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General Information
Proposal ID: 2027-316

Proposal Title: Protecting Minnesota's Environment Through Mobile Air Monitoring

Project Manager Information

Name: Brent Williams
Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences
Office Telephone: (612) 624-2554

Email: will-b@umn.edu

Project Basic Information

Project Summary: Utilizing a new mobile research laboratory, we propose to make the first ever high spatial resolution
measurements of air pollutants throughout Minnesota, deploy for emergency responses, and widely disseminate
findings.

ENRTF Funds Requested: $994,000
Proposed Project Completion: June 30, 2030

LCCMR Funding Category: Resiliency (A)

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?
During the Project and In the Future



Narrative

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

Air pollution is a major pathway for the transport of toxins to water and land and contributes to increased morbidity and
mortality of humans, fish and wildlife, trees, plants, and crops.

The Minnesota Pollution Control Agency (MPCA) operates approximately 50 air monitoring stations to meet compliance
with federal regulations, National Ambient Air Quality Standards, and in service of several national air networks.
However, each station measures only a small subset of the pollutants that are present in air: thousands of pollutants are
not measured at all, including many toxic chemicals. Of the pollutants that are monitored, some are only tracked in the
Twin Cities and not statewide. Furthermore, air pollution exposure varies dramatically over very short distances (< 1
mile) around sources, and it’s not possible for the stationary network to map these impacts. On average, each station
within the 7-county Metro Area represents an area of 100 square miles, and sparser outside the Metro, with only one
station per 3,000 square miles.

Due to costs of equipment and operation, the stationary network cannot track all pollutants of concern or map gradients
that exist near sources, roadways, throughout neighborhoods, or that occur over short periods during emergency
scenarios.

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 have recently developed an all-electric mobile research laboratory that can rapidly measure a full suite of air
pollutants (thousands of gases, detailed particle information, and meteorological data) to provide the needed
information on concentrations throughout urban, suburban, and rural Minnesota.

For the first time ever, we will close the large spatial gaps between MPCA monitoring sites for the same pollutants
measured at the stations, plus, we will expand the list of measured chemicals to include the widest range of pollutants
ever measured in the state (including many new toxic gases and particle chemical composition). We also propose to
perform measurements near existing monitoring stations to cross-calibrate observations and to better understand the
spatial representativeness of the long-term stationary monitoring data.

With MPCA collaborators we propose deploying the mobile lab for emergency responses (and for practice responses) to
develop methods for timely deployment and communications with other emergency responders. This capacity does not
currently exist within the state of Minnesota.

We plan to collaborate with community groups and other stakeholders throughout the project for air quality education,
mobile lab site visits and tours, and will disseminate results through online data access, presentations, reports,
publications, and community discussions.

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?

Air pollutants are transported to land and water through precipitation and deposition, but also cause direct
environmental impact through exposure toxicity, plant stomatal damage, pollinator signaling disruptions, and much
more. This project will map out a more complete picture of air pollution impacts across Minnesota: which pollutants are
emitted, how they are transported and transformed, and what the resulting impacts are. Project activities include
community and stakeholder education and engagement. This information will provide new insights into environmental
risks and will serve to protect Minnesota’s air, water, land, fish, and wildlife.



Activities and Milestones

Activity 1: Project Startup
Activity Budget: $236,605

Activity Description:
The objectives of activity 1 are to fully establish our team, operations, and preparation for air sampling studies, and will
be accomplished through the following tasks:

Task 1a — Hire lab operator/technician/researcher

Task 1b — Order and acquire two new gas analyzers

Task 1c — Initiate monthly team meetings to prepare sampling schedules and review planning

Task 1d — Perform instrument calibrations and co-location measurements at the most-equipped MPCA site (Anoka
County Airport station)

Task 1e — Framework to integrate QA/QC processed mobile lab data into MPCA AirSERV database

Outputs from this activity will be creation of a project team and operations, acquisition of two new gas analyzers,
calibrated equipment and comparisons with stationary monitors, and establishment of data management and QA/QC
methods. Sample schedules and routes will be established (considering logistics of locating commercial and/or RV
charging stations in the more remote regions of the state, or at UMN’s Research and Outreach Centers which are
managed through our CFANS college). The impact of these outputs will be a solid project foundation to bring success
throughout the remainder of the activities. Outcomes will be evaluated by our ability to begin mobile lab measurements
throughout Minnesota.

