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General Information
Proposal ID: 2027-114

Proposal Title: Is Non-Disinfected Groundwater a Cause of Legionnaires’ Disease?

Project Manager Information

Name: Timothy LaPara
Organization: U of MN - College of Science and Engineering
Office Telephone: (612) 624-6028

Email: lapar001@umn.edu

Project Basic Information

Project Summary: This project will investigate drinking water supplies for their ability to grow bacteria that cause
Legionnaires’ disease and development treatment strategies to mitigate the rise posed by these organisms.

ENRTF Funds Requested: $699,000
Proposed Project Completion: June 30, 2030

LCCMR Funding Category: Water (B)

Project Location

What is the best scale for describing where your work will take place?
Statewide

What is the best scale to describe the area impacted by your work?
Statewide

When will the work impact occur?
In the Future



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

The City of Grand Rapids, MN recently experienced a deadly outbreak of Legionnaires’ Disease, the cause of which was

attributed by the Minnesota Department of Health to the presence of Legionella pneumophila in the community water

system. This outbreak was one of the first connected to an entire water system rather than a localized problem, such as
a mismanaged cooling tower.

What factors led to the Legionnaires’ Disease outbreak in Grand Rapids? Unfortunately, our present scientific knowledge
cannot definitively answer this question. We hypothesize, nonetheless, that the groundwater used by Grand Rapids had
slightly elevated levels of assimilable organic carbon (AOC), which provided the “food” for Legionella pneumophila to
grow. A secondary cause of this outbreak is a “loophole” in the drinking water regulations that enables groundwater-
supplied drinking water to be distributed without maintaining a residual disinfectant (chlorine) in the water.

We are concerned that are other cases of Legionnaires Disease have been and are still occurring elsewhere in
Minnesota. First, cases of Legionnaires’ Disease are well-known to be underreported. Second, there are more than 200
community water systems in Minnesota supplied by groundwater that do not practice disinfection. Finally, AOC is rarely,
if ever, measured in drinking water.

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones.

We propose three lines of research that will provide critical knowledge to manage community water systems to prevent
Legionnaires’ Disease.

The first line of research will measure AOC concentrations in groundwater samples to better understand which and how
many groundwater supplies are susceptible to growing Legionella. We will collect water samples at the source and at a
distal location within the drinking water distribution systems. The distal sample is critically important because we have
observed that AOC concentrations increased in some systems (including Grand Rapids).

The second line of research will quantify Legionella pneumophila levels in distribution system water and in both cold and
hot premise plumbing samples. Our prior work (in Grand Rapids) has demonstrated that Legionella pneumophila growth
is localized in premise plumbing rather than the distribution system water.

Finally, we will perform bench-scale experiments to validate our hypothesis that AOC concentrations correlate with the
potential for Legionella to grow in drinking water. Scientific support for our hypothesis will be critically important
information to convince community water systems with high AOC concentrations to begin disinfecting their water.

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation,
and enhancement of the state’s natural resources?

More than 800 community water systems and countless private homeowners in Minnesota use groundwater as their
source of drinking water. Although disinfection is a cost-effective engineering solution to the problem posed by
Legionella pneumophila in drinking water, many communities resist implementing disinfection due to taste, odor, cost,
and other concerns.

It is inarguable that groundwater is one of Minnesota’s most important natural resources. Our proposed research will
make seminal advancements in our ability to safely utilize Minnesota’s groundwater for all of its intended purposes
including drinking, showering, and handwashing.



Activities and Milestones

Activity 1: Quantify the concentrations of assimilable organic carbon (AOC) in groundwater and at
distal locations within drinking water distribution systemes.
Activity Budget: $233,000

Activity Description:

Groundwater is usually assumed to have very low concentrations (< 10 parts per billion, ppb) of AOC. However, our
recent research demonstrated that groundwater often has concentrations higher than 50 ppb, including Grand Rapids
(as high as120 ppb). This prior research is pertinent because water with AOC concentrations higher than 50 ppb are
believed to be susceptible to growing dangerous levels of Legionella pneumophila.

In this Activity, we will measure AOC concentrations from 40 community water systems supplied by groundwater
(source and distal locations) and from 20 private wells. We will collect samples on two different times of year
(February-July; August-October) because we have previously observed seasonal differences in AOC concentrations. We
will prioritize collecting water samples from systems that do not currently disinfect their water. We will attempt to
collect samples throughout the State of Minnesota but also follow guidance provided by the Minnesota Department of
Health in identifying participating utilities. In summary, this Activity will determine AOC concentrations in 200
groundwater samples (80 samples collected at the source from community water systems, 80 samples collected at distal
locations in community water systems, 40 private well samples).

