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 Established in July 2014

 Fully funded by SCAQMD

 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



 Started in September, 2014
o 40+ sensors evaluated to date

 Approach
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, and VOCs
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T and RH controlled: T (0-50 0C); RH (5-95%)

Laboratory Testing (cont.)



www.aqmd.gov/aq-spec 
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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 (PM)



Results (Gases)

Most gaseous sensors 

showed:

 Acceptable data recovery

 Wide intra-model variability 

range

 CO; NO; O3 (when 

measured alone): good 

correlation with FRMs

 O3 + NO2: potential 

O3/NO2 interference

 SO2; H2S; VOC: difficult to 

measure with available 

sensors



Sensor Performance Testing: What is Needed?



• PM2.5 and O3 sensors seems to be good candidates

• Field testing
• Establish various testing centers across the US and/or around the world

• Different RH/T environments (P also seems to impact performance)

• Different PM composition

• Wide range of concentrations

• Consistent use of FRM/FEM instruments for comparison purposes

• Lab (chamber) testing
• Account for a wide/representative RH/T range

• Specific aerosol composition (e.g., Arizona road dust) 

• Specific range of concentrations 

• Ability to test for multi-pollutant interference (e.g., O3/NO2)

• Consistent use of FRM/FEM instruments for comparison purposes

• Standardized testing protocols 

• Well established performance parameters and standards

• Certification model: Multi-tier vs pass/fail

Sensor Certification



• Tiered: different performance targets for different sensor 

applications. Example:

Tier Uses Pollutants Precision Accuracy Sensitivity

I
Regulatory or 

compliance monitoring
ozone, PM2.5

II
Fenceline and 

community monitoring
ozone, PM2.5, VOC

III

Area or source 

characterization; 

supplement 

monitoring networks

ozone, PM2.5, 

NO2, VOC

IV

Information, personal 

monitoring, and 

education

ozone, PM2.5, 

NO2, CO, VOC and 

others

Sensor Certification



• Pass / Fail: 
• One set of performance targets 

• Target specific user / application (e.g., community monitoring) 

• Easier to understand for non-technical audience

• Helps translating complexity into a simple choice



Sensor Certification



• A sensor certification program is desirable but very expensive 

/ time consuming to implement
• Multiple field testing locations 

• Multiple laboratory testing facilities

• Extended testing time

• The U.S. EPA is leading the way at the National level
• E-Enterprise

• On-going discussion in California between CARB, SCAQMD, 

BAAQMD and other air districts 
• Sensor performance verification

• ASTM method development

• Other models

Sensor Certification



Sensor Deployment Challenges

Sensor Unit Sensor Network Network Data

• Assume you have 

a “certified” PM2.5 

sensor

• Design and configuration

• Data communication (e.g., 

cell; wi-fi; LoRa; other)

• “Calibration” procedures

• QA/QC requirements

• Other

• Backend application and data 

handling procedures 

• Validation and other QA/QC 

requirements

• Correction algorithms / 

models 

• Time averaging

• Analysis and interpretation

• Integration with existing 

network and other available 

data

Different sensor networks comprised 

of the same “certified” sensor may still 

produce inconsistent data / results



Sensor Deployment Challenges

Sensor Units Sensor Networks Networks Data

• Assume you have 4 

different “certified” PM2.5 

sensors

• Design and configuration

• Data communication (e.g., 

cell; wi-fi; LoRa; other)

• “Calibration” procedures

• QA/QC requirements

• Other

• Backend application and data 

handling procedures 

• Validation and other QA/QC 

requirements

• Analysis and interpretation

• Mapping

• Correction algorithms / 

models 

• Time averaging

• Integration with existing 

network data

Different sensor networks comprised of different 

“certified” sensors measuring the same pollutant(s) 

will probably produce inconsistent data / results



SCAQMD Sensor Monitoring Projects

Fence-line

9 PM sensors

IoT vendor platform

Cellular to SaaS

API Access

Regional 
network

~ 100 nodes to 
measure: O3, NO2, 
& PM

Cellular to PaaS

API access

US EPA STAR Grant

~ 400 PM sensors in 
14 communities

Wi-Fi connected

Data sent to : 
PurpleAir Map; 
AQMD Azure

Other projects

MATES V

ROSE/NASA Project

Mobile monitoring

AB617 community 
monitoring

SCAQMD Rule 1180 
implementation
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14 Acre Waste 
Transfer Facility

Pre School Campus

Head Start 
Academy

Elementary School

Fenceline Monitoring
(Rainbow Disposal Facility)



