\
ASEQ - EHAQ

Association pour la santé environnementale du Québec
Environmental Health Association of Quebec

ASEQ EHAQ

N

ACCESSIBLE INDOOR AIR IN THE
BUILT ENVIRONMENT

RESEARCH REPORT

A National Mixed-Methods Research Report on Indoor Air
Quality, Fragrance-Free Policies, and Accessibility

Research Designh and Project Lead:
Rohini Peris, President & CEO, ASEQ-EHAQ

Researchers:
Adrianna Trifunovski, BHSc (Hons), MHSc in Public Health;
Nene Diallo BSc, (Hons) in Environmental Science, MSc in Sustainable Development

This project is funded in part by Accessibility Standards Canada/The Government of Canada

Boell ocoscbiyStendads (Canada




Accessible Indoor Air in the Built Environment Research Report

A National Mixed-Methods Research Report on Indoor Air

Quality, Fragrance-Free Policies, and Accessibility

34 1,156

Buildings Tested Air Quality Samples
7 provinces - December 2023-June 2024 VOCs - PM;.5- CO - CO, - Formaldehyde

60 190

Focus Group Participants VOCs in Fragranced Products

10 sessions - National qualitative sample Indoor air concentrations up to 29,000 ng/mL

Association pour la santé environnementale du Québec -

Environmental Health Association of Québec (ASEQ-EHAQ)

With funding support from Accessibility Standards Canada

IAQ Testing: Pinchin Ltd. (AIHA-Accredited Laboratory)
Ethics Approval: Women's College Hospital REB #2023-0030-E
Data Collection: December 2023 —June 2024

This is the first Canadian study to test whether fragrance-free policies are associated with
measurable improvements in indoor air quality in office buildings, while also documenting the
accessibility impacts of inaccessible indoor air through national focus groups with Canadians living

with disabilities

All content was carefully reviewed for accuracy by the team at

the Environmental Health Association of Québec

Accessibility Standards EHA
I*I Canada / ASEQ\?S & Q



.
Accessibility Standards ASEQé & EHAQ

 Bd |

Accessible Indoor Air in the Built Environment Research Report
I ——————————

TABLE OF CONTENTS |

AcCKNOWLEAZEMENTS .cuuiiiiiiieiiiiiiiiiiiiiiiieiieiieirtetertetsetessasessessssessessssessssessessssessasessessssessassnses 1
Definitions and AbBreviations......c.ccvieiiiiiiiiiiiiiiiiiiiiiiiiiiii ettt s e 2
EXECUTIVE SUMMIAIY .cuviiiiniiiiiiiiieiiiiieeieisetiecessatessersscessssessessssessssssssssssessessssessssessessssssssssnses 3
Background and CONTEXE. . .uuiuiiiiieiirieiiiri it ee et et eneee e eeeeneeetnseaensantnssssnsnsensnsesnssasnsens 3

(0] o] [=Te3 1)Y= TP PP PRPRP 3

N 1= o To 1< S PP 4

KEY FINAINGS ..ttt ettt ettt e e e e e e e et e e e ennen 4
Implications for Accessibility Standards and Public Health Policy ........ccccevviiiiiiiiiiiiiiiiieans 5
(0707 o1 [T 1] o] o PP PP PPN 6
Summary of RECOMMIENAATIONS .. cuin et e e et e e e e e e eaeaaans 6

LIPS L3 o X [0 4T o Y 8
1.1 The Significance of INdoOr Air QUALITY ...vuiuii i e e e e e e e e e e e eaenees 8
1.2 Vulnerable Populations and the Dose Paradigm ......c.couiiuiiiiiiiiiii e, 8
1.3 Fragrance-Free Policies as an Accessibility TOOL. ..o it 9
1.4 Legal and Regulatory FrameEWOIK. ... ....iu i iuiiiiiieiiiie it e et ete e e s e eneaeneaensanensansnsans 10
S R (e TT= T (o] T @] o [=Tox 6 1Y/ SN 11
LR 0 Lo YRS =1 a1 f[eF=T o (o] - TSR 12
1.7 REPOIT STIUCTUIE 1ainiitiniiiiiiii et ee et e e ee et et ete e en et enaaeeneaansatnseesnsnssnsnsssnetasnsensnsensnsens 12

c Literature REVIEW .....cueeniiiiiiiiiiiiieiiiiiiiiiciciiiieieieicictctteieteentecacacacasetencesacssacacasansncnsasnes 13
2.1 QUAaNtitative Literature REVIBW ... ettt e e e senenenes 13
2.7 MEENOAOLOBY ..eniniininiiiiiieii ettt ettt ettt eaeteaataensanensansnsansnsassnsessnsnssnsnsnnses 13
2.1.2 Quantitative Literature Review: FINAINGS ....cuviniiiiiiiir e 14

2.2 Qualitative Literature Review: Barriers, Impacts, and Solutions .........cccoceevviiiiiiininiiinennne. 23
2.2.1 MEENOAOLOBY ..euiniininiiiiiiei ettt ettt et ettt eastataaaeensaesnenesnsessnsastnsensnsnssnsnsnnees 23
2.2.2 Qualitative Literature Review: FINAINGS....c..cviiiiiiiiiiiiir e 25

B 1 =3 4 o Lo e Lo o Y - |V N 29
3.1 QUANTITATIVE METNOAS .o ettt ettt et aeaen e easesenenensesenenenes 30
BT T STUAY DESIGN ottt et sttt e e e e e e e enae 30
3.1.2 Ethical ConSIderationS .. ... cuuiieiiiii ittt et e e e e eaes 30

BT B S UAY SUINV Y Sttt ettt et ettt ettt eastetaeaesnsaensasneesnsessnsensnssssnsnsnnnes 30
3.1.4 Building Recruitment and Site SeleCtion .....c..cviniiiiii e 33
3.1.5 Air Quality SAmMPUNG ProtOCOL.....uuiuiiiiiiiiiieii et e e e e e e e ae e e e e ees 35

Canada



Accessible Indoor Air in the Built Environment Research Report
I ——————————

T Il DT &= 1Y o P= 12 £ 37
3.1.7 Product EMISSION TESTING ..cuniniiiee e e e 40
3.1.8 Policy Implementation, IAQ Management, and Occupant Comfort Analysis.................. 41
3.2 QUALITAtIVE MEBENOUS . eueiiiiiiiiii et ettt ettt ea e eesesenenesesenenssesenensnsesenenenes 41
3.2.1 Study Design and Theoretical Framework .........cceveeiiiiiiniiiiiiiiiee e, 41
3.2.2 Participant Recruitment and ELgibility .....cccuveiiiiiiiiiii e 42
3.2.3 Data Collection: FOCUS Group ProCEAUIES ....vuininieiiiieieieieeeeeeeeiei e eeeeeereee e eeeeeneneanes 42
3.2.4 Data Analysis: Thematic Analysis, Descriptives and Heatmaps......cccceevveiiiiiiniienennen.n. 43
3.3 Data Triangulation METNOA......cuiiiiii et et e e ae e e e e e saenaaanaanan 43
4. Quantitative Results: What the Air Quality Tests Found .......cccciiiiiiiiiiiniiiiiieciiienciecencennens 44
4.1 Chemicals Found in Canadian Office Buildings Samples ......ccccoveiiiiiiiiiiiiiiiiiiiiieeeeen, 45
4.1.1 How We Decided What Was "Commonly Found" ..o eeans 45
4.1.2 ReSUltS iIN MEETING ROOMS . euiuiiiiiiiiiiei ettt et et e e e e s e enseeansanansanansnns 45
4. 1.3 ReSULLS iN OffiCE FOOMIS ceuiiiiiiiiii ettt et et e et e e ea e eaeenaes 51
AT AWASNIOOMS Leiiiiiiiiiiiii ittt ettt ettt et et st et s et s eaestasanennssaesnnnes 57
4.1.5 Chemicals Found Across AlLThree SPace TYPES ..vuviiiiiiiie ettt e aeanens 64
4.1.6 Chemicals Found Outdoors at Building Air Intakes ........ccooviiiiiiiiiiiiiiiiieeeeen 72
4.2 Do Fragrance-Free Policies Reduce Harmful Chemicals? ......ccccevviviiiiiiiiiiiiiiiiiine e, 76
4.2.1 Total Chemical Levels and the WELL Building Standard .........ccccveeiviiiiiiniiiininiinenienenenns 76
4.2.2 Comparison to Health Canada and International Guidelings .........cceeviiiiiiiiiiiiiiiininnnns 77
4.2.3 Statistical Comparisons Between Policy and Non-Policy Buildings........cccoveviviiiinianinnns 81
4.2.4 Statistical Modelling: The Policy Effect After Accounting for Other Factors.................... 89
4.3 Which Building Features Are Linked to Better Air QUality? ......ccooiuiiiiiiiiiiiiiiirieeeeeennee, 91
4.3.T MEETING ROOMIS ittt ittt e et e e ea e e e et et e s ae s esatneseasnsasnarnsnsensnsnennsens 91
4.3.2 OffICE ROOMS 1ouiiiiiiiiiiiiiiii et a e a e ea e aaaes 92
4.3.3WASIHIOOIMS ..eiiiiiiiiii ittt ettt ettt et et st e e st e e e e s eaees 92
4.3.4 What These Building Findings Mean for ACCesSibility ...c.vuviiuiiniiiiiiiiiieiie e eeans 93
4.4 What Cleaning Products Release INtO the Ail.......cu et e e e eaens 94
4.4.1 Scented (Conventional) Cleaning Products: 190 Chemicals Found .........cccccovvviiiinennn. 94
4.4.2 What Scented Products Disclosed on Labels........cccooviiiiiiiiiiiiiiiiiiiiiiiiiinneenes 94
4.4.3 Fragrance-Free and "Green" Cleaning Products: 90 VOCs Found, 0% Disclosed ........... 95
4.4.4\What Fragrance-Free Products DiSClOSEd ......cuiviiiiiiiiiiiiiiiiiii e e ees 95
4.4.5 Scented vs. Fragrance-Free Products: How They Compare .....c.cceeeeviviiiniiiineniineninnenenns 96
4.5 How Fragrance-Free Policies Are Being Put Into PractiCe......cccveiieiiiiiiniiiiiiiiiinieeeeenenes 97
4.5.1 Policy Implementation Survey (N =11 buildings) ...ccuveeiiiiiiiiiieice e eeaes 97
T,
I*I égﬁggsébility Standards ASEQ é & EHAQ



Accessible Indoor Air in the Built Environment Research Report
I ——————————

4.5.2 What Building OCcupants SAid ......cc.iuiiiiiiiiiiiiiriiiirieiieiee e ereeeeaeenraeeeaeeeensensnseasnns 100
4.5.3 Building-Level Patterns: Policy, Chemicals, and Health Events ...........c.ccoiiiiiinini. 104

5. Qualitative Results: The Lived Experience of Inaccessible INdOOr Air .....cccccevieieieiieccnnnnens 106
5.1 Participant Profile: Who TOOK Part ......c.eeiiiiiiiieiiee ettt e e e e e e e e 106
5.2 FOCUS Group FINAINGS .. cuuiiiiiiiiiiiieiii ettt ettt et et et et et e e e e e e e eeneeanees 111
5.2.1 Barriers to Accessible Indoor Air: What Getsinthe Way......c.coovivviiiiiiiiiiiiiniieeeene, 111
5.2.2 How Inaccessible Air Affects PeopPle'S LIVES .cuenininieiiiiiieeee e 134
5.2.3 What Would Help: Solutions From PartiCipants .........cceevviiiiiiiiiiiiiiiiiiiie e eeeenees 143

LT 0 T =T o U =T o T o T 155

6.1 The Product-to-Air-to-Occupant Exposure Pathway: Confirmed Across Three Evidence

RS R L= 0 13PN 155
6.2 Policies Work — When Implemented: The Critical Implementation Gap .........cccvevevvinennnnen. 156
6.3 Fragrance-Free Does Not Mean Emission-Free: The Product Transparency Crisis .............. 158
6.4 Indoor Air as Structural Exclusion: The Social Science of Chemical Barriers ...................... 159
6.5 Ventilation and Building Design Can Help — But They Cannot Replace Source Control ...... 160
6.6 REBULATOINY GaPS tvuiniininiiiiiiiiieie ittt ettt et eueteastaeneaesneansnsastnsessnsnsrnsnsnesnssasnsenens 161
6.6.1 Absence of Enforceable TVOC Standards for Non-Residential Buildings ..................... 161
6.6.2 Product Ingredient DiSCLOSUIE GaAp ...ccuiiniuiiiiiiiiiiiieii et ee e e et e e e e e e e eeanens 162
6.6.3 Absence of Enforceable Fragrance-Free Policy Requirements .......ccoeevviviiiniiinennnen. 162
6.6.4 Medical Non-Recognition of MCS in Some Jurisdictions .......c.ccceevviiiiiiiiiiiiiiiiniinennennee. 163
6.7 Strengths and Limitations ..o iuiie i e et e et e et e e e et eaa e e eanans 163
ST B 4 €= 0 T4 1 T PP PP PP OR PP PRPPP 163
B.7.2 LIMitAtiONS . ettt ettt et e e e e e e 164
6.8 Implications for Research, Policy, and PraCtiCe ......cccoiuiiiiiiiiiiiiiiiiiiccccre e 164
6.8.1 ResearCh IMpPliCAtioNS c.u.iuiiiiiiiii it e et et eae e en s e eneaensanansanens 164
6.8.2 POLICY IMPLICAtIONS .eeniiiiiiiiie ettt e e e et e et e s e e ee e sananeanens 165
6.8.3 PractiCe IMPliCAtiONS . uuiuiiiii it e e et e e e et eae s ensanensaenaanensanens 165
7. Conclusions and RecommendationsS.....c.cccceueuieieieieieniniuieieieieieieiccececererenencececececeseences 166
7.1 Summary of PrinCipal FINAINGS ...cueniniiei ettt et e e e e e e eens 166
7.2 Implications for Source Controlvs. Ventilation ........coviiiiiiiiiiiiiiiece e 167
7.3 Implications for Policy DeVEelOPMENT ....c.iuiiiiiiiiiieii et ee e e s e e sa e eanans 168
7.4 Recommendations for Next-Generation Model Accessibility Standards .........c..ccccceveeenneen. 169
Recommendation 1: Embed Enforceable Fragrance-Free Requirements in the Accessible
CANAAA ACT ..eeiiiie ettt e st st et e e s e st eanes 170
Recommendation 2: Prioritize Source Control as A Primary IAQ Strategy ......ccoeevvevenvenennnne. 171

Accessibility Standards 3 EHA
I*I Canada / ASEQ\‘ & Q



 Bd |

Accessible Indoor Air in the Built Environment Research Report
I ——————————

Recommendation 3: Modernize Canadian Indoor Air Quality Guidelines .......cccccvvvevenenenennn.. 172

Recommendation 4: Require Full Product Ingredient Transparency and Emission Disclosure173

Recommendation 5: Strengthen Education, Training, and Capacity-Building....................... 174
Recommendation 6: Improve Healthcare AccessSibility.....coovuveieiiiiiiiiiiiiiiic e, 175
Recommendation 7: Address Housing, Legal, Accessibility, and Research Gaps................. 176
ProjJecCt OULPULS .ouiiiiiieiiiiiieiiieiieteteetersetessessacessessssessssessessssessssssssssasessessssessssessessssnssnses 178
KNowledge MODIlIZAtion ...ttt et et e e e e s e e eaeeneasansanensansnsnssnsnsensnns 178
TAQ WEDINAIS (4) 1enttniiniiiiiieite ittt ettt et et et et tatt et tentanrentenrenrenrenrerearensenrenrensensens 178
FiNAl CONFEIENCE ..cvutiiiiii ittt et e e et e e eaa s e e enes 179
Other PresentationNS . ...c..viiiieiiiiiiiiiii et e aa e 179
Future Knowledge Mobilization and WOrkShOPS ....c.oeuiiiiiiiiiiiiiiiiiie e 180
Public Access, Knowledge Mobilization, and Future Implementation..........ccccvviviiininnannnn. 181
Steering Committee Presentations .....c.ieiiiiiiiiiiiee et e e e e e e anens 181
ManNUSCHIPTS IN PreParatioN. ... et eee e e et e e e et saeaasesaaasasnsnensn 182
14 a1 6] o] o - P PP PP TPt 184
Appendix A: Technician Decontamination Checklist for IAQ Testing.....cccccveeieiriniirrerincecnnees 185
Personal Preparation — Begin 2 Weeks Before TeSting .....ccvvviiiiiiiiiiiiiiiiic e 185
Clothing and Laundering — Begin 14 Days Before TeStiNg ...ccvvviuiieiiiiiiiiiiiieieiieeceie e, 185
Fragrance Elimination at Home and Vehicle — Begin 2 Weeks Before Testing ......cccccevvevennennns 185
Product Awareness and SELECTION ......cuuiiiniiiiiiiii ettt eeas 186
Pre-Sampling Confirmation — Day Of TESHING....cuiuiiiiiiiiiiiiiie e ee e e e eaas 186
Sampling Confirmation — At TIMe Of TESTING c.vuiniiiiiiiiiei s e e e aaens 186

Appendix B: Intercoder Reliability — Comparison of Identified Themes Between Two Coders 187

Appendix C: General Linear Models Relating to Associations Between Hazardous Indoor Air

Pollutants and Scent-free policies Using Log link and Gamma Distribution.........ccccccevveeeenee. 189
Appendix D: Spearman correlations (p) between occupant IAQ perceptions, building

characteristics and operations, and IAQ Pollutants ......cccceieiieiiiieiieiiiieiieiriecerceteecessacescasens 191
R EIENCES. . uiiiiniiiiiiiiieiiiinienieiietentetsatersetessessasessstsssessssesssssssessssssssssssesssssssesssssssesssssssnses 193

Accessibility Standards N EHA
Canada ASEQ \‘ & Q



Accessible Indoor Air in the Built Environment Research Report
I ——————————

ACKNOWLEDGEMENTS |

The Board of ASEQ-EHAQ would like to express its sincere gratitude to Accessibility Standards
Canada for funding and supporting this research. Their commitment to advancing accessibility has
made it possible to explore the important relationship between indoor air quality, accessibility,
health, and participation in the built environment.

We are deeply grateful to the members of the Steering Committee for their guidance, expertise, and
commitment throughout the project. Their contributions helped shape the direction of the research
and ensured that the findings remained relevant to accessibility, policy, practice, and standards
development.

We extend our heartfelt thanks to all survey respondents, focus group participants, and community
members who generously shared their experiences, perspectives, and expertise. In particular, we
acknowledge individuals living with multiple chemical sensitivity (MCS), asthma, autism, chronic
obstructive pulmonary disease (COPD), migraine disorders, and other health conditions affected by
indoor environmental exposures. Their contributions provided invaluable insights into the
accessibility barriers created by poor indoor air quality and helped ensure that this research
remained grounded in lived experience.

We also thank the participating workplaces, building managers, and organizations that supported
data collection, facilitated access to study sites, and contributed to advancing understanding of
accessible indoor air through their participation in this research.

Special thanks are extended to Pinchin Ltd. for conducting the indoor air quality testing and for their
willingness to adapt procedures and work collaboratively to meet the unique accessibility and
research requirements of this project.

The Board would also like to recognize the dedication and expertise of the project researchers,
research collaborators, advisors, students, accessibility providers, translators, interpreters, and all
staff and volunteers of ASEQ-EHAQ and EHAC-ASEC whose hard work, professionalism, and
commitment made this project possible.

