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“It didn't have to be this way, and it doesn't 
have to be this way again.”

—Maria Van Kerkhove
World Health Organization



COVID Changed Us For Good and
Sometimes for the Better



Implementing Layered Risk Reduction Strategies



American Rescue Plan (ARP): 
Funding for COVID-19 Response

• American Rescue Plan Act – Title II sets 
aside $122 billion to Department of 
Education for the Elementary and 
Secondary School Emergency Relief Fund 
(in addition to funds available through the 
Education Stabilization Fund)

• Under Title II U.S.C. § 2001(e)(2), 
approximately $81 billion is being awarded 
to state education agencies (SEAs) to 
address 18 areas of activity in schools, 
including five IAQ-related activities and 
infrastructure improvements

American Rescue Plan Act, Title II U.S.C. §
2001(e)(2) (2021)

(H) Training and professional development for staff of 
the local educational agency on sanitation and 
minimizing the spread of infectious diseases.

(I) Purchasing supplies to sanitize and clean the facilities 
of a local educational agency…

(O) School facility repairs and improvements to enable 
operation of schools to reduce risk of virus transmission 
and exposure to environmental health hazards…

(P) Inspection, testing, maintenance, repair, 
replacement, and upgrade projects to improve the indoor 
air quality in school facilities, including mechanical and 
non-mechanical heating, ventilation, and air conditioning 
systems, filtering, purification and other air cleaning, 
fans, control systems, and window and door repair and 
replacement.

(Q) Developing strategies and implementing public 
health protocols including . . . policies in line with 
guidance from the Centers for Disease Control and 
Prevention for the reopening and operation of school 
facilities to effectively maintain the health and safety of 
students, educators, and other staff.



Proven Strategies to Improve 
IAQ in Schools Infographic

• Increase 
ventilation rate

• Increase HVAC 
filter efficiency

• Supplement with 
portable air 
cleaners



Key findings from Fall 2022 survey to school districts:

• Many districts do not have written IAQ management plans.
• Half of respondents reported not having an IAQ plan and that 

establishing one is a top priority.
• K–12 staff need resources and support to educate staff, teachers, 

and community members about IAQ.
• 90% reported that they do not have established processes in place 

to communicate about IAQ activities with the community or provide 
training to teachers and staff on identifying or reporting IAQ issues.

• Guidance is needed on creating district-level IAQ teams.
• Half of respondents reported needing training on creating a district-

level IAQ team and establishing IAQ contacts in each school.



KEY DRIVER: 
Evaluate Your Results 

for Continuous Improvement

Photo credits: Dave Blake and Rich Prill’s images from the 
2013 Virtual School Walkthrough Webinar



KEY DRIVER: 
Evaluate Your Results 

for Continuous Improvement



• Decide which data points to track.
• Create tracking sheets/tables.
• Create baselines. 
• Find ways to compare your data.
• Reassess and fine-tune your goals.
• Continue to make the (business and 

health) case to decision-makers.

KEY DRIVER: 
Evaluate Your Results 

for Continuous Improvement

Indoor Air Quality Tools for Schools: 
Preventive Maintenance Guidance



IAQ Sensors and Monitoring

● Collect, monitor, measure, and evaluate 
IAQ data in order to take appropriate 
action and make improvements.
○ Carbon dioxide levels are used as 

an indicator of adequate ventilation 
and air exchange rates.

● Communicate and educate about IAQ 
measures.

● Develop community agency, 
collaboration, and trust around school 
environmental health.

Learn more in this webinar: 
“You Can’t Manage What You 
Don’t Measure: Monitoring IAQ in 
Schools for Improved Health”
featuring Boston Public Schools



12

IAQ Monitoring in Schools
Rengie Chan, Ph.D.                               June 21, 2023
wrchan@lbl.gov
Staff Scientist, Indoor Environment Group
Lawrence Berkeley National Laboratory 

mailto:wrchan@lbl.gov


13

www.epa.gov/indoor-air-quality-iaq/clean-air-buildings-challenge

Presenter
Presentation Notes
What schools need to know – transitioning from pandemic to endemic IAQ management. Rich S. and Rich Corsi talked about filtration using CR boxes, ventilation, cleaning and disinfection. One of the concluding slide said “validate (don’t assume)”, so that sum up why you want to monitor for IAQ. The Clean Air in Buildings Challenge also provide a 4-step framework on where to focus your efforts as we transition from pandemic to endemic. 

http://www.epa.gov/indoor-air-quality-iaq/clean-air-buildings-challenge
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https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/Improving-Ventilation-in-buildings.html

