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AGENDA 
 

Northern California (N) 

Wednesday, November 19, 2014 

Elihu M. Harris State Building 

1515 Clay Street 

Oakland, California 94612 

 

Southern California (S) 

Friday, November 21, 2014 

South Coast Air Quality Management District 

21865 Copley Drive 

Diamond Bar, California 91765

9:00 Welcome & Introductions N: Jack Broadbent, Bay Area Air Quality Management District (BAAQMD) 

  S: Barry Wallerstein, South Coast Air Quality Management District (SCAQMD) 

 

9:10 Understanding What Is In the Air N: Phil Martien, BAAQMD 

 Major air pollution sources S: Philip Fine, SCAQMD & Rob McConnell, Univ. of Southern California 

 Particle and gaseous pollutants 

 Spatial and temporal variations (regional v. local) 

 Health impacts associated with air quality 

 

9:30 Measuring Air Pollution: Monitoring & Sensor Technology N: Eric Stevenson, BAAQMD 

 Monitoring objectives S: Dan Johnson, Great Basin Unified Air Pollution Control District 

o Types of objectives (NAAQS, emission point, localized impacts) 

o Technology used 

 Low-cost sensor technology N: Carlos Nunez, U.S. EPA, Office of Research and Development at  

o Pros & cons       Research Triangle Park   

o State of the science S: Gayle Hagler, U.S. EPA, Office of Research and Development at 

o Technical issues       Research Triangle Park   

o Next Generation Air and Compliance Monitoring 

  

10:00 “Low-cost” Sensor Performance and Data Quality N & S:  Laki Tisopulos and Andrea Polidori (SCAQMD) 

 Evaluating performance  

o Building a testing center 

o Addressing sensor reliability 

o Communicating results 

 Getting good data 

o Issues affecting data quality  
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o Developing QA/QC procedures and documentation 

 
10:30 Break 

 
10:45     Meaning of Sensor Data 

 Context                                                                                                                        N & S:  John Vandenberg, U.S. EPA, Office of Research and  
o What levels are of concern?                                                                                         Development at Research Triangle Park 

 Data limitations                                                                                                        N & S:  Dena Vallano, U.S. EPA, Region IX 
o Data interpretation & reporting                                                                       
o How can these data be used?  

 

11:15     Sensors Deployment and Applications                                                                   

 Community monitoring                                                                                      N & S: Michael Heimbinder, HabitatMap 
o Available technology                                                                                    
o Development of air quality maps 
o Case studies 

 Monitoring in high concentration environments    N & S: David Holstius, BAAQMD 
o Near-field exposure        
o Indoor cook stove 
o Transportation corridors  

 Sensor networks                                                                                                 N & S:  Ron Cohen, Univ. of California, Berkeley 
o Building a “high density” sensor network                                                
o BEACON project 

 
12:00 Lunch 

 

1:15 Focused Discussions/Q&A 

 Community projects using sensors N: BAAQMD staff and Denny Larson, Global Community Monitor 

   S: SCAQMD staff and Luis Olmedo Velez, Comite Civico Del Valle 

 Compliance & industrial applications for sensors N: BAAQMD staff and Janet Whittick, California Council for  

       Environmental and Economic Balance (CCEEB) 

 S: SCAQMD staff and Janet Whittick, CCEEB 

 Developing good sensors N: BAAQMD staff and Clinton MacDonald, Sonoma Technologies, Inc. (STI) 

   S: SCAQMD staff and Clinton MacDonald, STI 

 Sensors as educational tools N: BAAQMD staff and Ron Cohen, Univ. of California, Berkeley 

 S: SCAQMD staff and Ron Cohen, Univ. of California, Berkeley 
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2:45 Break  

 

3:00 Sensor Technology Demonstration & Poster Exhibit Participating organizations/developers/manufacturers will include:  

  Sonoma Technology Inc. (STI), Perkin Elmer, Valencell, T&B Systems,  

   Acrobotic, Dylos, Metone, Aeroqual, Horiba, Landtec 

 

4:00 Next Steps Together on the Path to Sensor Technology Moderator N: Barbara Lee, Northern Sonoma County Air Pollution  

   Moderator S:  Philip Fine, SCAQMD 

 A facilitated discussion on sensor issues confronting agencies Panel: Sector representatives from the Focused Discussions, plus 

o Engaging/educating the public  N: Jack Broadbent or Eric Stevenson, BAAQMD 

o  Communication with communities & developers  Michael Benjamin, California Air Resources Board (CARB) 

o Consistent agency strategy & message  Meredith Kurpius, U.S. EPA, Region IX 

o Avoid duplication of work S: Barry Wallerstein or Philip Fine or Laki Tisopulos, SCAQMD 

o Provide/promote clear & consistent information on sensors,  Michael Benjamin, CARB 

data quality, and expectations  Meredith Kurpius, U.S. EPA, Region IX 

o Funding for sensor projects  
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Indoor Infiltration is a Knotty Problem 
• Depends on ventilation and size of particle 
• Air exchange rate costly to measure 
• Some markers have been used because they 

have few indoor sources 
– Eg. sulfur 
– Elemental (or black) carbon a marker for traffic 

 

• HOW TO DETERMINE INDOOR/OUTDOOR 
TIME? 
                                          



What to Consider When 
Developing a 

Monitoring Strategy 

Eric Stevenson, BAAQMD 

Daniel Johnson, GBUAPCD 



Before We Start… 

Collect 
AQ 

Data 

Why? 

