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Abstract: Monochloramine has been recognized for its capacity to penetrate biofilms better than other
oxidizing agents. In this study, the action of monochloramine on mature biofilms of Pseudomonas
aeruginosa developed in vitro on different plumbing materials (polypropylene, polyethylene, electron-
ray cross-linked polyethylene reticulate, PVC, copper, stainless steel, and Teflon) was investigated. Its
biofilm viability effectiveness was assessed using fluorescence microscopy and confocal microscopy
with LIVE/DEAD BacLight. Concentrations of 1 ppm and 2 ppm eradicated the biofilm after 3 h,
whereas a lower contact time or a lower concentration (0.5 ppm) had little effect. The results showed
that monochloramine was very effective against mature biofilms of P. aeruginosa. Moreover,
concentration and contact time greatly affected its activity.
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1. Introduction

Pseudomonas aeruginosa is an opportunistic pathogen widely recovered from the
environment and recognized for its adhesiveness and capacity to form biofilms [1, 2]. Bacterial
biofilm confers cell protection against hostile environments, and it is a strategy for
microorganisms to colonize, adapt and survive in different and changing habitats [3].
Moreover, P. aeruginosa biofilm is able to antagonize the presence of other bacterial species,
such as Legionella pneumophila, through the production of bacteriocins or the release of
homoserine lactone quorum sensing molecules [4, 5]. The composition is the basis of the
peculiarities of the biofilms produced by these bacteria. Indeed, surface colonization is linked
to extracellular polysaccharide production, composed of polysaccharides, nucleic acids, and
proteins, which allow cell-to-surface adhesion [6, 7].

Moreover, microelements such as calcium, magnesium, and iron have been reported to
influence the attachment of Pseudomonas to solid surfaces [6]. Biofilms can tolerate various
antibiotics and disinfectants more than their planktonic counterparts [8-11]. For these reasons,
P. aeruginosa is responsible for a wide spectrum of human infections, especially in patients
with compromised host defense mechanisms. Moreover, infections occur mainly in healthcare
settings, especially in critical care units [12, 13], and they can also be acquired from different
water reservoirs (i.e., faucets, sinks, and wastewater drainage systems) [14, 15]. Indeed,
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hospital water is one of the reservoirs of healthcare-associated pathogens most dangerous for
outbreaks [16, 17], especially in immunocompromised patients [18]. In this context, bacterial
eradications are particularly challenging [19].

From this perspective, biofilms spread from the sink trap to the skin of patients or can
transiently contaminate the hands of healthcare workers, who can then contaminate the patients
[20-23]. Furthermore, the difficulty of eradicating these strains from water reservoirs lies
precisely in the characteristics of the biofilm matrix: with the result that translates into greater
resistance due to the chemical and mechanical protections provided by this matrix and also due
to the physiological modification of bacteria in these conditions [24-26]. For these reasons,
new strategies have been developed in recent years to enhance the efficiency and effectiveness
of common water disinfection methods and reduce the consumption of chemicals [27, 28].

At present, chlorine is the most commonly used disinfectant for drinking water, but
monochloramine (MC), produced by the reaction of free chlorine and ammonia, can be used as
an alternative to free chlorine, mainly because it penetrates biofilm better [29-32] has a higher
stability. It does not react readily with natural organic matter, thus producing fewer disinfection
by-products [33].

As far as we know, there is little research on the effectiveness of MC against biofilm
produced by P. aeruginosa. For this reason, the present study aimed to verify the effectiveness
of MC in inactivating P. aeruginosa biofilm developed under laboratory conditions onto the
most commonly used plumbing materials.

2. Materials and Methods

2.1. Plumbing materials.

Seven different materials in the form of coupons (26 mmx76 mm) were employed for
the biofilm production: copper, polyethylene (PE), polypropylene (PP), electron-ray cross-
linked polyethylene reticulate (PE-Xc), PVC, stainless steel, and Teflon. Before use, each
coupon was treated with 70% (v/v) ethanol for 10 min, washed in deionized water, and air-
dried for 24 h.