Activity Milestones:

Description Approximate
Completion Date

Sample collection and processing August 31, 2028

Data Analysis May 31, 2029

Activity 2: Quantify Legionella pneumophila levels in distribution system water and in both cold and hot
premise plumbing samples
Activity Budget: $233,000

Activity Description:

In this Activity, we will collect water samples from building inlets as well as from cold and hot premise plumbing
samples. Our prior research in Grand Rapids has demonstrated that Legionella pneumophila preferentially grow in
premise plumbing (which is warmer and experiences extended periods of stagnation).

We will quantify Legionella pneumophila, host amoeba, and total bacteria using quantitative polymerase chain reaction
(PCR) assays as well quantify culturable Legionella pneumophila using a commercially available cultivation-based assay
(Legiolert by IDEXX). We will overlap the collection of these samples with those collected in Activity 1 to save on time
and cost. As before, our goal will be to collect samples from 40 community water systems and from 20 private wells
during two different seasons. Therefore, this Activity will involve processing of 360 samples (60 locations x 3 samples
per location x 2 seasons). About a third of the community water systems analyzed in this Activity will be selected
because they disinfect their water; these samples will serve as “controls” to enable a direct comparison between
disinfected and non-disinfected systems.

Activity Milestones:

Description Approximate
Completion Date




Sample collection, filtration, and preservation

August 31, 2028

Quantify Legionella pneumophila via cultivation

August 31, 2028

Extract and purify DNA from preserved samples

December 31, 2028

Quantification of Legionella pneumophila by quantitative PCR

May 31, 2029

Data Analysis

December 31, 2029

Activity 3: Bench-scale experiments to investigate the correlation of AOC concentrations to the growth

of Legionella pneumophila in drinking water
Activity Budget: $233,000

Activity Description:

We hypothesize that AOC concentrations correlate to the potential for growing Legionella pneumophila in drinking

water. Although this hypothesis has existed in the scientific literature for many years, it has never been explicitly tested
and validated because both AOC and (particularly) Legionella pneumophila are difficult to quantify.

We will perform these experiments in CDC reactors that will be fed different concentrations of AOC and operated at 90
degrees Fahrenheit. Each of these CDC reactors has multiple “coupons” that will be removed and analyzed for
Legionella pneumophila, host amoeba, and total bacteria by quantitative PCR. We will perform these experiments at

different AOC concentrations in two different ways. First, we will make “synthetic” drinking water at different AOC
concentrations; that is, we will take ultrapure water and then add salts and low-levels of organic nutrients to obtain AOC
concentrations of 10 ppb, 50 ppb, and 200 ppb. Second, we will collect genuine water samples (identified as part of
Activity 1) from approximately those same concentrations (low, medium, high), although we will have less control over

the actual AOC concentrations in those systems.

Activity Milestones:

Description

Approximate
Completion Date

Purchase supplies and initiate synthetic drinking water experiments

December 31, 2027

Complete synthetic drinking water experiments, preserve coupons for subsequent analysis

August 31, 2028

Initiate genuine drinking water experiments

December 31, 2028

Complete genuine drinking water experiments, preserve coupons for subsequent analysis

August 31, 2029

Extract and preserve DNA from all coupons

October 31, 2029

Quantitative PCR for Legionella pneumophila on all samples

December 31, 2029

Data Analysis (actual completion date = April 30, 2030)

April 30, 2030




Project Partners and Collaborators

Name Organization Role Receiving

Funds
Raymond M. University of Co-project manager Yes
Hozalski Minnesota

Dissemination

Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.
We will disseminate our efforts in four different manners. First, this project will partner with various cities and water
utilities; we will directly share our results with these participants (e.g., via presentation at city council meetings).
Second, we will present our results at the annual meeting of the Minnesota section of the American Water Works
Association in Duluth. Third, we will publish our results in the peer-reviewed literature (preferably in open access
format). Finally, we will share significant findings and promote the release of journal articles via social media venues

such as LinkedIn and X (formerly Twitter).

