorganisms in water by 
disinfection process. Wat. Sci. Tech. 21:179-195. 

Standard Methods for the Examination of Water and Wastewater. 20th Edition. 
(1998) American Public Health Association, American Water Works Association, 
and Water Environment Federation. Washington D.C. 

States, SJ; Wadowsky, RM; Kuchta, JM; Wolford, RS; Conley, LF; Yee, RB 
(1990). Legionella in drinking water, p. 340-367. In: “Drinking water microbiology: 
Progress and recent developments” ed: McFeters, GA, Springer-Verlag, New York. 

Stewart, PS; Camper, AK; Handran, SD; Huang, CT; Warnecke, M (1997) Spatial 
distribution and coexistence of Klebsiella pneumoniae and Pseudomonas 
aeruginosa in biofilms. Microbial Ecol. 33:2-10. 

Stewart, PS; Griebe, T; Srinivasan, R; Chen, C-I; Yu, FP; de Beer, D; McFeters, GA 
(1994). Comparison of respiratory activity and culturability during monochloramine 
disinfection of binary population biofilms. Appl. Environ. Microbiol. 60:1690-1692. 

Szewzyk, U; Manz, W; Amann, R; Schleifer, KH; Stenstro, TA (1994). Growth and 
insitu detection of pathogenic Escherichia coli in biofilms of a heterotrophic water-
bacterium by use of 16s- and 23s- rRNA-directed fluorescent oligonucleotide 
probes.FEMS Microbiol. Ecol. 13:169-176. 

Tapang, KC; Drikas, M; Bennett, LE (1993). Assimilable organic carbon as a 
measure of bacterial growth potential in water supplies. Report, Urban Water 
Research Association of Australia. 

Thompson, JD; Higgins, DG; Gibson, TJ (1994). CLUSTAL W: improving the 
sensitivity of progressive multiple sequence alignment through sequence weighting, 
position specific gap penalties and weight matrix choice. Nucleic Acids Res. 
22:4673-4680. 

Todar K (1999). Pseudomonas aeruginosa, University of Wisconsin-Madison 
(http://www.bact.wisc.edu/microtextbook/disease/pseudomonas.html). 

Trulear, MG; Characklis, WG (1982). Dynamics of biofilm processes. J. Wat. Poll. 
Cont. Fed. 54:1288-1301. 

Tuovinen, OH; Hsu, JC (1982). Aerobic and anaerobic microorganisms in tubercles 
of the Columbus, Ohio, water distributiobn system. . Appl. Environ. Microbiol. 
44:761. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 220

Underwood, GJC; Paterson, DM (1995). The measurement of bacterial carbohydrate 
exopolymers from intertidal sediments. Limnol. Oceanogr. 40:1243-1253. 

van der Kooij, D (1992). Assimilable organic carbon as an indicator of bacterial 
regrowth. J. Amer. Wat. Works Assoc. 84:57-65. 

van der Kooij, D (1995). Significance and assessment of the biological stability of 
drinking water, p. 89-102. In: “The Handbook of Environmental Chemistry. Vol 5, 
part B, Quality and Treatment of Drinking Water” ed: Hrubec, J, Springer-Verlag, 
Berlin. 

van der Kooij, D. (1999). Potential for biofilm development in drinking water 
distribution systems. J. Appl. Microbiol. Symp. Suppl. 85:39S-44S. 

van der Kooij, D; Visser, A; Hijnen, WAM (1982). Determining the concentration 
of easily assimilable organic carbon in drinking water. J. Amer. Wat. Works Assoc. 
74:540-545. 

van der Kooij, D; Vrouwenvelder, HS; Veenendaal, HR (1995). Kinetic aspects of 
biofilm formation on surfaces exposed to drinking water. Wat. Sci. Tech. 32:61-65. 

van der Kooij, D; Vrouwenvelder, JS; Veenendaal, HR (1999). Relationship 
between AOC concentration and biofilm formation in water treatment and 
distribution. In: “Proc. AWWA Water Quality Technology Conference” Published 
by AWWA, Denver. 

van der Wende, E; Characklis, WG (1990). Biofilms in Potable Water Distribution 
Systems, pp 249-268. In: “Drinking Water Microbiology” ed: McFeters, GA, 
Springer-Verlag, New York. 

van der Wende, E; Characklis, WG; Grochowski, J (1988). Bacterial growth in 
water distribution systems. Wat. Sci. Tech. 20:521-524. 

van der Wende, E; Characklis, WG; Smith, DB (1989). Biofilms and bacterial 
drinking water quality. Wat. Res. 23:1313-1322. 