2.2. Preparation of the bacterial strain.

P. aeruginosa ATCC 15422 strain was grown at 30°C in Tryptic Soy Broth (TSB,
Sigma), harvested by centrifugation (20 min, 1000xg), washed twice in 20 mL of filter-
sterilized tap water, and then suspended in 200 mL of filter-sterilized tap water. The final
bacterial concentration was equal to 3x10° cells/mL. Suspensions were incubated statically at
30°C for 24 h.

2.3. Cultivation and inoculation of drinking water biofilms.

Drinking water biofilms on different coupons were grown into a stainless-steel tank
connected to a cold-water laboratory tap and perfused with drinking water at a flow rate of
approximately 15 L/h. Preliminary investigations on the drinking water used for the
experiments did not detect the presence of P. aeruginosa (data not shown). Therefore, after 14
days of perfusion, each coupon was transferred to a flow-through reactor. As described above,
the reactor was filled with the suspension of P. aeruginosa prepared by injecting 100 mL of the
bacterial suspension. After static incubation at room temperature for 24 h, the reactor was
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connected to the cold-water laboratory tap and continuously perfused with drinking water for
4 weeks.

2.4. MC preparation and measurement.

MC stock solution was prepared in 5 mM pH 8.0-8.5 buffer by adding a calculated
amount of sodium hypochlorite (ENOXIN P15 Plus, Sanipur S.p.A.) solution and ammonium
sulfate solution (ZEBION P35DW, Sanipur S.p.A.) (100 mg N/L).

MC concentration was measured by colorimetric test kits (total chlorine, Hach-8167;
monochloramine, Hach-10200) and a DR/900 spectrophotometer (Hach Co.). The MC stock
solution was stored at 6°C in the dark before the experiments (maximum for 24 hours).

2.5. Observation of MC effect on P. aeruginosa biofilm.

For each assay, three different concentrations of MC (0.5, 1, and 2 ppm) were tested
for 4 exposure times (30 min, 1, 2, and 3 h). Briefly, after 4 weeks, coupons were taken out of
the reactor and put into 1000 mL of fresh MC at different concentrations (0.5 ppm, 1 ppm, and
2 ppm). The coupons at each MC concentration were tested in triplicate. The viable bacterial
cells remaining on the coupon surfaces were assessed by fluorescent microscopy and confocal
microscopy observation after biofilm staining with the LIVE/DEAD BacLight Bacterial
Viability Kit (L13152, Molecular Probes, Inc., Eugene, OR).

The LIVE/DEAD BacLight Bacterial Viability Kit was useful for monitoring the
viability of bacterial populations as a function of the membrane integrity of the cells. It utilizes
mixtures of SYTO 9 green-fluorescent nucleic acid stain, which penetrates all bacterial cells,
and fluorescent green, and propidium iodide, which penetrates only bacteria with damaged
membranes resulting in red fluorescence. Thus, cells with an intact membrane stain green,
whereas nonviable cells stain red. In brief, a 2X stock stain solution of the LIVE/DEAD
BacL.ight staining reagent mixture was prepared by dissolving the contents of SYTO 9 dye and
propidium iodide in 5 mL of filter-sterilized dH20. A volume of 300 pL of the stain solution
was added to each biofilm sample. The stained biofilm samples were incubated in the dark for
15 min at room temperature.

Observations were performed before (TO) and after 30 min, 1h, 2h, and 3h of MC
contact time. Fluorescent microcolonies in each biofilm were observed by fluorescence
microscopy and confocal microscopy.

3. Results and Discussion

Except for copper (Figures 1a and 1b), biofilms grown on all the other coupons revealed
very high concentrations of viable bacteria after 4 weeks without any significant difference
among the different materials.