Long-Term Implementation and Funding

Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as
part of the project, how will findings, results, and products developed be implemented after project completion? If
additional work is needed, how will this work be funded?
We have been investigating the presence of Legionella pneumophila in drinking water for about a decade funded by two
different water utilities, the Minnesota Department of Health, the Minnesota Environment and Natural Resources Trust
Fund, and the US Environmental Protection Agency. As such, we are well positioned to disseminate our research
conclusions to key stakeholders and then seek funding for subsequent research. In particular, we envision personnel at
the National Science Foundation and the National Institutes of Health to be particularly interested in funding our future

research.

Other ENRTF Appropriations Awarded in the Last Six Years

Sequencing

Name Appropriation Amount
Awarded

Evaluating Coronavirus And Other Microbiological - -

Contamination Of Drinking Water Sources From

Wastewater

Monitoring Emerging Viruses in Minnesota's Urban M.L. 2021, First Special Session, Chp. 6, Art. 6, Sec. 2, $416,000

Water Cycles Subd. 04c

Evaluating Coronavirus And Other Microbiological M.L. 2021, First Special Session, Chp. 6, Art. 6, Sec. 2, $594,000

Contamination Of Drinking Water Sources From Subd. 04g

Wastewater

High Temperature Anaerobic Digestion of Sewage M.L. 2022, , Chp. 94, Art. , Sec. 2, Subd. 04b $208,000

Sludge

Enhancing Wastewater Treatment through Genetic M.L. 2024, , Chp. 83, Art., Sec. 2, Subd. 04d $553,000

Project Manager and Organization Qualifications

Project Manager Name: Timothy LaPara

Job Title: Professor




Provide description of the project manager’s qualifications to manage the proposed project.

Professor LaPara has worked at the University of Minnesota in the Department of Civil, Environmental, and Geo-
Engineering since August 2000. He has worked on numerous research projects funded the Minnesota Environment and
Natural Resources Trust Fund, the National Science Foundation, the National Institutes of Health, the Environmental
Protection Agency, and other city, state, and federal agencies. His research has resulted in countless presentations at
scientific conferences and more than 90 publications in the peer-reviewed literature. According to Web of Science, his
research has been cited more than 3000 times.

Organization: U of MN - College of Science and Engineering

Organization Description:

The University of Minnesota is one of the largest, most comprehensive, and most prestigious public universities in the
United States (http://www1.umn.edu/twincities/01_about.php). The laboratories directed by the project manager
contains the majority of the equipment needed to perform the proposed project, including centrifuges, pumps, water
meters, analytical balances, and a real-time PCR machine. The University of Minnesota also has “core facilities” that
offer additional equipment, which can be used by University researchers “at cost.” For this project, the core facility that
is most germane is the University of Minnesota Genomics Center (UMGC; http://genomics.umn.edu). UMGC offers
state-of-the-art DNA sequencing capabilities, numerous real-time PCR machines, digital PCR machines, and experts
available for consultation on an as-needed basis.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Timothy Project Manager 26.9% | 0.36 $102,533
LaPara
Raymond Co-Project Manager 26.9% | 0.36 $110,097
Hozalski
TBD Post-doctoral research associate 20.7% 3 $277,045
TBD Undergraduate Research Assistants 0% | 2.13 $66,975
Sub $556,650
Total
Contracts
and Services
University of | Internal UMGC provides at-cost services for University of 0 $5,000
Minnesota services or Minnesota personnel. For this project, this would
Genomics fees enable us to characterize complex microbial
Center (uncommon) communities by sequencing PCR-amplified 16S rRNA
(UMGC) gene sequence analysis.
Qiagen Service We will use two instruments (QlAcuity and QlAcube) 0 $34,500
Contract to extract/purify DNA from samples and to quantify
specific gene targets. These equipment items are
very expensive and critical to the success of our
project. We will purchase a service contract to
ensure that these items function properly during our
project.
Sub $39,500
Total
Equipment,
Tools, and
Supplies
Tools and DNA extraction kits (Quantity = 8 extraction kits; Extract and purify DNA from drinking $12,800
Supplies $1600 for a kit that performs 100 extractions) water and CDC coupons
Tools and Supplies for Legiolert Assay (500 assays; i.e., $25 per | Quantify Legionella pneumophila by $12,500
Supplies assay) cultivation in drinking water samples
Tools and Trays for Digital Polymerase Chain Reaction (dPCR) Quantify specific genes (linked to $4,800
Supplies (Quantity = 30 trays) organisms of interest) by digital PCR
Tools and Supplies for measuring assimilable organic carbon Quantify the amount of nutrients in $10,000