We further recognize the many individuals, families, caregivers, advocates, and community
organizations who have worked tirelessly to advance awareness of indoor air quality, accessibility,
and environmental health. Their advocacy continues to drive progress toward healthier, more
inclusive, and more accessible indoor environments. Finally, we acknowledge the broader disability
community, whose ongoing leadership, advocacy, lived experience, and perseverance have helped
advance understanding of accessible indoor environments and the importance of clean air as a
fundamental component of accessibility, inclusion, dignity, and full participation in society.

We hope that the findings from this project will contribute to a future in which accessible indoor air
is recognized as an essential element of inclusive and barrier-free environments for all Canadians.

On behalf of the Board of Directors, ASEQ-EHAQ
Rohini Peris, President & CEO

Accessibility Standards ASEQ ¥ EHA Page 1 of 203
Canada Q \‘ Y’ Q




Accessible Indoor Air in the Built Environment Research Report
I ——————————

DEFINITIONS AND ABBREVIATIONS |

Buildings: Indoor air quality testing was conducted in office spaces located within larger buildings;
however, testing did not assess entire buildings. To capture the areas frequently used by occupants,
air quality measurements were collected in meeting rooms, individual offices, and washrooms
within each participating office space.

Indoor air quality (IAQ): Describes the physical, chemical, and biological characteristics of indoor
air that influence occupant health, comfort, and overall well-being.

Scent/fragrance-free policies: “Scent” and “fragrance”-free may be used interchangeably
throughout this report, due to being undefined in previous literature.

For the purposes of this report, the term ‘“fragrance-free policy’ refers to policies that prohibit the use
of fragranced products and require the use of lowest-VOC, least-toxic alternatives. In this context,
the terms ‘scent’ and ‘fragrance’ refer to perfumes, colognes, fragranced personal care products,
essential oil and incense, including the scenting or masking agents they contain. Fragrance-free
policies extend to personal, cleaning, maintenance, and other products containing added fragrance
chemicals, including those labeled with the terms "fragrance", "perfume" or "parfum". Importantly,
such policies also recognize that some products marketed as “fragrance-free” or “scent-free” may
still contain masking agents or other VOCs that emit into the indoor air despite having little or no
detectable odour. As a result, product selection should be based on emission characteristics rather
than labelling alone. These policies are intended to reduce avoidable chemical emissions and

enhance indoor air accessibility for individuals adversely affected by chemical exposures.

Multiple chemical sensitivity (MCS): MCS develops in response to repeated small-level chemical
exposures or a major exposure in a subset of people, who then experience symptoms that can range
from mild to debilitating when exposed to chemicals (adopted from Bray et., 2024).

TRP Receptors: A family of polymodal ion channels that function as cellular sensors, capable of
detecting a wide range of physical and chemical stimuli. These receptors respond to factors such as
temperature changes, mechanical or osmotic stress, chemicalirritants, and inflammatory signals.
Two important subtypes, TRPV1 and TRPA1, are widely expressed in the nervous system and play
key roles in chemical perception. They act as sensory transducers that convert environmental and
chemical stimuli into neural signals and are involved in physiological and pathophysiological
processes such as cough reflexes, pain perception, and inflammatory responses. Sustained
receptor sensitization can result in amplified physiological responses to subsequent exposures and
may contribute to the development or worsening of MCS (adopted from Molot et al., 2023)

Lowest-emission products: In this paper, the term lowest-emission products is used intentionally.
Products marketed as “fragrance-free” or “scent-free” may still contain masking agents or other
volatile chemicals that emit into indoor air despite having little or no detectable odour (CCOHS;
Steinemann, 2015; Steinemann, 2016). Emission levels, rather than perceived scent, therefore,
provide a more reliable basis for reducing indoor chemical exposure.

Accessibility Standards ASEQ ¥ EHA Page 2 of 203
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EXECUTIVE SUMMARY

BACKGROUND AND CONTEXT

Indoor air quality (IAQ) plays an important role in health and accessibility, but it is often overlooked.
People spend about 90% of their time indoors, which means the air inside buildings has a
considerable effect on health. Indoor air pollution is a major source of health risk that can be
reduced or prevented. This pollution includes chemicals called volatile organic compounds
(VOCs), which are released from everyday products, building materials, and common activities
inside buildings. For people with multiple chemical sensitivity (MCS), asthma, migraines, and other
chronic conditions, exposure to these chemicals can make indoor spaces hard or impossible to
use. These exposures can block access to workplaces, healthcare settings, housing, and public
spaces. The Environmental Health Association of Québec (ASEQ-EHAQ) has received many reports
describing how poor IAQ can contribute to job loss, housing instability, social exclusion, and
barriers to healthcare, education, employment, and community participation. Even though IAQ is
increasingly recognized as a public health issue, Canada still has major gaps in laws and
regulations that protect people from indoor air pollution. While scent- and fragrance-free policies
are commonly used to improve accessibility for people living with MCS, no Canadian study before
this one had tested whether these policies actually resulted in IAQ and better accessibility for
people with disabilities.

OBJECTIVES
This study aimed to:

e Find out whether scent-free and fragrance-free policies lower harmful chemicals in real
office buildings.

¢ |dentify building features and environmental factors that affect IAQ, such as ventilation and
room size.

e Explore how IAQ, fragrance-free policy use, and people’s experiences in buildings are
connected.

o Describe the barriers that make indoor air hard to access and explain how these barriers
affect health and inclusion.

e Provide clear evidence to help improve accessibility standards and public health policies in
Canada.

Accessibility Standards ASEQ ¥ EHA Page 3 of 203
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METHODS

A national mixed-methods design was employed, combining environmental measurements and

lived experience data. Data collection included:

IAQ testing: 1,156 samples across 34 buildings in 7 provinces (VOCs, PM,.,, CO, CO,,
formaldehyde)

Product emission testing: 15 commonly used cleaning products (conventional and eco-

friendly)

Policy assessments: Evaluation of scent/fragrance-free policy implementation using

established criteria

Qualitative data: 10 focus groups with 60 participants experiencing MCS or any condition
worsened by poor IAQ (e.g., asthma, autism, dermatitis, etc.)

Analysis methods included:

Descriptive statistics

Mann-Whitney U tests

Generalized linear models

Spearman rank correlation coefficients

Focus-group discussions

This allowed the study to assess relationships between IAQ, building characteristics,
scent/fragrance-free policies, and policy implementation levels.

KEY FINDINGS

1. SCENT/FRAGRANCE-FREE POLICIES AS AN EFFECTIVE SOURCE CONTROL STRATEGY
Scent/fragrance-free policies were linked to reduced pollutant levels. Offices with these policies
had lower levels of harmful chemicals including total VOCs (TVOCs) across all office spaces. After
accounting for other factors that affect air quality, offices without these policies had much higher
pollution levels—between 2.2 and 6.9 times higher—for chemicals such as toluene, acetone, and

xylenes.

2. 1AQ AS A DETERMINANT OF ACCESSIBILITY
Poor indoor air quality (IAQ) was identified as a significant accessibility barrier. More than half of

focus group participants reported that it substantially limited their ability to access important areas

of daily life, including employment, healthcare, education, and other public and social

environments.

I *I Accessibility Standards ASEQ ‘{ y’ EHAQ Page 4 of 203
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3. CONSUMER PRODUCTS AS A PRIMARY EXPOSURE SOURCE

Product emission testing identified 190 VOCs in fragranced products. However, only 5.3% were
disclosed on product labels. Testing also identified a direct overlap between chemicals emitted
from products and indoor air pollutants detected in the tested buildings. On average, each product
emitted 1-8 hazardous chemicals. More importantly, fragrance-free and ECO-labelled products
were also found to emit hazardous chemicals, including benzene and chloroform, none of which
were disclosed on product labels.

4. POLICY IMPLEMENTATION QUALITY AS A DETERMINANT OF OUTCOMES

Having a scent-free or fragrance-free policy on its own was not enough to improve IAQ. Buildings
that implemented these policies more comprehensively — through clear communication,
education and training, monitoring, and enforcement — showed lower levels of indoor air
pollutants. Occupants in these buildings also reported healthier and more acceptable indoor air.
Conversely, buildings with weakly implemented policies showed little measurable improvement,
including some healthcare settings.

5. ROLE OF BUILDING CHARACTERISTICS AND ENVIRONMENTAL CONDITIONS

IAQ was influenced by multiple building characteristics, including ventilation, occupancy, room
size, humidity, temperature, and building age. While ventilation was associated with lower
concentrations of some pollutants, it does not eliminate pollutants at their source and may also
contribute to the movement and redistribution of pollutants throughout buildings, including near
entrances and air intake areas.

IMPLICATIONS FOR ACCESSIBILITY STANDARDS AND PUBLIC
HEALTH POLICY

Findings demonstrate that IAQ must be implemented into accessibility frameworks and standards.
Effective strategies require a multi-component approach, including:

e Source control: prioritizing eco-certified, fragrance-free, lowest-emission and least-toxic
eco products

o Scent/Fragrance-free policies: implemented with strong enforcement and compliance

mechanisms

o Ventilation optimization: combined with strategies to prevent pollutant recirculation

e Producttransparency: mandatory disclosure of chemical ingredients in commercially
available products

e Monitoring and evaluation: routine IAQ assessment and accountability systems

Accessibility Standards ASEQ ¥ EHA Page 5 of 203
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CONCLUSION

This study provides new evidence that fragrance-free policies are associated with measurable

improvements in IAQ. This represents a key mechanism for improving accessibility in the built

environment.

By integrating environmental measurements, policy analysis, and lived experience, the findings
demonstrate that indoor air pollution is not only a public health issue but also a barrier to inclusion

and equity. Indoor air accessibility therefore requires moving beyond voluntary guidelines toward

evidence-based, enforceable policies and source-control standards that recognize IAQ as an

important part of health, inclusion, and human rights.

SUMMARY OF RECOMMENDATIONS

Table ES-1. Summary of study recommendations by priority level and responsible actor.

Recommendation

Priority

Embed enforceable scent/fragrance-free, lowest-emission, Critical Federal

and least-toxic product requirements within accessibility Government
standards developed under the Accessible Canada Act, with

clearimplementation guidance, and accountability

mechanisms

Prioritize source control as the primary IAQ strategy by Critical Building
requiring eco-certified scent/fragrance-free, lowest-emission, Operators /
and least-toxic products through enforceable and operational Government
policies in built environments, including publicly funded

buildings

Establish enforceable Canadian TVOC and VOC thresholds for | High Health Canada
non-residential buildings

For accessibility, require full ingredient disclosure on all High Health Canada
consumer products; eliminate 'fragrance' label exemption / Industry
Fund training for physicians, building managers, and HR High Federal/
professionals on IAQ and IAQ-related chronic conditions (such Provincial

as MCS) Health
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Recommendation Priority Actor

Despite broad protections for disability under Canadian law, High CHRC/
recognition and accommodation of MCS remain inconsistent. Provincial
Formally recognize MCS and other disabilities that are Authorities
dependant on IAQ for accessibility under Canadian Human

Rights Act

Support the development of accessible housing standards that | Critical Health Canada
incorporate IAQ considerations, and include source control / CCOHS

such as fragrance-free, lowest-emission, least-toxic materials,
ventilation design, and exposure prevention measures in
supportive, subsidized, long-term care, and multi-unit
residential housing environments.

This project contributes to the growing body of accessibility research in Canada. Further
information on this and other funded projects is available through Accessibility Standards
Canada’s Centre of Expertise, which serves as a national hub for accessibility standards research
and knowledge sharing.

Accessibility Standards ASE EHA Page 7 of 203
I *I Canada Q é k’ Q


https://accessible.canada.ca/priority-areas-guide-our-work

Accessible Indoor Air in the Built Environment Research Report

1. INTRODUCTION

1.1 THE SIGNIFICANCE OF INDOOR AIR QUALITY

Indoor air quality (IAQ) is key for public health, the environment, and our quality of life. Most people
spend about 90% of their time indoors (Bhoonah et al., 2024). This includes workplaces, schools,
and healthcare facilities. This means the air we breathe indoors is vital for our health and well-

being. Recently, researchers named it one of the top five urgent environmental risks to public
health (Seguel et al., 2016). Indoor air has become a key issue for policymakers, health
professionals, and the scientific community (Kumar et al., 2023; WHO, 2024). Poor IAQ can lead to
discomfort and health problems. These include respiratory issues, eye and skin irritation, and a
worsening of asthma. It can also stress the heart and raise long-term cancer risk (Wolkoff, 2018;
Steinemann, 2018; EPA, 2025).

IAQ regulations must be inclusive and based on evidence. Vulnerable groups, like seniors and
people with disabilities, need extra care (Health Canada, 2023; Robins et al., 2026). Some
voluntary IAQ guidelines are available, but they often lack regulation and monitoring (Health
Canada, 2024). This is concerning because people spend a lot of time in these spaces. Some
groups are especially vulnerable (CCOHS, 2024). Daily exposure to indoor air pollutants can harm
health. These pollutants come from building materials and furniture, as well as from poor
ventilation, cleaning products, and fragrances (EPA, 2025).

Cleaning products and fragranced items cause a lot of indoor air pollution (Steinemann, 2016;
Bhoonah et al., 2024; Salonen et al., 2024). These items often have a mixture of chemicals. They
include volatile organic compounds (VOCs) that can stay in the air long after use (EPA, 2025). The
mixture of these chemicals, especially terpenoids, can react with ozone. Ozone is often found in
office spaces. This reaction creates new pollutants that can be irritating (Wolkoff, 2015). These
pollutants make indoor air chemistry more complex and can harm health (Bhoonah et al., 2024).
Fragranced products can release more than 100 VOCs (Steinemann, 2015), some of which may be
hazardous or toxic, according to regulatory bodies (Steinemann, 2015). Indoor environments have
become more complex due to energy-efficient building designs, increased building air tightness,
and high use of fragranced products (Mata et al., 2021). These changes help save energy, but they
also raise indoor air pollutants in offices (Culi¢ et al., 2023). These include VOCs, formaldehyde,
carbon dioxide (CO,), carbon monoxide (CO), and particulate matter. Some are not regulated.
Others may harm health over time (Culi¢ et al., 2023).

1.2 VULNERABLE POPULATIONS AND THE DOSE PARADIGM

Long-term exposure to indoor air pollutants can harm health (WHO, 2024). This is especially risky
for those who react to low levels (Molot et al., 2023). People at risk include those with asthma,
multiple chemical sensitivity (MCS), chronic obstructive pulmonary disease (COPD), migraines,
autism spectrum disorder (ASD), and skin issues like dermatitis (Steinemann, 2016, 2018; Wolkoff,
2018; CCOHS, 2024; WHO, 2024; Molot et al., 2023). For some people, even a little exposure can
cause serious symptoms (Steinemann, 2016; Molot et al., 2023). For people with MCS, the effects
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can be so severe that they must leave their jobs (Molot et al., 2023; Yousufzai et al., 2025). This

stops them from doing daily tasks. It can also lead to lost income, less job security, higher medical
costs, and a lower quality of life (Yousufzai et al., 2025; Robins et al., 2026).

Air quality guidelines used to focus on the idea that "the dose makes the poison." This means that
higher exposure levels were seen as more harmful. New research shows that even low levels of
these pollutants may have harmful health effects over time, particularly for people who are more
sensitive to chemical exposures (Masri et al., 2021). For example, those living with MCS can react
to very low levels of VOCs and formaldehyde (Molot et al., 2023). This suggests that current safety
limits may fail to protect them. Pollutants like PM,.; and CO can harm health even at low levels,
with researchers linking low concentrations to higher cardiovascular deaths (Thangavel et al.,
2022).

Another common office pollutant is formaldehyde, a chemical known to cause cancer in humans
(IARC Group 1). Both the World Health Organization and Health Canada recommend keeping
formaldehyde levels “as low as reasonably achievable.” The Toxicant-Induced Loss of Tolerance
(TILT) model suggests that short-term or significant chemical exposures may cause some people to
become increasingly sensitive to chemicals over time, leading to ongoing health effects from future
exposures (Masri et al., 2021). Research also suggests that repeated exposure to low levels of
certain chemicals may overstimulate the body’s chemicalirritant response systems, making some
people more sensitive over time. Chemicals such as formaldehyde, toluene, xylene, and benzene
have been linked to these effects (Molot et al., 2023). As sensitivity increases, some individuals
may develop ongoing symptoms and, in some cases, MCS (Molot et al., 2023). Together, these
findings highlight the potential long-term health impacts of indoor air pollutants when IAQ is not
adequately addressed.

Itis important that IAQ standards supportinclusion, especially for people with disabilities. Recent
research highlights several key factors that affect IAQ, such as room size and the number of people
in a space. Smaller spaces that are crowded and have poor ventilation often trap more pollutants
such as VOCs and CO, (Horvat et al., 2025). The idea that "the dose makes the poison" is being
questioned. Instead, experts suggest using precautionary approaches to IAQ (Grandjean, 2016;
Masri et al., 2021; Molot, 2023).

1.3 FRAGRANCE-FREE POLICIES AS AN ACCESSIBILITY TOOL

One of the most important factors for improving IAQ is ventilation, which helps remove pollutants
and odours (Horvat et al., 2025). However, upgrading ventilation systems can be expensive and not
always practical (Babich et al., 2020). A new, low-cost option is to adopt scent/fragrance-free
workplace policies (Steinemann, 2019; CCOHS, 2024). These policies aim to limit fragranced
personal care and cleaning products to help reduce fragrance exposures for people with asthma,
MCS, and autism spectrum disorder (ASD) (Steinemann, 2019; CCOHS, 2024).

Accessibility Standards Canada (ASC) states that accessibility must also include sensory and
environmental factors that limit participation and inclusion (Canadian Standards Association
Group & Accessibility Standards Canada, 2023). For people working in spaces with poor IAQ,
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breathing in fragrances can cause severe symptoms (Steinemann, 2017). This can make it hard for

them to work, go to school, or use public services (Yousufzai et al., 2025). This type of exclusion
shows the urgent need to include IAQ prevention strategies in accessibility policy. Scent/fragrance-
free policies may be a promising tool to improve IAQ (Steinemann, 2019). However, further
research is needed to confirm this. Scent/fragrance-free policies are widely accepted. Arecent
study showed that 56.7% of people with asthma-like conditions, 65.5% of those with autism or
ASDs, and 70.2% of individuals with chemical sensitivity support these workplace policies
(Steinemann, 2017). This study is key for finding practical ways to boost accessibility for
underserved groups, especially those with MCS.

Even though these policies are receiving increasing attention, no research before this study had
examined whether they actually improve IAQ in office environments. This raised an important
question: Can scent- and fragrance-free policies improve IAQ and make workplaces more
accessible for people with disabilities? This study helps answer that question by measuring key
indoor air pollutants — including PM,.., VOCs, formaldehyde, CO, and CO, — in office
environments with and without scent- and fragrance-free policies. Because people spend a
significant amount of time in office environments, improving IAQ in these spaces is important for
health and accessibility. Research suggests that even low levels of some pollutants may affect
health over time, particularly for people who experience MCS. As a result, it is important to
evaluate whether policies such as scent- and fragrance-free policies can help improve IAQ, reduce
exposures, and support more accessible and inclusive workplaces.

For the purposes of this report, the term “fragrance-free policies” will be used to refer to both
scent-free and fragrance-free policies, as these terms are often used interchangeably by
organizations that adopt them.