For this reason, copper coupons were not considered for the experiments. Viable P.
aeruginosa biofilms were treated with MC doses of different concentrations and at different
exposure times in three experiments for each coupon. Good reproducibility was obtained. No
significant difference was observed in the effect of MC on biofilm grown on different materials.
Here we showed the results of the experiments performed on Teflon coupons. Figure 2 showed
biofilm grown on Teflon coupons after 4 weeks prior to the exposition to MC.
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A B
Figure 1. Biofilms developed on two different copper coupons (a and b). 2D observation by fluorescent
microscopy.

Figure 2. Pseudomonas aeruginosa biofilm developed on teflon coupons. 3D observation by confocal
microscopy.

The effect of 0.5 ppm MC on biofilm developed on Teflon observed by fluorescent
microscopy is shown in Figure 3. A modest inactivation effect was observed after 1 h (Figure
3a). The efficiency of inactivation increased with the increase of the contact time (Figure 3b)
and was relatively higher after 3 h (Figure 3c).

An MC concentration of 1 ppm was significantly more effective than 0.5 ppm. Figure
4 illustrates the biofilm behavior after a 1 ppm MC dose observed by confocal microscopy.
With this dosing protocol, a very high decrease in viable cells was observed 2 h after 1 ppm
MC addition (Fig. 4a).
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Figure 3. Effect on biofilm produced on Teflon coupons of 0.5 ppm MC after 1 h (a), 2 h (b), and 3 h (c). 2D
observation by fluorescent microscopy.

Close examination of the treated biofilm showed that 2h after the MC release, P.
aeruginosa cells were killed in the deeper layers of the biofilm (Fig. 4b). Nonetheless, the
reduction in total viable cells was maximum after 3h (Fig. 4c and 4d). Thus, at 1 ppm MC as
contact time increased, the viability partially decreased until the biofilm appeared completely
nonviable at 3 h. Similar results were obtained with 2 ppm MC.

Figure 4. Effect against biofilm developed on Teflon coupons 2 h (a and b) and 3 h (c) after exposure to 1 ppm
MC. 3D observation by confocal microscopy (d).

Finally, the investigation of cell viability in the planktonic phase showed a detachment
of viable cells into the liquid medium after 3 h in the presence of 0,5 ppm MC (Fig. 5). The
observation of the same coupon exposed to an MC concentration of 1 ppm and 2 ppm for 3 h
showed no detachment of viable cells.
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Figure 5. Effect on biofilm detachment of viable cells from Teflon coupons after 0.5 ppm MC exposure. 2D
observation by fluorescent microscopy.

The aim of the present study was to investigate the effect of MC against P. aeruginosa
drinking water biofilms grown on different plumbing materials under laboratory conditions.
For this purpose, P. aeruginosa ATCC 15422 biofilms were allowed to form onto coupons of
the most common materials used in the domestic pipelines in a tank under continuous flow-
through of drinking water for 4 weeks.

The viability of P. aeruginosa biofilms on the different plumbing materials was
determined before and after the treatment with different MC concentrations at different
exposure times. Since chloramines in high doses have been found to cause blood damage and
liver damage in laboratory animals [34, 35], the EPA has set the upper limit of the allowable
usage of chloramines at 4 ppm. Anyway, for drinking water, disinfection is lower
concentrations are frequently used (i.e., 1-2 ppm) [32]. For this reason, we decided to test a
maximum MC concentration of 2 ppm in our experiments.

Biofilm formation based on cell viability with LIVE/DEAD BacL.ight before the MC
release was very low on copper coupons. This was not surprising because it is well-known that
the type and characteristics of pipe materials can influence the formation of microbial biofilms
in drinking water systems [36]. In particular, biofilm development was dramatically affected
by the presence of toxic metals like copper [37]. Therefore, copper coupons were not
considered for the experiments.