Activity Milestones:

Description Approximate
Completion Date
Milestone 1a: Team meeting schedule created and initiated July 31, 2027
Milestone 1b: Hiring and purchasing August 31, 2027
Milestone 1c: Calibrations and co-location at Anoka monitoring station October 31, 2027
Milestone 1d: Database integration and field deployment scheduling December 31, 2027

Activity 2: Statewide Measurements
Activity Budget: $519,617

Activity Description:
The objectives of activity 2 are to perform mobile lab measurements throughout Minnesota, accomplished through the
following tasks:

Task 2a: Twin Cities Metro — high population density and diversity of pollution sources (approx. 26 days/yr)
Task 2b: Greater Minnesota (approx. 14 days/yr)
Task 2c: Data processing and posting (several days for each day of data collected)

Outputs from this activity include generation of the first ever high-resolution air pollutant maps for more air pollutants
than have ever been measured in Minnesota. The attached figures show (1) the lack of monitoring stations to capture
the spatial diversity of land use and resulting air pollutant emissions throughout the Metro. Figures (2) and (3) show that
there are major gaps between statewide measurements, or no measurements outside of the Metro for some pollutants.
Figure (4) highlights an example of the high spatial resolution that will be achieved by mobile measurements, and figure
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(5) shows a representation of the UMN mobile lab.

The impact of these outputs is a new ability to protect our environment from known and emerging air pollutants, and to
uncover as-yet unidentified pollutants of concern. Outcomes will be evaluated by completion and posting of metro and
statewide data.

Activity Milestones:

Description Approximate
Completion Date
Milestone 2a: First Twin Cities Metro data goes online February 28, 2028
Milestone 2b: First Greater MN data goes online May 31, 2028
Milestone 2c: All data online at completion of project June 30, 2030

Activity 3: Emergency Response
Activity Budget: $143,555

Activity Description:
The objectives of activity 3 are to perform mobile lab emergency response deployments, accomplished through the
following tasks:

Task 3a: Emergency response deployments (approx. 10 days/yr — longer in the case of any extended events such as
wildfires)
Task 3b: Data processing and posting (several days for each day of data collected)

Outputs from this activity will be to adapt and prepare the mobile lab operation for emergency responses to protect
from possible environmental dangers with local or regional scale impact. We will acquire data as directed from MPCA
emergency response collaborators for events such as structure fires, wildfires, industrial incidents, train derailments, or
other chemical releases. Sampling will include transects of pollutant plumes to map out areas of impact over time.

The impact of these outputs is a new ability to protect our environment and detect impact from short-term pollution
releases, a capability that does not currently exist in Minnesota. Outcomes will be evaluated by completion of
emergency response data acquisition and posting.

Activity Milestones:

Description Approximate
Completion Date

Milestone 3a: First Emergency Response data goes online July 31, 2028

Milestone 3b: All data online at completion of project June 30, 2030

Activity 4: Dissemination
Activity Budget: $94,223

Activity Description:

The objectives of activity 4 are to broadly disseminate our methods, data, and observations. Prior to the start of this
project we will complete a pilot project with MPCA, UMN’s Urban Research and Outreach-engagement Center, UMN’s
Climate Adaptation Partnership (MCAP), and North Minneapolis community partners. There we will obtain the first pilot
measurements from the mobile laboratory and from a low-cost sensor network in North Minneapolis, and will develop
methods for community engagement. We propose here to collaborate with MCAP and CFANS’ ROCs to connect with
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groups throughout the state on education and dissemination.

Task 4a: Public Events, Presentations, Discussions
Task 4b: Project Reporting and Publications

Outputs from this activity will include community presentations and discussions, mobile lab visits/tours, publicly
available data on MPCA’s AirSERV, project reporting, and publications. The impact of these outputs is an ability for
communities and regions to have improved insight on environmental concerns, mitigation strategies, connections to
state regulators, land use planning, and more. Outcomes will be evaluated by number of events and presentations,
diversity of events and audiences, number of participants, frequency of data and publication downloads/citations, and

resulting mitigation or planning strategies that are enacted with insight gained from our findings.

