
63rd annual Yankee Conference:
Hands -On Environmental Health

Fresher Air - Smarter Schools
Novel Methods to Monitor Indoor Air 

Quality in Boston Public Schools
M. Patricia Fabian

Asso c ia t e  P ro fe sso r o f En viro n m e n t a l He a lt h
Asso c ia t e  Dire c t o r fo r t h e  In s t it u t e  fo r Glo b a l Su s t a in a b ilit y 

Bo s t o n  Un ive rs it y

Se p t e m b e r 11, 20 25



If you know a school-age child in the US…

https://arcg.is/1rG58m1 



Most likely the child attends an urban school 

https://arcg.is/1rG58m1 



…and are most likely learning in an old building

10% built after 1985

“The mean age of US school 
buildings is 65 years”
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…and are most likely learning in an old building

True for all regions

https://arcg.is/1rG58m1 



…and are most likely learning in an old building

True for all types of 
neighborhoods

https://arcg.is/1rG58m1 



… with aging building systems in fair or poor condition

Nationally, “41% of districts need to update or 
replace heating, ventilation, and air conditioning 
(HVAC) systems in at least half of their schools” 

2020 GAO-Report
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“$85 billion funding gap needed to maintain 
school buildings and equipment”

2021 State of our Schools Report

“K-12 school districts spend nearly $8 billion 
annually on energy costs, the second largest 
expense after teacher salaries.” 

US DOE



… which can result in exposure to indoor contaminants

https://arcg.is/1rG58m1 



… and can be exposed to many indoor contaminants

https://arcg.is/1rG58m1 



… and can be exposed to many indoor contaminants

https://arcg.is/1rG58m1 



… and can be exposed to many indoor contaminants

https://arcg.is/1rG58m1 



… and can be exposed to many indoor contaminants

https://arcg.is/1rG58m1 



Asthma in Boston Public Schools

https://www.boston.gov/sites/default/files/file/2023/05/HOB_Asthma_2023_FINAL_May11.pdf



Solutions through collaboration & research

~4,400
IAQ sensors 

125
Schools 

= billions of data points

DATA
ANALYSISDASHBOARD

BPS IEQ system

You can’t fix what you don’t 
measure – Katherine Walsh, BPS



Boston Public Schools
● Oldest public school system in the U.S.

● Serves ~48,000 students and ~11,700 staff in 
119 schools from pre-kindergarten to 12th grade 

● Student demographics: 
○ 43% Latinx, 29% African American/Black, 15% not 

Hispanic White, 9% Asian, 3.5% multi-race and 0.5% 
Native American or Native Hawaiian/Pacific Islander

○ 71% low-income
○ 48% first language not English 

● 11.6 million sq. ft, 132 Buildings: 
○ 50% built before 1950, and 73% built before 1970
○ 30% percent of the school buildings use HVAC for 

heating and cooling; 70% use steam heat with 
limited or no ventilation or cooling Boston Arts Academy



Average age of school buildings in cities in the US

https://arcg.is/1rG58m1 

Similar to many school districts across the US…

BPS is representative of 15 
million urban public school 

students in the U.S.





Why Monitor IAQ?

New York Times, December 2020
https://www.nytimes.com/2020/12/05/health/coronavirus-swiss-cheese-infection-mackay.html

https://www.nytimes.com/2020/12/05/health/coronavirus-swiss-cheese-infection-mackay.html


BPS IAQ Monitoring System

~4,500 IAQ sensors
launched Fall 2021

Indoor

Outdoor



BPS IAQ MONITORING 
SYSTEM

Why did BPS install                                       
Indoor Air Quality Sensors? 

Monitoring & Reporting Risk Reduction Layer
Collect, monitor, measure, and evaluate IAQ data in 
order to:

● Prioritize decision-making.
● Take appropriate action, such as implementing 

IAQ interventions or adjusting ventilation rates.
● Develop IAQ standards and secure investments 

that improve IAQ and ventilation.
● Communicate and educate about IAQ.
● Develop community agency, collaboration, and 

trust around BPS schools’ indoor 
environmental quality.