Our data showed that as contact time with the disinfectant increased, the biofilm
viability partially decreased until it appeared completely nonviable after 3 h at 1 ppm and 2

ppm.
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Moreover, a very strong reduction of viable cells was observed after 2 h in the deeper
layers of the biofilm. This could be because MC can penetrate biofilms quickly and deeply
[30]. It has been seen that the ability of MC to penetrate biofilms better follows a dose-
dependent effect [38, 39].

In our experiments, no difference was observed between 1 ppm and 2 ppm MC
concentration, while a 0.5 ppm MC concentration had little effect. This could be due to the fact
that only at concentrations as low as 1 ppm is the disinfectant able to penetrate biofilm matrixes
[40]. Another possible explanation is that MC killed bacteria by breaking down cell
membranes, but in mature biofilms, the cell lysis process was generally delayed [41]. Thus, a
disinfectant concentration lower than 1 ppm probably was not sufficient to disrupt cell
membranes.

Finally, measurements of cell viability of cells in the planktonic phase showed that
exposure to 0.5 ppm MC for 3 h caused a detachment of P. aeruginosa viable cells into the
liquid medium. This was not observed at higher MC concentrations, where biofilm was
completely inactivated. As a possible explanation of this evidence, it could be argued that, as
already written, MC penetrates complex biofilm matrixes starting from a concentration of 1
ppm [40]. Thus, it is possible that a 0.5 ppm MC concentration partially caused the biofilm
detachment, but it could not kill the cells.

4. Conclusions

Although good reproducibility was obtained in our experiments, a major limitation of
the present study was that biofilm growth techniques tend to differ between each research
group, producing biofilms often dissimilar structurally and physiologically [42, 43]. This could
prevent comparison among experiments assessing the effect of MC on P. aeruginosa biofilm
using alternative growth techniques. As a consequence, a second limitation of the study was
that biofilm should always be observed in situ. In our experiments, a confocal laser scanning
microscope could have allowed the biofilm to be observed under flow conditions. Real-time
observations would probably provide a greater understanding of the mechanisms of MC.

As far as we know, the effect of MC against biofilm produced by P. aeruginosa on the
most common materials used for piping has not been published yet. Our results showed that
MC is very effective against mature biofilms of P. aeruginosa, causing the reduction in viable
and total cell areal densities without difference among different plumbing materials.

In our experiments, MC concentration and contact-time variables showed to be very
important. Data demonstrated that 1 ppm and 2 ppm MC eradicated the biofilm after 3 h,
whereas a lower contact time or a lower concentration (0.5 ppm) had little effect.

Funding
This research received no external funding.

Acknowledgments

The Authors acknowledge Sanipur, Italy, for the valuable technical support in preparing the
MC solutions.

https://biointerfaceresearch.com/ 7 of 10


https://doi.org/10.33263/BRIAC136.576
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.576

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14,

15.

16.

17.

Furneri, P.M.; Garozzo, A.; Musumarra, M.P.; Scuderi, A.C.; Russo, A.; Bonfiglio, G. Effects on
adhesiveness and hydrophobicity of sub-inhibitory concentrations of netilmicin. Int. J. Antimicrob. Agents
2003, 22, 164-167, https://doi.org/10.1016/S0924-8579(03)00149-3.

Jurado-Martin, 1.; Sainz-Mejias, M.; McClean, S. Pseudomonas aeruginosa: An Audacious Pathogen with an
Adaptable  Arsenal of  Virulence Factors. Int. J.  Mol. Sci. 2021, 22, 3128,
https://doi.org/10.3390/ijms22063128.

Scribani Rossi, C.; Barrientos-Moreno, L.; Paone, A.; Cutruzzola, F.; Paiardini, A.; Espinosa-Urgel, M.;
Rinaldo, S. Nutrient Sensing and Biofilm Modulation: The Example of L-arginine in Pseudomonas. Int. J.
Mol. Sci. 2022, 23, 4386, https://doi.org/10.3390/ijms23084386.