Most studies continue to focus on the biomedical effects of pollutants or on identifying pollution
sources. This remains true despite increasing regulations and growing scientific research aimed at
reducing exposures. However, an important and often overlooked issue is the role of human
behaviour and social norms in allowing pollutants to remain presentin indoor environments. The
beliefs, attitudes, and everyday choices of building occupants can contribute to ongoing poor IAQ,
particularly when fragrance use and chemical exposures are normalized or not viewed as
accessibility concerns. This issue is especially important for people living with disabilities, whose
health and access to indoor spaces may be more directly affected by poor IAQ.

1.4 LEGAL AND REGULATORY FRAMEWORK

Under the United Nations Convention on the Rights of Persons with Disabilities (CRPD),
inaccessible indoor environments and environmental exposures may constitute barriers to equal
participation and accessibility. The Canadian Human Rights Commission (CHRC, 2026) identifies
fragrance-free policies as an important accommodation measure for individuals affected by
environmental sensitivities/multiple chemical sensitivity and chemical exposures. Employers and
building operators may therefore have responsibilities to provide accommodations that support
accessible indoor environments.

.
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The Accessible Canada Act (2019) also requires the identification, removal, and prevention of

barriers in federally regulated workplaces and public spaces, making IAQ an important

accessibility issue. However, despite this broader legal and policy framework, Canada still lacks
enforceable IAQ standards for many indoor environments (Health Canada, 2024).

The Canadian Centre for Occupational Health and Safety (CCOHS, 2024) supports fragrance-free
workplace policies and provides guidance for theirimplementation. Similarly, the American
Medical Association (AMA, 2025) adopted policy supporting fragrance-free healthcare
environments, increased fragrance ingredient transparency, and accommodations for individuals
affected by fragrance exposures.

Together, these developments reflect growing recognition that exposure to fragrance chemicals
and other indoor pollutants may create preventable health, accessibility, and participation barriers
in workplaces, healthcare settings, and public environments.

1.5 RESEARCH OBIJECTIVES

This study addresses the gap in research through a mixed-methods approach that combines
quantitative IAQ measurements with qualitative documentation of lived experience. This study will
directly inform the development of recommendations for next-generation model standards for
accessibility and the prevention of barriers.

The quantitative objectives of this research are to:

1. Provide a summary of the most common VOCs found in Canadian office spaces, and where
they were found;

2. Examine scent/fragrance-free policies in relation to their ability to lower IAQ pollutants and
increase accessibility to the built environment;

3. ldentify building characteristics that correlate with lower IAQ pollutants;

4. Understand the various interpretations of IAQ policies, including fragrance/scent-free
policies by administrators and/or building operators, and level of knowledge on maintaining
good IAQ;

5. Explore correlations between building occupant perceptions of IAQ, building
characteristics, policy implementation, and IAQ testing results.

In addition, ASEQ-EHAQ funded laboratory emission testing of commonly used commercial
cleaning products by building managers in this study. The objective from this testing was to:

6. Determine the range of VOCs from commonly used fragranced (conventional) and
fragrance-free ('green') products and compare the presence of potentially hazardous VOCs.

The qualitative objectives are to:

7. ldentify the physical, attitudinal, informational, and systemic barriers individuals with
disabilities encounter when accessing the built environment due to poor IAQ;

8. Assess the health, social, financial, and psychological impacts of inaccessible indoor air on
quality of life;
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9. Gather specific recommendations from individuals with lived experience for new or

improved policies and measures to address the needs of individuals with MCS and other
disabilities related to IAQ.

1.6 STUDY SIGNIFICANCE

This study is the first national study in Canada to test whether fragrance-free policies can improve
IAQ in office buildings. It is also the first study to describe how poor IAQ affects people living with
different disabilities in their everyday lives.

By combining air quality testing with people’s lived experiences, the study brings together science,

lived experience, disability rights, public health, and accessibility law. The findings help inform the

development of stronger accessibility standards under the Accessible Canada Act and support
improvements to Canada’s IAQ policies and standards.

1.7 REPORT STRUCTURE

This report is organized as follows:

Section 2 (Literature Review) synthesizes the existing scientific evidence on IAQ
measurement, key pollutants, regulatory frameworks, and the relationship between IAQ
and disability.

Section 3 (Methodology) describes the mixed-methods study design, building recruitment,
IAQ sampling protocols, product emission testing, qualitative focus group procedures, and
analytical approaches.

Section 4 (Quantitative Results) presents the VOC profiles of Canadian office buildings, the
statistical effects of fragrance-free policies on pollutant concentrations, building
characteristic correlations, product emission findings, and policy implementation
assessments.

Section 5 (Qualitative Results) presents the thematic findings from focus group sessions on
barriers, impacts, and solutions.

Section 6 (Discussion) provides an integrated triangulation of all three evidence streams.

Section 7 (Conclusions and Recommendations) presents the seven priority
recommendations for next-generation accessibility standards.

.
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2. LITERATURE REVIEW

This section reviews research from science, policy, and social studies to explain how indoor air
quality (IAQ) relates to the objectives of this study. The quantitative review looks at how indoor air is
measured, which pollutants are most common, what rules exist in Canada and other countries,
and what approaches are proven to improve air quality. The qualitative review focuses on real-life
experiences, including the barriers people face, the impacts on their health and daily lives, and
possible solutions for people with disabilities affected by poor IAQ.

2.1 QUANTITATIVE LITERATURE REVIEW

2.1.1 METHODOLOGY

2.1.1.1 LITERATURE SEARCH STRATEGY

The quantitative literature review was conducted using a systematic keyword-based approach
across PubMed, Google Scholar, Web of Science, and Scopus. The searches included words
related to IAQ, such as VOCs, formaldehyde, PM2.5, and mould, along with terms about exposure,
health effects, and accessibility. Additional searches looked at laws, building standards, and ways
to manage IAQ in offices and other indoor spaces. Most of the studies reviewed were published
between 2015 and 2025, but important older studies were also included.

2.1.1.2 INCLUSION AND EXCLUSION CRITERIA

Studies were included if they examined IAQ in non-industrial indoor environments with a focus on
VOCs or other indoor air pollutants; investigated chemical sources, exposure pathways, health
effects, or mitigation strategies; and reported on at least one of the following: pollutant
concentrations, IAQ indicators (ventilation rates, air exchange), health outcomes or symptoms, or
the effectiveness of IAQ interventions. Both observational and experimental studies were eligible,
as were reports from the WHO, government agencies, and the EPA. Studies focused solely on
outdoor air pollution, and industrial occupational settings, or exclusively on biological
contaminants were excluded.

Refer to Figure 2.1 for the data extraction process.
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2.1.2 QUANTITATIVE LITERATURE REVIEW: FINDINGS

2.1.2.1 DEFINING IAQ AND INDOOR AIR POLLUTION

Indoor air quality (IAQ) describes how clean and healthy the air is inside buildings and whether it is
safe for people to breathe. Indoor air pollution means that harmful substances are presentin the
air, such as tiny particles, chemical gases, and fumes from everyday products (Tran et al., 2020;
Villanueva et al., 2021). To properly assess IAQ, it is important to measure these pollutants along
with indoor conditions like temperature, airflow, and humidity (Horvat et al., 2025). Monitoring I1AQ
is important because polluted air can create unsafe spaces, especially for people living with
asthma, COPD, chronic migraines, or multiple chemical sensitivity (MCS) (Tran et al., 2020; Molot
etal., 2023; Hartiala et al., 2025).

Measuring indoor pollutants accurately is important for understanding how people are exposed to
them, finding where they come from, and deciding how to reduce them. A review by Villanueva et
al. (2021) explains that if air sampling is poorly designed, it can give misleading results and make
policies or solutions less effective. Indoor air pollution comes from both outdoor sources, such as

| bd |
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traffic-related gases like nitrogen oxides and ozone, and indoor sources, including fuel-burning

appliances, building materials, cleaning products, and everyday activities inside buildings. In
addition to measuring pollutants, it is also important to collect information about occupant
comfort and building features—such as the age of the building, recent renovations, and how the
space is used—to fully understand IAQ (Villanueva et al., 2021; Culié¢ etal., 2023).

2.1.2.2 SAMPLING AND ANALYTICAL METHODS

Assessing IAQ depends on using the right air sampling and monitoring methods. The two most
common approaches are active and passive sampling. Active sampling collects a controlled
amount of air and can detect very low levels of pollutants, but it requires specialized equipment
and laboratory testing. Passive sampling is less costly and works well for long-term monitoring, but
itis less precise and cannot detect very low concentrations as accurately (Villanueva et al., 2021;
Horvat et al., 2025).

Advanced laboratory methods help identify pollutants more clearly. One common method, thermal
desorption combined with gas chromatography-mass spectrometry (TD-GC/MS), makes it easier
to separate and identify similar VOCs, including monoterpenes. This technique produces clearer
results and allows researchers to identify more indoor air pollutants accurately (Horvat et al.,
2025).

Reliable IAQ monitoring also requires following standardized procedures so that results are
accurate and comparable. International guidelines such as ISO 16000-1 explain where air
samplers should be placed. Samplers should be positioned near the center of aroom, 1-2 metres
away from walls and 1-1.5 metres above the floor, which matches the typical human breathing
zone (WHO, 2024). They should not be placed too close to pollution sources or heating and
ventilation vents, as this can affect the results (Horvat et al., 2025). In large spaces, such as
open-plan offices, using multiple sampling points is recommended to better represent air
conditions throughout the space (Villanueva et al., 2021).

2.1.2.3 KEY INDOOR AIR POLLUTANTS
Indoor pollutant levels are shaped by three primary drivers:

(1) Outdoor air quality and infiltration;
(2) Occupant activities such as cooking, cleaning, and combustion;
(8) Emissions from building materials, furnishings, and equipment (Yadav et al., 2023).

Key pollutants commonly measured indoors include:

(1) VOCs

(2) Carbon dioxide (CO,)

(8) Carbon monoxide (CO)

(4) Ozone (O,)

(5) Formaldehyde-related compounds
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(6) Environmental parameters such as temperature, humidity, and ventilation
(Salthammer, 2021; Villanueva et al., 2021; Semang et al., 2022; Yadav et al., 2023;
Culié et al., 2023; Horvat et al., 2025; Health Canada, 2025).

Table 2.1. IAQ testing parameters, common sources, health relevance, and key references

Pollutant /
Parameter

Specific
Compounds

Common Sources

Paints, adhesives,

Health Relevance

Eye and respiratory

Key References

Toluene, benzene, plastics, T } Wolkoff, 2013;
) l furnishi irritation, neurological 7 ] i otal
. styrene, xylenes, urnishings, : arogianni et al.,
Volatile y Y g symptoms, chronic &
. acetaldehyde, fragranced o . 2018; Goodman et
Organic ) toxicity; carcinogens; )
acetone, terpenes cleaning and ) al., 2020; Kotzias,
Compounds . hormone disruptors;
(a-pinene, d- personal care . FMCS 2021; Molot et al.,
worsening o s
(VOCs) limonene), siloxanes | products, air g 2023; Salonen et
asthma, COPD, ASD,
(D4, D5), alcohols fresheners, o al., 2024
. dermatitis
combustion
IARC Group 1
Processed wood . o Wolkoff, 2013;
oducts, particle carcinogen; irritation of Semang et al
r E . .
Formaldehyde P eyes and airways;
HCHO — board, plywood, iated with 2022; Horvat et al.,
associated wi
( ) adhesives, . 2025; Health
. respiratory and long-
carpeting ) Canada, 2025
term health risks
Incomplete Toxic; neurological Semanget al.,
combustion impairment, 2022;
Carbon ust 'mpa o
M ide (CO — (stoves, furnaces, headaches, dizziness; Salthammer,
D) vehicle exhaust high levels may cause 2024; Health
infiltration) coma or death Canada, 2025
Indicator of ventilation Lee etal., 2020;
Occupant dequacy; elevated Semang et al
.. a ; "
Carbon Dioxide respiration, quacy g

(CO,)

combustion
appliances

levels linked to reduced
cognitive performance
and discomfort

2022; Godefroy et
al., 2019; Health
Canada, 2025

Particulate

Smoking, wood
burning,

Respiratory and
cardiovascular effects;

Lee etal., 2020;
Semangetal.,

Matt PM,. PMyo combustion fine particles penetrate | 2022; Yadav et al.,
atter appliances, dust deep into lungs; worsen | 2023; Health
resuspension MCS, asthma, COPD Canada, 2025
Total VOCs Emissions from Used as overall IAQ Zhong et al., 2017;
- building materials, | indicator; associated " ’
(TVOCs) g Semang et al.,

renovations,

with sensory and

.
| Rd |
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consumer
products, cleaning

respiratory irritation,
fatigue, and discomfort;

products, worsen MCS, asthma,
fragranced COPD
products

Office equipment

Respiratory irritation;
reacts with VOCs
(especially terpenes) to

2022; Horvat et al.,
2025

Wolkoff, 2013;
Semangetal.,

Ozone (0O,) (copiers), outdoor
Lo . form secondary 2022; Yadav et al.,
infiltration . .
pollutants including 2023
formaldehyde
Influences thermal
Semangetal.,
HVAC systems, comfort and pollutant
Temperature buildi L trati 2022; Godefroy et
uilding envelope, concentrations;
P g. P . . al., 2019; ASHRAE
solar gain thermal discomfort if
55-2020
not properly managed
Affects thermal comfort
— L Semangetal.,
. Ventilation, and VOC emission
Relative ) 2022; Wolkoff,
H idit moisture sources, rates; extremes 2018 ASHRAE 55-
umidity occupant activity contribute to pollutant 2020’
formation
Determines pollutant
. o .- HVAC systems, o ASHRAE 62.1-
Air Ventilation o dilution and removal;
Airfl naturalventilation, tical f intaini 2022; Carrer et al.,
critical for maintainin
(Hialony window opening & 2018

acceptable IAQ

2.1.2.4VOCS FROM FRAGRANCED CONSUMER PRODUCTS

Consumer products are one of the largest sources of indoor VOCs, making up about 50% of all
VOC emissions indoors, especially when the products contain fragrances (Zarogianni et al., 2018;
Salonen et al., 2024; Bhoonah et al., 2024; Goodman et al., 2020). Everyday cleaning activities can
greatly increase the amount of VOCs and particles in indoor air. In one office-based study,
fragrance chemicals released during and after cleaning with common products—such as general-
purpose cleaners, bleach, and aerosol glass cleaners—were found in the air at measurable levels.
These chemicals included d-limonene, a-pinene, a-terpineol, 2-butoxyethanol,
1,3,5-trimethylbenzene, and eucalyptol (Aikaterini et al., 2018).

Many fragrance ingredients, including terpenes (such as limonene and a-pinene), glycol ethers,
and aldehydes, are linked to health problems (Steinemann, 2016; Wolkoff, 2013; Radis-Baptista,
2023; Yadav et al., 2023). Reported effects include impacts on the brain and nervous system,
hormone disruption, skin allergies, breathing irritation, worsened asthma, reproductive harm, and
increased cancer risk (Radis-Baptista, 2023; Yadav et al., 2023). Some groups are more at risk,

especially children, people with asthma, and individuals who are sensitive to fragrances
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(Steinemann, 2016; Radis-Baptista, 2023). Research has also shown that fragranced consumer

products—including products marketed as “green” or designed for babies—can release hundreds
of VOCs (Nematollahi et al., 2018). Many of these chemicals are considered potentially hazardous
and are often not listed on product labels (Steinemann, 2016; Nematollahi et al., 2018).

Even with regulations and industry testing programs, gaps in ingredient disclosure and exposure to
chemical mixtures remain a concern, particularly because people spend long periods indoors and
are exposed repeatedly over time (Nassikas et al., 2024). However, studies show that removing
fragranced products from indoor spaces, such as air fresheners, can reduce irritating chemicals by
up to 96%, especially terpenes like d-limonene (Goodman et al., 2020; Nematollahi et al., 2021).
This evidence shows that removing fragranced products can quickly and significantly improve IAQ
(Steinemann, 2016). These improvements can increase accessibility for vulnerable people who
experience physical symptoms when exposed to fragrances.

2.1.2.51AQ REGULATORY LANDSCAPE

2.1.2.5.1 INTERNATIONAL GOVERNANCE

Even though more people now recognize that poor IAQ causes serious health problems—which are
estimated to result in millions of disability-adjusted life years (DALYs) each year—regular
monitoring and strong regulations are still limited (Fernandes et al., 2015). Around the world, IAQ is
managed in many ways, using a mix of health guidelines, workplace rules, ventilation standards,
and technical testing methods. While outdoor air pollution is widely regulated, most countries do
not have clear, consistent, and enforceable standards for indoor air (Shrubsole et al., 2019;
Settimo et al., 2020; Zhang & Srinivasan, 2020; Wei et al., 2022; Nassikas et al., 2024; Siddique et
al., 2025). This lack of regulation can place people who experience MCS or other conditions to air
pollution at greater risk.

International organizations such as the WHO provide health-based guideline values for some
pollutants, including benzene, nitrogen dioxide, polycyclic aromatic hydrocarbons, naphthalene,
carbon monoxide, radon, trichloroethylene, and tetrachloroethylene (Wei et al., 2022). Though
these are in place, many guidelines were designed for outdoor or healthy workers in occupational
settings and may not translate well to general indoor environments, such as hospitals, offices, and
schools (Zhang & Srinivasan, 2020; Wei et al., 2022). These guidelines also do not consider
vulnerable populations living with chronic health conditions (Zhang & Srinivasan, 2020; Wei et al.,
2022; Dimitroulopoulou et al., 2023; Nassikas et al., 2024). Some countries have developed
nationalindoor air guideline values or monitoring requirements; for example, France mandates
periodic IAQ monitoring in schools and public buildings (Settimo et al., 2020). However, regulatory
approaches remain inconsistent, and many guidelines focus on individual pollutants rather than
mixtures of chemicals (Bluyssen, 2025).

Across jurisdictions, indoor guidelines usually provide short- and long-term concentration limits for
priority VOCs such as benzene, formaldehyde, toluene, xylenes, styrene, and naphthalene
(Shrubsole et al., 2019; Wei et al., 2022; Dimitroulopoulou et al., 2023; Saffell et al., 2023). Total
VOC (TVOC) limits used in building standards are generally not health focused and instead serve as
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indicators of overall chemical load (Shrubsole et al., 2019). Voluntary building certifications exist

(e.g., WELL, LEED) and often have stricter or broader pollutant criteria than national regulations;
however, very few jurisdictions require these certifications (Nassikas et al., 2024). Although there is
general agreement on key pollutants, guideline values are different between countries due to
differences in derivation methods, health endpoints, and the timing of guideline development
(Shrubsole et al., 2019; Dimitroulopoulou et al., 2023; Siddique et al., 2025).

Germany's approach, using tiered Richtwerte (guide values) RW I and RW II, is one of the most
advanced and precautionary IAQ regulatory frameworks globally. RW | represents a concentration
below which no bad health effects are expected, even with lifelong exposure. RW |l represents a
concentration above which immediate action is required because health effects are expected. This
combined approach is very important for protecting vulnerable populations including those with
MCS, asthma, and ASD, as it builds health protection for sensitive individuals into the standard-
setting process rather than treating population average health as the baseline (Fromme et al.,
2019).