Where? 

When? 

What? 

Who? 

How? 



Types of Monitoring Objectives 

 Ambient Air Quality 
Standards (regulatory) 

 Emission point (source 
contribution) 

 Exposure 

 Research 

 Localized impacts from 
pollution sources (gradients) 

 



Agency Ambient Monitoring  
Design Objectives 

 Provide air pollution 
information to the general 
public 

 Determine compliance with 
air quality standards 

 Support air pollution 
research studies 

 



Determining Data Requirements 

 Representative compounds of interest 

 Spatial and temporal representativeness 

 Data quality (accuracy, precision,  
bias, etc.) 
o Data quality needed to take action 

o Measurement timeframes appropriate for risks of exposure 

o Uniformity of measurements 

 Locations chosen need to be representative 
based on monitoring goal  

 



Location Requirements 

 Locations that are representative 
of appropriate scale 

 Locations that can represent 
populations/sources 

 Data that represents actual 
concentrations over time 
(meteorology and topography) 

 Documentation that 
demonstrates uniform and 
appropriate data quality 
 



Monitoring Design Site Types 

 Highest concentration 
 Typical concentrations in areas 

of high population density 
 Source impacts 
 Background 
 Transport 
 Visibility and other welfare 

impacts 
 Validation/relationship to other 

measurements 
 



Scales of Representativeness 

 Micro – 100 meters or less 

 Middle – 100 meters to 0.5 km 

 Neighborhood – 0.5 km to 4 km 

 



Up  

to 

100 m 
Micro Scale Site 

Usually Source 

Oriented 



100 m  

to 

0.5 km 

Middle Scale Site – 

High 

Concentration/Source 

Impacts 



0.5 km  

to 

4 km 

Neighborhood Scale  
Site – Most common 
as it balances 
impacts and area 



Additional Scales of Representativeness 

 Urban – 4 to 50 km (Usually population 
oriented sites)  

 Regional – 10 to 100s of km (Usually 
transport sites) - PAMS 

 National and Global - >100s of  
km (Usually background sites) 

 



Other Considerations 

 Consistent procedures and equipment used 
for project 

 Consistent data management and 
appropriate chain of custody 

 Overall considerations of data defensibility 
and appropriate amount of data to meet 
desired conclusions of monitoring goal 

 



Instrumentation Considerations 

 Measurement error  
 Stability 
 Calibration / QC / QA 
 Data reporting capabilities 
 Power / Security / Safety 
 Interferences 
 Ease of operation 
 Reliability 
 Cost / Resource needs 

 



Instrumentation Selection 

 Regulatory Monitors 
o Federal Reference Method  

• Operation and performance defined in CFR 
o Federal Equivalent Method 

• Meets performance criteria in CFR vs. FRM 
o Approved Regional Method 

• With EPA approval 

 Screening & Research Monitors 
• Lower precision & accuracy 
• Confidence improved by colocation 

 Personal & Industrial Monitors 
• Portable; lower cost 

 

M
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$ 
 
L
e
s
s 



Collect 
AQ 

Data 

Why? 

Where? 

When? 

What? 

Who? 

How? Keep asking these questions to 
define your monitoring objectives 
and maximize your data quality! 

Eric Stevenson, BAAQMD 
Daniel Johnson, GBUAPCD 

Conclusion 



Low cost air sensor technology 

Gayle Hagler and Carlos Nunez
EPA Office of Research and Development

Workshop: “My Air Quality: Using Sensors to Know What's in Your Air”



Goals of this talk

• Provide our perspective on the ongoing evolution of 
air sensors

• Provide information on EPA activities related to low 
cost sensors   



Traditional paradigm

Government-provided data via traditional instrumented shelters; Air 
Quality Index calculated on broad time and spatial scales.

Expensive instruments
Specialized training required
Large physical footprint
Large power draw



Motivation for new approaches

High interest by public for more information

Public demand 
for more 
personalized 
information –
“What about my 
exposure, my
neighborhood, 
my child?” 