Sciuto, E.L.; Lagana, P.; Filice, S.; Scalese, S.; Libertino, S.; Corso, D.; Faro, G.; Coniglio, M.A.
Environmental Management of Legionella in Domestic Water Systems: Consolidated and Innovative
Approaches for Disinfection Methods and Risk Assessment. Microorganisms 2021, 9, 577,
https://doi.org/10.3390/microorganisms9030577.

Fuochi, V.; Emma, R.; Furneri, P.M. Bacteriocins, a natural weapon against bacterial contamination for
greater safety and preservation of food. Curr. Pharm. Biotechnol. 2021, 22, 216-231,
https://doi.org/10.2174/1389201021666200704145427 .

Kasetty, S.; Katharios-Lanwermeyer, S.; O'Toole, G.A.; Nadell, C.D. Differential Surface Competition and
Biofilm Invasion Strategies of Pseudomonas aeruginosa PA14 and PAO;. J. Bacteriol. 2021, 203, 0026521,
https://doi.org/10.1128/jb.00265-21.

Singh, S.; Almuhanna, Y.; Alshahrani, M.Y. et al. Carbohydrates from Pseudomonas aeruginosa biofilms
interact with immune C-type lectins and interfere with their receptor function. NPJ Biofilms Microbiomes
2021, 7, 87, https://doi.org/10.1038/s41522-021-00257-w.

Rodriguez-Lopez, P.; Rodriguez-Herrera, J.J.; Lopez Cabo, M. Architectural Features and Resistance to
Food-Grade Disinfectants in Listeria monocytogenes-Pseudomonas spp. Dual-Species Biofilms. Front.
Microbiol. 2022, 13, 917964, https://doi.org/10.3389/fmich.2022.917964.

Park, S.; Sauer, K. SagS and its unorthodox contributions to Pseudomonas aeruginosa biofilm development.
Biofilm 2021, 3, 100059, https://doi.org/10.1016/j.bioflm.2021.100059.

Davies, D. Understanding biofilm resistance to antibacterial agents. Nat Rev Drug Discov 2003, 2, 114-122,
https://doi.org/10.1038/nrd1008.

Lagana, P.; Santi, D.; Di Pietro, A.; Costa, A.; Coniglio, M.A. Antibiotic resistance in bacteria strains isolated
from foods and correlated environments. Progress in  Nutrition 2020, 22, 2020041,
http://dx.doi.org/10.23751/pn.v22i3.10407.

Yu, H.; Nasr, S.Z.; Deretic, V. Innate lung defenses and compromised Pseudomonas aeruginosa clearance in
the malnourished mouse model of respiratory infections in cystic fibrosis. Infect. Immun. 2000, 68, 2142-
2147, https://doi.org/10.1128/iai.68.4.2142-2147.2000.

Boucher, J.C.; Schurr M.J.; Deretic, V. Dual regulation of mucoidy in Pseudomonas aeruginosa and sigma
factor antagonism. Mol. Microbiology. 2000, 36, 341-351, https://doi.org/10.1046/j.1365-2958.2000.01846.x
Roser, D.J.; van den Akker, B.; Boase, S.; Haas, C.N.; Ashbolt, N.J.; Rice, S.A. Pseudomonas aeruginosa
dose response and bathing water infection. Epidemiol. Infect. 2014, 142, 449-462,
https://doi.org/10.1017/s0950268813002690.

Guida, M.; Di Onofrio, V.; Galle, F.; Gesuele, R.; Valeriani, F.; Liguori, R.; Romano Spica, V.; Liguori, G.
Pseudomonas aeruginosa in Swimming Pool Water: Evidences and Perspectives for a New Control Strategy.
Int. J. Environ. Res. Public Health 2016, 13, 919, https://doi.org/10.3390/ijerph13090919.

