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This presentation is intended for use by the Smart Buildings Center, the Northwest Energy Efficiency Council and 
its programs. No copy or use of this presentation should occur without the permission of SBC/NEEC and its 
speakers.
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Learning Objectives
After today’s webinar, you will be able to:

9 Discuss the relationship and complexities between human health and 
indoor environments

9 Describe ways to evaluate indoor spaces through the lens of health
9 Evaluate your return-on-investment for healthy occupants



Introducing our Speaker
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Dr. Stephanie Taylor
Building4Health, Inc (B4H)
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Old Habits Die Hard: 
Reinventing Your IEQ Strategy

Managing the Indoor 
Environment for Human 

Health

Building4Health

Stephanie Taylor, M.D., M Arch.
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Hello!

Stephanie Taylor, M.D., M Arch.Research
• Massachusetts General Hospital Infection Control
• Harvard Medical InCite Health Fellow

ASHRAE 
• Distinguished Lecturer 
• Epidemic Task Force 
• Environmental Health Committee
• Presidential Award Winner
• 20 Women to Watch in HVAC

Building4Health
• CEO and Founder



1.  The relationship between human health and indoor 
environments is perplexing

2.  A paradigm shift: evaluating indoor spaces through the 
lens of health

Presentation Summary

3.  Your Return–On-Investment for healthy occupants
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My journey to you starting in Papua New Guinea, 1983
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Wewack General Hospital, Papua 
New Guinea 1983

Non-hygienic appearing conditions, yet few infections
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Harvard Medical School Chief-of-Surgery, M. Judah 
Folkman, M.D. working with medical student S. Taylor

Yet, in USA 1,700,000 patients/year get a Healthcare-Associated Infection“Never under-estimate the role of the environment!”



The relationship between buildings and human health is confusing

Housing:

800 BC - 500 AC
simple sanitation,

in rural villages

1900 AC
central sewage & water systems,

heating, electricity,
antibiotics & vaccines

2022
post-industrial

cities, tighter buildings, dryer and 
warmer indoor air 

Infectious
diseases:

Parasites,
zoonotic infections

Small pox, measles,
1st pandemic
“Spanish flu”

Increasing infections,
anti-resistant bacteria, 

COVID-19

Infectious & allergic diseases



“Gene-o-scope” 2018

Airborne viruses that can survive in hostile conditions cause pandemics 

Spanish Influenza 1918 COVID-19

We must manage our buildings to both 
decrease pathogen infectivity and support human immunity.
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Indoor environments impact occupant health and disease rates

People spend 90% of their time indoors*… 
indoor air significantly impacts individual health

What You See

fatigue 

viral transmission

respiratory disease

allergies & dermatitis

autoimmune disorders
decreased physical & cognitive 

functioning
increased stress

…Can Help or Harm 
You

*Environmental Protection Agency

What You
Can’t See



A closer look at our indoor environment



A person sheds approximately 37 
million microbes per hour into the 
surrounding air and onto surfaces

The indoor environment shapes building microbial communities 
(microbiomes)

The indoor environment determines which 
microbes will survive



We have wrongly given (most) microbes a bad reputation

Historical (and Incorrect)
Approach to Hygiene

“All microbes are bad germs that require total 
eradication."

In fact, only a small percentage of microbes are
disease causing pathogens.

“Good microbes are essential to our health.”

Overzealous disinfection can result 
in takeover by pathogens.

Modern (and Correct)
Approach to Hygiene

Good microbes actually 
help prevent disease! 



And yet – IAQ metrics do not reflect our physiological functioning 

HEALTH IMPACT MEASUREMENTS

Infection Number of infected 
people

Penetration into body Infection, 
inflammation 

Organ damage Blood levels, tissue 
analysis

Skin, membrane and 
tissue dehydration

Respiratory mucus 
viscosity, eye irritation

Brain impairment Fatigue, confusion

Inflammation Pain, cough, etc.

Building metrics Medicinal metrics
IAQ MEASUREMENTS

Viral counts Air sampling, 
Wells Riley eq. 

Particle levels Particle counts

VOCs Diffusion monitors

Low Humidity Wet bulb/dry bulb

CO2 Air monitoring

Ozone Air monitoring
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Building Management

•Reduce energy use
•Avoid disasters
•Follow building codes

Medical Care

•Heal patients
•Follow clinical protocols
•Avoid lawsuits

How to unite these silos,
putting Occupant Health in the 

center of building management?

We need to unite silos to bring health visibility to occupied buildings



1.  The relationship between human health and indoor 
environments is perplexing

2.  A paradigm shift: evaluating indoor spaces through the 
lens of health

Presentation Summary

3.  Your Return–On-Investment for healthy occupants



Coal miners released a 
canary to assess air quality 
in the tunnels. 