Supplies

(AOC)

water that can potentially grow




Legionella pneumophila from drinking
water samples and in CDC reactors

Tools and Disc filters (Quantity = 500) Concentrate biomass from drinking $750
Supplies water so that organisms can be
analyzed by PCR
Tools and PCR reagents Quantifying microorganisms (Legionella $10,000
Supplies pneumophila, etc) of interest by PCR
Tools and Hach Colorimeter (Quantity = 1) Quantify the concentrations of $1,000
Supplies disinfectant (chlorine, chloramine) in
drinking water
Tools and CDC reactors and supplies (Quantity = 3) Lab-scale experiments on the potential $17,500
Supplies for growing Legionella pneumophila in
drinking water
Tools and Glass Reservoirs (quantity = 6) These will hold/store drinking water $3,000
Supplies during CDC experiments growing
biofilms (Activity 3)
Tools and Peristaltic Pumps/Pump Heads (Quantity = 3 pumps) | These will be used to feed drinking $4,500
Supplies water into CDC reactors (Activity 3)
Tools and Miscellaneous Supplies Small items but numerous items that $6,000
Supplies are needed for analyzing drinking
water and performing CDC experiments
Sub $82,850
Total
Capital
Equipment
Sub -
Total
Acquisitions
and
Stewardship
Sub -
Total
Travel In
Minnesota
Miles/ Meals/ | Most trips will involve two people, who will To collect samples and water from $10,000
Lodging potentially need to stay in a hotel. This will involve water utilities throughout the State of
the use of either personal vehicles or U of MN fleet Minnesota
services vehicles (whichever is cheaper). We
envision as many as 150 of these trips.
Conference We would like to present our results at state-level Disseminate our research results to $5,000

Registration

conferences and to personnel at participating water
utilities, if needed. We envision two conference

stakeholders




Miles/ Meals/

presentations (MN AWWA meeting in September of

Lodging each year) and as many presentations at
participating water utilities as feasible.
Sub $15,000
Total
Travel
Outside
Minnesota
Sub -
Total
Printing and
Publication
Publication Open access publishing costs This would allow us to publish our work $4,500
but retain the copyright so that we and
LCCMR staff can promote our research
to the fullest extent.
Printing Presenting our research results in poster-format Sometimes, research conferences $500
invite us to present our work in poster
form. This involves printing costs.
Sub $5,000
Total
Other
Expenses
Sub -
Total
Grand | $699,000

Total




Classified Staff or Generally Ineligible Expenses

Category/Name Subcategory or Description Justification Ineligible Expense or Classified Staff Request
Type

10



Non ENRTF Funds

Category | Specific Source Use Status Amount

State
State Sub -
Total

Non-State

In-Kind University of Minnesota Indirect Costs that are not allowed to be charged to LCCMR/ENTRF Secured $377,460
Non State $377,460
Sub Total
Funds $377,460
Total

Total Project Cost: $1,076,460

This amount accurately reflects total project cost?
Yes

11




Attachments

Required Attachments

Visual Component
File: ac892259-664.pdf

Alternate Text for Visual Component

Panel #1 shows screenshots from various media outlets discussing outbreaks of Legionnaires' disease in Maple Grove,
Albert Lea, and Grand Rapids. Panel#2 shows project personnel collecting water samples from Grand Rapids. Panel#3
shows a positive Legiolert assay collected from Grand Rapids during their Legionnaires' disease outbreak....

Supplemental Attachments
Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other

Title File

Letter of Support/Cooperation from the Minnesota a607933e-9d2.pdf
Department of Health

Board Resolution Letter fbeaad46-362.pdf

Administrative Use

Does your project include restoration or acquisition of land rights?
No

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota
plan?

Yes, | understand the UMN Policy on travel applies.

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue
generation?
No

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?
N/A

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?
N/A

Does your project include original, hypothesis-driven research?
Yes

Does the organization have a fiscal agent for this project?
Yes, Sponsored Projects Administration

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration?
No

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care,

12



https://lccmrprojectmgmt.leg.mn/media/map/ac892259-664.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/a607933e-9d2.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/fbeaa446-362.pdf

treatment, education, training, instruction, or recreation to children")?
No

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:
Enoch Pan, University of Minnesota, Department of Civil, Environmental, and Geo- Engineering

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include
competitive bidding and prevailing wage requirements

Yes, | understand

13
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