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Abstract: Legionnaires’ disease can be prevented by eradication of Legionella from the water systems of hospitals, industrial plants, apartment and office buildings. The currently recommended methods are thermal disinfection and hyperchlorination, however each has significant disadvantages such that alternative disinfection approaches are needed. Monochloramine (NH2Cl) and chlorine dioxide (ClO2) are potential alternatives to chlorine that have received much attention in recent years. Monochloramine is considered to be a good secondary disinfectant due to its stability, better prevention of bacterial re-growth, superior ability to penetrate biofilm, reduced DBPs, and no taste and odor problems. However, little is known about the efficacy of monochloramine against environmentally grown Legionella, especially against biofilm-associated Legionella. Chlorine dioxide is a strong oxidant with no taste and odor problems and minimal generation of DBPs. However, use of chlorine dioxide has been limited because of difficulties with safe on-site production. A new chlorine dioxide generating system (Halox, Bridgeport CT) uses an electrochemical process that appears to be safe, and easy-to-control. 

The objective of this study was to compare the efficacy of monochloramine, chlorine dioxide and free chlorine against Legionella and heterotrophic bacteria in a model plumbing system. Monochloramine and chlorine were tested at a single dose of 2.0 mg/L and 4.0 mg/L as Cl2 individually. Chlorine dioxide was tested at a single dose of 2.0 mg/L as ClO2 and at an initial dose of 2.0 mg/L followed by maintaining a 0.5 mg/L residual within the system. pH was maintained between 7.0 ~ 8.0. The system temperature was maintained at 25(~30(C. The model plumbing system contains three identical recirculating loops. One loop is the control, and the others are used to evaluate two different concentrations of one disinfectant at the same time. The inoculum for the model system was “naturally-grown” Legionella with a mixed population of heterotrophic bacteria obtained from a water system colonized with Legionella pneumophila. The biofilm was established by circulating the inoculum within the system for two weeks. During the 48-hour disinfection period, Legionella and heterotrophic bacteria counts were cultured from both biofilm and planktonic samples that were collected from the three sampling loops at 0, 0.5, 1, 3, 12 and 48 hours. 

A 99.9% kill (3-log reduction from initial population) of Legionella in both biofilm and planktonic phases was observed within 0.5 hours for free chlorine, monochloramine and chlorine dioxide at all the tested concentration in this study (Figure 1-4). Monochloramine at a single dose of 4.0 mg/L and chlorine dioxide at initial dose of 2.0 mg/L followed by 0.5 mg/L residual maintenance resulted in more than 99.99% kill of Legionella in 0.5 hours in both biofilm and planktonic phases, which was comparable to chlorine at 4.0 mg/L (Figure 1 and 2). Monochloramine at a single dose of 2.0 mg/L and chlorine dioxide at a single dose of 2.0 mg/L did not completely eliminate Legionella after 48 hours. Chlorine at 2.0 and 4.0 mg/L, 4.0 mg/L  monochloramine and 2.0 mg/L chlorine dioxide with residual maintenance at 0.5 mg/L completely eradicated Legionella within 48 hours. Heterotrophic bacteria were reduced by 99.9% within 1.0 hour by 2.0 mg/L monochloramine and within 0.5 hours by 2.0 mg/L chlorine dioxide with 0.5 mg/L residual. In general, free chlorine at 2.0 and 4.0 mg/L was the most effective in eradicating heterotrophic bacteria both in biofilm and planktonic phases within the 48-hour disinfection period (Figure 3 and 4). Experimental results suggest that monochloramine at both 4.0 mg/L and 2.0 mg/L as Cl2 and 2.0 mg/L chlorine dioxide with 0.5 mg/L residual were as effective as chlorine in eradicating Legionella in biofilm and planktonic phases. Considering the formation of carcinogenic DBPs and taste and odor problems associated with chlorine, monochloramine and chlorine dioxide are attractive alternative disinfectants for the control of Legionella in water distribution systems. Both monochloramine and chlorine dioxide warrant evaluation in building water systems for controlling Legionella.