Flying canaries are one way to assess the ability of air to support life

If the canary stayed alive, the air in 
the mine was considered safe for 
humans.



Monitor 10 rooms over 13 months = 8M datapoints

Staff & visitor hand cleaning

Room traffic

Outdoor air fractions

Temperature

CO2 level

Room air changes

Lux
Room pressurization

Absolute humidity

Study design
Compare patient room data to healthcare 

associated infections to determine key drivers

Relative humidity

400 patients

Patient outcomes provide a new metric for hospital building performance



Avg # of 
infections

Respiratory 
(bacterial & viral)

Gastrointestinal  
(Noro-virus, C diff) 

Urinary tract 

Skin 

Eye 

40 % 60 %

Indoor Relative Humidity

The findings were astonishing!  Low indoor relative humidity was 
associated with MORE infections!

Site of infection



Setting a Human Health Standard for Buildings

Occupant health impact should be 
the epicenter of all building 

decisions.



BB

Follow the Data… ContinuouslyMonitor and Measure

Sensors continuously monitor ten medically-verified 
variables:

• Indoor thermal metrics (e.g. temperature, 
relative humidity)

• Particle counts and densities
• Volatile organic compounds (e.g. benzene, 

formaldehyde)
• Relevant gases (e.g. CO, CO2, NO2, SO2)

These constituents and their interactions have a 
quantifiable physiological impact on building 
occupants.

B



There are 11 key IAQ metrics for occupant 
health, encompassing temperature and 
humidity, polar and non-polar gases and 
particles. 

ESSENTIAL MEASUREMENTS FOR HEALTH

Why It Matters

§ Brain function and productivity
§ Short and long-term respiratory health
§ Heart function
§ Strokes, diabetes, and more

All of these both individually and in 
combination, are essential in quantifying 
the impact of the indoor environment on 
occupant health.



During respiratory viral outbreaks, RH less than 40% 
creates a more hazardous indoor breathing zone.

In addition, recent research shows that antibiotic resistant 
genes are carried on particles in dry air, resulting in the 
spread of treatment resistant pathogens, independent of 
antibiotic prescribing habits.

RELATIVE HUMIDITY (RH) INDOORS

80% of influenza viruses become inactive within 15 
minutes when relative humidity is between 40-60%.

Conversely, RH within the healthy range of 40%–60%, 
reduces the number and infectivity of pathogenic (disease 
causing) microbes in the occupant breathing zone. 

Why It Matters
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"Antibiotic Resistance Can Spread Through The Air, Scientists Warn, And 
Yes - You Should Be Terrified"

July 26, 2018

Poor air quality increases the airborne transfer of antibiotic resistance genes

For example, this was a startling finding



Well hydrated mucosal membranes in eyes, nose, 
mouth, sinuses and bronchial tubes are the first 
defense against infectious bacteria and viruses, 
and reduce inflammation from particles, organic 
and inorganic compounds.

Optimizing the function of these membranes is 
essential for human health. 

Why It Matters

RELATIVE HUMIDITY & IMMUNITY

In periods of low RH (<40%), the body’s mucosal 
membranes dry out, causing impaired protection 
from environmental challenges.  



Recent research has shown that skin, our largest 
organ, produces a significant amount of cortisol
when challenged by dry air or harmful radiation. 

Cortisol – an immunosuppressive hormone –
blunts the overall immune response, which over 
time increases the risk of inflammatory skin 
disorders and malignancies.

0 – 30%

RELATIVE HUMIDITY & SKIN HEALTH

Why It Matters



Gases can come from a number of indoor and 
outdoor sources including electronics, off-
gassing from new furniture and carpets, 
occupant exhaling, outdoor combustion and the 
atmosphere.

Optimizing building air can decrease indoor 
concentrations by:

§ Reducing VOC off-gassing from materials
§ Diluting noxious levels with fresh air
§ Identifying and interrupting VOC production 

occurring via indoor chemical reactions

Why It Matters

GASES AND THE INDOOR ENVIRONMENT



GASES AND HEALTH

Gases such as NO2 , SO2, CO, CO2, O3 and Volatile 
Organic Compounds (VOCs) diffuse through 
membranes in the lungs and brain. 

Exposure to these gases can have both short-term 
and long-term health consequences. 

Why It Matters



When inhaled, gases that are water soluble 
dissolve in respiratory mucus, influencing the 
vulnerability of the respiratory system, 
aggravating existing conditions and causing 
nose, throat and bronchial irritation.

Ozone can enflame and damage airways, and 
worsen existing diseases like asthma, bronchitis, 
and emphysema. 