2.1.2.5.2 CANADIAN REGULATORY FRAMEWORK

In Canada, most rules about IAQ are guidelines rather than laws, and responsibility is shared
between federal, provincial, and territorial governments (Health Canada, 2025). Health Canada
provides national guidance through the Residential Indoor Air Quality Guidelines and Indoor Air
Reference Levels, which recommend safe exposure limits for common pollutants such as
formaldehyde, benzene, nitrogen dioxide, and particulate matter (Health Canada, 2025; Health
Canada, n.d.). These guidelines are meant to protect the general population, including people who
are more sensitive, during long-term exposure indoors (Health Canada, 2025). However, unlike
outdoor air standards, most IAQ limits in Canada are not legally enforceable and are mainly used to
guide risk assessment, public health advice, and building management practices (Health Canada,
2025).

As aresult, IAQ oversight in Canada relies on a mix of guidelines, voluntary standards, and
sector-specific policies. This makes it difficult to create clear and enforceable protections for
people with disabilities who require clean indoor air for accessibility. Importantly, Health Canada
does not currently provide guideline values for TVOCs, even though research shows that TVOC
levels above 3,000 ug/m3 are linked to occupant complaints and sensory irritation (Bernstein et al.,
2008; Health Canada, 2024). At the time of this study, a draft guidance document for office
buildings was still under review.

.
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Table 2.2. Comparison of Canadian Indoor Air Reference Levels and German UBA guide values. All Canadian
values are non-binding. Germany's GV | = Richtwert | (precautionary; below which no health effects expected
even with lifelong sensitive-person exposure). GV Il = Richtwert Il (action level; above which immediate

remediation required).

IAQ Parameter Health Canada Germany GV | Germany GV II
Guideline (Precautionary) (Action Level)

CO, (ppm) < 1,000 < 1,000 >2,000

CO (ppm) <10.0 <9 (24 hrs) —

PM,.; (ug/m°) No safe level 15 (24 hrs) —

Temperature (°C) 23.0-25.5 (ASHRAE) — —

Relative Humidity (%) 30-60 (ASHRAE) — —

Formaldehyde (ug/m® | <50.0 100 —

TVOCs (pg/m®) N/A (no guideline) 300 >1,000

Acetaldehyde (ug/m3) <280 100 >1,000

Acrolein (pg/m®) <0.44 6 >12

Benzene (ug/ms) No safe level 1 >10

Toluene (pg/m3) <2,300 300 >1,000

m-/p-Xylene (pug/m°) <150 100 > 800

=,
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2.1.2.6 IMPROVING IAQ: BUILDING DESIGN, VENTILATION, AND SOURCE CONTROL

2.1.2.6.1 VENTILATION AND BUILDING DESIGN

Building codes include other IAQ rules, especially for ventilation and building design, such as those
found in ASHRAE standards. These rules are widely recognized as important for improving IAQ and
keeping people comfortable indoors (Asif et al., 2018; Carrer et al., 2018; Yadav et al., 2023;
Robertson et al., 2024; Grzini¢ et al., 2025). When ventilation is poor, carbon dioxide (CO,) levels
can build up. High CO, levels are a sign that not enough fresh air is entering a space, which allows
pollutants to collect indoors (Asif et al., 2018; Yadav et al., 2023). This can lead to health problems
such as breathing irritation, worsening asthma, infections, and long-term disease risks (Yadav et
al., 2023; Robertson et al., 2024).

Buildings with centralized heating, ventilation, and air-conditioning (HVAC) systems usually have
more stable IAQ. In contrast, buildings that rely on natural ventilation show greater changes in air
quality depending on how people use the space and on outdoor weather conditions (Asif et al.,
2018). This highlights the importance of ventilation for removing indoor pollutants and shows why
CO, is often used as a practical indicator of whether ventilation is good. However, many buildings
do not perform as well as they were designed to, which points to the need for ventilation standards
based on health and pollutant exposure, not just comfort (Carrer et al., 2018).

Pollutant levels indoors—especially VOCs—are often higher than outdoors. This is because indoor
air contains emissions from building materials, furnishings, office equipment, consumer products,
and everyday activities (Asif et al., 2018; Grzini¢ et al., 2025). Poor ventilation and the use of
fragranced products can further increase VOC levels, sometimes above recommended limits, and
cause health symptoms for building occupants (Grzini¢ et al., 2025).

Recent research supports moving toward health-based approaches for assessing and managing
IAQ. This includes measuring specific high-priority pollutants—such as formaldehyde, benzene,
acetaldehyde, toluene, xylenes, styrene, and naphthalene—rather than relying only on TVOC
levels, which do not show how toxic individual chemicals are (Shrubsole et al., 2019). Engineering
controls like HEPA air filters have also been shown to lower pollutant levels and improve breathing
health, especially for people who are more vulnerable (Robertson et al., 2024). However,
ventilation and filtration can be expensive and do not remove pollutants at their source, which
limits their effectiveness (De Oliveira et al., 2015; Babich et al., 2020).

2.1.2.6.2 SOURCE CONTROL AS THE PRIMARY STRATEGY

A key topic coming from European IAQ policy research is that source control represents a very
effective and less costly way to reduce exposure to chemicals (Babich et al., 2020; De Oliveira et
al., 2015). This includes using eco-certified, lowest-emission construction materials, products,
and improving building design to reduce pollutant loads before they enter indoor environments.
Ventilation functions as a complementary strategy to remove remaining pollutants (Babich et al.,
2020; Carrer et al., 2018; Grzini¢ et al., 2025).

Scent/fragrance-free policies are being adopted more widely into workplaces to restrict the use of
fragranced personal care and cleaning products known to impact individuals with chronic
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conditions such as MCS (Steinemann, 2019; CCOHS, 2024). Under the UN Convention on the

Rights of Persons with Disabilities (CRPD), chemical exposures are recognized as accessibility

barriers, and scent/fragrance-free policies are considered a reasonable accommodation that must
be upheld by employers and building occupants (Canadian Human Rights Commission, 2026).
Such policies are encouraged to be studied to see if they improve IAQ and accessibility in built
environments (Steinemann, 2019).

Ventilation often does not work well when pollution sources are not reduced. In some cases, it can
even spread pollutants and increase exposure (Grzini¢ et al., 2025). This shows that ventilation
alone has clear limits and that pollution sources must also be identified and controlled. While
ventilation and air filtration can help lower pollutant levels indoors, research shows that policies
and source control measures are very effective and fair ways to protect people’s health on a large
scale (Robertson et al., 2024; Steinemann, 2019). Using several approaches together—such as
ventilation, filtration, and changes in behaviour—can improve IAQ. However, reducing pollution at
its source remains the most important strategy for long-term exposure reduction and health
protection (Yadav et al., 2023; Robertson et al., 2024).

2.1.2.7 SUMMARY OF EVIDENCE-BASED IAQ STRATEGIES

The literature identifies the following evidence-based strategies for IAQ improvement.

e Source control (primary strategy): Reducing emissions from building materials, furnishings,
combustion sources, and fragranced consumer products is emphasized as the most cost-
effective intervention. Fragrance-free represent a particularly cost-effective and
immediately implementable source control measure.

e Ventilation and building recommendations: Improve air exchange and pollutant removal
through centralized HVAC systems designed and maintained to health-based rather than
just comfort-based standards.

¢ Aircleaning technologies: HEPA filtration and high-quality air purifiers show strong
evidence for symptom improvement in vulnerable populations.

¢ Targeted monitoring of priority VOCs: Moving beyond TVOC to compound-specific
measurement improves risk assessment and enables more targeted intervention.

¢ Building maintenance: Regular servicing of HVAC systems and fuel-burning appliances to
minimize emissions.

e Moisture and humidity control: Maintaining humidity within the 30-60% ASHRAE range to
prevent mould growth and minimize secondary pollutant formation, while providing
comfort for occupants.

¢ Policyinterventions: Enforceable source control standards, and mandatory ingredient
disclosure requirements.

¢ Behavioural changes: Reduce indoor smoking; improve cleaning practices and product
selection; manage indoor sources including fragranced consumer products.

e Multi-level approaches: Combining engineering, behavioural, and policy strategies for the
greatest impact.
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2.2 QUALITATIVE LITERATURE REVIEW: BARRIERS, IMPACTS, AND
SOLUTIONS

This literature review was conducted to combine findings from peer-reviewed and relevant

scientific studies addressing;:

e Barriers to achieving accessible IAQ (i.e., factors influencing or limiting access to air quality
that meets health and accessibility needs);

e Impacts of IAQ on the quality of life of individuals with disabilities, including effects on
health, access to health care, employment, and social participation;

e Proposed solutions and interventions to improve IAQ and accessibility within built
environments.

2.2.1 METHODOLOGY

2.2.1.1 INFORMATION SOURCES AND SEARCH STRATEGY

A structured literature search was conducted across multiple electronic databases, including
PubMed, Google Scholar, Web of Science, and Scopus. The search strategy focused on identifying
studies examining the connection between IAQ and disability.

Search terms were developed to capture three key domains:
(1) barriers, (2) impacts, and (3) solutions related to accessible IAQ. These terms were combined
with keywords related to:

e Health conditions affected by IAQ (e.g., asthma, rhinitis, contact dermatitis);
e Built environments (e.g., offices, schools, residential settings).

Boolean operators (AND, OR, NOT) were used to refine the search and ensure comprehensive
coverage while maintaining relevance. A detailed list of search terms and corresponding search
strings is provided in Annex.

2.2.1.2 INCLUSION CRITERIA
Studies were included in the review if they met the following criteria:

1. Publication date: Articles published between 2000 and 2024 were included to ensure
relevance to current scientific knowledge and policy contexts. Studies published prior to
2000 were excluded.

2. Language and publication type: Articles had to be published in English or French. Priority
was given to peer-reviewed studies; however, non-peer-reviewed studies were considered
if they employed a rigorous qualitative methodology.

3. Accessibility of full text: Only studies available in full-text electronic format were included.
Studies accessible exclusively in physical format were excluded.
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4. Population of interest: Studies had to focus on individuals with disabilities or chronic

conditions whose access to built environments are affected by poor IAQ. Studies focusing
on populations not impacted by IAQ, or not experiencing disability on exposure to indoor
pollutants, were excluded.

5. Setting: Only studies conducted in indoor built environments (e.g., workplaces, schools,
residential buildings) were included. Studies focusing exclusively on outdoor air quality
were excluded.

6. Relevance to IAQ: Included studies were required to explicitly address IAQ in relation to
individuals with disabilities. Studies limited to biomedical health effects without
consideration of environmental or accessibility dimensions were excluded.

7. Thematic relevance: Studies had to contribute to at least one of the following:
o ldentification of barriers to accessible IAQ;
o Impacts on quality of life;

o Recommendations or interventions to improve accessibility of IAQ.

2.2.1.3 DATA EXTRACTION AND ANALYSIS
All identified records were imported into a reference management software (Zotero). Duplicate
records were systematically removed prior to screening.

A two-stage screening process was applied:
o Title and abstract screening to assess preliminary eligibility;
o Full-text review to confirm inclusion based on predefined criteria.

A thematic analysis approach was used to synthesize findings across studies. Relevant data were
taken out and categorized under three analytical domains: barriers, impacts, and solutions.

In addition, study characteristics—including methodological approaches, potential sources of
bias, and declared conflicts of interest—were documented and considered in the interpretation of
findings.
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Figure 2.2. PRISMA diagram for qualitative literature review process

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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2.2.2 QUALITATIVE LITERATURE REVIEW: FINDINGS

2.2.2.1 PHYSICAL BARRIERS IN THE LITERATURE

Studies included in this literature review unanimously identify VOCs emitted from fragranced
personal care and household products as physical barriers to accessible indoor environments. A
literature review by Salonen et al. (2024) examining 202 articles from 2013 to 2024 highlighted that
33% and 34% of included studies documented the impacts of cleaning products and disinfectants
on IAQ in public and residential buildings respectively. Among individuals with sensitivities — from
a sample of 3,335 autistic individuals and 1,098 individuals with asthma — studies revealed that
more than half of participants indicated fragranced products as triggers of their physical symptoms
(Steinemann, 2018).

Among frequently mentioned fragranced products, air fresheners were found to be particularly
harmful (Jinno et al., 2007; Singer et al., 2006; Bruchard et al., 2023). Some studies additionally
highlighted that emissions from fragrances and air fresheners can reach alarming levels: air
fresheners alone were found to emit 40% of the provisional target value (set at 400 pg/m3; Jinno et
al., 2007). Numerous authors noted no significant difference in the quantity and type of VOCs
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emitted between 'eco’ or 'green’ labelled products and regular products (Yeoman et al., 2022;

Nematollahi et al., 2019; Steinemann et al., 2013; Calderon et al., 2022), reinforcing concerns
about greenwashing in the consumer products market.

Terpenes — specifically imonene, pinene, and linalool — were classified as potentially harmful
due to their capacity to form secondary pollutants such as formaldehyde by reacting with indoor
ozone (Nazaroff & Weschler, 2004; Wolkoff, 2020). This chemical reaction pathway means that
even products with individually benign ingredients can generate harmful secondary pollutants in
the presence of typical indoor oxidant concentrations.

2.2.2.2 ATTITUDINAL, SYSTEMIC, AND INFORMATIONAL BARRIERS IN THE LITERATURE
The study of non-physical barriers faced by individuals with disabilities in relation to IAQ has been
comparatively limited in the literature. Few studies address attitudinal barriers directly. Yousufzai
et al. (2025) is among the first to systematically document the policy, institutional, and social
misconceptions faced by individuals with MCS, finding pervasive skepticism, misdiagnosis, and
accommodation failures. Driesen et al. (2020) found in a systematic review of qualitative research
that MCS significantly impairs social and occupational functioning, with social isolation being a
central consequence. Gibson et al. (2011) documented isolation and lack of access as defining
features of the MCS experience.

Lipson (2001) noted limited access to essential services for individuals with MCS, while Skovbjerg
et al. (2009) found degraded social relationships. Doiron (2007) and Alameda Cuesta et al. (2021)
documented social exclusion and prolonged isolation as consequences of fragrance-related
disability. These socialimpacts were largely unexplored in the broader IAQ literature, which tended
to focus on biomedical rather than social and structural consequences.

In the informational barrier domain, Paterson et al. (2021) and Nardelli et al. (2009) highlighted the
need forincreased transparency in product labelling. Paterson et al. (2021) concluded that health
professionals and industry must ensure better health messaging on product labels, given the
association between VOC-emitting household products and asthma symptoms. Nardelli et al.
(2009) similarly found that sensitized individuals face difficulties avoiding their specific allergens
because standardized ingredient labelling of fragranced pharmaceutical products is lacking. The
absence of standardized definitions for terms such as 'fragrance-free' or 'natural’ represents a
related regulatory gap that risks further misleading vulnerable consumers

2.2.2.3 HEALTH IMPACTS IN THE LITERATURE

If some studies argue that there is no notable difference in the respiratory performance of sensitive
individuals when exposed to fragranced products (Vethanayagam et al., 2013; Dix, 2013; Basketter
etal., 2019; Opiekun et al., 2003), the majority of the literature documents deleterious health
impacts on individuals with disabilities. Respiratory health impacts — including breathing
difficulties, chest tightness, and asthma attacks — are among the most consistently reported
(Steinemann, 2016, 2018; Radis-Baptista, 2023).
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Dermatological impacts, including contact dermatitis, are attributed to allergens and irritants in

fragranced products even at low concentrations and in some products labelled 'unscented'
(Nardelli et al., 2009; Schnuch et al., 2009; Johansen, 2003; Polanska et al., 2010). Cognitive and
neurological impacts, including migraines and difficulty concentrating, were reported among
autistic individuals, those with asthma, and individuals with MCS (Steinemann, 2018; Del Casale et
al., 2020). Psychological impacts, particularly anxiety and depression, were frequently mentioned
as comorbidities in the majority of asthma, MCS, and dermatitis cases in the literature (Bedolla-
Barajas et al., 2021; Lavoie et al., 2005; Ryu et al., 2023; Lind et al., 2014; Del Casale et al., 2020).

2.2.2.4 SOLUTIONS IN THE LITERATURE

Fragrance-free policies emerged in the literature as the most cost-efficient and widely accepted
solution to reduce VOC concentrations in indoor environments (Brilmyer, 2017; Flegel & Martin,
2015; Steinemann, 2019). These policies are particularly accepted in workplaces and healthcare
environments. However, the non-binding and voluntary nature of such policies limits their
efficiency: the lack of enforcement measures and legal obligations can lead to non-compliance
(Steinemann, 2019). Better product labelling was highlighted by Paterson et al. (2021) and Nardelli
et al. (2009) as an important complementary strategy.

Ventilation was identified as an additional measure to reduce indoor VOC levels (Tuomainen et al.,
2003; Carlsten et al., 2020). However, some studies emphasize that the efficacy of ventilation in
improving IAQ is limited and advocate rather for better control of emission sources through the use
of least-toxic, lowest-emission, and fragrance-free products (Fang et al., 2019; Goodman et al.,
2019). Other studies recommend a more holistic approach combining physical interventions
(ventilation, construction materials, isolation systems), behavioural change (responsible cleaning
practices, education on VOC sources in consumer products), and policy action (Dunagan et al.,
2011; Jacobs et al., 2007; Tsoulou et al., 2021).

2.2.2.5 LITERATURE REVIEW LIMITATIONS AND THIS STUDY'S CONTRIBUTION

The studies included in this literature review, all identify VOCs emitted from fragranced personal
care and household products as physical barriers. The study of barriers faced by individuals with
disabilities appears, however, limited to that. Indeed, very few studies address other barriers,
particularly attitudinal barriers. This study aims to fill this gap by broadening the scope of study to
include not only the physical barriers but also the attitudinal, informational, and systemic barriers.
By conducting an analysis of social dynamics, this qualitative research offers a more holistic view
of the barriers faced by individuals with disabilities.

The literature review furthermore highlights gaps in the study of the impacts of these barriers on
quality of life. While health impacts are well documented, few studies analyze social impacts in
depth. The underlying mechanisms of social impacts — why stigmatization occurs, how it
develops, what perpetuates it — remain underexplored. This study provides an understanding of
the underlying mechanisms of attitudinal factors and offers a more comprehensive picture of the
obstacles faced by individuals with disabilities. Furthermore, the inclusion of lived experience
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allows for addressing a methodological gap in the literature and offers a nuanced understanding of

the interactions between different disabilities, IAQ, and social dynamics.

Figure 2.3. Key barriers to accessible IAQ identified in the literature
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3. METHODOLOGY

This section explains how the study used both measured indoor air quality (IAQ) levels, such as
pollutants and ventilation, and peoples lived experiences to meet the research goals set by ASEQ-
EHAQ and Accessibility Standards Canada (Accessibility Standards Canada, 2026). This section
explains how the study was carried out. It first describes the quantitative methods used to measure
indoor IAQ, including air testing, surveys, and data analysis. It then describes the qualitative
methods used in the focus groups. Each part explains how the study was designed, who
participated, how information was collected, and how the findings were analyzed.

A mixed methods approach was needed to fully understand IAQ as an accessibility issue. By
combining technical air quality measurements with the real-life experiences of people living with
disabilities, the study helps ensure that accessibility standards reflect not only measured air
conditions, but also whether indoor spaces are truly usable and accessible for people who require
clean air to participate safely and fully.

