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To reduce the amplification of Legionella in building 
water systems, particularly those serving a susceptible 
population such as healthcare facilities, supplemental 
disinfectants are often necessary. In order to effectively 
evaluate the efficacy of disinfection, an evaluation should 
follow a four-step approach:

 � Demonstrate in vitro efficacy.
 � Anecdotal experience of efficacy in individual 
hospitals.

 � Peer-reviewed controlled studies of prolonged duration 
documenting efficacy and prevention of Legionnaires’ 
disease.

 � Confirmatory reports from multiple installations with 
a prolonged duration of follow-up. 

The four technologies that provide a residual disinfectant 
and have historically been considered for disinfection 
of building water systems to control Legionella 
include: supplemental chlorination, chlorine dioxide, 
monochloramine, and copper-silver ionization.

We previously performed independent field evaluations 
of all currently used disinfection methods for Legionella 
control in building water systems. This includes the first 
independent evaluation of a monochloramine installation 
on a hospital hot water system in the United States (1). 
From 2011 to 2014, the hospital hot water system was 
monitored for a total of 29 months (a five-month baseline 
sampling period and 24 months post disinfection). 
A significant decrease in Legionella species percent 
positivity was observed without adverse microbial or 
chemical consequences.

The objective of this evaluation was to extend the 
follow up period to 10 years post disinfection. As part 
of the long-term evaluation, we wanted to understand 
the ongoing effectiveness of Legionella control and 
to determine if there were any additional impacts on 
the building water systems, such as impact on other 
waterborne pathogens or overall water quality.

Methods
The study was conducted at a 500-bed hospital in 
Pittsburgh, Pennsylvania, the same site as our previous 
evaluation. The monochloramine system (SANIPUR) 
was installed and operation began in September 2011. 
The unit has is made up of a proprietary precursor 

chemical mix of ammonia and chlorine fed using 
a metering pump into the hot water supply to the 
building. An analyzer on the hot water return line 
is used to monitor the system. Since September 
2011, the monochloramine system has been operated 
and monitored by the water treatment professional 
with oversight by the water safety team. The target 
monochloramine and free-ammonia levels in distal 
outlets at the facility is 2.0 to 3.0 parts per million (ppm) 
and <0.50 ppm, respectively.

The control efficacy of Legionella as well as other 
opportunistic pathogens by the on-site monochloramine 
disinfection had been evaluated for a relatively shorter 
term right after the system was put into operation (1). 
The present study continued to evaluate this system for 
an extended period of up to 121 months (September 
2011 to October 2021) since the initial operation of 
monochloramine disinfection.

Ten rounds of post-disinfection sampling were 
performed between June 2014 and October 2021.  
A total of 20 to 31 samples were collected during each 
microbiological monitoring event. Monitoring locations 
included the incoming cold water, hot water return, 
and representative distal outlets. Sample collection 
from distal outlets was performed by collecting first 
draw hot water for microbiologic analysis followed 
by a one-minute flush and collection of hot water for 
chemistry analysis. Sample collection from the incoming 
cold water and hot water return was performed after a 
one-minute flush from the sample valve.

Microbiologic samples were analyzed by Special 
Pathogens Laboratory for Legionella, Heterotrophic 
Plate Count (HPC), Pseudomonas, Acinetobacter, 
Stenotrophomonas, and non-tuberculous Mycobacteria 
using standard laboratory procedures. Aqueous 
chemistry samples were analyzed by a third-party 
laboratory for metals (iron, calcium, magnesium, zinc, 
lead, copper, and manganese). Metals samples were 
collected in acid preserved bottles.

Physicochemical monitoring was conducted at the 
incoming cold water, hot water return line, and the 
first distal site post the monochloramine injection. Free 
chlorine, total chlorine, monochloramine, and free 
ammonia were measured in the field using a using a 
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Hach DR/900 colorimeter (from 
June 2014 to January 2015) and 
a Hach SL1000 colorimeter 
(February 2015 to October 
2021). Water temperature was 
measured using a Thermapen 
Mk4 thermometer.

Results
Table A provides data that 
shows control of Legionella 
without significant changes in 
the control of other waterborne 
bacteria.

Legionella
Legionella pneumophila serogroup 
1 was detected during a single 
sampling event (October 2015), 
while blue-white fluorescing 
Legionella species were detected 
during two of the sampling 
events (October 2015, February 
2016). The October 2015 
sampling event showed the 
highest distal site positivity 
(DSP) at 15%, which is well 
below the 30% threshold for 
evaluating risk of disease. The 
distal site positivity during the 
February 2016 sampling was 

Table A: Microbiologic Monitoring Shows Legionella Control Without Significant Changes in Other Waterborne Pathogens

Microbial

Baseline Post Disinfection

 (1st Evaluation by 
Duda)

(2nd Evaluation)