Fence-line Monitoring
• 9 sensors measuring PM

• Wireless connectivity

• Power independence

• Remote access to data / device

OPC Thiamis

SaaS 

Cloud Data storage

Web & mobile 

Application

Text Alerts

Email Alerts

Data 

Analytics

Fenceline Monitoring
(Rainbow Disposal Facility)



Fenceline Monitoring
(Rainbow Disposal Facility)
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• 100 AQY installed in Southern 
California

• AQY measures temperature, 
relative humidity, and air pollutants: 
O3, NO2, and PM2.5

• Project leads: 

• Aeroqual
• www.aeroqual.com

• SCAQMD
• www.aqmd.gov

Regional Monitoring Network

(AQY Sensors: PM2.5, O3, and NO2)

http://www.aeroqual.com/
http://www.aqmd.gov/
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4

100 instruments / 4 locations

1- Central Los Angeles (20)

2- Riverside/San Bernardino (45)

3 - Imperial County (15)

4 - Catalina Island (4)

Regional Monitoring Network

(AQY Sensors: PM2.5, O3, and NO2)



Regional Monitoring Network

(AQY Sensors: PM2.5, O3, and NO2)



• Sensors online via cellular network (AT&T) 

• Online statistics monitored to provide metrics on deployment rate, and 

network uptime

• Sensor replacements due to failure over 9 months have been low: 5 x 

O3 sensors; 3 x PM2.5 sensors

Regional Monitoring Network

(AQY Sensors: Network Status)



• Hourly averaged data (Jan 1 – April 30, 2018)

• Collocation data collected at SCAQMD’s Rubidoux station

• Fan degradation corrected data (active method)

Regional Monitoring Network

(AQY Sensors: O3 Collocation Data)



Regional Monitoring Network

(AQY Sensors: NO2 Collocation Data)

• Hourly averaged data (Jan 1 – April 30, 2018)

• Collocation data collected at SCAQMD’s Rubidoux station

• NO2 data corrected for O3 interference



• A one week ‘snapshot’ is similar to the 3 month period 

Regional Monitoring Network

(R2 (AQY vs Reference) vs Distance: O3)

Rubidoux Rubidoux



• DQO = 90% (R2)

• Correlation not always linear with distance; site location and characteristics also a 

factor

• How often should the sensor data be corrected using this procedure? Quarterly 

so far

Regional Monitoring Network

(R2 (AQY vs Reference) vs Distance: O3)



• DQO = 90% (R2)

• R2 drops more rapidly with distance (compared to O3 plot)

• Greater site variation than O3 due to various sources in the area

Regional Monitoring Network

(R2 (AQY vs Reference) vs Distance: NO2)



Regional Monitoring Network

(O3, NO2 and PM2.5 Maps*)

*Inverse distance weighted interpolation

 PM2.5 is more 

homogeneously 

distributed 

throughout the 

Basin

 Elevated NO2

along the 

freeway

 Higher 

granularity for 

maps 

obtained 

using sensor 

data





Problem: The project has shown PM accumulates on the O3 sensor inlet mesh 

over time reducing flow and sensitivity 

Decrease of O3 sensor sensitivity versus regulatory FEM  

O3 sensor inlet mesh at start mesh after 6 months

Regional Monitoring Network

(AQY Sensors Improvement)



Solution: use O3 sensor air flow data to correct O3 slope. Results in 

stabilisation of drift and extension of re-calibration time from 2 months to > 6 

months.

2 3

4 5 6

7 8 9

2 3

4 5 6

7 8 9

O3 sensor vs FEM Flow corrected O3 sensor vs FEM

Sensor vs FEM slope decreased 

from 0.96 to 0.57 in 9 months
Sensor vs FEM slope more stable. 

Slope = 0.89 at 9 months

Regional Monitoring Network

(AQY Sensors Improvement)



Canyon Fire (092517)

> 2,500 acres

Note: Values are reported as AQI units

Regional Monitoring Network

(PM Sensor Network - 2017)



Note: Values are reported as AQI units

Regional Monitoring Network

(PM Sensor Network - 2018)
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API Access

Regional 
network

~ 100 nodes to 
measure: O3, NO2, 
& PM

Cellular to PaaS

API access

US EPA STAR 
Grant

~ 400 PM sensors 
in 14 communities
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U.S. EPA STAR project
Engage, educate, and empower California communities 

on the use and applications of “low-cost” 
air monitoring 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 Aeroqual Ltd, Auckland, New Zealand

o University of Auckland (New Zealand) 