Activity Milestones:

Description

Approximate
Completion Date

Milestone 4a: Session 1 Community/Stakeholder events

June 30, 2028

Milestone 4b: Session 2 Community/Stakeholder events

December 31, 2028

Milestone 4c: Session 3 Community/Stakeholder events

June 30, 2029

Milestone 4d: Session 4 Community/Stakeholder events

December 31, 2029

Milestone 4e: Reporting and Publications

June 30, 2030




Project Partners and Collaborators

Name

Organization

Role

Receiving
Funds

Hannah
Kenagy

University of
Minnesota -
Chemistry

Co-Investigator

Yes

Dylan Millet

University of
Minnesota -
Soil, Water, &
Climate

Co-Investigator

Yes

David Pui

University of
Minnesota -
Mechanical

Engineering

Co-Investigator

Yes

Qisheng Ou

University of
Minnesota -
Mechanical
Engineering

Co-Investigator

Yes

Nathan Meyer

University of
Minnesota -
Climate
Adaptation
Program

Co-Investigator

Yes

Holly Lantz

Minnesota
Pollution
Control
Agency -
Emergency
Preparedness
Unit

Collaborator

No

Daniel Dix

Minnesota
Pollution
Control
Agency -
Emergency
Preparedness
Unit

Collaborator

No

Tyler Ellis

Minnesota
Pollution
Control
Agency - Air
Sensors
Program
Technical Lead

Collaborator

No

Joleen Hadrich

University of
Minnesota -
Associate
Dean of MN
Ag Experiment
Stations and
ROCs

Collaborator

No




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.
Since some personnel time will be spent in support of broad dissemination efforts, we have included this as a project
activity (See Activity 4). We will work with collaborators at UMN ROCs, UMN MCAP, and MPCA to ensure research
includes statewide participation and awareness from communities and stakeholders who will benefit from the data and
findings of this project. Public availability and archiving of our data on the state MPCA database will ensure easy access
to observations to those working to improve air quality management - and reports, tours, presentations, and
publications will focus on summarizing findings through accessible language and visuals. The nature of mobile pollutant
mapping lends itself to visually engaging graphics that can be used to summarize and facilitate communication of key
observations. Recent software tools are available to assist with data visualization. The mobile lab itself serves as an
excellent platform for outreach and education, as it can be taken directly to community events, schools, etc. This data
will help inform communities and stakeholders on land-use planning, pollutant mitigation, recreational considerations,
or to design low-cost community air monitoring networks to continually monitor neighborhood-level air quality. These
dissemination efforts will result in accessible sharing of this Environment and Natural Resources Trust Fund supported
project with Minnesotans statewide.

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?

Final data will be publicly posted on the MPCA database (AirSERV). We will work with communities and stakeholders to
interpret observations and implement data in land-use planning, pollutant mitigation, recreational considerations, or to
design low-cost community air monitoring networks as we are currently doing with community partners in a North
Minneapolis pilot study. Mobile measurements can be used to define sensor needs and placement.

We will determine cost structuring (for operating, maintenance, and replacement) to be utilized for future state, federal,
consulting contracts and privately-funded projects beyond completion of this project.

Project Manager and Organization Qualifications

Project Manager Name: Brent Williams
Job Title: Professor and Department Head of Soil, Water, and Climate

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

For over 25 years Dr. Williams has created air monitoring technologies, performed field and laboratory studies of indoor
and outdoor air pollutants, and educated K-12, undergraduate, and graduate students on Land and Atmospheric
Sciences and Chemical and Environmental Engineering. He has worked closely with state and federal agencies, industry
partners, and community organizations. Williams has performed dozens of large-scale field projects throughout a variety
of urban, remote, forested, coastal, and indoor environments. Recent projects have focused on Community engagement
for air quality and use a combination of research-grade measurements and low-cost sensors for greater accessibility and
coverage.

Dr. Williams has developed a wide range of air measurement systems, from drone sensor packages to high-performance
commercial instruments. He has also developed novel analysis tools to rapidly fingerprint pollution sources. The UMN
mobile lab, an all-electric (to avoid self-sampling of tailpipe emissions) cargo van recently developed with support from
UMN’s CFANS college, is an expansion of Williams’ previous mobile monitoring work to map pollutants using a hybrid

7



car. The mobile lab is operated collaboratively amongst UMN researchers and houses a few million dollars of equipment
for detailed measurement and mapping of pollutant gases and particulate matter. Here we look to expand our
collaborations with a state agency to bring the most value and impact across Minnesota.

Williams, like all collaborators here, has extensive experience with air pollution measurements and analysis, and with
dissemination to broad audiences. He has over 60 peer-reviewed journal publications, has advised research for 20
graduate students and over 50 undergraduate students, and has served as Pl or co-Pl on dozens of federal and state
projects focusing on air pollution - including a current MPCA pilot project in collaboration with community partners in
North Minneapolis.

Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences

Organization Description:

UMN'’s College of Food, Agricultural and Natural Resource Sciences (CFANS) is composed of 27 undergraduate and
graduate programs in disciplines involving food, agricultural, and natural resource sciences. CFANS has 10 research and
outreach centers (ROCs) across Minnesota, plus the Minnesota Landscape Arboretum, Bell Museum, and dozens of
interdisciplinary centers.

PI Williams is a Professor and the Department Head of CFANS’ Department of Soil, Water, and Climate, which has a
mission to advance understanding of Earth system processes and the interactions among land, atmosphere, and water.
We seek to:

. Improve and protect the quality of soil, air, and water resources in natural and managed ecosystems;
. Enhance agricultural and forest productivity and sustainability;

. Predict and mitigate impacts of environmental change on ecosystems and society; and

o Provide science-based knowledge for improved decision making and a better-informed citizenry.

Collaborators on this project come from UMN departments of Mechanical Engineering and Chemistry, UMN’s statewide
Research and Outreach Centers (ROCs), UMN’s Climate Adaptation Partnership (MCAP), and the Minnesota Pollution
Control Agency (MPCA). Through the above UMN and collaborator resources, and in addition to support requested here,
our team will have access to everything required for successful completion of this project.



Budget Summary

Category / Name Subcategory Description Purpose Gen. | % # Class | $ Amount
or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Brent Williams - Principal Investigator 36.6% | 0.24 $62,144
Faculty
Dylan Millet - Faculty Co-Investigator - Mobile Lab Measurements 36.6% | 0.24 $63,303
(gases) + Dissemination
Hannah Kenagy - Co-Investigator - Mobile Lab Measurements 36.6% | 0.24 $50,010
Faculty (gases and particles) + Dissemination
David Pui - Faculty Co-Investigator - Mobile Lab Measurements 36.6% | 0.12 $57,441
(particles) + Dissemination
Qisheng Ou - Co-Investigator - Mobile Lab Measurements 36.6% | 0.42 $63,334
Researcher (particles)
Nathan Meyer - Co-Investigator + Dissemination Lead 36.6% | 0.39 $63,334
Research and
Education
Mobile Lab Mobile Lab Operation, Maintenance, 26.1% 3 $292,322
Operator/Researcher Researcher
(TBD)
Graduate Student Mobile Lab Measurements 24.2% 3 $183,667
(TBD)
Sub $835,555
Total
Contracts and
Services
Sub -
Total
Equipment, Tools,
and Supplies
Tools and $7,400, $7,800, $7,095 is requested in yrs 1, 2, | Mobile Lab and Instrumentation $22,295
Supplies 3 of the project to purchase the following: Operation and Maintenance

support gases for instrument operation and
calibration (52,000, $2,000, $1,800), chemicals
for gas and particle calibrations of the
instruments ($2,500, $2,500, $2,200),
maintenance replacement of tubing and
plumbing fittings for sample ports (5500, $600,
$600), maintenance replacement fittings for
instruments ($1,000, $1,200, $1,000),




maintenance replacement heating tapes and
thermocouples ($600, $700, $695), and
maintenance replacement pumps and
electronics ($800, $800, $800).

Sub
Total

$22,295

Capital Equipment

Licor LI-7810 (CH4, CO2, H20)

This gas analyzer will be a critical
addition to the mobile lab to provide
insight to industrial and agricultural
questions around carbon (methane
and carbon dioxide) emissions,
sequestration potential, and will
provide important information
related to fire sampling where CO2
concentrations compared to other
gases can inform on fire intensity,
burn stage, fire source, and emission
ratios that can characterize the fire’s
environmental impact. (539,550
equipment + $3,730 for 3-yr service
contract + $100 shipping). These are
environmentally important gases
with limited measurement around
the state.

$43,380

Licor LI-7820 (N20, H20)

The N20 measurements will inform
on important agricultural insights
such as fertilizer nitrogen-losses to
the atmosphere, a nutrient loss to
crops, and environmental loss as it
acts as a potent heat trapping gas
and impacts stratospheric ozone
loss. The bonus of H20
measurements is that it provides
insight on evapotranspiration and
energy exchange between the land
and the air, and water content plays
a key role in atmospheric chemical
reactions and the transport and fate
of pollutants. ($63,550 gas analyzer +
$6,020 3-yr service agreement +
$100 shipping). These are

$69,670
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environmentally important gases
with limited measurement around
the state.