Measuring the air is an 
evolving technology landscape

Lower cost
systems

Higher 
cost
systems

Lower spatial 
resolution

Higher spatial 
resolution

Autonomous 
measurement 
systems Wearable sensors

Vehicle air 
pollution 
mapping 
systems

Traditional air 
monitoring shelter

De
sir

ab
le

 d
ire

ct
io

n

Desirable direction

Moveable 
mobile 
laboratory Lofted sensor 

platforms



Emergence of low cost sensors

Particle-phase Emerging sensors (examples):

Sensor detection:
• Most emerging particle sensors operate 

using a light-scattering measurement 
principle.

• Most do not have a physical size cut 
(cyclone, impactor).

• Some use a passive means to move air 
through sensing region; others have a 
fan.

Possible sensor measurement issues:
• Particle detection capability – transport 

of particles to sensor, sensor sensitivity
• Signal translation to concentration 

estimate

Larger particles (>0.1 µm)

Example diagram (from: 
http://www.takingspace.org
/make-your-own-aircasting-
particle-monitor/)



Emergence of low cost sensors

Gas-phase

Metal oxide sensors:
Operate by contact of gas with 
semiconductor material; free 
electrons in reaction reduces 
resistance by increasing the 
flow of electrons. 

Possible sensor measurement 
issues:
• Interfering gases in mixture
• Measurement artifact due to 

temperature and humidity
• Eventual failure of sensor

e.g., Nitrogen dioxide, ozone, carbon 
monoxide



Emergence of low cost sensors

Gas-phase

Electrochemical sensors:
Operates by oxidation reaction at 
sensing electrode and then 
reduction reaction at counter 
electrode

Possible sensor measurement 
issues:
• Interfering gases in mixture
• Measurement artifact due to 

temperature and humidity
• Eventual failure of sensor

Figure. Electrochemical sensor (e2v, 2007)

e.g., Nitrogen dioxide, ozone, 
carbon monoxide



Emergence of low cost sensors

Gas-phase

Photoionization sensors:
Operates by exposing sample gas to 
ultraviolet light, which ionizes the 
sample; detector outputs voltage 
signal corresponding to concentration.  

Possible sensor measurement issues:
• Baseline drift
• Eventual failure of sensor based on 

lamp lifetime.
Figure. PID sensor (baseline-mocon.com)

e.g., VOCs



Sensor applications

Stationary mode – source fence-line, community measurements
Conceptual application “S-Pod”: Drop-in-place VOC 

sensor + 3D wind measurement



Sensor applications

Stationary mode – source fence-line, community measurements

e.g., multipollutant 
sensor stations in 
near-road 
community setting



Sensor applications

Mobile mode:

• Personal monitoring
• Community group 

monitoring
• Mapping spatial trends



Sensor applications

Education/outreach

http://f-l-o-a-t.com/EPA ORD’s particle sensor kit

Instrumented kites 
measuring VOCs

Hacking fiber optic flowers 
to light up based on CO2
sensor readings (EPA ORD)











Are any sensors “good enough”?

Additional factors:

Reliability of the manufacturing - many are produced in batches

Data communications

Ease of operation 

Power draw

Lifetime of sensor – some likely to fail within 1 year



EPA activities in a nutshell
FY12

FY13

ASAP workshop

Regions workshop

Sensors Evaluation 
and Collaboration

Short-term sensor field tests (DISCOVER-AQ, 
AIRS, roadside, wildfire, fenceline)

Designing/building autonomous systems: 
Village Green Project, S-Pod

FY14
Air sensors workshop

Short-term sensor field tests (DISCOVER-AQ, 
AIRS, roadside, wildfire, fenceline)

Designing/building autonomous systems: 
Village Green Project II, S-Pods

Long-term testing of sensors: 
CAIRSENSE Project

Data visualization 
support: RETIGO

Data visualization 
support: RETIGO

Sensor network 
intelligent emissions 

locator tool 
(SENTINEL)

Citizen Science Toolkit

Performance testing
Workshops

Sensor data tools
Sensor system build

Mobile system development 
and application

Mobile system 
development and 
application

Mobile

Mobile monitoring systems

We are looking forwards to 
keeping in touch!

Next-generation air 
monitoring research at EPA



Resources available

• Air Sensors Guidebook: Defines what 
sensor users need to understand if they 
are to collect meaningful air quality 
data

• Ongoing posting of reports, research 
studies, etc.

www.epa.gov/research/airscience/next-
generation-air-measuring.htm

 
 
 
 
 
 
 
 
 
  
 Air Sensor Guidebook 

 

 

Office of Research and Development  
National Exposure Research Laboratory www.epa.gov/heasd/airsensortoolbox



Take home thoughts

• Ongoing assessment of sensor performance in controlled settings 
and real-world conditions is a major area of need.

• Sensors are easily available and already in use by the public, and 
new versions are arriving on the market at fast pace.

• Utility of sensors is a function of the sensor device performance 
and data post-processing/interpretation capability.  

• This area is a high priority for EPA and we are eager to keep in 
touch.
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