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PROJECT TITLE:  Protozoan Microbes in Groundwater Used for Drinking Water

I. PROJECT STATEMENT
This research project will confirm the presence of two protozoan microorganisms (Cryptosporidium and Giardia) in the groundwater used as the source of drinking water by a City in Minnesota, design and implement a treatment system to solve this problem, and then demonstrate that the problem has been solved.  This proposed research project is in direct response to a very recent study by the Minnesota Department of Health (MDH) that detected Cryptosporidium and Giardia at least once in 40% of tested wells (145 wells) and in 11% of all samples (i.e., 964 samples).  This study will be performed at the yet-to-be-named City (pending City Council approval) because it had multiple positive detections for Cryptosporidium and Giardia.  
Groundwater is used as the source for more than 90% of Minnesota’s public water supplies, serving about 75% of the State’s population.  The discovery of Cryptosporidium and Giardia in groundwater was unexpected, because these organisms are commonly believed to be associated with surface water.  Cryptosporidium and Giardia are worrisome for several reasons: (1) they cause severe diarrhea, dehydration, fever, nausea, and vomiting; (2) the infections caused by these organisms can prove fatal for immunocompromised individuals, and (3) the cyst and especially oocyst forms of these organisms that exist in water supplies are highly resistant to our disinfection gold-standard of chlorination.  On April 3, 2019, MDH personnel attended a City Council meeting in the City in north-central Minnesota and informed its residents that Cryptosporidium and Giardia were detected in their drinking water wells, suggesting potential causes and solutions.
This proposed research study is needed for several reasons.  First, although MDH’s data are highly suggestive that Cryptosporidium and Giardia are commonly found in groundwater, the results have not been validated by another research laboratory.   Second, the amount of data that MDH generated from a specific public water supply was actually very small.  At the City that will be the focus on this study, for example, MDH collected only 12 samples from City’s wells, of which 7 were positive for Cryptosporidium and/or Giardia.   At the April 3 City Council meeting, one City Council member was nonplussed that MDH was suggesting expensive changes to the City’s water system based on such little documentation; simply put, more data are needed.  Third, conventional chlorine disinfection is ineffective against Cryptosporidium and moderately effective against Giardia.  Validation of a viable treatment system for this problem with be invaluable for numerous Minnesota public water supplies.  Fourth, the cost of resolving the issue is quite high.   For example, MDH recommended that the City re-locate their supply wells, at a cost as high as $100,000; this City serves approximately 100 people ($1,000 per person) with a median household income less than $40,000 per year (according to the 2010 US Census).  Finally, the problem is potentially very common across the State of Minnesota.  Public water supplies that use groundwater either provide the water to their communities without any form of disinfection or use chlorine to disinfect their water, which is ineffective to moderately effective against protozoan pathogens.
Simply put, the research recent results of the MDH study are very worrisome and almost certainly require substantial changes to how small public water systems in Minnesota are designed and operated.  This research will inform the State on the benefits of treating groundwater for Cryptosporidium and Giardia and provide guidance on the most cost-effective approaches to do so.

II. PROJECT ACTIVITIES AND OUTCOMES
	Activity 1: Quantify Cryptosporidium, Giardia, and other pathogens in the wells and at the tap prior to the implementation of a drinking water treatment system.
Description: Samples will be collected from each of the supply wells and from 5 residential taps twice per month for the first year of the project (168 samples). We will then characterize the microorganisms in these samples using next-generation DNA sequencing technology. We will use quantitative PCR (qPCR) to quantify the presence of specific pathogenic microorganisms (e.g., Cryptosporidium, Giardia, Salmonella, rotavirus, E. coli) known to cause disease in humans as well as crAssphage, a viral marker of human fecal contamination (i.e., as opposed to animal).  Finally, we will collect other water quality data that are commonly used to characterize drinking water quality.
 ENRTF BUDGET: $209,849
	

	Outcome
	Completion Date

	1. Sample collection and Genomic DNA extractions
	June 30, 2021

	2. Next-Generation DNA sequencing
	December 31, 2021

	3. Quantification of specific microorganisms
	December 31, 2021

	4. Data Analysis
	April 30, 2023



	Activity 2: Design and implement a water treatment system specifically designed to remove the risk posed by Giardia and Cryptosporidium in groundwater.
Description: We will work with a licensed engineer (chosen by the City) to identify the appropriate technology to solve the water quality problem (likely the installation of a ultraviolet light or UV disinfection system).  This technology will then be implemented and operated for the second year of the study.
ENRTF BUDGET: $80,000
	

	Outcome
	Completion Date

	1. Select, Design, and Install Treatment System to Resolve Problems with Giardia and Cryptosporidium
	June 30, 2021

	2. Statistical Analysis
	June 30, 2023



	Activity 3: Quantify Cryptosporidium, Giardia, and other pathogens in the wells and at the tap after the implementation of a drinking water treatment system.
Description: This activity will mimic Activity 1, except that the chosen treatment system will be operating.  That is, the City’s water supply will likely be disinfected by ultraviolet light during year 2 and we will document whether the system is working adequately.  All analyses will be the same as Activity 1.
ENRTF BUDGET: $209,849
	Outcome
	Completion Date

	1. Sample collection and Genomic DNA extractions
	June 30, 2022

	2. Next-Generation DNA sequencing
	December 31, 2022

	3. Quantification of specific microorganisms
	December 31, 2022

	4. Data Analysis
	April 30, 2023



	


III. PROJECT PARTNERS AND COLLABORATORS:
The project team will be led by Drs. Raymond Hozalski and Timothy LaPara (University of Minnesota, Department of Civil, Environmental, & Geo-Engineering) who are experts in water treatment and microbiology. The team also will include one post-doctoral researcher and several undergraduate student researchers, the City engineer, and the City Council and/or Mayor.

IV. 	LONG-TERM IMPLEMENTATION AND FUNDING:
The long-term goal of the proposed research is to identify the best and most cost-effective approaches to protect the health of Minnesotans served by groundwater resources.  This project, specifically, will help resolve a newly-uncovered problem, the presence of Cryptosporidium and Giardia in groundwater, that likely affects a substantial fraction of Minnesotans, particularly in rural areas where groundwater is commonly used and public water supplies are less likely to be disinfected or disinfected with chlorine.
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