Sub $113,050
Total
Acquisitions and
Stewardship
Sub -
Total
Travel In Minnesota
Miles/ Meals/ | Travel per diem ($4,200 each year) is proposed | To support lodging and meals during $23,100
Lodging for 2 researchers traveling 14 days each year long-distance measurement days
for rural (greater Minnesota) mobile lab with the mobile research laboratory
measurements. Estimating $100 lodging and (greater Minnesota), and 50 days per
$50 food each day per researcher. This is year of $70/day fast charging of
within the federal per diem rate for locations mobile lab (greater Minnesota and
such as Lamberton, Morris, Crookston, and Twin Cities Metro).
Grand Rapids, MN. $3,500 is requested for
each year of the project for vehicle and
onboard power electrical charging costs. This
number is estimated with 50 days of annual
operation at $70/day fast charging.
Researchers are traveling in the mobile lab so
there are no additional vehicle charges.
Sub $23,100
Total
Travel Outside
Minnesota
Sub -
Total
Printing and
Publication
Sub -
Total
Other Expenses
Sub -
Total
Grand $994,000
Total
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Classified Staff or Generally Ineligible Expenses

Category/Name

Subcategory or
Type

Description

Justification Ineligible Expense or Classified Staff Request

Capital Equipment

Licor LI-7810 (CH4, CO2, H20)

Capital Equipment is included as an Eligible Expense (item g) in the 2027 LCCMR RFP.
These gas monitors are a critical addition to the UMN mobile laboratory to detect gases
that are important to industrial and agricultural measurements, as well as structure fires
and wildfires. UMN and investigators are making available to the project a $300K mobile
laboratory and a few million dollars worth of other research-grade equipment.
Additional Explanation : These gas analyzers will be mounted into the mobile lab and will
remain dedicated to the mobile laboratory throughout their usable lifetime, and will be
included with other equipment and the vehicle when calculating cost structures that
include depreciation and replacement costs as equipment reaches the end of its usable
life. The intention is to continue to fund and update this resource through federal, state,
private, consulting, and industry support for years into the future.

Capital Equipment

Licor LI-7820 (N20, H20)

Capital Equipment is included as an Eligible Expense (item g) in the 2027 LCCMR RFP.
These gas monitors are a critical addition to the UMN mobile laboratory to detect gases
that are important to industrial and agricultural measurements, as well as structure fires
and wildfires. UMN and investigators are making available to the project a $300K mobile
laboratory and a few million dollars worth of other research-grade equipment.
Additional Explanation : These gas analyzers will be mounted into the mobile lab and will
remain dedicated to the mobile laboratory throughout their usable lifetime, and will be
included with other equipment and the vehicle when calculating cost structures that
include depreciation and replacement costs as equipment reaches the end of its usable
life. The intention is to continue to fund and update this resource through federal, state,
private, consulting, and industry support for years into the future.

12




Non ENRTF Funds

Category | Specific Source

Use

Status

Amount

State

State Sub
Total

Non-State

Non State
Sub Total

Funds
Total

Total Project Cost: $994,000

This amount accurately reflects total project cost?
Yes
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Attachments

Required Attachments

Visual Component
File: 43b769fb-2a7.pdf

Alternate Text for Visual Component

This set of figures highlights the limited number of statewide air monitors available to track air pollutants in the Metro
area and statewide, and shows how mobile monitoring will allow a whole new window into pollutant mapping between
stations (and for more pollutants than have ever been measured in Minnesota)....

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

Title File

SPA Approval Letter_UMN_Williams_LCCMR b73b6656-c86.pdf
List of Equipment and Measurements on the Mobile Laboratory | 4ebae84c-475.xlsx
MPCA Letter of Support b91c0a53-df7.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?
No

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,
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https://lccmrprojectmgmt.leg.mn/media/map/43b769fb-2a7.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/b73b6656-c86.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/4ebae84c-475.xlsx
https://lccmrprojectmgmt.leg.mn/media/attachments/b91c0a53-df7.pdf

treatment, education, training, instruction, or recreation to children")?
Yes

Do you certify that background checks are performed for background check crimes, as defined in Minnesota Statutes,
section 299C.61, Subd. 2, on all employees, contractors, and volunteers who have or may have access to a child to
whom children’s services are provided by your organization?

Yes

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:
Sue Kilber - Pre-Award Coordinator - University of Minnesota

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

N/A
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