Presenter
Presentation Notes
One guidance from the latest CDC on improving ventilation in buildings is to monitor for CO2. It said…  We may want to debate whether 800 ppm is the right number or not, or if different buildings need different thresholds as the ASHRAE public review draft 241P suggest, it nonetheless states clearly the value for monitoring CO2 as a proxy for ventilation. 

https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/Improving-Ventilation-in-buildings.html
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Monitor CO2 to show improvement in 
ventilation

• Average CO2 emission: 
0.0043 L/s per person

• About 10.5 L/s-person 
outside air needed to 
keep CO2 below 800 
ppm

Lower Grade (Ages 6-10) 

• Average CO2 emission: 
0.0057 L/s per person

• About 14 L/s-person 
outside air needed to 
keep CO2 below 800 
ppm

Upper Grade (Ages 11-16) 

Currently, code required outdoor air ventilation rate is 
about 7 L/s per person.  

Presenter
Presentation Notes
To illustrate, 800 ppm in an elementary school would roughly correspond to an increase from 7 to 10 L/s-person. In middle / high school, the amount of outside air ventilation would need to increase even further in order to maintain CO2 below 800 ppm. In both cases, monitoring for CO2 is a way to show ventilation improvement over current code requirement. 
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https://www.epa.gov/indoor-air-quality-iaq/wildfires-and-indoor-air-quality-schools-and-commercial-buildings#wildfire

Presenter
Presentation Notes
Another reason why you may want to monitor for IAQ is wildfire smoke. I used to think this as a western states problem, but clearly it’s a bigger issue that many schools may have to response to. Again, you can find guidance from EPA pointing to the value of monitoring. It says… 

https://www.epa.gov/indoor-air-quality-iaq/wildfires-and-indoor-air-quality-schools-and-commercial-buildings#wildfire
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Classroom HVAC Retrofit Evaluation Study

https://www.energy.ca.gov/publications/2020/improving-ventilation-and-indoor-environmental-quality-california-schools

Presenter
Presentation Notes
To give you an idea of what you can do with particulate matter (PM) data. Here’s a research study that we did with UC Davis, with funding support from the California Energy Commissions. 
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IAQ monitoring (2017/2018)

■ Two schools, 13 classrooms, 
all with retrofitted HVAC 

■ Measurements:
– CO2 (Vaisala)
– PM2.5 (DustTrak, 

gravimetric)
– Black carbon (ABCD)
– Ozone (2BTech)
– Formaldehyde (Time-

resolved and passive)

Bakersfield Region 
Elementary School

Sacramento Region   
High School

Visit 1 Dec 5–19, 2017 Feb 1–9, 2018

Visit 2 May 7–14, 2018 May 29–June 5, 2018

Visit 3 Oct 10–18, 2018 Oct 30–Nov 8, 2018

TSI DustTrak II 8530

Gravimetric analysis

Aerosol
Black 

Carbon
Detector

Vaisala GMW94

2BTech 202/205
SKC UMEx

Graywolf FMM

Presenter
Presentation Notes
We measured a wide range of indoor air pollutants using research grade and consumer grade monitors. We monitored 2 schools, 13 classrooms totally, over a year. 
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Monitor indoor PM2.5 to show the effect of 
filtration

■ 44% (Bakersfield) and 49% 
(Sacramento) reduction in 
mean PM2.5 from the three 
visits

■ Long-term Plantower
sensor data show 41% 
(Bakersfield) and 45% 
(Sacramento) reduction in 
mean PM2.5
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Plantower PM Sensor

https://www.energy.ca.gov/publications/2020/improving-ventilation-and-indoor-environmental-quality-california-schools

Presenter
Presentation Notes
The low cost sensors that we use is Plantower, which is what’s inside PurpleAir monitor. For those how are in person, there’s a demo following this webinar, where you can see an example of this. Using this low-cost sensor, we were able to clearly show differences between classrooms that had MERV 8 and 13 air filters, even when the levels indoors were quite low. These types of comparison are powerful to show the value of filtration. During wildfires, being able to monitor for indoor PM levels so you an inform decisions about school closure is really valuable. 
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Baseline and document ventilation / filtration improvements

What indoor air pollutants to measure?

