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Microbial growth is a significant problem in domestic water heaters throughout the United States.  The US Consumer Product Safety Commission recommends that homeowners keep their water heaters below 49°C to prevent scalding from hot water, however temperature stratification often occurs, causing the bottom of the water heater to be at a much lower temperature than the top.  Water temperatures below 60°C are associated with the growth of pathogenic bacteria such as Mycobacterium avium and Legionella pneumophila.  Mycobacterium avium was recently placed on the Environmental Protection Agency’s Contaminant Candidate List and was tentatively linked to Crohn Disease.  Legionella pneumophila causes Legionnaire’s Disease, a severe form of pneumonia which affects 8,000 to 18,000 people in the United States every year.
The effects of chlorine and chloramine disinfection on Mycobacterium avium and Legionella pneumophila has been studied, however no research has been done to characterize their growth after long exposure times as they occur in domestic water heaters.  In addition, little research has been done to study the effects of nutrients such as phosphorus, potassium, natural organic matter, and bicarbonate on microbial growth in water heaters.  This is important because nutrient levels coming from water treatment plants can vary significantly.
This study simulates domestic water heaters under thirty-two different disinfectant and nutrient combinations (4 disinfectant conditions x 8 nutrient levels).  Chlorine (2.5 ppm), chloramines (4 ppm), ammonia (1 ppm), and no disinfectant are added to water to represent the range of conditions encountered in practice in consumer homes.  The ammonia and no disinfectant conditions simulate the situation far from the treatment plant after all disinfectants have decayed.  A potable base water was synthesized using reagent grade chemicals.  Organic matter was ozonated Aldrich humic acid.  Modifications to the base water concentrations were also examined, including: 0 ppm TOC (0 NOM), 0.045 ppm TOC (1/4 NOM), 0.72 ppm TOC (4x NOM), 0.32 ppm KNO3 (1/30 Potassium),  171 ppm NaHCO3 (3x Bicarbonate), 0 ppm Na2HPO4 (0 Phosphorus), and 0.20 ppm Na2HPO4 (20x Phosphorus).   The water is heated to a constant 37°C and changed five times per week.
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Figure 1.  Heterotrophic Plate Count (HPC)
Preliminary results of microbial activity, as shown above, indicate growth only in the ammonia and no disinfectant conditions.  Legionella and Mycobacteria growth were tentatively identified.  Further HPC and ATP tests as well as Legionella and Mycobacteria tests will be completed soon.  Temperature and disinfectant levels will then be altered in order to study their effects on microbial growth.  This study will be completed in December 2005.
The findings of this work will demonstrate the extent to which water chemicals and nutrients flowing into a consumer’s home control amplification of Legionella and Mycobacteria.  It will also aid homeowners and building owners when deciding the temperature at which to set their water heater.  In addition, this study is of interest to the Environmental Protection Agency since Mycobacteria avium are on the Contaminant Candidate List.

[image: image2]
* I would like to acknowledge my advisor, Dr. Marc Edwards of the Civil & Evironmental Engineering Department, for giving me the opportunity to perform research