Kanamori, H.; Weber, D.J.; Rutala, W.A. Healthcare Outbreaks Associated With a Water Reservoir and
Infection Prevention Strategies. Clin. Infect. Dis. 2016, 62, 1423-1435, https://doi.org/10.1093/cid/ciw122.
Saharman, Y.R.; Karuniawati, A.; Severin, J.A.; Verbrugh, H.A. Infections and antimicrobial resistance in
intensive care units in lower-middle income countries: a scoping review. Antimicrob Resist Infect Control
2021, 10, 22, https://doi.org/10.1186/s13756-020-00871-X.

https://biointerfaceresearch.com/ 8 of 10


https://doi.org/10.33263/BRIAC136.576
https://biointerfaceresearch.com/
https://doi.org/10.1016/S0924-8579(03)00149-3
https://doi.org/10.3390/ijms22063128
https://doi.org/10.3390/ijms23084386
https://doi.org/10.3390/microorganisms9030577
https://doi.org/10.2174/1389201021666200704145427
https://doi.org/10.1128/jb.00265-21
https://doi.org/10.1038/s41522-021-00257-w
https://doi.org/10.3389/fmicb.2022.917964
https://doi.org/10.1016/j.bioflm.2021.100059
https://doi.org/10.1038/nrd1008
https://doi.org/10.1128/iai.68.4.2142-2147.2000
https://doi.org/10.1017/s0950268813002690
https://doi.org/10.3390/ijerph13090919
https://doi.org/10.1093/cid/ciw122
https://doi.org/10.1186/s13756-020-00871-x

https://doi.org/10.33263/BRIAC136.576

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Moser, C.; Jensen, P.O.; Thomsen, K.; Kolpen, M.; Rybtke, M.; Lauland, A.S.; Trostrup, H.; Tolker-Nielsen,
T. Immune Responses to Pseudomonas aeruginosa Biofilm Infections. Front. Immunol. 2021, 12, 625597,
https://doi.org/10.3389/fimmu.2021.625597.

Catho, G.; Martischang, R.; Boroli, F. et al. Outbreak of Pseudomonas aeruginosa producing VIM
carbapenemase in an intensive care unit and its termination by implementation of waterless patient care. Crit.
Care 2021, 25, 301, https://doi.org/10.1186/s13054-021-03726-y.

Decker, B.K.; Palmore, T.N. The role of water in healthcare-associated infections. Curr. Opin. Infect. Dis.
2013, 26, 345-351, https://doi.org/10.1097/qc0.0b013e3283630adf.

Rybtke, M.T.; Jensen, P.O.; Hoiby, N.; Givskov, M.; Tolker-Nielsen, T.; Bjarnsholt, T. The implication of
Pseudomonas aeruginosa biofilms in infections. Inflamm Allergy Drug Targets 2011, 10, 141-157,
https://doi.org/10.2174/187152811794776222.

Tolker-Nielsen, T. Pseudomonas aeruginosa biofilm infections: from molecular biofilm biology to new
treatment possibilities. APMIS Suppl. 2014, 122, 1-51, https://doi.org/10.1111/apm.12335.

Saffari, M.; Karami, S.; Firoozeh, F.; Sehat, M. Evaluation of biofilm-specific antimicrobial resistance genes
in Pseudomonas aeruginosa isolates in Farabi Hospital. J. Med. Microbiol. 2017, 66, 905-909,
https://doi.org/10.1099/jmm.0.000521.

Sionov, R.V.; Steinberg, D. Targeting the Holy Triangle of Quorum Sensing, Biofilm Formation, and
Antibiotic  Resistance  in  Pathogenic  Bacteria. Microorganisms 2022, 10, 1239,
https://doi.org/10.3390/microorganisms10061239.

Jacobs, H.M.; O'Neal, L.; Lopatto, E.; Wozniak, D.J.; Bjarnsholt, T.; Parsek, M.R. Mucoid Pseudomonas
aeruginosa Can Produce Calcium-Gelled Biofilms Independent of the Matrix Components Psl and CdrA. J.
Bacteriol. 2022, 204, e0056821, https://doi.org/10.1128/jb.00568-21.