Figure 3.1. Overview of study methods and components

Quantitative

IAQ testing in buildings,
and survey collection
related to scent policies,
comfort and building
conditions

Accessibility Standards
Canada

Product testing

Testing VOC emissions of
15 products

Indoor Air
Quality

Qualitative

Focus groups with
impacted populations

ASEQ Q" P’ EHAQ

Page 29 of 203




Accessible Indoor Air in the Built Environment Research Report
I ——Em——————————————

3.1 QUANTITATIVE METHODS

3.1.1 STUDY DESIGN

The quantitative part of this study used an observational, cross-sectional design to compare IAQ in
buildings with and without fragrance-free policies. The study combined indoor air testing with
survey data to give a complete picture of air quality. While measured air quality factors such as air
pollutants are important for understanding IAQ, previous research shows that surveys about
occupant comfort and information about people and buildings are also needed for a more
complete assessment (Culic et al., 2023).

To better understand how policies affect indoor environments, a structured survey was used to
assess how fragrance-free policies were put into place and how well they worked across buildings.
The survey examined several aspects of policy quality, including communication, accountability,
enforcement, stakeholder involvement, and adaptability. Office buildings were chosen as the main
study setting because they are central to workplace accessibility, employment participation, and
economic inclusion (Molot, 2023; Yousufzai et al., 2025).

3.1.2 ETHICAL CONSIDERATIONS

Ethical approval was obtained from Women’s College Hospital Research Ethics Board (REB #2023-
0030-E) on October 27, 2023. All participants provided informed consent before participating.
Participation was voluntary and participants could withdraw at any time without consequence. All
personally identifying information was removed from transcripts during de-identification.

3.1.3 STUDY SURVEYS

Four surveys were created in English and French using Qualtrics. Each served a specific purpose in
the study.

3.1.3.1 BUILDING PRE-SCREENING SURVEY

A pre-screening survey was developed using the Standardized EPA protocol for characterizing IAQ
in large office buildings (EPA, 2003) as a guide to determine whether buildings met the inclusion
criteria for IAQ testing during recruitment. Buildings were not allowed to participate if they
reported: water damage; use of wood-burning fireplaces; air intakes within 50 metres of idling
vehicles; operation of more than two air-handling units; fewer than 25 regular occupants per week;
active renovations; or being unsafe or inaccessible for testing. These criteria were used to reduce
the influence of outdoor or unusual pollution sources and to ensure the study focused on indoor
emissions (EPA, 2003).

3.1.3.2 BUILDING CHARACTERISTICS SURVEY

The building characteristics survey was created for office managers to collect information about
the physical and environmental features of each building that was tested. Its design was based on
previous research showing that building characteristics are important for fully understanding IAQ,
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alongside technical air measurements (Horvat et al., 2025). Survey questions were taken from the

U.S. Environmental Protection Agency (EPA, 2003) protocol.

Office managers were asked to share details about their buildings, including total floor area, year
the building was constructed, type of ventilation, number of occupants, and any renovations
completed in the past 12 months, such as painting, carpet installation, or roofing. Additional
questions were included about how often cleaning takes place and the types of cleaning products
used (conventional or eco-labelled), to better understand how product use affects IAQ.

3.1.3.3 OCCUPANT COMFORT SURVEY

The occupant comfort survey was created to understand how building users felt about IAQ in
different office spaces, including meeting rooms, offices, and washrooms. The survey was based
on well-established post-occupancy and indoor environmental quality (IEQ) survey methods,
including the Center for the Built Environment (CBE) occupant survey and guidance used in
standards-based IEQ assessments (ASHRAE, 2020; CBE, 2023).

Survey questions were rated on a five-point scale from Excellent to Poor, with an additional
Unsure/No opinion option to improve accuracy of responses (Chyung et al., 2017). The survey also
asked respondents to report any negative health symptoms they experienced during the previous
four weeks and whether they had any diagnosed or self-reported chronic health conditions, using a
time frame consistent with earlier indoor air health surveys (Azuma et al., 2017). Respondents were
asked whether their symptoms improved after leaving work or whether they had missed work
because of symptoms experienced in the building. This information helped separate health effects
related to the building environment from ongoing health conditions not caused by workplace air
quality.

3.1.3.4 POLICY IMPLEMENTATION SURVEY

The policy implementation survey evaluated the presence, content, and implementation level of
fragrance-free policies in the sampled buildings. Responses were assessed against the Canadian
Centre for Occupational Health and Safety (CCOHS, 2024) criteria for effective occupational health
and safety policy development and implementation. These criteria address ten criteria of policy

quality: scope, communication, monitoring, accountability, education and training, complaint
mechanisms, enforcement, stakeholder involvement, coherence, and adaptability.

Each criterion was measured using specific items taken from existing fragrance-free policies.
Buildings earned points based on whether they met each criterion. The highest possible score was
17 points. A detailed breakdown of how scores were calculated for each area is shown in Tables
3.1and 3.2.
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Table 3.1. CCOHS criteria and point system used for the creation of the fragrance-free policy implementation

survey

Survey

Criteria What it Measures ; Scoring Criteria Points
Questions
Applies to areas +
Breadth and Q12,Q19, multiple product
1. Scope . 0-3
coverage of policy Q20 types +
subcontractors
o Designated
. Responsibility for .
2. Accountability . ; Q21 person/committee 0-1
implementation .
exists
o Multi-channel +
L. How policy is Q23, Q24, .
3. Communication . signage + product 0-3
communicated Q27 ]
guidance
Education plan +
. . Awareness and .
4. Education & Training . Q28, Q30 staff informed before | 0-2
preparation . .
implementation
5. Stakehold Inclusion of affected =1 stakeholder
21810780 . Q31-Q33 e 0-2
Involvement populations inclusion criteria met
. . No conflicting
Alignment with o .
6. Coherence . Q34 policies requiring 0-1
other policies
scented products
Compliance Monitoring system
7. Monitoring p Q36 . gsy 0-1
tracking exists
Response to non- Clear enforcement
8. Enforcement . Q39 . 0-1
compliance procedures defined
Transparent handling
9. Complaint Feedback and .
. . Q41-Q43 + anonymous option | 0-2
Mechanism reporting systems
+response process
. Feedback collected
. Continuous .
10. Adaptability . Q44, Q46 and used to revise 0-1
improvement licy
po

Accessibility Standards
Canada

ASEQ ;ﬁ( P; EHAQ

Page 32 of 203




Accessible Indoor Air in the Built Environment Research Report
I ——————————
Policy implementation level was then classified based on total score:

Table 3.2. Policy implementation scoring system and interpretation

Score Range Rating Interpretation
Comprehensive, proactive,
15-17 Excellent .
and well-implemented
12-14 Good Strong policy, with minor gaps
. Moderate implementation,
8-11 Satisfactory
several gaps
. Limited structure and weak
4-7 Needs improvement . .
implementation
. Policy largely absent or
0-3 Unsatisfactory

ineffective

3.1.4 BUILDING RECRUITMENT AND SITE SELECTION

Building recruitment took place between November and December 2023. To capture a range of
environments, recruitment targeted a variety of Canadian provinces and included office,
healthcare, and educational settings. Buildings were recruited through direct email outreach,
social media (Facebook, LinkedIn, Twitter), professional networks, and partnerships with
organizations that promote fragrance-free policies. Of the 192 buildings contacted, 85 responded
(44.3%), reflecting challenges in research recruitment for this type of study. Interested participants
received detailed study information and had opportunities to ask questions before providing
written consent.

The final sample size included 34 buildings: 17 buildings with fragrance-free policies and 17
buildings without policies. Two buildings were later excluded from analysis due to sampling errors.
The final sample was 32 buildings. This sample size is consistent with similar IAQ studies (Wu et
al., 2011; Zhong et al., 2017). Eligible buildings, verified by the pre-screening survey, were
categorized as fragrance-free or non-fragrance-free based on responses to the survey. Fragrance-
free status required both a formal written policy and confirmed use of fragrance-free products.
Buildings that claimed to be fragrance-free but did not control product use were excluded.
Buildings without fragrance-free policies were identified by reported use of fragranced products.
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Table 3.3. Sampled building characteristics by policy group

Characteristic

With Policy (n=16)

Research Report

No Policy (n=16)

Building Characteristics

Building type: Office 37.50% 87.50%
Building type: Healthcare 37.50% -

Building type: Education 25.00% 12.50%
Mean building age (years, SD) 63.2 (27.9) 32.9(17.3)

Total building size (sq. ft, SD)

97,708 (14,577)

48,196 (70,490)

Primary province: Ontario 68.70% 56.20%
Indoor Environment Characteristics

Ventilation: Mechanical 50.00% 75.00%
Ventilation: Mechanical + Natural 12.50% 0%

Meeting room size, sq. ft (SD)

300.3 (163.2)

633.8 (1,074.9)

Office room size, sq. ft (SD)

1,062.6 (1,982.3)

606.1 (1,149.9)

Washroom size, sq. ft (SD)

166.8 (133.2)

162.7 (157.1)

Occupancy characteristics

Meeting room occupancy (# of people, SD) 12.7 (13.0) 23.7 (53.1)
Office room occupancy (# of people, SD) 11.7 (19.5) 13.6 (19.2)
Washroom occupancy # of people, SD) 12.4 (27.5) 3.3(4.9)
Sampling Characteristics

Sampled in spring 56.20% 86.50%
Sampled in winter 18.80% 12.50%
Sampled in summer 25.00% -
Potential Exposure Sources

Renovations: Painting (within 12 months) 18.80% 18.80%
Renovations: Carpet installation 12.50% 18.80%
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Outdoor emission sources: Airports 31.20% 56.30%
Outdoor emission sources: Smoking areas 25.00% 37.50%
Outdoor emission sources: Heavy traffic 62.50% 50.00%

Note: Percentages may not total 100% due to rounding. SD = standard deviation

After categorization, building managers completed the building characteristics survey. Office
environments made up the largest part of the sample. Among buildings with fragrance-free
policies, office spaces were more diverse, including healthcare and educational facilities. On
average, fragrance-free buildings were older than non-policy buildings (63.2 vs. 32.9 years). Most
buildings were in Ontario, reflecting both the geographic concentration of the research partnership
networks and the higher density of office buildings in that province. Buildings in both groups
reported outdoor pollution sources, with sources varying, and include traffic, airports, and
smoking areas.

3.1.5 AIR QUALITY SAMPLING PROTOCOL

IAQ testing was carried out between December 2023 and June 2024 by Pinchin Ltd., a certified
environmental services company accredited by the American Industrial Hygiene Association
(AIHA). Sampling followed guidance from the United States Environmental Protection Agency for
IAQ testing in large office buildings, which helps ensure results are reliable and consistent (EPA,
2003; Villanueva et al., 2021; Horvat et al., 2025). Testing took place in meeting rooms, offices, and
washrooms because these spaces are used most often by people during the workday.

Multiple indoor air pollutants were measured to meet the study objectives. These included the top
35 VOCs and total volatile organic compounds (TVOCs) both indoors and outdoors, formaldehyde
(HCHO), PM,.s, carbon monoxide (CO), and carbon dioxide (CO,), as well as temperature and
relative humidity. These pollutants are commonly found in office environments and are known to
affect health, comfort, and accessibility (EPA, n.d.). This is especially true for people with
respiratory, neurological, skin, and environmental sensitivities such as multiple chemical
sensitivity (MCS) (Zhong et al., 2017; Maung et al., 2022; Bhoonah et al., 2024; Wolkoff, 2013). To
make sure the results showed normal building conditions, building managers were asked to keep
their usual daily operations and cleaning routines during testing and not make any special changes
for the study.

3.1.5.1 TECHNICIAN DECONTAMINATION PROTOCOL

Modern air testing equipment is very sensitive, so even small amounts of fragrance from
technicians can affect test results (Wang et al., 2022; Wu et al., 2024; Papapostolou et al., 2023).
Before this study, there were no formal guidelines for fragrance-free practices for technicians. To
address this gap, ASEQ-EHAQ created a 14-day technician decontamination protocol (Appendix A).
Technicians reviewed fragrance-free training materials, followed a standard fragrance-free
checklist, and used only approved fragrance-free products for 14 days before testing. During
testing, technicians wore clean Tyvek suits, which were changed before testing in each new office
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building. This protocol represents the first formal fragrance-free preparation standard for

technicians in Canadian IAQ research.

3.1.5.2 SAMPLING PROCEDURES

Before testing was started in each office space, technicians conducted a walkthrough of each
building to record conditions that could influence IAQ and to photograph sampling locations.
Measurements were collected between 10:00 a.m. and 3:00 p.m. to reflect typical workday
conditions. Each space was sampled for one workday. All measurements were taken at a height of
1.2 metres — approximately 4-5 feet — above the floor to represent the human breathing zone for
standing and sitting occupants, including individuals using wheelchairs. This height aligns with
World Health Organization recommendations and accessibility considerations (EPA, n.d.) and
ensures that both mobility-aided and standing occupants' breathing zones are captured.

Table 3.4. Detailed calculations of IAQ collection per building

. Meeting Total per
Collection Washroom Outdoor s
Room Building
Top 35VOCs 2 2 2 1 7
TVOCs 2 2 2 1 7
Formaldehyde 1 1 1 0 3
Temperature (°C) 1 1 1 0 3

Relative Humidity

(%) 1 1 1 0 3
CO 1 1 1 0 3
Co, 1 1 1 0 3
PM,.5 1 1 1 0 3
Total collections 10 10 10 2 32
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Table 3.5. Quality control blank samples per building

— Number of Total
Blank Sample Type Number per Building o
Buildings Blanks
VOC blank 1 34 34
Formaldehyde blank 1 34 34
Total 2 34 68

Outdoor samples were collected near the building air intakes to capture pollutants entering the
buildings. A total of 1,156 samples were collected for the study, including 68 quality-control
blanks.

3.1.5.3 LABORATORY ANALYSIS

VOC samples were analyzed using thermal desorption combined with gas chromatography—-mass
spectrometry, following ISO 16017 methods. Stainless steel sampling tubes containing carbon-
based adsorbent material were conditioned, quality-checked for background contamination, and
prepared before use. Samples were analyzed using a PerkinElmer automated thermal desorber
connected to an Agilent gas chromatograph and mass spectrometer. Chemical identification was
completed using established mass spectral libraries — the Wiley Registry and NIST — with
compound identification confirmed by comparison of mass spectra and retention times.

Formaldehyde samples were analyzed using OSHA Method 1007. Passive samplers containing
DNPH-coated filters were used to collect formaldehyde, which reacts with DNPH to form a stable
hydrazone compound. The filters were extracted and analyzed using high-performance liquid
chromatography (HPLC) with ultraviolet detection. Formaldehyde concentrations were calculated
using calibration standards and adjusted for recovery based on quality-control samples. Field
blanks and laboratory blanks were included throughout sampling and analysis to monitor potential
contamination and ensure data quality.

3.1.6 DATA ANALYSIS

3.1.6.1 DATA CLEANING AND PREPARATION

All survey data were downloaded from Qualtrics into Excel spreadsheets, and were cleaned,
organized, and analyzed using SPSS (version 28) and Microsoft Excel. Missing information related
to building characteristics (less than 5% missing), such as room size and occupancy, was handled
using imputation methods — specifically regression-based imputation and mean substitution —
which are commonly used approaches to reduce bias and maintain data quality when complete
information is unavailable (Kang, 2013). IAQ testing data was converted from PDF files into Excel
spreadsheets for analysis. For VOC measurements, two samples were collected per space, and
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the average concentration was calculated. When calculating average concentrations for the top 35

VOCs, compounds below the laboratory detection limit were assigned the detection limit value,
following previous environmental data practices (Wendelberger & Campbell, 1994).

Ventilation rates for each office space were calculated using the steady-state CO, equation,
consistent with methods described in ASHRAE Standard 62 (Persily, 2015). In this equation, Q_o
represents the amount of outdoor air supplied per person, G is the rate at which each person
produces CO,, (C_{in,ss}) is the steady-state indoor CO, concentration, and C_out is the outdoor
CO, concentration. The CO, generation rate per person was calculated using values specific to
office settings (Persily & Jonge, 2017). Outdoor CO, levels were estimated based on building
location: offices in high-traffic urban areas were assigned a background CO, concentration of 550
ppm, while offices in areas with lower traffic were assigned a background level of 400 ppm. These
values reflect commonly used estimates in IAQ research (Takahashi et al., 2019; Kim & Choi, 2019).

3.1.6.2 OBJECTIVE 1: SUMMARY OF MOST COMMON VOCS FOUND IN CANADIAN
OFFICES AND WHERE THEY WERE FOUND

To identify the most common VOCs, frequency analysis was conducted, which identifies how often
something occurs in a dataset. Using Excel spreadsheets, VOCs that were detected in more than
50% of each office space type (meeting rooms, offices, washrooms) and outdoors were identified
as the most common VOCs, following established methodological precedent (Caron-Beaudoin et
al., 2021). This analysis was repeated for each office space type, as different VOC profiles may
exist due to different space activities. Since the study had two policy groups, the analysis was
separated for each group (fragrance-free policy vs no policy) to capture potentially distinct VOC
profiles associated with each group, and to avoid masking prevalent VOCs in one policy group
during analysis (Steinemann, 2016; Rothman et al., 2024).

Descriptive analysis was used to summarize the overall levels of the tested indoor and outdoor air
pollutants (CO,, CO, formaldehyde, PM,.,, TVOCs, and VOCs). This type of analysis provided
information such as averages, minimum and maximum values, median values, and overall ranges.
Analysis was separated by policy group to compare descriptive statistics between the fragrance-
free and non-fragrance-free groups. Common VOCs identified across all tested spaces were
retained for profiling purposes: each VOC was individually researched for chemical behaviour,
health effects related to accessibility barriers, odour thresholds, health thresholds, and their
presence on international regulatory lists.

3.1.6.3 OBJECTIVE 2: EXAMINING FRAGRANCE-FREE POLICY EFFECTS ON IAQ

Only VOCs that were commonly detected were included in comparisons between office spaces
with and without fragrance-free policies. Because pollutant concentrations did not follow a normal
distribution — verified by Skewness and Kurtosis analysis in SPSS — non-parametric Mann-
Whitney U tests were used to compare indoor air pollutant levels between the two policy groups
(Mai et al., 2024; Warburton et al., 2025). To reduce the influence of confounding factors known to
affect IAQ, analyses were stratified by room size and occupancy (Domhagen et al., 2023). Office
spaces were classified as 'small’ or 'large' using the median room size for each space type, and as
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'low' or 'high' occupancy using the median nhumber of occupants. This approach ensured balanced

comparisons between policy groups (Liang et al., 2022). To maintain statistical reliability, only
VOCs with at least five measurements in each policy group were included; compounds with fewer
observations were excluded (Siegel & Castellan, 1988).

Measured pollutant concentrations were also compared with existing IAQ guidelines to assess how
sampled buildings performed relative to established standards. These comparisons used Health
Canada's Residential Indoor Air Quality Guidelines and ASHRAE Standard 62.1 (Health Canada,
2024). Health Canada's guidelines are based on 24-hour exposure limits, while this study collected
approximately 5 hours of data per space. Because Health Canada does not currently provide
guideline values for TVOCs, the WELL Standard was used as a reference. Daily average
concentrations were calculated for TVOCs, CO,, CO, PM,.., temperature, relative humidity,
formaldehyde, acetaldehyde, acrolein, benzene, toluene, and m-/p-xylene. Results from meeting
rooms, offices, and washrooms were combined to generate a building-level average. Each of the 32
buildings was then assessed for compliance with guideline values and grouped by policy type.