• Monitor and make timely temperature and ventilation 
adjustments in classrooms. Identify and make repairs with 
existing HVAC systems.

• Monitor and respond to issues of concern like re-
entrainment of CO from co-gen, elevated PM from nearby 
construction or house fire, elevated CO2 due to poor 
ventilation.

• Make decisions about school and program closures during 
extreme heat and cold events.

• Update policies and practices within the BPS IAQ 
Management Plan and HVAC Maintenance Protocols.

• Enforce district anti-idling and green cleaner policies.

• Educate BPS community about IAQ in their schools.

Using IAQ data in BPS operations



BPS IAQ Monitoring System

~4,500 IAQ sensors
launched Fall 2021

Indoor

Outdoor

= billions of 
data points



Storage and handling billions of data points
▪ Raw data
▪ 1 minute capture
▪ Calibrated 
▪ Year (08/202x-08/202x)
▪ ~2.4 billion data points
▪ ~1.2 million csv files

▪ Storage & processing
▪ Amazon S3
▪ BU’s Shared Computing Cluster

▪ Flags
▪ School, classroom/roof, level
▪ Time stamps: weekday, school hours
▪ Occupancy status

▪ Create analytical datasets

https://www.bu.edu/tech/files/2021/07/scclayout.png



School B 4/13
Smooth of 10-min average CO2 over 
the day, all classrooms

School A 4/13
Smooth of 10-min average CO2 over 
the day, all classrooms
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Quality control – is this real?



It starts with IAQ data, plus quality control,                    
plus linking more data

CO2, CO

PM2.5, PM10

Temp, RH

IAQ



It starts with IAQ data, plus quality control,                    
plus linking more data

HVAC

Meteorology

Covid interventions

Schools

Neighborhood
• Air pollution
• Greenspace
• Demographics
• …

Energy

Researcher tools:

● Computing infrastructure

● Data science

● Geographic Information 

Systems (GIS)

● Environmental health

● Building science

● Statistics

CO2, CO

PM2.5, PM10

Temp, RH

IAQ



Boston Public Schools – Boston University 
collaboration impacts

▪ Communications
▪ Workshops
▪ Presentations
▪ Grants
▪ Education
▪ School operations
▪ Environmental health 

▪ IAQ analysis and research

IAQ 
DASHBOARD 
USER GUIDE



Key data takeaways:
▪High CO2 variability at a classroom level 
within schools, across schools and over the 
school year (>1X)
•Captured 98% of days per sensor over a 
school year (5%-100%)
•Processing of CO2 data enhances its value 
for decisions beyond real-time

Utility:
• Prioritize classrooms and schools 

needing more ventilation
• Optimize building maintenance 

resources
• Create baseline metrics to evaluate 

interventions
• Identify seasonal or recurring patterns

The value of installing IAQ sensors in every 
classroom - CO2

Ge et al (2025) Lancet Regional Health: Americas 
https://doi.org/10.1016/j.lana.2025.101148



Key data takeaways:
▪High CO2 variability at a classroom level 
within schools, across schools and over teh
school year (>1X)
•Captured 98% of days per sensor over a 
school year (5%-100%)
•Processing of CO2 data enhances its value 
for decisions beyond real-time

Utility:
▪ Prioritize classrooms and schools 

needing more ventilation
• Optimize building maintenance 

resources
• Create baseline metrics to evaluate 

interventions
• Identify seasonal or recurring patterns

The value of installing IAQ sensors in every 
classroom - CO2

Ge et al (2025) Lancet Regional Health: Americas 
https://doi.org/10.1016/j.lana.2025.101148

Blue – low CO2
Yellow – high CO2
Gray - missing
White - holiday



Key data takeaways:
• Lower CO2 in schools with mechanical vs 

natural ventilation (930 ppm vs 698 ppm on 
average)

• CO2 elevated at times in all schools
• Demand-control ventilation (DCV) most 

effective system (99% of CO2 measurements 
<1000 ppm)

Utility:
• Advocate for system upgrades
• Optimize HVAC system maintenance
• Identify schools to connect to building 

management systems (BMS)
• Improve vendor accountability

Does ventilation reduce CO2 in classrooms?