Jennings, L.K.; Dreifus, J.E.; Reichhardt, C.; Storek, K.M.; Secor, P.R.; Wozniak, D.J.; Hisert, K.B.; Parsek,
M.R. Pseudomonas aeruginosa aggregates in cystic fibrosis sputum produce exopolysaccharides that likely
impede current therapies. Cell Rep. 2021, 34, 108782, https://doi.org/10.1016/j.celrep.2021.108782.

Sciuto, E.L.; Filice, S.; Coniglio, M.A.; Faro, G.; Gradon, L.; Galati, C.; Spinella, N.; Libertino, S.; Scalese,
S. Antimicrobial s-PBC Coatings for Innovative Multifunctional Water Filters. Molecules 2020, 25, 5196,
https://doi.org/10.3390/molecules25215196.

Filice, S.; Sciuto, E.L.; Scalese, S.; Faro, G.; Libertino, S.; Corso, D.; Timpanaro, R.M.; Lagana, P.; Coniglio,
M.A. Innovative Antibiofilm Smart Surface against Legionella for Water Systems. Microorganisms 2022,
10, 870, https://doi.org/10.3390/microorganisms10050870.

Chen, X.; Stewart, P.S. Biofilm removal caused by chemical treatments. Water Res. 2000, 34, 4229-4233,
https://doi.org/10.1016/S0043-1354(00)00187-1.

Pressman, J.G.; Lee, W.H.; Bishop, P.L.; Wahman, D.G. Effect of free ammonia concentration on
monochloramine penetration within a nitrifying biofilm and its effect on activity, viability, and recovery.
Water Res. 2012, 46, 882-894, https://doi.org/10.1016/j.watres.2011.11.071.

Coniglio, M.A.; Melada, S.; Yassin, M.H. Monochloramine for controlling Legionella in biofilms: how much
we know? J. Nat. Sci. 2015, 1, e44.

Melada, S.; Coniglio, M.A. Monochloramine for remediation of Legionella only in domestic hot water
systems: an iron fist in a velvet glove. Open J. Prev. Med. 2015, 5, 143-150,
http://dx.doi.org/10.4236/0jpm.2015.53017.

Lytle, D.A.; Pfaller, S.; Muhlen, C.; Struewing, I.; Triantafyllidou, S.; White, C.; Hayes, S.; King, D.; Lu, J.
A comprehensive evaluation of monochloramine disinfection on water quality, Legionella and other
important microorganisms in a hospital. Water Res 2021, 189, 116656,
https://doi.org/10.1016/j.watres.2020.116656.

Takeuchi, K.; Suzuki, K.; Mizoguchi, H.; Araki, H.; Nishiwaki, H. Monochloramine impairs mucosal blood
flow response and healing of gastric lesions in rats: relation to capsaicin-sensitive sensory neurons. J.
Gastroenterol. Hepatol. 2001, 16, 282-289, https://doi.org/10.1046/j.1440-1746.2001.02400.x.

Kodama, M.; Tsukada, H.; Ooya, M. et al. Gastric mucosal damage caused by monochloramine in the rat and
protective effect of taurine: endoscopic observation through gastric fistula. Endoscopy 2000, 32, 294-299,
https://doi.org/10.1055/s-2000-7383.