Months
1–4

Months 
1–30

Month 
33

Month 
34

Month 
36

Month 
42

Month 
49

Month 
53

Month 
66

Month 
108

Month 
114 

Month 
121

Months
33–121 

Average
HPC, average CFU/mL 14,047 2,123 - - - 8,022 2,122 3,473 7,504 9,524 - 2,277 5,487

Legionella species 53% 8% 0% 0% 0% 0% 15% 4% 0% 0% - 0% 2%

Pseudomonas 
aeruginosa

0% 0% - - - 4% 4% 0% 0% 7% - - 3%

Stenotrophomonas 
maltophilia

0% 1% - - - 8% 11% 0% 0% 0% - - 4%

Acinetobacter species 0% 0% - - - 0% 0% 0% 0% 0% - - 0%

Nitrifying bacteria 0% 0% - - - - - - 0% 0% - - 0%

Mycobacteria 45% 41% 65% - 18% 25% 41% 35% 18% 72% 72% 56% 45%

Figure 1: Average monochloramine concentration (HWR) and First Outlet) and Legionella distal site positivity. Months 1-4 
were prior to monochloramine treatment.

Figure 2: Average monochloramine concentration (HWR and First Outlet) and NTM distal site positivity. Months 1-4 
were prior to monochloramine treatment.
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4%. Concentrations during those sampling periods 
averaged 1.5 colony forming units per milliliter (mL) and 
10 CFU/mL, respectively. Legionella was not detected in 
the other seven sampling events.

Figure 1 presents the average monochloramine 
concentration at the hot water return (HWR), and the 
first outlet, and the Legionella positivity.

Non-Tuberculous Mycobacteria (NTM)
NTMs were detected during all nine of the sampling 
events conducted for NTM. The average distal site 
positivity was 45%, ranging from 18% to 72% DSP. 
Multiple species were identified throughout the 
evaluation period, including M. gordonae, M. avium, 
M. llatzerense, M. lentiflavum, M. paragordonae, and M. 
gadium. Figure 2 shows the average monochloramine 
concentration and the NTM distal site positivity.

Other Microbiologicals
Water samples were collected for HPC culture analysis 
during six of the sampling events. There was a reduction 
in HPC post-treatment. The average baseline HPC 
concentration at the distal outlets was 14,047 CFU/mL 
before monochloramine treatment and was reduced to 
5,487 CFU/mL post-treatment (Figure 3).

Water samples were collected for Pseudomonas aeruginosa 
culture in five sampling events. Pseudomonas was not 
identified during baseline but was identified in three 
post-disinfection sampling events. Distal site positivity 
ranged from 4% to 7% with only one or two locations 
positive for Pseudomonas, respectively. Overall, the average 
distal site positivity of post-disinfection sampling events 
was 3%. Stenotrophomonas maltophilia was not identified 
during baseline and identified in three of the five post-
disinfection sampling events. In the three positive 
sampling events, distal site positivity ranged from 1% to 
11%. Overall, the average distal site positivity of post-
disinfection sampling events was 4%. Acinetobacter was not 
detected during any of the sampling events.

Water samples were tested for nitrifying bacteria 
during baseline sampling, the initial evaluation and two 
sampling events in this evaluation. Nitrifying bacteria 
were not detected during any of the sampling events 
(Figure 4).

Physicochemical and Other Water 
Quality Data
Monochloramine data was collected during each of the 
sampling events. We calculated the average concentration 
by averaging the concentration of the first distal outlet 
and the hot water return, to represent near and far points 
in the water system. The average concentration range was 
from 0.97 milligrams per liter (mg/L) to 3.22. The overall 
average throughout the entire evaluation was 2.05 mg/L 
throughout the ten sampling events. Free ammonia was 
also measured from the HWR and first distal site with 
an overall average of 0.14 mg/L. Various metals were 
collected throughout the evaluation (Table B). Most were 
at or below the limit of detection.

Discussion
The sampling results from this evaluation demonstrate 
that monochloramine installed on the potable hot water 
system is an effective long-term method for Legionella 
control. There was no evidence of proliferation of other 
waterborne pathogens. The monochloramine system kept 
Legionella distal site positivity below 30% for the entirety 
of the 10-year evaluation. Most importantly, no cases 
of healthcare-acquired Legionnaires’ disease have been 
identified since applying monochloramine to the hospital 
hot water system. Furthermore, no significant changes in 
other waterborne pathogens were observed compared to 
baseline sampling (Months 1–4).

These results are consistent with results an EPA study 
and an Italian study (2, 3). Studies on municipal water 
treatment with monochloramine have shown similar 
effectiveness against Legionella (4, 5).

Attaining zero Legionella in a building water system 
is unrealistic and is unnecessary to mitigate the risk 
of disease. Legionella was not detected in seven of the 
sample events but was detected at months 49 and 53. 
This coincided with the lowest average monochloramine 
concentrations. This study and others have suggested 
that the target goal for monochloramine should be 2.0 
mg/L to 3.0 mg/L.