Elevated concentrations of dioxide gases such as 
NO2 and SO2 can result in deeper penetration of 
viruses and bacteria into the lungs and increase 
the risk of blood infections (sepsis).

GASES & RESPIRATORY HEALTH

Why It Matters



Gases also permeate into the brain to impact the neurological 
system and beyond, even when exposure time is short. 

CO and CO2 can cause:
§ Headaches
§ Sleepiness
§ Fatigue
§ Difficulty concentrating
§ Cardiovascular harm
§ At higher concentrations, they can cause death.

VOCs can cause:
§ Headaches
§ Loss of coordination
§ Nausea
§ Damage to liver, kidney, central nervous system
§ In some cases, cancer

GASES & THE BRAIN

Why It Matters



PARTICLES & INDOOR AIR

“Particles” are a mixture of solid or liquid particles in 
the air that can be viruses, bacteria, or other harmful 
substances.

The viral or bacterial “dose” is the concentration of 
infectious pathogens within the air –an important 
factor in whether infection occurs. New tools have 
identified the relationship between indoor air metrics 
and the virility of airborne bacteria and viruses.

Why It Matters



Different sizes of particles can penetrate varying 
depths in the lungs.

Smaller particles can reach deeper into the 
respiratory system where vulnerable lung and 
circulatory barriers are easily more breached, 
potentially causing severe pneumonia and 
sepsis.

PARTICLES & RESPIRATORY HEALTH

Why It Matters



Both short and long-term exposure to particles 
have been linked to inflammatory disorders,   
pre-disposing to: 

§ cardiovascular disease and heart attacks
§ systemic inflammation 
§ clotting disorders and strokes

Research has found particles such as 
black carbon in the placentas of 
pregnant women.

PARTICLES & CARDIOVASCULAR DISEASE

Why It Matters



ANALYSIS AND 
REMEDIATION

Understanding the relationship between these 11 
metrics and how they interact with and influence 
each other is guided by:
§ Indoor air data
§ Facilities research data
§ Medical research data

This knowledge is distilled into a proprietary 
algorithm that evaluates the indoor air’s impact on 
occupant health in real-time.

The resulting health score is a single number that 
indicates the degree to which a space supports 
occupant health. This score is used to suggest 
remediation actions.



Protect the occupantsProtect the fuel bill 

0 10 20 30 40 50 60 70 80 10090

Keep energy consumption low

• Energy is expensive
• Outdoor air pollution is already bad
• We are LEED certified

Manage indoor air for occupant 
health

• Decrease infections
• Reduce allergies
• Improve wound healing
• Increase work performance

Health Impact 
Rating:

Is this a necessary debate?



Health
Score

Immune 
System 
Activity

Exposure to
Particles

and Gases

Human
Physiology

Microbiome
Composition

INPUTS

CONSEQUENCES

OUTPUT

RH

TEMP PM 1.0

PM 10 TVOCs

COCO2

NO2
SO2

O3
PM 2.5

RH

TEMP

PM 1.0

PM 2.5

PM 10

TVOCs

O3

CO

CO2

NO2
SO2

HIDDEN LAYERS & INTERRELATIONSHIPS

ANALYSIS



RH

TEMP PM 1.0

PM 10
TVOCs

COCO2

NO2
SO2

O3
PM 2.5

REMEDIATION OPTIONS AND FLEXIBILITY

When one metric – ex. TVOCs -reaches a level that 
negatively impacts human health, the equilibrium of a 
health indoor space is disrupted. Sometimes, the metric 
can’t be solved directly.

Because the metrics are interrelated, you may be able to 
improve your health score by adjusting another input.

Understanding reactive indoor chemistry provides 
flexibility in remediating IAQ with respect for the outdoor 
climate and building solutions available to facilities 
managers.

By adjusting a variable– such as Relative Humidity – that 
impacts the release of VOCs, you may be able to 
remediate the issue indirectly.

RH

TEMP PM 1.0

PM 10
TVOCs

COCO2

NO2
SO2

O3
PM 2.5

RH

TEMP PM 1.0

PM 10
TVOCs

COCO2

NO2
SO2

O3
PM 2.5

This interrelation allows for both flexibility and 
precision in where and when remediation is needed. 
This means a clearer idea of what is needed, and 
fewer expensive and high-energy fixes. 

RH

TEMP PM 1.0

PM 10 TVOCs

COCO2

NO2
SO2

O3
PM 2.5

Why It Matters



BB

Report Real-time Conditions, Recommend Actions 
(if needed) and Measure Responses to Remediation Steps

The Dashboard lets you see your Health Score and its 
component parts real-time, in the building overall and its 
individual zones.

