
Office of Research and Development

Needs and Opportunities for High Spatial 

Resolution Measurements to Support 

Community-Focused Research

H. Christopher Frey, Ph.D.

Deputy Assistant Administrator for Science Policy

Office of Research and Development

August 4, 2021

Environmental Measurement Symposium 

National Environmental Monitoring Conference



Office of Research and Development

Community-Focused Research Needs
• Environmental Justice

• Community stakeholder perspective:  science-informed action to 

solve problems

• EPA’s National Environmental Justice Advisory Committee 

(NEJAC) (2004):  

• Promote a paradigm shift to community-based approaches, particularly 

community-based participatory research and intervention

• Develop and implement efficient screening and targeting methods/tools 

to identify communities needing immediate intervention
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Community-Focused Research
• Community-Relevant Research (examples)

• Laboratory experiments

• Development of measurement and analysis methods

• Improved cumulative impact and cumulative risk assessment methods

• Community-Applied Research

• Problem selection based on perceived risk or pollution in a community

• Collecting real-world data in communities

• Community-based participatory research (CBPR) – a research approach 

that features the direct involvement of the community at all stages in the 

research process
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Community-Based Participatory Research
– Community members hold formal leadership roles

– Decision-makers and policy goals (actions) are at the center of the 

research design

– Research questions and study design are informed by members 

of the local community

– Long-term partnerships are sustained
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Davis and Ramírez-Andreotta, 2021
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Decision-Makers

Individuals

Communities

Companies

Local Government (City, County)

State Government

Federal Government
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Mapping Tools and Environmental Justice
• Map communities in terms of a variety of characteristics 

simultaneously, including social factors (such as race and income) 

along with likely exposure risks

• EJ mapping tools can help address cumulative impacts

• An EJ tool should be:  

–Science-based

–Informed by community experience

–Endorsed and utilized by government

–Available for all to use

–Informed by public participation

–Available as a third-party validator for local issues
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Lee, 2020



Office of Research and Development 7



Office of Research and Development 8



Office of Research and Development 9



Office of Research and Development

Example Spatial Gradient Near an Interstate Highway
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Air Pollution Mapping
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Median Organic Aerosol Concentration from 

a Mobile Aerosol Mass Spectrometer
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PM2.5
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Karoline (Johnson) Barkjohn, Amara Holder, Andrea Clements

Technical Overview of the Development and Performance Validation of U.S.-Wide Correction Equation for PurpleAir Sensor Data

PurpleAir
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PM2.5
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PM2.5
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PM2.5
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Karoline (Johnson) Barkjohn, Amara Holder, Andrea Clements

Technical Overview of the Development and Performance Validation of U.S.-Wide Correction Equation for PurpleAir Sensor Data

PurpleAir

Simple 

correction 

based on 

relative 

humidity

Monitor

PurpleAir

updated 

correction

PurpleAir old           

US-wide 

correction

Example: Forks of Salmon (CA)

1-hour averaged 2020
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PM2.5
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Karoline (Johnson) Barkjohn, Amara Holder, Andrea Clements

Technical Overview of the Development and Performance Validation of U.S.-Wide Correction Equation for PurpleAir Sensor Data

PurpleAir
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Single Monitoring Site
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O S. Ryder, J. L. DeWinter, S. G. Brown, K. Hoffman, B. Frey, A. Mirzakhalili

Assessment of particulate toxic metals at an Environmental Justice community

ATMOSPHERIC ENVIRONMENT: X 6 (2020) 100070 
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Vehicle Exhaust Emissions Measurement Methods

• Chassis dynamometer

• Engine dynamometer

• Tunnel studies

• Remote sensing

• Chase vehicles

• Portable emission 

measurement systems
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• Mobile emissions laboratories

• Automotive sensors

• Twin site ambient 

measurements

• Inverse modeling

• Evaporative emissions

• Low cost sensors
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Elements of Real-World Measurements
Purpose

• How will the data be 

used?

• What data are needed?

Study Design

• Controllable

• Observable but not 

controllable

• Not observable
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Instruments

Calibration

Maintenance

Repair

Deployment

Data collection

QA/QC

Data analysis

People

Training
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Examples

of Portable 

Emission 

Measurement 

Systems
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SEMTECH-DS

CFR 1065 Compliant

NDIR:  CO2, CO, HC

FID:  THC

NDUV:  NO, NO2

Heated Sample Line 

Heavy (~50 lbs)

High Power Demand

Axion

NDIR:  CO2, CO, HC

Electrochemical:  NO, 

O2

Light-scattering:  PM

Water separation bowl 

Portable (~30 lbs)

Low Power Demand

ParSYNC

“micro-PEMS”

Electrochemical:  

CO2, NO, NO2

PM:  light-scattering, 

opacity, ionization

Water separation 

Portable (~10 lbs)

Low Power Demand
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Tailor Study Design to Purpose:  Examples 

for Onroad Vehicle Tailpipe Emissions
• Real-world effectiveness of 

• Emission standards

• Emissions controls

• Trends over time

• Source categories

• Fuels

• Operating modes (e.g., cold starts)

• Road functional class 

• Level of service, congestion

• Effect of road grade
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• Identification of emissions hotspots

• Roundabout vs. signalized 

intersections

• Signal timing and coordination

• Idle reduction

• Driver behavior and driving cycles

• Alternative routes for an 

Origin/Destination pair

• Siting of remote sensing locations

• Comparison of transport modes (e.g., 

rail vs. passenger car)
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Spatial Variation in Real-World Light Duty 

Vehicle Exhaust Emission Rates
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Speed

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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Acceleration

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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Grade

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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NOx

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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Hydrocarbons

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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CO

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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CO2

Khan et al. (2020)

Environ. Sci. Technol. 

2020, 54, 14, 8968–8979
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Using environmental measurements to assess the 

effect of sewering on local water quality
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Characterizing nutrient-enhanced acidification and 

hypoxia (NECAH) in Tillamook Bay, OR

35



Office of Research and Development

SARS-CoV-2 Wastewater Monitoring -

Network of Weekly Sampling
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Geo-Crowdsourced Data:  Example for Noise
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Community Engaged Participatory 

Air Monitoring

Partnership of a university and 

community-based organization

Trained local youth

Incorporated community members 

into data collection

Temporal as well as spatial variability
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Youth Engaged 

Participatory Air 

Monitoring

“With all of this new 

information, I want to educate 

my community on how harmful 

these particulates are, and 

how change should begin with 

personal choices people make 

throughout their day”
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Discussion
What is the problem, and who decides?

Who are the decision-makers?

What information is needed to inform decisions and solve 

problems?

Study design can be adapted and tailored

Potential explanatory variables and uncontrollable factors –

Observable?  Measurable?  Quantitative?  Qualitative?

Other stressors?
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Needs

Identify problems that matter to communities

Work with communities to characterize the problems and 

potential solutions

Fit-for-purpose measurements

Solutions-driven research

“Bias toward action”
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Opportunities

Improve technology and techniques

Solving problems that are adversely affecting many people

Spark engagement and interest in science
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