HPC bacterial counts are used by some water safety 
and management specialists as an indicator of a well-
managed building water system. A target of 500 CFU/
mL is often used as an indicator of a poorly managed 
water system. This study as well as others have shown 
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Table B: Physicochemical Parameter Monitoring Results
  Baseline Post Disinfection

 (1st Evaluation by 
Duda) (2nd Evaluation)

Months 
1–4

Months 
1–30

Month 
33

Month 
34

Month 
36

Month 
42

Month 
49

Month 
53

Month 
66

Month 
108

Month 
114

Month 
121

Months 
33–121 

Average
Monochloramine (HWR+ 
First Outlet), mg/L 0.00 1.99 2.11 2.89 2.30 1.41 0.97 1.33 1.93 1.89 2.48 3.22 2.05

Free ammonia, (HWR+ 
First Outlet), mg/L 0.00 0.61 - - - 0.08 0.26 0.36 0.04 0.03 0.08 0.15 0.14

Iron - - - - - - - <0.030 - 0.16 - 0.12 <0.030
Zinc - - - - - - - - - - - 0.06 0.06
Manganese - - - - - - - - - - - <0.010 <0.010
Lead - <0.0025 <0.0025 - <0.0025 - - <0.0010 <0.0025 <0.010 <0.010 <0.010 <0.0025
Copper 0.83 0.23 <0.1 - 0.10 - - 0.07 0.08 0.09 0.09 0.09 0.09
Silver 0.15 0.34 0.02 - 0.02 - - 0.03 0.02 0.02 0.02 - 0.02

Can Monochloramine Offer a Long-Term Solution   continued

that HPC counts are often 
well above this target despite 
effective water treatment. 
Monochloramine did decrease 
the average concentration 
of HPC from 14,047 CFU/
mL to 5,487 CFU/mL; 
however, the average HPC 
concentration remained well 
above 500 CFU/mL. This 
metric can be used to trend 
water treatment effectiveness, 
but not as an indicator of the 
presence of other waterborne 
pathogens or effectiveness of a 
water management program in 
controlling Legionella.

Metals concentrations (iron, 
calcium, magnesium, zinc, 
manganese, lead, and copper) did 
not increase after the application 
of the monochloramine. Unlike 
some stronger oxidants such as 
chlorine or chlorine dioxide, 
monochloramine application 
presented a low concern for 
accelerated corrosion. No 
disinfection by-product testing 
was performed in this study. 
The aforementioned EPA 
study showed no water quality 

Figure 3: Average monochloramine concentration (HWR and First Outlet) and average distal site HPC concentra-
tion. Months 1-4 were prior to monochloramine treatment.

Figure 4: Average monochloramine concentration (HWR and First Outlet) and distal site positivity for other 
waterborne pathogens. Months 1-4 were prior to 
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changes or known unintended consequences after 
monochloramine addition including increases in lead 
and copper, iron and disinfection by-products including 
NDMA (3).

Conclusions
This evaluation was performed to assess the long-term 
effects and efficacy of a monochloramine installation 
on a hospital hot water system. We demonstrated 
that monochloramine provided long-term control of 
Legionella without detrimental impacts on the building 
water system including proliferation of other waterborne 
pathogens or accelerated corrosion of the building water 
system.

Monochloramine did not impact NTM growth 
in the plumbing system, with the overall distal 
site positivity relatively unchanged from initial 
baseline NTM positivity (45%). This has significant 
implications for water safety programs. Many assume 
that implementation of a water safety program to 
mitigate Legionella risk will also reduce the risk of 
other waterborne pathogens. Risk of disease from all 
waterborne pathogens cannot be solved with water 
treatment alone.

When considering installation of monochloramine, 
consider water quality, system physical conditions and 
constraints, and the need for control of other waterborne 
pathogens. All should be considered by the operator 
prior to selecting any treatment method. A successful 
installation should consider:

 � Completing a baseline assessment of the water system, 
including Legionella positivity, evaluation of plumbing 
systems, chemistry, understanding system operation, 
and determining permitting needs.

 � Developing a water safety and management plan to 
manage Legionella risk and establish operating limits, 
monitoring requirements, and corrective actions for 
the supplemental disinfection system.

 � Implementation of the water management program 
including validation through environmental testing for 
Legionella to demonstrate efficacy.

 � Evaluating results with the water safety team and 
adjusting the program based on findings.

Throughout the evaluation, we observed fluctuation 
of monochloramine concentrations, stressing the 
importance of maintaining a robust operation and 
maintenance program. No supplemental disinfection 
system can be treated as “set it and forget it.” For 
monochloramine, we would recommend maintaining 2.0 
to 3.0 mg/L as the control limits for monochloramine. 
When monochloramine levels were lower than the 2.0 
mg/L, positive Legionella results were observed, albeit 
still under the recommended 30% distal site threshold.

Additional peer-reviewed studies are needed to 
expand on this evaluation and the long-term impact of 
monochloramine on building water systems and other 
waterborne pathogens. 
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