In the event of a low score, you receive timely alerts and 
recommendations for remediation.

Facilities managers use the Health Score to measure 
remedial actions in order to see that they achieve their 
intended effect.



IAQ is great when the financial impact is quantifiable

National Institute of 
Health animal facility

NASA spacecraft

Replacement cost of a primate: 
$22,000

Cost to train an astronaut: 
$50 million (in 2006)

Louvre

Mona Lisa value: 
$780 million

Probable 
HIR: 100 100 100



Do humans have a dollar value?



These human corpses are worthy of excellent IAQ

Why did we wait 

, 

“Arrrgghh, Why didn’t 
we manage our air 
sooner?!?”



Communicable respiratory illness 
costs the workforce over $225 
billion per year due to absenteeism 
and decreased worker satisfaction 
and productivity.1

Properly managed indoor air can:
• Increase occupant function & 

productivity

• Attract and retain tenant talent 

• Differentiate buildings in low 
occupancy, competitive markets

Optimized indoor environments improve 
resident outcomes by decreasing acute 
illnesses requiring  transfers to 
hospitals, improving patient memory and 
balance and decreasing mortality rates.3

Properly managed indoor air can:
• Improve resident health and function 

• Build brand equity via health content and 
education

• Differentiate your brand via 
proactive health protocol

Poor indoor air quality reduces 
individual student grades by 3-7% and 
lowers the number of students 
performing in the highest standardized 
test categories in both math and 
reading by 3-4%.2

Properly managed indoor air can:
• Enhance learning via improved cognitive 

functioning e.g. concentration, memory, 
energy level, hand-eye coordination

• Decrease absenteeism
• Improve test scores

Healthy occupants create economic returns in every type of building, growing the bottom line.

Why This Matters: ROI & The Bottom Line

Commercial Businesses Schools Senior Care



HEALTH EQUITY

The consequences of poor air effect different populations 
in different ways and to varying degrees. Optimizing the 
indoor environment to support human health is a 
proactive way to safeguard the health of vulnerable 
populations such as:

§ Children, seniors and the unborn
§ Those with genetic diseases such as Sickle Cell
§ Those with chronic illnesses or disabilities
§ Healthcare workers

Why It Matters



Summary

• By giving visibility to the health impact of the indoor 
environment, we have a scientific basis for managing IAQ to 
support occupant health, productivity and learning.

• By knowing the interactive chemistry, attainable remediation 
can diminish the harm of interacting indoor pollutants

• Healthy people increase the profitability of businesses and the 
success of our species



1.  The relationship between human health and indoor 
environments is perplexing

2.  A paradigm shift: evaluating indoor spaces through the 
lens of health

Review of topics

3.  Your Return–On-Investment for healthy occupants



My landing with a malfunctioning altimeter Flying free with accurate metrics

If you can’t measure it – you can’t manage it



Thank you

Questions?
stephanie@B4Hinc.com

www.B4Hinc.com

Building Clarity | Building Confidence | Building4Health 
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time for …     Q&A
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Washington & Oregon
• Smart Buildings Center – http://www.smartbuildingscenter.org/tool-library/

Idaho
• University of Idaho – Integrated Design Lab – http://idlboise.com/about-erl

California
•Pacific Gas & Electric – www.pge.com/tools

• Sonoma County – http://sonomacounty.ca.gov/General-Services/Energy-and-Sustainability/Tool-Lending-Library/

• Southern California Edison – https://www.sce.com/business/consulting-services/energy-education-centers

• San Diego Gas & Electric – https://www.sdge.com/energy-innovation-center/tool-and-book-lending-library

New York
• CUNY Building Performance Lab – http://www.cunybpl.org

Tool Lending Library Locations
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www.theboc.info
877-850-4793 (toll free)

bocinfo@theboc.info

BOC National Partner Network
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Take the webinar quiz: www.theboc.info/boc2202/

¾ Earn 1.5 points today towards the maintenance of your BOC 
credential *

Maintain Your BOC Credential

* Make sure to keep a record of your webinar attendance and quiz completion for your 
credential maintenance application
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Past Webinars Available in Recorded Webinar Library

¾ February 23rd: Old Habits Die Hard: Reinventing Your IEQ Strategy

¾March 23rd: Benchmarking Tools & Techniques to Meet Energy Performance Standards

¾ April 20th: The Impact of Electrification on Building Operations

¾May 18th: Heat Pumps: Are They the Right Fit for Your Building?

¾ September 21st: What's Next for Building Controls? The Evolution of Wireless Technology

¾October 19th: Occupancy & Ventilation: Finding the Balance Between Safety & Efficiency

2022 Webinar Schedule