Generalized Linear Models (GLMs) were used to examine whether fragrance-free policies were
associated with lower concentrations of hazardous VOCs while accounting for room size,
occupancy, and ventilation rate (Zaluska et al., 2020; Domhagen et al., 2023). Because VOC
concentrations were skewed toward higher values, a Gamma distribution with a log-link function
was used, which is appropriate for this type of environmental data (Mansor et al., 2023; Justo
Alonso et al., 2022; Mamba et al., 2025). Multicollinearity was assessed using variance inflation
factors to confirm model reliability (Mansfield, 1982). All models displayed a non-significant
Goodness of Fit Test and a sighificant Omnibus Test, indicating acceptable model fits
(Bagdonavicius et al., 2025). A separate model was developed to pool together all the samples to
verify results and for sensitivity analysis (Appendix C).

The VOCs used in the GLM analysis were chosen because they are common in indoor spaces and
are known to irritate the body’s sensory systems, based on the IFRA Transparency List. These
included acetaldehyde, acetone, toluene, m-/p-xylenes, and TVOCs. These chemicals were among
the most frequently found VOCs in office buildings and are known to cause breathing irritation,
allergies, headaches, worsening of respiratory conditions, effects on the nervous system, and
possible long-term health risks (Steinemann et al., 2017; Kazemi et al., 2022; Molot et al., 2023; Lv
et al., 2023). CO,, CO, and PM,., were not included in the GLM models because they are less
directly linked to fragrance-related policies and did not perform well in the statistical models.

Data verification

To enhance analytical rigor and reproducibility, all statistical analyses were independently verified
by a second researcher using RStudio. Replication of the analyses produced consistent findings
across models, supporting the validity and reliability of the results

3.1.6.4 OBJECTIVE 3: BUILDING CHARACTERISTICS CORRELATING WITH LOWER
POLLUTANTS
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Previous research has shown that certain building features can influence IAQ. Characteristics such

as ventilation rate, temperature, humidity, room size, occupancy level, and building age are often
linked with indoor pollutant levels (Horvat et al., 2025; Domhagen et al., 2023). Spearman rank-
order correlation tests — which assess how two numerical variables move together — were used to
examine these relationships. A Spearman Correlation Coefficient (p) closerto 1 or -1 indicates a
stronger relationship between two variables. The analysis focused on VOCs that were commonly
found in both fragrance-free buildings and buildings without fragrance-free policies. This allowed
for clearer and more reliable comparisons between the two groups. Analyses were done separately
for each type of space—meeting rooms, offices, and washrooms—to account for how these
spaces are used differently and how their environmental conditions vary.

3.1.7 PRODUCT EMISSION TESTING

Additional work was funded by ASEQ-EHAQ to find out which VOCs were released by commonly
used cleaning products. This testing included 11 fragranced products and 4 fragrance-free and
ECO products sold in stores. This extra analysis was done because harmful VOCs were found in
some buildings that already had fragrance-free policies. This showed that indoor air pollution can
come from sources other than personal fragrance use and needed to be studied further.

To choose which products to test, researchers reviewed responses from the policy implementation
survey to see which cleaning products were used most often by building managers. A frequency
analysis was used to identify the most common products. The selected products included 6
laundry products (such as detergents, dryer sheets, scent boosters, and fabric softeners), 7
cleaning products (including household and industrial cleaners, disinfectants, dish detergent, and
hand soap), and 2 air fresheners (such as sprays, gels, solids, and deodorant disks). More than half
of the selected products were from top-selling brands. Brand names will not be listed to protect
privacy.

Testing used the ASTM D7706 method — Rapid Screening of VOC Emissions from Products Using
Micro-Scale Chambers. The chamber used was a Markes Thermal Micro-Extractor. Approximately 2
grams of each product was weighed, transferred to a dish, and placed in the microchamber, which
was then heated to 50°C. After equilibrating for 30 minutes, a stream of nitrogen purged the
headspace into a sorbent tube, which was analyzed by ATD/GC/MS. After testing was completed,
results were converted from PDF files into Excel spreadsheets for analysis.

To find out which VOCs could be harmful, each chemical found in both fragranced and
fragrance-free and ECO products was checked against well-known health and safety lists. These
included lists from the U.S. Environmental Protection Agency, the International Agency for
Research on Cancer, the International Fragrance Association, and the NIH/NCBI PubChem
database. Each VOC was reviewed to see whether it is known to cause serious health problems.
This included cancer, harm to the brain or nervous system, effects on reproduction, kidney
damage, skin irritation or allergies, and the ability to trigger the body’s chemical irritation sensors
(TRPA1 and TRPV1), which have been implicated in sensitization processes associated with the

development of MCS.
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3.1.8 POLICY IMPLEMENTATION, IAQ MANAGEMENT, AND
OCCUPANT COMFORT ANALYSIS

To understand how administrators and building managers understand and apply IAQ policies,
survey results were examined alongside the air quality testing data. The occupant comfort survey
asked people to rate IAQ in different office spaces—meeting rooms, offices, and washrooms—
using a five-point scale. For each person, IAQ scores were calculated separately for each type of
space by averaging their responses. These individual scores were then combined to create an
average |AQ score for each building, following standard post-occupancy evaluation and indoor
environmental quality research methods (Graham et al., 2021).

Relationships between how occupants perceived IAQ, building characteristics, and measured air
quality results were analyzed using Spearman rank-order correlation tests. This method was used
because the sample size was small and the data did not follow a normal distribution, which is
consistent with previous IAQ research approaches (Al Horr et al., 2016). Building and
environmental factors examined included temperature, humidity, ventilation rate, number of
occupants, room size, cleaning frequency, and building age. Measured levels of hazardous air
pollutants identified in Health Canada IAQ guidelines were also included to assess actual exposure
conditions.

Data triangulation was used to combine information from the occupant comfort survey, the policy
implementation survey, and the IAQ testing results. This approach followed methods used in
earlier built-environment research (Al-Sabahi et al., 2022; McCormick et al., 2025). The goal was to
understand how fragrance-free policy implementation, attitudes toward fragrance policies,
occupant comfort, building features, daily operations, and measured air quality were related. In the
occupant comfort survey, building users reported any negative health symptoms they experienced
at work during the previous four weeks. These reports were compared with IAQ testing results to
see whether harmful substances—such as irritants, cancer-causing chemicals,
hormone-disrupting compounds, or chemicals that activate the body’s irritation sensors (TRP
receptors)—were present when health symptoms were reported.

3.2 QUALITATIVE METHODS

3.2.1 STUDY DESIGN AND THEORETICAL FRAMEWORK

A qualitative focus group approach was used to better understand the real-life experience of
inaccessible indoor air. Focus groups gave participants the opportunity to share their personal
experiences, discuss how poor indoor air affects their daily lives, and explore the social and policy
issues connected to these experiences through group discussion (Wibeck et al., 2007). By allowing
more in-depth conversations, the focus groups helped capture perspectives and experiences that
could not be measured through IAQ testing alone.

The qualitative study was guided by approaches that focus on lived experience and how social
environments shape accessibility. The study centered the experiences of people living with
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disabilities whose ability to safely access buildings and indoor spaces is affected by IAQ. This
approach recognizes that accessibility is not only a technical issue about pollutant levels, but also

a socialissue about whose needs are considered in the design, operation, and management of
indoor environments.

3.2.2 PARTICIPANT RECRUITMENT AND ELIGIBILITY

Participants were recruited through social media announcements and disability partner
organizations including Autism Canada, NB Lung, Disability Without Poverty, Migraine Canada and
others, using intentional sampling (Suri, 2011) to ensure representation of the range of chronic
conditions affected by IAQ. To be eligible, participants were required to:

1. beaged 18 years orolder;

2. residein Canada;

3. experience symptoms upon exposure to perfumes or scented products that limit
accessibility to the built environment; and

4. be able to communicate in English or French.

Of 156 individuals registered, 136 met inclusion criteria and were contacted. Of the 136 contacted,
66 participants confirmed attendance and 60 participated in the 10 online focus group sessions.
The sessions were held via Zoom, and participants were invited to remain anonymous using pre-
communicated IDs with cameras deactivated.

3.2.3 DATA COLLECTION: FOCUS GROUP PROCEDURES

Ten online focus group sessions were conducted via Zoom, with 5-7 participants each. Each
session lasted a maximum of 2 hours. A trained moderator followed a semi-structured interview
guide (Krueger & Casey, 2015) while remaining flexible to explore emerging themes. The guide was
developed collaboratively with ASEQ-EHAQ and informed by the qualitative literature review
findings. Primary questions addressed included:

¢ Which types of buildings or indoor environments do you find most difficult to access, and
what makes them challenging ?

¢ What types of symptoms do you experience when exposed to fragrances or chemical
products? How frequently do these symptoms occur?

e Arethere specific patterns or triggers for your symptoms?

¢ Have you had negative experiences when requesting accommodation for your condition?

¢ What changes or solutions do you think would improve IAQ and your accessibility?

Two short quantitative surveys were administered during each session: one at the start (assessing
overall satisfaction with Canadian indoor environments and perceived symptom severity) and one
midway through (assessing the degree of interference with employment, housing, healthcare,
education, and places of worship access).
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3.2.4 DATA ANALYSIS: THEMATIC ANALYSIS, DESCRIPTIVES AND
HEATMAPS

Sessions were recorded, transcribed, and translated using Al-assisted software, with all
transcriptions subsequently verified and de-identified by research team members. Thematic
analysis followed the framework of Braun and Clarke (2006): (1) initial familiarization and open
coding in NVivo; (2) three additional readings to identify latent and semantic content; (3) collation
of codes into potential themes; and (4) review, refinement, and naming of final themes.

Heat maps were generated in NVivo using matrix coding queries to illustrate the prevalence and
intensity of theme discussion by chronic condition group. Cell values in heat maps represent the
number of participants in each condition group who discussed that theme; colour intensity reflects
the proportion relative to the overall number of participants discussing that theme.

Inter-coder reliability was confirmed by two independently trained researchers who coded the full
dataset separately. Results revealed perfect agreement on all major thematic categories (physical
barriers, attitudinal barriers, systemic barriers, informational barriers, health impacts, social
impacts, financial impacts, psychological impacts, and solutions). Minor differences in sub-theme
granularity were noted but did not affect major findings. The inter-coder reliability comparison table
is provided in Appendix B.

Participant characteristics as well as survey results were summarized using descriptive statistics.
Demographics and clinical characteristics are summarized in Table 5.2 and reported in Section 5.
Not all focus group participants responded to every survey item.

3.3 DATATRIANGULATION METHOD

Quantitative and qualitative findings were integrated through a convergent triangulation strategy at
the analysis and interpretation stages. This approach allowed the research team to examine how
the technical IAQ measurement data, the product emission findings, and the focus group findings
mutually confirm, extend, and contextualise each other. Specifically, the following triangulation
questions were addressed:

e Do the VOC compounds detected in IAQ sampling correspond to the health symptoms
described by focus group participants?

e Do the compounds detected in product emission testing appear in IAQ sampling?

¢ Does the variation in IAQ outcomes across buildings with different policy implementation
levels correspond to occupant-reported health events and perceptions?

¢ Do the barriers, impacts, and solutions described by qualitative participants illuminate
specific regulatory gaps identified by the quantitative regulatory landscape analysis?

e Do the barriers, impacts, and solutions described by qualitative participants illuminate IAQ
testing findings?

Integration of findings is presented in the Discussion section (Section 6) of this report.
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4. QUANTITATIVE RESULTS: WHAT THE AIR QUALITY TESTS

FOUND

Note on terms used in this section:

VOC = volatile organic compound (a chemical that evaporates into the air at room
temperature).

TVOC = total VOCs (combined level of allVOCs).

MCS = multiple chemical sensitivity (a condition where even low levels of chemicals
can cause serious physical reactions).

GLM = Generalized Linear Model (a statistical method that isolates the effect of one
factor while holding others constant).

p (rho) = Spearman correlation coefficient (a measure of how strongly two things are
related, from -1 to +1).

CCOHS = Canadian Centre for Occupational Health and Safety.

pglm3 = micrograms per cubic metre (a standard unit for measuring how much of a
chemicalis in a given volume of air).

WELL Standard = an international health standard for buildings, with a total VOC limit
of 500 |,|g/m3 for offices.

IARC = International Agency for Research on Cancer (Group 1 = definitely causes
cancer; Group 2B = possibly causes cancer).

TRP = transient receptor potential — body sensors (TRPA1/TRPV1) that detect
chemicalirritants; research suggests that repeated activation and sensitization of
these receptors may contribute to the development of multiple chemical sensitivity
(MCS).

We tested the air in 32 Canadian office buildings. We collected 1,156 samples across three types
of spaces: meeting rooms, office areas, and washrooms. We also collected samples at building air
intakes located outdoors. All concentrations are measured in micrograms per cubic metre (ug/m°)
— a standard unit for measuring how much of a chemicalis in a given volume of air.

Buildings were divided into two groups:

Buildings with a fragrance-free policy (FF buildings): 16 buildings
Buildings with no fragrance-free policy (NP buildings): 16 buildings

This section covers six areas:

What chemicals we found, and where
Whether fragrance-free policies reduced harmful chemicals

Which building features were linked to better air quality

What chemicals cleaning products released

How well fragrance-free policies were being put into practice
What building occupants said about the air

All pollutant concentrations are reported in micrograms per cubic metre (ug/m?®) unless otherwise

stated.
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4.1 CHEMICALS FOUND IN CANADIAN OFFICE BUILDINGS SAMPLES

4.1.1 HOW WE DECIDED WHAT WAS "COMMONLY FOUND"

We only called a chemical "commonly found" if it showed up in 50% or more of the spaces tested
within a given policy group and space type. For each commonly found chemical, we calculated the
median concentration — the middle value when all measurements are lined up from lowest to
highest — for both fragrance-free and non-policy buildings.

We also checked each chemical against three lists:

e The U.S. EPA Hazardous Air Pollutants list (chemicals the U.S. government considers
especially dangerous to human health)

¢ |ARC cancer classifications (the International Agency for Research on Cancer rates
chemicals by how likely they are to cause cancer: Group 1 = definitely causes cancer;
Group 2B = possibly causes cancer)

e Health Canada's draft indoor air quality (IAQ) guidelines for office buildings

A chemical appearing on these lists is flagged in our tables. A blank cell does not mean the
chemicalis safe — for many chemicals, insufficient health data are currently available because
they have not yet been adequately studied.

4.1.2 RESULTS IN MEETING ROOMS

Meeting rooms are where all employees — including those with disabilities — need to participate in
group decisions and teamwork. Equal access to meeting spaces is a key part of workplace equity.

Non-policy meeting rooms had several chemicals not found in fragrance-free meeting rooms.
Benzene — a chemical that definitely causes cancer (IARC Group 1) with no safe exposure level —
was only commonly found in non-policy spaces. Building managers in non-policy buildings
reported using conventional cleaning products 87% of the time and air fresheners 50% of the time.
These products explain the chemicals we found.

Fragrance-free meeting rooms had higher levels of alpha-pinene and p-cymene — chemicals found
in plant-based cleaning products used by 94% of fragrance-free building managers. These terpene
chemicals (natural or synthetic plant compounds used in cleaning products) can react with ozone
already present in office air to produce new pollutants, including formaldehyde. This shows that
even "natural" or "eco" products can create chemicals that trigger reactions in people with multiple
chemical sensitivity (MCS).

We also detected CFC-11 (trichlorofluoromethane) — a chemical that was banned under the
Montreal Protocol because it damages the ozone layer — in some fragrance-free buildings. Higher
levels appeared in newer buildings, suggesting some construction materials still contain this
banned chemical.

Table 4.1 shows the chemicals most commonly found in meeting rooms, comparing fragrance-free
and non-policy buildings.
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Table 4.1. Chemicals most commonly found in meeting rooms (ug/m° unless stated)

Table key: FF = fragrance-free buildings. NP = no-policy buildings. NP:FF ratio = NP median divided by FF median (bold = 2 times higher or
more). EPA hazardous = listed as a U.S. Hazardous Air Pollutant. IARC = classified as a known or possible carcinogen. Transient Receptor
Potential (TRP) receptors = activates TRPA1/TRPV1 receptors in the body — these are chemical sensors that, when repeatedly triggered, may
contribute to developing MCS. Fragrance ingredient = listed by the International Fragrance Association.

Health Potential
FF NP NP:FF . TRP Part of IFRA
Compound . . . Foundin | Hazardous . Canada .
median | median ratio is s Receptor List
Limit List ..
Sensitizer
TVOCs 342 467 1.4x Both - - - - -
Ethanol 101.2 101.5 1.0x Both - - v v =
Acetone 15.2 29.2 1.9x Both - - v v v
Isopropyl Alcohol 7.0 7.2 1.0x Both - - v v =
D5 Siloxane 10 6.5 0.7x Both - - - - -
D-Limonene 4.0 4.2 1.1x Both - - - v v
Propylene 4.0 2.0 0.5x Both - - - - -
Pentane 4.5 6.2 1.4x Both - - - - -
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Potential
FF NP  NP:FF : EPA lARc ~ Health TRP Part of IFRA
Compound . . . Foundin | Hazardous . Canada .
median | median ratio . List s Receptor List
List Limit List .

Sensitizer
Acetaldehyde 22.5 14 0.6x Both v v v v v
Acetic Acid 8.0 7.3 0.9x Both - - - v =
Formaldehyde 10.7 10.8 1.0x Both v v v v -
Cyclopentane 1.5 5.5 3.7x Both - - - - -
Hexanal 1.5 1.0 0.7x Both - - - - v
Toluene 2.0 2.5 1.3x Both v v v v =
m-/p-Xylenes 1.5 2.0 1.3x Both v v v - -
n-Hexane 1.7 2.5 1.5x Both v - - - -
2-Butanone / MEK 2.0 1.5 0.5x Both v - v - -
2-Methylbutadiene 3.5 3.0 0.9x Both v v - - -
Butane 1.0 5.7 5.7x Both - - - - -
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Potential
FF NP  NP:FF : S iApc ~ Health TRP Part of IFRA
Compound . . . Foundin | Hazardous . Canada .
median | median ratio . List s Receptor List
List Limit List W

Sensitizer
Butane, 2-methyl 2.5 4.0 1.6x Both - - - - -
Benzaldehyde 2.0 2.0 1.0x Both - - - - v
Nonanal 1.5 1.0 0.7x Both - - - - v
Ethyl Acetate 3.2 2.7 0.8x Both - - - - -
Heptane 1.0 2.0 2.0x Both - - - v -
D4 Siloxane 2.0 2.0 1.0x Both - - - - -

Trichlorofluoromethane /

1.0 1.0 1.0x Both - = = - -
CFC-11
Isobutylene / 1-Propene, 2-

1.0 2.0 2.0x Both - - - - -
methyl
a-Pinene 1.8 3.0 1.7x FF only - - - - v
TXIB 1.0 0.50 0.5x FF only - - - - -
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Potential
FF NP  NP:FF . EPA laRc  Health TRP Part of IFRA
Found in Hazardous Canada .
Receptor List

Compound . . .
P median ratio List
Sensitizer

median

List Limit List

p-Cymene 1.3 0 0.0x FF only
Benzene 1.5 1.0 0.7x NP only
Cyclopentane, methyl 2.0 2.5 1.3x NP only
Isobutane 1.3 2.5 1.9x NP only
Hexane, 2-methyl 1.2 2.0 1.7x NP only
Hexane, 3-methyl 1.0 2.0 2.0x NP only
Pentane, 3-methyl 2.0 4.0 2.0x NP only
PM,.. (mg/m°) 0.002 0.001 0.5x Both

CO (ppm) 0 0 — Both

CO, (ppm) 631.5 513 0.8x Both
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Potential
FF NP  NP:FF : S iApc ~ Health TRP Part of IFRA
Compound . . . Foundin | Hazardous . Canada .
median | median ratio . List s Receptor List
List Limit List W
Sensitizer
Hazardous VOCs — detected but not commonly found
Acrolein 0.50 0.70 1.4x — v v v v —
Carbon Tetrachloride 1.0 1.0 1.0x
Ethylbenzene 1.2 3.0 2.5x
o-Xylene 1.5 4.0 2.7x
Phenol 1.0 1.0 1.0x — v - - - v
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4.1.3 RESULTS IN OFFICE ROOMS

Office rooms are where employees spend the most time — most occupants in our survey reported
spending six or more hours a day in these spaces. Because longer exposure multiplies the effect of
any chemical, offices are the most important space type from a health standpoint.