Ge et al (2025) Lancet Regional Health: Americas 
https://doi.org/10.1016/j.lana.2025.101148



Key takeaway:
The larger the school the more sensors are 
needed

•>5 for schools with ≤15 classrooms
•15 for schools with 16–30 classrooms
•20 for schools with 31–45 classrooms
•25 for schools with 46–75 classrooms
•>25 for schools with 76-150 classrooms

Utility:
•Capture the IAQ landscape of a school 
with limited budget

How many IAQ sensors does a school need? 

Figure S4. Box plots showing the absolute percent difference between the classroom sensor sample 
mean and the school building mean for different sizes of sensor samples, stratified by building size.

Ge et al (2025) Lancet Regional Health: Americas 
https://doi.org/10.1016/j.lana.2025.101148



Key takeaways:

• Temperature variability between classrooms in the same building:

– 2.3°C (3.6F) on average

– 14.4°C (>20F) max difference in buildings without mechanical 
cooling

– 6°C cooler at ground level compared to upper level in 
buildings without mechanical cooling

• Central and window AC maintained comfortable temperatures 
compared to buildings without mechanical cooling.

• Novel temperature metrics captured heat frequency, intensity 
and length - different from maximum  temperature

Utility:

• Identify cooling needs and prioritize investments

• Inform heat action plans

• Evaluate interventions

• Identify seasonal or recurring patterns

• Justify mechanical cooling investments in Northeast US

The value of installing IAQ sensors in every 
classroom - heat

Botana et al (2025) Indoor Environments 
https://doi.org/10.1016/j.indenv.2025.100105

School A

All classrooms



Rethinking Heat Exposure In Classrooms Through 
Continuous Monitoring: Novel Metrics For Schools 

Pilar Botana 
Martinez

Doctoral student

Botana Martinez et al (2025), 
Indoor Environments, in 
press

Some findings: 
• Access to mechanical cooling critical in 

Northeast
• Central AC most effective but window AC also 

works (most of the time)
• On a hot day, classrooms on the ground floor 

were ~6°C cooler in schools without AC



Utility:
▪Monitor classrooms during 
periods of school shut down 
(i.e., summer) 
▪Direct resources to prevent 
larger problems

Predicting mold growth with temperature and relative 
humidity



New methods to measure ventilation using CO2 

https://www.bu.edu/sph/news/articles/2025/fresher-air-smarter-schools-sph-researchers-share-novel-method-for-monitoring-indoor-air-quality/

Yuan et al (2025), Indoor Environments 
10.1016/j.indenv.2025.100083

Old method - spot check 
with balometer 

New method - daily AER estimate with
IAQ sensors + machine learning



Methods
• Data: 1-minute CO2 recordings over one school year

• Step 1: Smoothing the CO2 curve (i.e. denoising) to 

better track changes

• Step 2: Identify a peak and valley between 1 and 6 pm

• Step 3: Calculate air exchange rate every day over a 

school year

• Step 4: evaluate and validate



 ~163 CO2 preliminary decay curves 
identified per classroom over 181 school 
days.

 ~84 final curves included after applying 
review criteria (15-minute and 200 ppm 
CO2 concentration drop criteria)

 Average school district AER was 3.0 h⁻¹ 
(SD = 2.9), ranging from <0.1 to 64 h⁻¹.

Results: Example of calculated AER over a school year for a random 
classroom (n= 72 curves). 



Results: Calculated air exchange rate (AER) distribution by mechanical ventilation types for 60 
random schools throughout the school year. y-axis maximum limited to 10 1/h. 



▪Pinpoint specific times, days and locations where there are problems
▪Prioritize and optimize resources to improve IAQ 
▪Inform Action Plans (e.g., heat, mold, wildfire smoke, air pollution, IAQ 
management)
▪Generate local data, sometimes necessary to drive action and investment
▪Limitation - needs technical resources to maximize utility                                        
(e.g., data science, environmental health, computing, statistics)

▪ One solution: school-researcher partnerships 

Key takeaways about comprehensive 
IAQ monitoring in schools
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