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 SCAQMD is the air pollution control agency for all of Orange 
County and the urban portions of Los Angeles, Riverside and San 
Bernardino counties

 Monitoring and analysis division
o40+ monitoring stations (criteria pollutants and air toxics)
oState-of-the-art laboratory
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 How would this map change if…
o…we could monitor criteria pollutants at a lot more locations?
o…we could include accurate air toxics info into the AQI calculation?

 Other potential sources:
oTraffic
oRefineries
oOil wells
oGas stations
oMarine vessels

oPorts
oMetal processing
oPower plants
oWaste disposal
oEtc.

Used for example purposes only



Background

ToFrom

 How do we go…

oNext generation monitoring (optical remote sensing, low-cost sensors, other) 
oAerial, fenceline, community, and mobile monitoring
oSatellite measurements
oAir pollution modeling
oOther



 Rapidly proliferating

 Tremendous potential
oLow-cost
oEase of use

 Multiple applications
oSpatial/Temporal air quality info
oFence-line monitoring
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
oProvide guidance & clarity
oPromote 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)



 Started in September, 2014
o30+ sensors evaluated

 Process
oSensor tested in triplicates
oTwo month deployment
o< ~ $2,000: purchase
o> ~ $2,000: lease or borrow

 Locations:
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/NMHCT 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?

$$$



Sensor Applications
• Categorize sensors based on performance 
• Identify application(s) based on sensor capabilities

EPA’s “DRAFT Roadmap for Next Generation 
Air Monitoring”

Several interesting applications

• Characterize spatial variations
Wide area coverage

• Improve network design
 Set-up monitors in high concentration 

areas
• Permitting

 Monitoring before and after construction
• Fence-line Monitoring

 Large refineries and emission sources
• Community concerns

Local impact of freeways, airports, 
refineries, etc. 



 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



• Monitor fugitive emissions from a Waste  
Disposal facility in Southern California

• 9 sensor nodes deployed at facility 
fenceline on June 2016

• Wireless network / remote server

• Real-time PM1, PM2.5 and PM10 monitoring

AQ-SPEC – Current Activities
Fenceline Monitoring: Waste Disposal Facility



• Dedicated website
• www.aqmd.meshify.com
• Real-time data logging, display, and mapping
• Data analytics
• Email and/or text alerts

• Project benefits
• Correlate PM measurements w/ on-site activities
• Measure PM levels before and after facility upgrades

AQ-SPEC – Current Activities
Fenceline Monitoring: Waste Disposal Facility

http://www.aqmd.meshify.com/


• Use “SPODs” to:
o Monitor VOC emissions from 

refineries in real-time
o Assess potential impacts on 

nearby communities
o Study temporal and spatial 

dispersion of VOCs
(Technology: PID sensor + 2D 
anemometer)

• Use of Optical Remote Sensing 
(ORS) methods to:
o Validate “SPOD” data
o Estimate annual refinery (VOC) 

emissions
(Technology: SOF/DOAS/FTIR)

AQ-SPEC – Current Activities
Fenceline Monitoring: Refinery

(EPA Community Scale Grant)



• Mobile ORS: quarterly surveys of emission 
measurements and concentrations mapping

• “Low-cost” sensors network: long-term monitoring of 
VOC and PM2.5 at facility fenceline and inside 
communities

AQ-SPEC – Current Activities
Fenceline Monitoring: Refinery

(EPA Community Scale Grant)



FLIR video

AQ-SPEC – Current Activities
Fenceline Monitoring: Refinery

(EPA Community Scale Grant)



Canyon Fire (092517)
> 2,500 acres

AQ-SPEC – Current Activities
PM Sensor Network 

Note: Values are reported as AQI units



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 activities:
o Wide Spread Sensor Deployment across California

• ~450 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



Current and Upcoming Air Toxic Initiatives



Thanks!

The AQ-SPEC Team
• Dr. Andrea Polidori
• Dr. Vasileios Papapostolou
• Brandon Feenstra
• Dr. Hang Zhang
• Berj Der Boghossian
• Dr. Olga Pikelnaya
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