Office rooms showed similar patterns to meeting rooms. Non-policy buildings consistently had
higher levels of chemicals that come from products. Benzene was only commonly found in non-
policy office rooms — the same pattern as observed in meeting rooms, confirming that this known
carcinogen appears as a marker of spaces where conventional fragranced products are used.
Individual non-policy offices reached total VOC levels of 6,800 pg/m® — more than 13 times the
international WELL Building Standard limit of 500 pg/m®.

D5 siloxane — a chemical found in shampoos, conditioners, lotions, and deodorants — appeared
at similar levels in both policy groups. This is because personal care products worn by building
occupants release it regardless of the building's cleaning product policy. A fragrance-free policy
that covers only cleaning products does not remove exposure from what people wear on their
bodies.
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Table 4.2. Chemicals most commonly found in office rooms (ug/m°®unless stated)

Column key: FF =fragrance-free policy buildings (n = 16); NP = no-policy buildings (n = 16). NP:FF ratio = NP median / FF median (bold = ratio
>= 2x). Presence: whether compound was detected in FF buildings only, NP only, or Both. EPA HAP = U.S. EPA Hazardous Air Pollutant. IARC
= |ARC carcinogen classification (Group 1 or 2B). HC limit = Health Canada guideline exists. TRP = TRPA1/TRPV1 receptor sensitizer
(relevant to MCS). IFRA = International Fragrance Association restricted or monitored ingredient. All values pg/m3 unless stated.

Health Potential

FF NP  NP:FF . EPA IARC Canada  TRP Part of

Compound . . . Foundin Hazardous . . IFRA
median | median | ratio . List Limit Receptor .

List ) . List

List Sensitizer

TVOCs 362.5 540 1.5x Both - - - - -
Ethanol 89.5 97.5 1.1x% Both - - 4 v =
Acetone 11.5 41 3.6x% Both - - v v v
Isopropyl Alcohol 8.7 8.5 1.0% Both - - v v -
D5 Siloxane 7.5 8.0 1.1x Both - - - - -
Cyclopentane 5.5 4.2 0.8x% Both - - - - -
Pentane 3.5 8.5 2.4x% Both - - - - -
D-Limonene 3.7 5.5 1.5% Both - - - v v
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Health Potential

FF NP | NP:FF : S IARC Canada  TRP Part of

Compound . . . Found in Hazardous . . IFRA
median | median | ratio . List Limit Receptor .

List ; . List

List Sensitizer

Propylene 3.5 6.7 1.9% Both - - - - -
Butane, 2-methyl 2.5 4.0 1.6x% Both - - - - -
Hexanal 1.0 1.5 1.5% Both - - - - v
Acetic Acid 5.0 8.9 1.8% Both - - - v =
Acetaldehyde 15.2 23.5 1.5% Both v v v v v
Formaldehyde 10.5 10.5 1.0% Both v v v v -
Toluene 2.5 2.7 1.1x% Both v v v v -
m-/p-Xylenes 2.5 2.0 0.8x Both v v v = =
n-Hexane 1.0 1.0 1.0x Both v - - - -
2-Butanone / MEK 1.7 2.0 1.2x Both v - v - -
1,3-Butadiene, 2-methyl 3.0 4.5 1.5% Both v v - - -
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EPA Health Potential Part of
Compound FF NP NP:FE Foundin Hazardous S UL TRP IFRA

List

median | median | ratio List List Limit Receptor

List Sensitizer

Heptane 1.0 1.5 1.5% Both - - - v -
Ethyl Acetate 2.0 2.2 1.1x% Both - - - - -
Benzaldehyde 1.0 1.5 1.5% Both - - - - v
Nonanal 1.7 1.5 0.9x Both - - - - v
Butane 1.5 5.7 3.8x% Both - - - - -
a-Pinene 1.5 5.0 3.3x FF only - - - - v

TXIB (2,2,4-Trimethyl-1,3-

1.5 1.5 1.0x FF only - = = - -
pentanediol diisobutyrate)
Decanal 0.80 1.0 1.3x FF only - - - - v
Isobutylene / 1-Propene, 2-

0.80 2.5 3.1x NP only - - - - -
methyl
Benzene 0.50 1.0 2.0% NP only v v - v -
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Compound FF. NF.’ NP:.FF Found in Hazardous
median | median | ratio
Sensitizer

Cyclopentane, methyl 3.2 3.3 1.0x% NP only

Isobutane 1.0 2.0 2.0x% NP only

PM,.. (mg/m°) 0.005 0.002 | 0.4x Both

CO (ppm) 0 0 — Both

CO, (ppm) 599.5 524| 0.9x Both

Hazardous VOCs — detected but not commonly found

Acrolein 0.50 0.50 1.0x =
Carbon Tetrachloride 0.70 1.0 1.4x% —
Ethylbenzene 1.0 3.0 3.0x% —
o-Xylene 1.0 2.5 2.5% —
Phenol 1.0 1.0 1.0x —
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Health Potential

FF NP | NP:FF : S IARC Canada  TRP Part of
Compound . . . Found in Hazardous . . IFRA
median | median | ratio . List Limit Receptor .
List : e List
List Sensitizer
Styrene 0.50 1.3 2.6x% — v - v v -
Tetrachloroethylene 0.70 14 20.0x% — v - v - -
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4.1.4 WASHROOMS

Washrooms are a non-optional space — every employee needs access to them throughout the
working day.

Washrooms showed a wider range of commonly detected chemicals than other space types. This
likely reflects their use by all building occupants, the variety of personal care products people use
in these spaces, and typically higher ventilation in washrooms. Non-policy washrooms had
particularly high levels of isopropyl alcohol (mean 89.9 ug/ms), acetone, toluene, and xylenes —
consistent with conventional cleaning product use.

Benzene was again only commonly found in non-policy washrooms. The total VOC range in non-
policy washrooms reached up to 7,150 pg/m® in individual spaces. Fragrance-free washrooms had
a median of 302.5 pg/m® — well below the 500 pg/m® WELL Standard limit.
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Table 4.3. Chemicals most commonly found in washrooms (ug/m°unless stated).

Column key: FF =fragrance-free policy buildings (n = 16); NP = no-policy buildings (n = 16). NP:FF ratio = NP median + FF median (bold =
ratio = 2x). Presence: whether compound was detected in FF buildings only, NP only, or Both. EPA HAP = U.S. EPA Hazardous Air
Pollutant. IARC = IARC carcinogen classification (Group 1 or 2B). HC limit = Health Canada guideline exists. TRP = TRPA1/TRPV1 receptor
sensitizer (relevant to MCS). IFRA = International Fragrance Association restricted or monitored ingredient. All values pg/m3 unless stated.

Potential
EPA Health
FF NP NP:FF IARC TRP Part of
Compound Found in Hazardous Canada

median median ratio List Receptor IFRA List
List Limit List

Sensitizer

TVOCs 302.5 535.5 1.8x% Both - - v - -
Ethanol 64 118 1.8x Both - - - v -
Acetone 14.7 36.8 2.5x% Both - - v v v
Isopropyl Alcohol 6.5 8.2 1.3x Both - - v v -
D5 Siloxane 11.5 21 1.8% Both - - - - -

Propane, 1,1,1,3,3-
7.5 10.5 1.4x% FF only - - - = -
pentafluoro

Isobutane 16.5 2.5 0.2x NP only - - - - -
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Potential
EPA Health
FF NP NP:FF IARC TRP Part of
Compound Found in Hazardous Canada
median median ratio List Receptor IFRA List
List Limit List
Sensitizer
Acetaldehyde 15.7 36 2.3x Both v v v v -
Acetic Acid 5.0 6.3 1.3x Both - - - v -
Formaldehyde 10.1 9.2 0.9x Both v v v v -
Cyclopentane 1.5 6.0 4.0% Both - - - - -
a-Pinene 2.0 5.0 2.5x FF only - - - - v
D-Limonene 3.5 3.0 0.9x Both - - - v v
Octanal 0.50 0.50 1.0x FF only - - - - v
Pentane 2.5 8.0 3.2x Both - - - - -
Heptane 1.2 1.0 0.8x FF only - - - v -
Hexanal 1.2 1.7 1.4x% Both - - - - v
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Potential
EPA Health
FF NP NP:FF IARC TRP Part of
Compound Found in Hazardous Canada
median median ratio List Receptor IFRA List
List Limit List
Sensitizer
Propylene 3.0 5.0 1.7% Both - - - - -
Butane 1.0 3.5 3.5x% Both - - - - -
D4 Siloxane 1.2 1.5 1.3x Both - - - - -
n-Hexane 1.5 3.3 2.2x Both v - - - -
m-/p-Xylenes 2.0 3.3 1.6x Both v v v - -
Toluene 2.0 2.5 1.3x Both v v v v -
Ethyl Acetate 2.0 3.0 1.5% Both - - - - -
Nonanal 2.0 1.2 0.6x Both - - - - v
Isobutylene / 1-
1.0 2.0 2.0x Both - - - - -
Propene, 2-methyl
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Potential
EPA Health
FF NP NP:FF IARC TRP Part of
Compound Found in Hazardous Canada
median median ratio List Receptor IFRA List
List Limit List
Sensitizer
1,3-Butadiene, 2-
2.5 3.5 1.4x Both v v - - -
methyl
Benzaldehyde 1.5 2.0 1.3x Both - - - - v
2-Butanone / MEK 1.1 2.0 1.8x Both v - v - -
Cyclopentane, methyl 1.5 1.0 0.7x% NP only - - - - -
Pentane, 3-methyl 1.0 4.0 4.0x% NP only - - - - -
Benzene 1.0 1.0 1.0x NP only v v v v -
TXIB (2,2,4-Trimethyl-
1,3-pentanediol 0.50 1.0 2.0x FF only - - - - -
diisobutyrate)
Pentane, 2-methyl 0.70 10 14.3x FF only - - - - -
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Potential
EPA Health
FF NP NP:FF IARC TRP Part of
Compound Found in Hazardous Canada
median median ratio List Receptor IFRA List
List Limit List
Sensitizer
Phenol 1.0 0.70 0.7x FF only v - - - -
Butal / Butanal 0.50 1.0 2.0x NP only - - - - -
CO (ppm) 0 0 — Both - - v - -
CO, (ppm) 613 545 0.9x Both - - v - -
PM,.5s (mg/m°) 0.001 0.001 1.0x Both - - - - -

Hazardous VOCs — detected but not commonly found

Acrolein 1.0 1.0| 1.0x — v v v v -
Carbon Tetrachloride 1.0 1.0| 1.0x — v v v - -
Chloroform 1.0 1.5 1.5x — v v v - =
Ethylbenzene 1.5 25.5| 17.0x — v v v v -
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Potential
EPA Health
FF NP IARC TRP Part of
Compound Found in Hazardous Canada
median median List Receptor IFRA List
List Limit List
Sensitizer
o-Xylene 1.0 2.0| 2.0x — v - v v -
Tetrachloroethylene 1.2 13.5| 11.3x — v - v - -
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4.1.5 CHEMICALS FOUND ACROSS ALL THREE SPACE TYPES

Figure 4.1 displays VOC concentrations that differed significantly across office spaces, with higher
levels observed in office areas without fragrance-free policies, including isobutylene in office
rooms (p =0.005), acetone in offices (p = 0.003) and washrooms (p = 0.001), butane across all office
areas (Meeting rooms (p = 0.004), Offices (p = 0.004) and Washrooms (p = 0.002), 2-methylbutane
in washrooms (p = 0.020), 2-methylhexane in washrooms (p = 0.033), pentane in washrooms (p =
0.009), CFC-11 in washrooms (p = 0.038), and ethylbenzene in offices (p = 0.033).

We compared which chemicals appeared across all three space types. We found benzene only in
non-policy spaces in all three areas — meeting rooms, offices, and washrooms. This pattern
across all space types makes it a reliable marker of buildings that use conventional fragranced
products. It also means that people with MCS or asthma who work in non-policy buildings face
exposure to a known carcinogen in every space they need to use.

Chemicals like ethanol, acetone, toluene, xylenes, and formaldehyde appeared in both policy
groups across all three space types. However, concentrations were consistently lower in
fragrance-free buildings.
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Figure 4.1 [AT4.1]Graph of means selected VOCs by office space and fragrance-free policy enforcement. P-
values arise from Wilcoxon-Ranksum test for concentrations between policy and non-policy across office

spaces
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Table 4.4. VOC presence comparison between office spaces: washrooms, office rooms, and meeting rooms compared by policy status and
concentration ratio

Meeting
SonTan Category  preince  NPiFF  Prosmce. oM \pEE (ora)
Presence
Compounds detected across all three space types
TVOCs Indicator Both 1.8% Both 1.5x Both 1.4% 3/3
Ethanol Solvent Both 1.8x Both 1.1x% Both 1.0x 3/3
Acetone Solvent Both 2.5x% Both 3.6x% Both 1.9x% 3/3
Isopropyl Alcohol Solvent Both 1.3x% Both 1.0% Both 1.0% 3/3
Acetaldehyde Hazardous Both 2.3% Both 1.5x Both 0.6x 3/3
Formaldehyde Hazardous Both 0.9x Both 1.0% Both 1.0x% 3/3
Toluene Hazardous Both 1.3x% Both 1.1x% Both 1.3x% 3/3
m-/p-Xylenes Hazardous Both 1.6% Both 0.8x Both 1.3x% 3/3
n-Hexane Hazardous Both 2.2x% Both 1.0x Both 1.5% 3/3
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o Meeting .
Washroom ffice room paces
room
Compound Category Presence NP:FF Presence : NP:FF (of 3)
Presence

2-Butanone / MEK Hazardous Both 1.8x% Both 1.2% Both 0.5x% 3/3
1,3-Butadiene, 2-

Hazardous Both 1.4x% Both 1.5% Both 0.9x% 3/3
methyl
Acetic Acid Irritant Both 1.3x Both 1.8x Both 0.9x% 3/3
D5 Siloxane Fragrance Both 1.8x% Both 1.1x% Both 0.7x 3/3
D-Limonene Terpene Both 0.9x Both 1.5% Both 1.1% 3/3
a-Pinene Terpene FF only 2.5% FF only 3.3x FF only 1.7% 3/3
Benzaldehyde Fragrance Both 1.3x% Both 1.5% Both 1.0% 3/3
Hexanal Fragrance Both 1.4x% Both 1.5% Both 0.7x 3/3
Nonanal Fragrance Both 0.6x% Both 0.9x% Both 0.7x% 3/3
TXIB Fragrance FF only 2.0x% FF only 1.0x FF only 0.5x% 3/3
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Meeting
Compound Category fo::éﬁ(c’? NP:FF o;fri::er::: oo NP:FF sz)ag;s

Presence
Cyclopentane Petrochem. Both 4.0% Both 0.8x Both 3.7x% 3/3
Propylene Petrochem. Both 1.7x% Both 1.9x Both 0.5x 3/3
Pentane Petrochem. Both 3.2x Both 2.4x Both 1.4x% 3/3
Butane Petrochem. Both 3.5x Both 3.8x Both 5.7x% 3/3
Isobutylene Petrochem. Both 2.0x% NP only 3.1x Both 2.0x% 3/3
Ethyl Acetate Solvent Both 1.5% Both 1.1x Both 0.8x 3/3
Heptane Solvent FF only 0.8x Both 1.5x Both 2.0x% 3/3
Benzene Hazardous NP only 1.0% NP only 2.0x% NP only 0.7x 3/3
Cyclopentane, methyl | Petrochem. NP only 0.7x% NP only 1.0x NP only 1.3x% 3/3
Isobutane Petrochem. Both 0.2x NP only 2.0x NP only 1.9x% 3/3
PM,.;5 Indicator Both 1.0x Both 0.4x% Both 0.5x% 3/3

bt |
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Meeting
WM | e | MR | | e | Shae
Presence
CO, Indicator Both 0.9x% Both 0.9x% Both 0.8x 3/3
Acrolein Hazardous Rare 1.0x Rare 1.0x Rare 1.4% 3/3
Ethylbenzene Hazardous Rare 17.0x Rare 3.0x Rare 2.5% 3/3
o-Xylene Hazardous Rare 2.0x% Rare 2.5% Rare 2.7% 3/3
Carbon Tetrachloride | Hazardous Rare 1.0% Rare 1.4% Rare 1.0% 3/3
Phenol Hazardous FF only 0.7x Rare 1.0x Rare 1.0% 3/3

Compounds detected in two space types

Butane, 2-methyl Petrochem. - - Both 1.6x% Both 1.6x% 2/3
D4 Siloxane Fragrance Both 1.3x% - - Both 1.0x% 2/3
CFC-11 Regulated Both 1.0% - - Both 1.0x% 2/3
Pentane, 3-methyl Petrochem. NP only 4.0x - - NP only 2.0x 2/3

Accessibility Standards EHA Page 69 of 203
I * I Canada ASEQ \‘ ;; Q



Accessible Indoor Air in the Built Environment Research Report

Meeting
Compound Category Vﬁf::éﬁﬁ:’ NP:FF olzfri::e:):: : o0 NP:FF sz?;s
Presence
Hazardous Rare 11.3% Rare 20.0x - - 2/3
fEESEEEEE—
Octanal Fragrance FF only 1.0x - - - - 1/3
Pentane, 2-methyl Petrochem. FF only 14.3x - - - - 1/3
Decanal Fragrance - - FF only 1.3x% - - 1/3
Styrene Hazardous - - Rare 2.6x% - - 1/3
Hexane, 2-methyl Solvent - - - - NP only 1.7x% 1/3
Hexane, 3-methyl Solvent - - - - NP only 2.0x% 1/3
p-Cymene Terpene - - - - FF only 0.0x 1/3

Styrene Hazardous - - Rare 2.6x% - - 1/3
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o Meeting .
Washroom ffice room paces
room
Compound Category Presence : Presence : NP:FF (of 3)
Presence

Acrolein Hazardous Rare 1.0x Rare 1.0x Rare 1.4x% 3/3
Ethylbenzene Hazardous Rare 17.0x Rare 3.0x% Rare 2.5% 3/3
o-Xylene Hazardous Rare 2.0x% Rare 2.5x% Rare 2.7% 3/3
Carbon Tetrachloride | Hazardous Rare 1.0% Rare 1.4x% Rare 1.0% 3/3
Phenol Hazardous FF only 0.7x% Rare 1.0x Rare 1.0x 3/3
Tetrachloroethylene Hazardous Rare 11.3x Rare 20.0x% - - 2/3
Note: W =Washroom; O = Office room; M = Meeting room. Presence: Both = detected in fragrance-free (FF) and no-policy (NP) buildings;
FF only = detected predominantly in FF buildings; NP only = detected predominantly in NP buildings; Rare = detected in fewer than half of
sampled spaces; — = not detected/not reported in that space type. NP:FF ratio = NP median concentration / FF median concentration;
bold indicates ratio >=2x. All concentrations in pg/m® unless otherwise indicated.
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4.1.6 CHEMICALS FOUND OUTDOORS AT BUILDING AIR INTAKES

We also collected samples at the outdoor air intakes of buildings — the vents that pull fresh air into
the building. We found many of the same chemicals both indoors and at these outdoor intakes.
This confirms two things.