Vasconcelos, JJ; Boulos, PF; Grayman, WM; Kiene, L; Wable, O; Biswas, P; Bhari, 
A; Rossman, LA; Clark, RM; Goodrich, JA (1996). Characterisation and Modelling 
of Chlorine Decay in Distribution Systems. AWWARF, ISBN: 0-89867-870-6. 

Volk, C; LeChevallier, MW (2000). Assessing biodegradable organic matter. J. 
Amer. Water Works Assoc. 92:64-76. 

Volk, CJ; Bell, K; Ibrahim, E; Verges, D; Amy, G; LeChevallier, MW (2000). 
Impact of enhanced and optimised coagulation on removal of organic matter and its 
biodegradable fraction in drinking water. Wat. Res. 34:3247-3257. 

Volk, CJ; LeChevallier, MW (1999). Impacts of the reduction of nutrient levels on 
bacterial water quality in distribution systems. App. Environ. Microbiol. 65:4957-
4966. 

Volk, CJ; Volk, CB; Kaplan, LA (1997). Chemical composition of biodegradable 
dissolved organic matter in stream water. Limnol.Oceanogr. 42:39-44. 

Wang, XP; Xu, XM; Patni, N; Tipa, T; Principe, M (1999b). Biofilm formation and 
distribution of heterotrophic bacteria in a model loop system. In: “Proceedings of 
IAWQ Conference on Biofilm Systems” New York, October. 



CRC for Water Quality and Treatment  Research Report 20-2004 

 221

Ward, NR; Wolfe, RL; Olson, BH (1984). Effect of pH, application technique and 
chlorine to nitrogen ratio on disinfectant activity of inorganic chloramines with pure 
culture bacteria. Appl. Environ. Microbiol. 48:508-514. 

Warne, MA; Osborn, D; Lindon, JC; Nicholson, JK (1999). Quantiatative structure-
toxicity relationships for halogenated substituted-benzenes to Vibrio fischeri, using 
atom-based semi-empirical molecular-orbital descriptors. Chemosphere 38:3357-
3382. 

Warnecke, M (2000). Cryptosporidium oocysts interactions with drinking water 
pipe biofilm. Report No: 007, CRC for Water Quality and Treatment. 

Werner, P; Hambsch, B (1986). Investigations on the growth of bacteria in drinking 
water. Wat. Supply. 4:227-232. 

Wetzel, RG (1975). Limnology, WB Saunders Co., Philadelphia, Pa. 

White, GC (1986). The Handbook of Chlorination. Van Nostrand Reinhold Co. Inc., 
New York. 

Withers, N; Drikas, M (1998). Impact of Water Treatment Processes on Assimilable 
Organic Carbon. Australia – Germany Collaboration on Water and Environment 
R&D report. 

Withers, N; Drikas, M; Hambsch, B (1996). Bacterial regrowth potential in German 
and Australian waters. Water 24:59-62. 

Woese, CR (1987). Bacterial evolution. Microbiol. Rev. 51:2. 

Wolfe, RL; Ward, NR; Olson, BH (1984). Inorganic chloramines as drinking water 
disinfectants: a review. J. Amer. Wat. Works Assoc. 76:74-78. 

Yamaguchi, N; Inaoka, S; Tani, K; Kenzaka, T; Nasu, M (1996) Detection of 
specific bacterial cells with 2-hydroxy-3-naphthoic acid-2’-phenylanilide phosphate 
and fast red in situ hybridisation. Appl. Environ. Microbiol. 62:275-278. 

Zornes, G; Sharp, R; Camper, A (1999). A biofilm method for evaluating regrowth 
potential in drinking water. In: “Proceedings of IAWQ Conference on Biofilm 
Systems: New York, October. 

 



CRC for Water Quality and Treatment  Research Report 20-2004 

 222

APPENDIX 1 

Sequence of isolate CRC1 (99% identity Pseudomonas aeruginosa) 

TTAGTGTAAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAGATTGAACGC

TGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTGCTCC

TGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTG

GGGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAG

AAAGTGGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATT

AGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAACTGGTCT

GAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGG

GAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCA

TGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGA

GGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAA

GCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCG

TTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGG

ATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCCAAAACTACTGAGCT

AGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAG

ATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGA

CACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG

TCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTG

GCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTGCGGCCGCGGGGTTA

AAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTT

AATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTT

TCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGC

TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCA

ACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCC

GGTGACAAACCGGAGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTAC

GGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAACC

GCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTG

CAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTC

ACGGTGAATACGTTCCCGGGTTTTGTACACACCGCCCGTCACACCATGGGA

GTGGGTTGCTCCAGAAGTAGCTAGTCTA 
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Sequence of isolate CRC2 (98% identity of Acinetobacter haemolyticus) 

AACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGGAGTGATGGTGCTT

GCACTATCACTTAGCGGCGGACGGGTGAGTAATGCTTAGGAATCTGCCATT

TAGTGGGGGACAACATTCCGAAAGGAATGCTAATACCGCATACGTCCTACG

GGAGAAAGCAGGGGATCTTCGGACCTTGCGCTAAATGATGAGCCTAAGTCG

GATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCGG

GTCTGAGAGGATGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCT

ACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGGAAGCCTGATCCA

GCCATGCCGCGTGTGTGAAGAAGGCCTTTGGTTGTAAGCACTTTAAGCGAG

GAGGAGGCTACTAGTACTAATACTACTGGATAGTGGACGTTACTCGCAGAA

TAAGCACCGGCTACTCTGTGCCAGCAGCCGCGGTAATACAGAAGGGTGCCG

AGCCGTTAATCGGATTTTACTGGCGTAAAGCGTGCGTAGGCGGCTGATTAA

GTCGGATGTGAAATCCCTGAGCTTAACTTAGGAATTGCATTCGATACTGGTC

AGCTAGAGTATGGGAGAGGATGGTAGAATTCCAGGTGTAGCGGTGAAATG

CGTAGAGATCTGGAGGAATACCGATGGCGAAGGCAGCCATCTGGCCTAATA

CTGACGCTGAGGTACGAAAGCATGGGGAGCAAACAGGATTAGATACCCTG

GTAGTCCATGCCGTAAACGATGTCTACTAGCCGTTGGGGCCTTTGAGGCTTT

AGTGGCGCAGCTAACGCGATAAGTAGACCGCCTGGGGAGTACGGTCGCAA

GACTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATG

TGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATAGTAA

GAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTTACATACAGGTGCTG

CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG

AGCGCAACCCTTTTCCTTATTTGCCAGCGGGTTAAGCCGGGAACTTTAAGGA

TACTGCCAGTGACAAACTGGAGGAAGGCGGGGACGACGTCAAGTCATCAT

GGCCCTTACGACCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGT

TGCTACCTAGCGATAGGATGCTAATCTCAAAAAGCCGATCGTAGTCCGGAT

TGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCGGAT

CAGAATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC

ACCATGGGAGTTTGTTGCACCAGAAGTAGGTAGTCTAACCGTAAGGAGGAC

GCTTACCACGGTGGGCCGATGACTGGGGTG 
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Sequence of isolate CRC3 (99% identity with Mycobacterium ratisbonense) 

ATTTAAGTGTAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAGGAACGAA

CGCTGGCGGCGTGCTTAACCCATGCAAGTCGACGGAAAGGCCCTTCGGGGT

ACTCGAGTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTTT

GGGATAAGCCTGGGAAACTGGGTCTAATACCGAATAGGACCACGCGCTTCA

TGGTGTGTGGTGGAAAGCTTTTGCGGTGTGGGATGGGCCCGCGGCCTATCA

GCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTG

AGAGGGTGACCGGCCACACTGGGACTGAGATACGGCCCAGACTCCTACGG

GAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGA

CGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAATAGGGA

CGAAGCGCAAGTGACGGTACCTATAGAAGAAGCACCGGCCAACTACGTGC

CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGC

GTAAAGAGCTCGTAGGTGGTTTGTCGCGTTGTTCGTGAAAACTCACAGCTTA

ACTGTGGGCGTGCGGGCGATACGGGCAGACTAGAGTACTGCAGGGGAGAC

TGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGAACACCGG

TGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCGT

GGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGG

GTACTAGGTGTGGGTTCCTTCCTTGGGATCCGTGCCGTACTAACGCATTAAG

TACCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACG

GGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAA

GAACCTTACCTGGGTTTGACATGCACAGGACGCCGGCAGAGATGCGGTTCC

CTTGTGGCCTGTGTGCAGTGGTGCATGCCTGTCGTCAGCTCGTGTCGTAGAT

GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTATGTTGCCAGCGG

GTTATGCCGGGGACTCGTAGGAGACTGCCGGGGTCAACTCGGAGGAAGGTG

GGGATGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACACATGCA

ACAATGGCCGGTACAAAGGGCTGCGATGCCGTGAGGTGGAGCGAATCCTTT

CAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAAGTC

GGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGG

GCCTTGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCC

GGTGGCCTAACCCTTGTGTTATT 
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