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 Rapidly proliferating

 Tremendous potential
oLow-cost
oEase of use

 Multiple potential applications
oSpatial/Temporal air quality info
oFence-line applications
oCommunity monitoring

 Need to systematically evaluate their 
performance
oAccuracy, precision, durability and overall 

reliability
oCalibration and drift
oOther performance issues

Low-Cost Air Quality Sensors

…and more!



 Established in July 2014

 Over $600,000 investment

 Main Goals & Objectives
o Provide guidance & clarity

o Promote successful evolution 

and use of sensor technology

oMinimize confusion

 Sensor Selection Criteria
o Commercially available

 Optical

 Electrochemical 

 Metal oxide

o Real- or near-real time

o Criteria pollutants & air toxics



FIELD TESTING
(Side-by-side comparison w/ FRMs)

vs

LAB TESTING
(Controlled conditions)

RH = 30%   T = 25C

Conc = 10 ppb

RESULTS
(Categorize sensors based on performance)



SCAQMD 

Website / Clearinghouse 

AQ Officials

Community

Vendors

RESULTS



 Started in September, 2014
oOver 30 sensors evaluated

 Process
oSensor tested in triplicates

oTwo month deployment

o< ~ $2,000: purchase

o> ~ $2,000: lease or borrow

 Location
oRubidoux station (main)

• Inland site

• Fully instrumented

Field Testing



Laboratory TestingAerosol Test Gas Test



Particle testing
• Particle generation systems

• Particle monitors: mass 

concentration and size distribution

Gas testing
• Gas generation / dilution system

• Gas monitors: CO, NOX, O3, SO2, 

H2S, CH4/NMHC
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T and RH controlled: T (0-50 0C); RH (5-95%)

Laboratory Testing (cont.)



www.aqmd.gov/aq-spec

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

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


Most PM sensors showed:
• Minimal down time

• Moderate intra-model variability

• Strong correlation (R2) with EPA 

“approved” instruments (e.g., 

FEM)

However…
• Sensor “calibration” is needed 

in most cases

• Very small particles (e.g. < 0.5 

μm) are not detected

• Bias in algorithms used to 

convert particle counts to 

particle mass  

Results



Results

Most gaseous sensors 

showed:
• Acceptable data recovery

• Wide intra-model variability 

range

• CO; NO; O3 (when 

measured alone): good 

correlation with FRMs

• O3 + NO2: low correlation 

with FRM (potential O3/NO2

interference)

• SO2; H2S; VOC: difficult to 

measure with available 

sensors



AQ-SPEC - What’s Next? 
Sensor Certification Program? 

 Which pollutant(s) / sensor type(s)?
o Are PM (e.g., particle counters) and Ozone (e.g., 

electrochemical) sensors good candidates?

 “Certified” for which use?
o Regulatory?

o Fenceline?

o Improve network design?

o Permitting?

o Other?

 Very expensive to implement correctly
o Multiple field testing locations across the Nation 

o Multiple laboratory testing facilities

o Extended testing time

…….for what?

$$$



 Over 60 “low-cost” PM sensors 

deployed by AQ-SPEC in SoCal

 Real-time PM1, PM2.5 and PM10

monitoring

 Wireless network / remote server

o Sensor device/data management: 

Microsoft Azure IoT + Power Bi

 Project goals

o Test sensor durability

o Show ability to scale up

o Help improve accuracy of satellite data

o Study spatial/temporal PM variability 

o Provide monitoring during wildfires

Purple Air Sensors ($180 / unit)

AQ-SPEC – Current Activities
PM Sensor Network 

PurpleAir PM sensor network (US only)



Canyon Fire (09/25/17)

> 2,500 acres

AQ-SPEC – Current Activities
PM Sensor Network (Wildfire Event) 

Note: Values are reported as AQI units



Note: Values are reported as AQI units

Palmer Fire (09/02/17)

3,874 acres

AQ-SPEC – Current Activities
PM Sensor Network (Wildfire Event) 



U.S. EPA Science To Achieve Results (STAR) project
Engage, educate, and empower California communities 

on the use and applications of “low-cost” 
air monitoring sensors

• 6 selected CA 

communities

• EJ areas

• 200+ subjects

• > 150 sensors

 Provide communities with the knowledge 

necessary to select, use and maintain low-cost 

sensors and to correctly interpret the collected data

 Three year study:
o SCAQMD (PI)

o University of California Los Angeles (UCLA; Co-PI)

o Sonoma Technology Inc. (STI; Co-PI)

o BAAQMD

o Santa Barbara County APCD

o Other CAPCOA agencies

o Community Groups

o Leisure World (Seal Beach, CA)

o Weather Underground

o University of Auckland (New Zealand) 

AQ-SPEC – Current Activities



• 6 selected CA 

communities

• EJ areas

• 200+ subjects

• > 150 sensors

 Four specific aims:
1. Develop educational material for communities

2. Evaluate / identify candidate sensors for deployment

3. Deploy selected sensors in California communities

4. Communicate the lessons learned to the public

 On-going:
o Wide Spread Sensor Deployment across California

• 430 PM sensors

• 100 Aeroqual nodes (i.e., PM, O3, NOx) 

o Cloud Based Platform Development 

• Data ingestion and storage

• Data visualization and mapping

• Data dissemination 

U.S. EPA Science To Achieve Results (STAR) project
Engage, educate, and empower California communities 

on the use and applications of “low-cost” 
air monitoring sensors

AQ-SPEC – Current Activities



 Single user (e.g. 1 sensor)
o Cost: $

• Hardware 

• Minimal maintenance

 Small sensor network (e.g. 9 sensors)
o Cost: $$

• Hardware

• Maintenance & calibration 

• Sensor connectivity

• Data logging and management

• Data validation and analysis

• Visualization and reporting

 Large sensor network (e.g. > 100 sensors)
o Cost: $$$$

• Hardware

• Maintenance & calibration 

• Sensor connectivity

• Data logging and management

• Data validation and analysis

• Visualization and reporting

Low-cost Sensors / High-cost Networks
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