Rozej, A.; Cydzik-Kwiatkowska, A.; Kowalska, B.; Kowalski, D. Structure and microbial diversity of
biofilms on different pipe materials of a model drinking water distribution systems. World J. Microbiol.
Biotechnol. 2015, 31, 37-47, https://doi.org/10.1007/s11274-014-1761-6.

https://biointerfaceresearch.com/ 9 of 10


https://doi.org/10.33263/BRIAC136.576
https://biointerfaceresearch.com/
https://doi.org/10.3389/fimmu.2021.625597
https://doi.org/10.1186/s13054-021-03726-y
https://doi.org/10.1097/qco.0b013e3283630adf
https://doi.org/10.2174/187152811794776222
https://doi.org/10.1111/apm.12335
https://doi.org/10.1099/jmm.0.000521
https://doi.org/10.3390/microorganisms10061239
https://doi.org/10.1128/jb.00568-21
https://doi.org/10.1016/j.celrep.2021.108782
https://doi.org/10.3390/molecules25215196
https://doi.org/10.3390/microorganisms10050870
https://doi.org/10.1016/S0043-1354(00)00187-1
https://doi.org/10.1016/j.watres.2011.11.071
http://dx.doi.org/10.4236/ojpm.2015.53017
https://doi.org/10.1016/j.watres.2020.116656
https://doi.org/10.1046/j.1440-1746.2001.02400.x
https://doi.org/10.1055/s-2000-7383
https://doi.org/10.1007/s11274-014-1761-6

https://doi.org/10.33263/BRIAC136.576

37.

38.

39.

40.

41.

42,

43.

Booth, S.C.; George, I.F.; Zannoni, D.; Cappelletti, M.; Duggan, G.E.; Ceri, H.; Turner, R.J. Effect of
aluminium and copper on biofilm development of Pseudomonas pseudoalcaligenes KF707 and P. fluorescens
as a function of different media compositions. Metallomics 2013, 5, 723-735,
https://doi.org/10.1039/C3MT20240B.

Wolfe, R.L.; Lieu, N.l.; lzaguirre, G.; Means, E.G. Ammonia-oxidizing bacteria in a chloraminated
distribution system: seasonal occurrence, distribution and disinfection resistance. Appl. Environ. Microbiol.
1990, 56, 451-462, https://doi.org/10.1128/aem.56.2.451-462.1990.

Turetgen, 1. Induction of Viable but Nonculturable (VBNC) state and the effect of multiple subculturing on
the survival of Legionella pneumophila strains in the presence of monochloramine. Ann. Microbiol. 2008, 58,
153-156, https://doi.org/10.1007/BF03179460.

van Schalkwyk, M.; Maartens, A.; Allison, P.; Mathe, P.; Augustyn, R.; Snyman, G. Recovery of industrial
effluent: case history of membrane biofouling and the successful treatment with alternating non-oxidising
and oxidising biocide. WISA Biennial Conference 2010.

Zhao, G.; Usui, M.L.; Lippman, S.1.; James, G.A.; Stewart, P.S.; Fleckman, P.; Olerud, J.E. Biofilms and
Inflammation in Chronic Wounds. Adv Wound Care (New Rochelle) 2013, 2, 389-399,
https://doi.org/10.1089/wound.2012.0381.

Garrett, T.R.; Bhakoo, M.; Zhang, Z.B. Bacterial adhesion and biofilms on surfaces. Progress in Natural
Science-Materials International 2008, 18, 1049-1056, https://doi.org/10.1016/j.pnsc.2008.04.001.

Garrett, T.R.; Bhakoo, M.; Zhang, Z. Characterisation of bacterial adhesion and removal in a flow chamber
by micromanipulation measurements. Biotechnol. Lett. 2008, 30, 427-433, https://doi.org/10.1007/s10529-
007-9580-6.

https://biointerfaceresearch.com/ 10 of 10


https://doi.org/10.33263/BRIAC136.576
https://biointerfaceresearch.com/
https://doi.org/10.1039/C3MT20240B
https://doi.org/10.1128/aem.56.2.451-462.1990
https://doi.org/10.1007/BF03179460
https://wisa.org.za/document-conference/wisa2010/
https://doi.org/10.1089/wound.2012.0381
https://doi.org/10.1016/j.pnsc.2008.04.001
https://doi.org/10.1007/s10529-007-9580-6
https://doi.org/10.1007/s10529-007-9580-6