• 14 CA 

communities

• EJ areas 

• 300+ subjects

• 400+ 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

• 300+ PM sensors

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

o Cloud Based Platform Development 

• Data ingestion and storage

• Data visualization and mapping

• Data dissemination 

U.S. EPA STAR Project
Engage, educate, and empower California communities 

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

• 14 CA 

communities

• EJ areas 

• 300+ subjects

• 400+ sensors



www.aqmd.gov/aq-spec

U.S. EPA STAR Project
Engage, educate, and empower California communities 

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

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


U.S. EPA STAR Project

(PM2.5 (PurpleAir) Sensors in SoCal Communities)



U.S. EPA STAR Project

(PM2.5 (PurpleAir) Sensors in California)



U.S. EPA STAR Project

(Community recruitment)



U.S. EPA STAR Project
(Sensor installation guide)



U.S. EPA STAR Project
(Sensor installation guide)



U.S. EPA STAR Project
(Sensor installation survey)

English Version Spanish Version



U.S. EPA STAR Project
(Sensor installation survey)



U.S. EPA STAR Project
(Sensor Deployment Across California)



• Assess spatial and temporal 

variability

• Identify potential nearby PM 

sources

• Evaluate impact of wind 

speed/direction

What can one do with this 

data?

• 10,000 residents (average age 70 yrs)

• 1 km2 area

• Borders the 405 freeway (in its most congested section)

• Borders the LADPA and AES electric generating stations 

• Few miles from Port of Long Beach 

• In landing path for Long Beach Airport

• Two military installations nearby

U.S. EPA STAR

(Seal Beach Community)



0-10 µg/m3

11-20 µg/m3

21-50 µg/m3

51-300 µg/m3

U.S. EPA STAR

(Seal Beach Community)



• Particle sensor largely 

underestimates actual (BAM) PM2.5 

concentrations (at times)

• Particle composition is likely to 

affects sensor readings

• Community member developed a 

correction algorithm to reconcile 

sensor and FEM PM2.5 data

U.S. EPA STAR (Nipomo Community)



• Development of a cloud-based computing platform to ingest, 

store, analyze, and display sensor data

Data analysis workloads larger 
than current tools can handle     
Fence-line monitoring: ~15 million rows of data

Regional monitoring network: ~40 million rows 
of data

STAR Grant: ~50 million rows of data

South Coast AQMD R1180: XX million rows of 
data

CA AB617: xx billion rows of data

U.S. EPA STAR 

(Next Steps)
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• Regional air toxics monitoring and modeling

• Advanced monitoring to find potential hotspots

• Focus on refineries and other industrial sources

• Community engagement through sensor network deployments

   

F 
o 
n 
t 
a 
n 
a   

Rubidoux   

Wilmington   

Pico Rivera   

Indio   

Sun Valley   

San Bernardino   
Industry   

Compton   

Burbank   

Anaheim   

Inland Valley S.B.   

Rubidoux   

W. Long Beach   

N. Long Beach   

Pico Rivera   

Central Los Angeles   

Huntington Park   

*Actual location of a few monitoring sites may differ

Other Projects
MATES V (2018-2019)



Optical Tent

Fenceline
Monitoring

Mobile Monitoring

*Provides Continuous, 

Real-Time Data

Flight measurements

Community 
Monitoring/

Sensor Networks

*

*

*

Other Projects
MATES V (2018-2019)



• Ford Escape PHEV (MY 2010, 
SCAQMD fleet vehicle)

• Mobile measurements of NAAQS 
criteria pollutants and air toxics

• Fast response regulatory-grade, 
research-grade, consumer-grade

• Vehicle speed: 30 ± 3 mph

• Extended on-road sampling periods 

(> 4 hours)

• Additional data parameters collected

• GPS Coordinates

• Wind Speed/Direction

• 340° Video

Instruments

Pollutant Time Resolution

BC 1 sec

Particle Mass (FEM, near-FEM, 
sensor)

6, 60, 80 sec

Particle Count 1 sec

CO (FRM) 1 sec

NO2 (FEM, sensor) 6, 60 sec

O3 (FEM, sensor) 10, 60 sec

Other Projects
(Mobile Monitoring)



Other Projects
(Mobile Monitoring)



Other Projects
(Mobile Monitoring)



Current and Upcoming Air Monitoring 
Initiatives at the SCAQMD



• Sensors and sensor networks:
• Great survey tools for hot-spots identification and to better understand spatial 

and temporal variations of PM2.5, O3, and NO2

• Although they do not produce actionable data their measurements can lead 

to action. Can be used to support community monitoring

• Need for a sensor certification program to provide users with 

the knowledge to appropriately select sensors for specific 

applications 
• Additional guidance for air districts to correctly implement current/upcoming 

state and local rules (e.g., AB617 and Rule 1180) 

• Many challenges ahead, but it is difficult to see a future 

where sensors and sensor networks will not be integrated in 

existing ambient air monitoring networks 

Conclusions
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