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Topics for this talk
• What kinds of questions are low-cost 

sensors best able to answer?

• A quick review of what we know about 
sensor accuracy

• Some examples of insights gained from 
sensors

TSI AirAssure PM2.5 indoor Air Quality Monitor



Thousands of sensors are deployed in the US

Source: PurpleAir.com



Comparing Sensors with 
Reference Measurements

• Literature review of reported 

comparisons between particulate 

matter sensors and reference 

measurements.

• Field studies find lower 

correlation with reference 

measurements than laboratory 

studies.

• Why is this?

• Sensors measure reflection 

and attenuation of light by 

particles

• Not all particles reflect light 

the same way

• Field calibration is important

Source: Rai et al., 2017
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Establish Goals

Scientific Research

Implement Programs

Continuously Evaluate

Air Quality Management Cycle

Control Emissions

Identify Air Quality 

Improvements

Office of Air Quality Planning & Standards

How do we Use Monitoring Data in the U.S?



EPA Perspective
• Instruments, including sensors, intended for policy making and regulatory 

decisions should:

 Meet the applicable requirements in the Code of Federal Regulations (CFR) - Part(s) 
of Title 40, Protection of Environment

 Meet the requirements in other state environmental regulations

 Requirements include detailed sampling, siting, and quality assurance conditions 

 However, sensors can still very useful in 
providing a better understanding of local air 
quality, siting regulatory monitors, identifying 
hot spots, and in other non-regulatory 
applications

http://www.ecfr.gov/cgi-bin/text-idx?SID=d6fd8c3c708a7b2864fbb51c631f4cf5&mc=true&tpl=/ecfrbrowse/Title40/40tab_02.tpl


Hybrid approach

Filter based, 

regulatory grade 

monitoring to 

inform policy 

decisions

Increase public 

awareness and 

spatial coverage with 

low cost sensors

High quality data 

lead to more 

efficient policy 

outcomes

Inspire change in 

choices and social 

conventions
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Informing communities

Personal exposure monitoring

Identify emission sources

Baseline health assessment

Regulatory compliance

Regulatory

monitoring

Low cost

sensors

Where do Low-Cost Sensors Fit In?
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How Are Sensors Being Used?

Air sensor technology is here, and quickly increasing in use.

- Significant new players to the field

- Emerging diversity of approaches

- Exponential increase in data

- Data quality is uncertain

- Data communication is fragmented

Purpleair.org  

Accessed on April 30



Mobile measurements identify 
hotspots

Sensors mounted on waste collection trucks identified pollution hotspots.

Source: Priyanka deSouza, MIT



Understanding air pollution and human 
health

Biking accounts for 7% of time during a 24-hour period but 55% of inhaled dose.

Source: Darby Jack, Columbia University



US EPA partnership 
with Ghana EPA
• 23 low cost sensors

• 15 one-in-three day gravimetric 
samplers

• Data management using 
AirNow

• Already discovered emissions 
from burning timed to occur 
between one-in-three day 
samples



Resources
• Air Sensor Toolbox – Sensor Evaluations

https://www.epa.gov/air-sensor-toolbox/evaluation-emerging-air-pollution-
sensor-performance

• AQ-SPEC 

http://www.aqmd.gov/aq-spec

• European Joint Research Centre

http://publications.jrc.ec.europa.eu/repository/

https://ec.europa.eu/jrc/en/publication/evaluation-low-cost-sensors-air-
pollution-monitoring-effect-gaseous-interfering-compounds-and
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https://www.epa.gov/air-sensor-toolbox/evaluation-emerging-air-pollution-sensor-performance
http://www.aqmd.gov/aq-spec
http://publications.jrc.ec.europa.eu/repository/
https://ec.europa.eu/jrc/en/publication/evaluation-low-cost-sensors-air-pollution-monitoring-effect-gaseous-interfering-compounds-and


Appendix
Slides containing information I may speak to during the panel 
discussion
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Resources
• US EPA Air Sensor Toolbox – Sensor Evaluations

https://www.epa.gov/air-sensor-toolbox/evaluation-emerging-air-
pollution-sensor-performance

• AQ-SPEC sensor testing laboratory

http://www.aqmd.gov/aq-spec

• European Joint Research Centre sensor testing

http://publications.jrc.ec.europa.eu/repository/

• World Meteorological Organization Report

https://www.wmo.int/pages/prog/arep/gaw/documents/Low_cost_sens
ors_post_review_final.pdf

• Filling the Gaps Whitepaper: low cost sensors in low and middle 
income countries (World Bank and EPA)

https://www.epa.gov/air-sensor-toolbox/evaluation-emerging-air-pollution-sensor-performance
http://www.aqmd.gov/aq-spec
http://publications.jrc.ec.europa.eu/repository/
https://www.wmo.int/pages/prog/arep/gaw/documents/Low_cost_sensors_post_review_final.pdf


What is next?

Currently referred to the Subcommittee on Environment:

H.R.1355 - Crowd Sourcing of Environmental Data Act of 2017: “To  
amend the Clean Air Act to give States the option of monitoring covered criteria
air pollutants in designated areas by greatly increasing the number of air quality  
sensors in exchange for greater regulatory flexibility in the methods of
monitoring, and for other purposes.”

Law Passed In California

AB 617: “The bill would require the state board to select, based on the  
monitoring plan, the highest priority locations in the state for the deployment of
community air monitoring systems. The bill would require an air district  
containing a selected location, by July 1, 2019, to deploy a system in the selected  
location.”



Some issues and questions

- How long will sensors last before failing in various environments?

- How can we quality assure data from vast amounts of sensors?
….without inadvertently putting our thumb on the scale? (“Well, I  
think the neighboring sensors should read within the same range,  
so I’ll adjust one…”, “Well these two pollutants usually correlate,  
so one sensor must be bad”…)
…when we may be out of range of our initial test cases?
…in a transparent manner?
…with sensors swapped in an out of the network over time?
…with various schemes involving roaming mobile reference  
monitors, sensor rotations, or other?

Recent article: Air Quality Sensors and Data Adjustment Algorithms: When Is It No  
Longer a Measurement? – Hagler et al., Environmental Science & Technology, 2018



OK, a fewmore…

- How do we trust the data, if the hardware is connected to a
manufacturer’s server? (proprietary algorithms, over-the-air
updates…) What level of transparency is required?

- Who owns the data, if the purchaser of the technology uses a  
manufacturer’s data system? If data are crowd-sourced?

- Are sensors appropriate for use in environments that have no  
reference monitors to support local evaluation? (e.g., many low  
and middle income countries?)

- How do we all work together in this busy technology field, to  
best protect the public?