CO2 (carbon dioxide)
PM (particulate matter)

Yes

Temperature
Relative humidity

Yes

Other gaseous air pollutants:
O3 (ozone)
SO2 (sulfur dioxide)
NO2 (nitrogen dioxide)
CO (carbon monoxide)

Maybe; for addressing specific 
concerns about exposure to polluted 
outdoor air (O3, SO2), or emissions from 
combustion (NO2, CO)

TVOCs (total volatile organic 
compounds) 

Not informative to guide actions

Presenter
Presentation Notes
To summarize, we think there’s great value in monitoring for IAQ, particularly CO2 for ventilation, and PM for wildfire response. T and RH always useful and typically part of monitoring anyway because sensor response can be dependent on T and RH. There are low cost monitors that would include other indoor air pollutants, as I show earlier there are lots of reasons to measure a great many things, but beware of the technology limitation, think about if the data you are getting are sensitive enough, accuracy enough for you to take actions. 
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Set Goals of IAQ monitoring 

1
Communication Tool
Visualization; Need consensus from stakeholders on 
threshold levels and next steps

2
Guide Building Operation
Data analytics; Compute stats helpful for facilities to 
identify problems and evaluate outcomes 

3
Integrated Building Control
System integration; e.g. HVAC operation modes

Presenter
Presentation Notes
I think another way to look at IAQ monitoring is to ask what are your goals. 
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Duration

Spatial 
Coverage

Cost

Training & 
Communication

Long-term continuous monitoring versus 
short-term (days or weeks) audit. 

Entire school or prioritize classrooms; 
monitor in each room or use a sampling 
approach  

Consider installation and ongoing 
maintenance costs: access to data 
platform, monitoring equipment 
replacement 
Staff training and communication with 
stakeholders about key findings

Key Decisions 
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EPA Resources on Air Sensors

www.epa.gov/indoor-air-quality-iaq/air-sensor-technology-and-indoor-air-quality

www.epa.gov/air-sensor-toolbox

http://www.epa.gov/indoor-air-quality-iaq/air-sensor-technology-and-indoor-air-quality
http://www.epa.gov/air-sensor-toolbox
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https://www.epa.gov/indoor-air-quality-iaq/low-cost-air-pollution-monitors-and-indoor-air-
quality

https://www.epa.gov/indoor-air-quality-iaq/low-cost-air-pollution-monitors-and-indoor-air-quality
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Additional Resources

■ South Coast Air Quality Management 
District - Air Quality Sensor Performance 
Evaluation Center (AQ-SPEC)

http://www.aqmd.gov/aq-spec
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Questions to think through about IAQ 
monitoring

■ How to check for agreement among the many IAQ 
monitors in schools?  

■ How to identify monitors that are not performing? 

■ How to compare measurements from inside a school and 
outdoor air quality data?

■ How to compare IAQ measurements with data being 
collected using different monitors? 

?
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1

2

3

4

Clear metrics for setting goals to achieve better indoor 
air quality in schools Metrics

Benchmarking of indoor air quality data in a large, 
representative cohort of schools Benchmarking

Further our understanding on how indoor air quality 
parameters can inform health and learning Health

Advance data analytics for automated diagnostics to 
improve building operation Automation
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IAQ Monitoring in Schools
Rengie Chan, Ph.D.                               June 21, 2023
wrchan@lbl.gov
Staff Scientist, Indoor Environment Group
Lawrence Berkeley National Laboratory 

mailto:wrchan@lbl.gov


Classroom IAQ Monitoring 
Through Central Controls

JUNE | 21 | 2023



Project Team

• Chris Ralston – Director, Facilities Management

• Chamberlain Segrest – Sustainability Manager

• Mike Taxara – Project Manager

• Alex Constance – Supervisor, HVAC



Project Goals

• Replace very old central controls system

• Grant funding (free money) – ESSER II/III Funding

• Efficient project execution – Complete by September 2024

• Be able to adjust to new environmental expectations quickly
– COVID 
– Wildfires
– Energy Efficiency

• No Classroom visual displays



Project Details
• Install new Metasys platform control center

• Install new t-stats, CO2 in every classroom and gathering space

• Install new combo t-stat/CO2/PM sensor in select classrooms to get site 
average for particulate matter

• Install or repair dampers to allow for automatic demand ventilation changes 

• Install outside senor at each school project (23 schools in current project)
– CO2
– PM
– VOC

• Long term data gathering



Field Application
Hollywood Park Room 14



Classroom Details – Hollywood Park Room 14

• 960 square foot classroom – portable

• Student load rate 33:1

• Actual load rate 39 students

• Bard unit

• ½ to HWY 99, ¼ Mile to Executive Airport, 1 mile to I-5



Classroom Data March 6, 2023    (Before)



Classroom Data March 8, 2023    (After)



Field Application
Pony Express Room 9



Classroom Details – Pony Express Room 9

• 900 square foot classroom – Standard Construction

• Student load rate 24:1

• Actual load rate 24 students

• 4 Ton Split system – Gas furnace

• 1500 feet to I-5, 2000 feet to Executive Airport



Classroom Data March 10, 2023 – Pony Express



Thank You!
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