First, some chemicals that originate indoors — from cleaning products and personal care products
— travel back outside through ventilation and accumulate near building entrances (Askari and
Chan, 2025). This can affect people with MCS before they even enter the building.

Second, some chemicals enter the building from outdoors through the ventilation system. Both
directions of travel matter for occupant health.

Several chemicals found at outdoor intakes — including acetaldehyde, benzene, and carbon
tetrachloride — are listed under Canada's Environmental Protection Act (CEPA) as toxic
substances. CFC-11, which was phased out under the Montreal Protocol, was also detected
outdoors — showing it continues to be released from building materials long after its ban.

This creates an accessibility concern that extends beyond building walls. Individuals with MCS,
asthma, and migraines may react to chemicals near building entrances, on walkways, or in outdoor
areas close to exhaust vents. Removing chemicals at their source — through fragrance-free
policies — protects both indoor occupants and outdoor passers-by in ways that ventilation-based
approaches cannot.
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Figure 4.2. Commonly Found VOCs from Outdoor Collections (at Building Air Intake)
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Dichiocodifluoromothano D-Limoneno
Ethane, 1,1 2-trichiore-1.2,2-trifluoro- Ethanol Ethyl Acetato
Formicacid  Hexanal  Isobutane  Isopropyl Alcohol
Nonanal Propylene

* Special regulatory note — Trichloromonofluoromethane (CFC-11): In addition to its CEPA Schedule 1 designation and
reported aquatic toxicity, this compound is regulated internationally under the Montreal Protocol on Substances that Deplete the
Ozone Layer, and is subject to phase-out and use restrictions in Canada. Its detection in outdoor air collections warrants particular

attention from regulators.

VOCs identified through outdoor air sampling across 34 buildings in 7 Canadian provinces (Dec 2023 — Jun 2024), CEPA = Canadian Environmental
Protection Act, 1999. Aquatic toxicity classifications from published literature and regulatory databases. # CFC-11 also regulated under the Montreal
Protocol on Substances that Deplete the Ozone Layer. Absence of a regulatory designation does not imply safety — many compounds lack sufficient

regulatory assessment.
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Table 4.5. Commonly Found VOCs from Outdoor Collections (at Building Air Intake)

Listed on CEPA
Schedule 1 (Toxic
Substances)

Aquatic
Toxicity
Reported

Average of Conc.

(ng/m°)

1,3-Butadiene, 2-methyl- v
2-Butanone (Methyl Ethyl Ketone) v
Acetaldehyde v
Acetic acid

Acetone

Benzaldehyde

Benzene v

Benzene, 1,2,4-trimethyl-

Benzene, 1-chloro-4-(trifluoromethyl)-
-/ Parachlorobenzotrifluoride

Butane

Butane, 2-methyl-

Carbon Tetrachloride v
Chloroform

Cyclohexane

Cyclopentane

Cyclopentane, methyl-

D5

D-Limonene

Ethane, 1,2-dichloro- v

Ethane, 1,1,2-trichloro-

1,2,2-trifluoro-

Ethanol
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Ethyl Acetate
Ethylbenzene
Formic acid
Heptane

Hexanal

Hexane, 2-methyl-
Hexane, 3-methyl-
Isobutane

Isopropyl Alcohol
m-Xylene + p-Xylene
n-Hexane

Nonanal

o-Xylene

Pentane

Pentane, 2,3-dimethyl-
Pentane, 3-methyl-
Propylene

Toluene

Trichloromonofluoromethane (CFC-11)

Special Note: regulated internationally
under the Montreal Protocol and

subject to phase-out and use
restrictions in Canada.
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1.2

1.2

1.7

1.0

1.0

1.0

1.0

1.0

4.2

1.6

10.5

1.0

1.6

4.6

1.0

2.5

1.3

1.1

Note: due to many VOC concentrations being under the detection limit (<1), many values have

been imputated as the detection limit (1).

Aquatic toxicity information compiled from publicly available databases (e.g., EPA PubChem).

CEPA Reference

Canada
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4.2 DO FRAGRANCE-FREE POLICIES REDUCE HARMFUL CHEMICALS?

4.2.1 TOTAL CHEMICAL LEVELS AND THE WELL BUILDING STANDARD

Total VOC (TVOC) concentrations — the combined level of all chemicals measured in a space —
were lower in fragrance-free buildings across all three space types.

We used the WELL Building Standard threshold of 500 ug/m3 as areference point. Canada has no
equivalent national standard for offices, so this internationally recognized benchmark is the
closest comparison available.

e Non-policy meeting rooms: average TVOC of 1,237.8 pg/m® — 2.5 times the WELL threshold
* Non-policy offices and washrooms: both exceeded 500 pg/m?® as a group
¢ Fragrance-free offices and washrooms: both stayed below 500 pg/m3

Individual non-policy spaces reached up to 7,450 pg/m°® in meeting rooms and 6,800 pg/m®in
offices.

Figure 4.3. Mean TVOC concentrations (LUg/m 3) by space type and policy group.

TVOCs by Office Space

With Paolicy 462.7

Mo Policy 1282

0 100 200 300 400 500 600 70O @800 800 1000 1100 1200 1300 1400
Average Conc. pg/m? (24hrs)

m'Washroom mOffice mMeeting room

The WELL Building Standard threshold of 500 ug/m?®is marked as a reference. Non-policy buildings
consistently exceed this threshold across all space types.

Key finding: Research by Bernstein et al. (2008) found that TVOC levels above 3,000 pg/m°®
cause occupant complaints and sensory irritation. Multiple non-policy buildings in this study
exceeded that level. The highest level recorded was 26,000 ug/m3 — in a healthcare facility
that had a written fragrance-free policy but only a 29% implementation score on the CCOHS
(Canadian Centre for Occupational Health and Safety) policy framework. That is 52 times the
WELL Standard limit, in a building space designed for healing.
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4.2.2 COMPARISON TO HEALTH CANADA AND INTERNATIONAL
GUIDELINES

We compared pollutant levels across all 32 buildings against:

e Health Canada's indoor air reference levels

e ASHRAE 55 and 62.1 standards (temperature, ventilation, and air quality)
¢ The WELL Building Standard (total VOCs)

¢ Germany's UBA guide values (a more protective international standard)

All buildings generally stayed below Health Canada's formal limits during our five-hour sampling
window. However, these Health Canada limits are based on 24-hour exposures. If concentrations
in some non-policy buildings held over a full workday, they would approach or exceed guideline
values for xylenes, acrolein, and total VOCs.

Using Germany's more protective UBA Guide Value | — the level below which even lifelong
exposure is not expected to cause harm in sensitive people — several non-policy buildings
exceeded the precautionary level for:

e Benzene (UBA Guide Value I: 1 pg/m°)
e Toluene (300 pg/m?®)
e Xylenes (100 pg/m?®)

Under German rules, these buildings would trigger immediate investigation and corrective
measures. Under current Canadian guidelines, equivalent response thresholds do not exist.

We also found that indoor humidity was below the ASHRAE recommended minimum of 30% in
68.8% of fragrance-free buildings and 50% of non-policy buildings. Low humidity causes dry eyes,
irritated skin, headaches, and respiratory irritation — effects that hit hardest for people with
asthma, MCS, and vocal cord conditions. This is a separate problem from fragrance-free policy and
needs to be addressed on its own.
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Figure 4.4. Hazardous VOCs of Concern in Office spaces with and without Fragrance Policies (Ref: Health

Canada, 2023 - Draft Guidance Report on Improving IAQ in Office Buildings)
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Figure 4.5. Average indoor air pollutant concentrations in fragrance-free and no-policy office buildings in

Canada
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Table 4.6. Percentage of buildings with at least one space exceeding the applicable guideline, by policy

Status
Buildings Buildings with

Average with Policies No Policies

Guideline Concentration Average

standard Concentration

not meeting not meeting

IAQ Parameter

guidelines guidelines

(No Policies) n (%) n (%)

(With Policies)

CO, (ppm) n=32 <1000 669 563 2/16 (12.5%) 0(0)
CO (ppm) n=32 <10.0 0.57 1.8 0(0) 0(0)
Unknown
PM,.; n=32 0.004 0.004 - -
safe level
Temperature (°C)
39 23.0-25.5 23.1 22.9 9/16 (56.2%) | 9/16 (56.2%)
n=
Relative Humidity
30.0-60.0 35.5 29.9 11/16 (68.8%) | 8/16 (50.0%)
(%) n=32
Formaldehyde
3 <50.0 11.9 15.1 0(0) 1/16 (6.2%)
(vg/m”) n=32
TVOCs (ug/m°) <500 489 1230 5/16 (31.2%) | 9/16 (56.2%)
Acetaldehyde
3 <280 25.8 36.4 0(0) 0(0)
(vg/m”) n=30
Acrolein (pg/m?®)
n=12 <0.44 0.667 0.808 1/5 (20%) 2/7 (28.6%)
Benzene (pglms) No safe
1.4 6.12 7/7 (100%) 15/15 (100%)
n=22 level
Toluene (pg/m®)
<2,300 2.71 21.5 0(0) 0(0)
n=31
m-/p-xylene
3 <150 2.58 17.9 0(0) 1/14 (7.1%)
(vg/m”) n=25

TVOCs reference adopted from WELL Standard (8 hours)
Temperature and relative humidity adopted from ASHRAE 55-2023 (8 hours)
n represents number of buildings pollutant was detected in
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4.2.3 STATISTICAL COMPARISONS BETWEEN POLICY AND NON-
POLICY BUILDINGS

We used Mann-Whitney U tests — a statistical method that compares two groups without
assuming a normal distribution — to compare chemical levels between policy and non-policy
buildings. We ran these tests separately for different room sizes and occupancy levels.

Non-policy buildings consistently had higher chemical levels. Significant differences in favour of
fragrance-free buildings were found. Acetone levels were consistently elevated in non-policy
spaces, with significant differences observed in offices (large space, p <0.05) and washrooms
across large spaces, high and low-occupancy conditions (p < 0.05). Butane showed the strongest
and most consistent differences, with significantly higher concentrations in non-policy meeting
rooms (small space, p <0.001; high occupancy, p <0.01), offices (large and small space, p <0.05
and p <0.01), and washrooms (large, small, and high-occupancy, all p <0.05). Isobutylene was
significantly elevated in non-policy, small meeting rooms (p < 0.05), while cyclopentane was higher
in non-policy high occupancy meeting rooms (p < 0.05). n-Hexane and pentane were significantly
higher in non-policy small washrooms (p < 0.05), with pentane also elevated in non-policy, small
washrooms (p < 0.05) and highly occupied washrooms and offices (both p < 0.05). TVOCs were
significantly elevated in highly occupied meeting rooms and offices (both p < 0.05). The following
figures show these significant differences
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Figure 4.6. Average Acetone concentration by office space and policy enforcement. P-values follow
Wilcoxon-Ranksum test for concentrations between policy and non-policy across office spaces, by office

occupancy and size
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Figure 4.7. Average Butane concentration by office space and policy enforcement. P-values follow Wilcoxon-
Ranksum test for concentrations between policy and non-policy across office spaces, by office occupancy

and size
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Figure 4.8. Average isobutylene concentration by office space and policy enforcement. P-values follow
Wilcoxon-Ranksum test for concentrations between policy and non-policy across office spaces, by office

occupancy and size
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Figure 4.9. Average Cyclopentane concentration by office space and policy enforcement. P-values follow
Wilcoxon-Ranksum test for concentrations between policy and non-policy across office spaces, by office

Accessible Indoor Air in the Built Environment

occupancy and size
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Figure 4.10. Average nHexane concentration by office space and policy enforcement. P-values follow
Wilcoxon-Ranksum test for concentrations between policy and non-policy across office spaces, by office
occupancy and size[
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Figure 4.11. Average Pentane concentration by office space and policy enforcement. P-values follow
Wilcoxon-Ranksum test for concentrations between policy and non-policy across office spaces, by office

occupancy and size[
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Figure 4.12. Average TVOC concentration by office space and policy enforcement. P-values follow Wilcoxon-
Ranksum test for concentrations between policy and non-policy across office spaces, by office occupancy

and size[
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All of these chemicals are commonly released by consumer products (Steinemann et al., 2011;
Temkin et al., 2023). [AT14.1] This supports the conclusion that fragrance-free policies help reduce
chemical levels through source control by removing or limiting products that emit these pollutants.

Many of the significant differences were found in smaller and more crowded spaces. This is
important for accessibility because smaller meeting rooms and private offices are often the spaces
used for confidential discussions, workplace accommodations, and one-on-one meetings.
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4.2.4 STATISTICAL MODELLING: THE POLICY EFFECT AFTER
ACCOUNTING FOR OTHER FACTORS

We used Generalized Linear Models (GLMs) — a statistical method that isolates the effect of one
factor while holding others constant — to test whether fragrance-free policies reduced harmful
chemicals independently of room size, number of occupants, and ventilation rate.

The results were clear. Even after accounting for those other factors, fragrance-free buildings had
significantly lower levels of harmful chemicals. The reductions were:

¢ Toluene: 5.2 to 6.9 times higher in non-policy buildings

e Acetone: 3.4 to 4.7 times higher in non-policy buildings

¢ m-/p-Xylenes: 3.6 to 5.9 times higher in non-policy buildings

¢ Total VOCs: consistently higher across all non-policy space types
¢ Acetaldehyde: higherin non-policy office spaces

Table 4.7 shows the full GLM results.

These chemicals — toluene, xylenes, acetone, acetaldehyde — are fragrance ingredients that
irritate the airways, trigger neurological symptoms, and cause reactions in people with MCS,
asthma, and migraines (Steinemann, 2019; Molot et al., 2023).

The finding that the policy effect held even after controlling for ventilation is particularly important.
To achieve the same chemical reductions through ventilation alone, a building would need to triple
its ventilation rate — a far more expensive and energy-intensive approach than simply
implementing a fragrance-free policy. Source control — removing the source of the chemicals
through appropriate product choice — is the most cost-effective IAQ strategy available. See
appendix C for full statistical results, including the converged data.
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Table 4.7. Chemical levels were significantly higher in non-policy buildings than in fragrance-free buildings.

Research Report

Each number shows how many times higher the chemical level was in buildings with no fragrance-free policy, compared to fragrance-free
buildings. Results are adjusted for room size, number of occupants, and ventilation rate — so the difference is not explained by those factors.

Green = Statistically significant result. The
difference is unlikely to be due to chance (p <.05). not all. Interpret with care.

Amber = Significant in some space types but | Grey = No statistically significant
difference found (p > .05).

Chemical Meeting rooms Office rooms Washrooms Significant in all spaces?
Toluene (nerve toxin, EPA 5.2x higher 6.9x% higher 6.4x% higher Yes — all three
hazardous) (p<.001) (p <.001) (p<.001) space types
Acetone (irritant, fragrance 4.1x higher 4.7% higher 3.4x higher Yes — all three
ingredient) (p<.001) (p<.001) (p<.001) space types
m-/p-Xylenes (nerve toxin, EPA 3.6x% higher 5.5x% higher 4.3x% higher Yes — all three
hazardous) (p <.05) (p<.01) (p <.05) space types
Total VOCs (combined chemical 2.2x% higher 2.7% higher 2.5% higher Yes — all three
level) (p <.05) (p<.01) (p<.01) space types
Acetaldehyde (possible No significant 2.5% higher No significant Office rooms
carcinogen, EPA hazardous) difference (p<.01) difference only

How to read the numbers: Avalue of 5.2x means the chemical level was 5.2 times higher in non-policy buildings. A value of 1.0x would mean
no difference. The ‘p’ value shows how confident we are the resultis real: p <.001 means there is less than a 1in 1,000 chance the result is

due to chance.

Full statistical results (odds ratios, 95% confidence intervals, and model coefficients) are available in the technical Appendix c.
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4.3 WHICH BUILDING FEATURES ARE LINKED TO BETTER AIR
QUALITY?

Beyond fragrance-free policies, we looked at which building features are linked to lower chemical

levels. We used Spearman rank-order correlation (p) — a statistical measure of how strongly two
things are related, ranging from -1 to +1, where negative values mean "as one goes up, the other
goes down."

Results are presented by space type and building feature.

4.3.1 MEETING ROOMS
Temperature

Three chemicals decreased as temperature increased — 1,3-butadiene (p = —0.40), isopropyl
alcohol (p = -0.46), and xylenes (p = —0.46). This likely reflects temperature-related changes in
HVAC ventilation patterns, rather than a direct effect of temperature on chemical concentrations.

Relative Humidity

Higher humidity was linked to higher levels of acetic acid (p = 0.41) and fine particles PM,.; (p =
0.35). Humidity can increase chemical reactions that produce pollutants and can also cause fine
particles to absorb moisture and grow larger. At the same time, D5 siloxane levels decreased as
humidity increased.

Room Size

Larger rooms had higher formaldehyde levels (p = 0.38). Bigger spaces contain more furniture,
flooring, and building materials — all of which can release formaldehyde.

Occupancy

More people in the room was linked to lower levels of several chemicals including toluene (p =
-0.51) and total VOCs (p = —0.46). This appears counterintuitive, but the likely reason is that
occupied rooms experience more occupant movement hence air movement through door
openings, which bring in fresh air, while empty rooms accumulate chemicals from cleaning
products applied before or after hours. (Park et al., 2025).

Building Age

Newer buildings had higher concentrations of several chemicals including alpha-pinene (p = -0.62)
and CFC-11 (p =-0.45). Newer building materials off-gas more chemicals. The detection of CFC-11
in newer buildings suggests banned construction materials may still be in use.

Ventilation Rate
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Ventilation was the strongest predictor of lower chemical levels. Higher ventilation was linked to

lower levels of CO, (p = -0.65), toluene (p = —0.50), acetaldehyde (p = -0.51), and several others.
More fresh air consistently means cleaner indoor air.

4.3.2 OFFICE ROOMS

Temperature

Butane (p = -0.37), pentane (p = —-0.50), and toluene (p = -0.46) decreased as temperature rose —
again likely reflecting HVAC behaviour.

Relative Humidity

Higher humidity was linked to higher levels of several chemicals including acetic acid (p = 0.56) and
cyclopentane (p = 0.66).

Room Size

Smaller offices had higher D5 siloxane levels (p = -0.46 for room size). Offices are used
continuously throughout the day, allowing personal care product chemicals to build up —
especially in smaller, less ventilated spaces.

Occupancy

Several contaminants showed significant moderate to strong negative correlations with occupancy
(p <.05,p<.01): butane (p =-0.45), D5 (p = -0.38), and heptane (p = -0.53). Propylene showed the
opposite pattern: concentrations increased as occupancy increased (p = 0.46), suggesting
emissions associated with occupant activity. Similar patterns were observed in meeting rooms,
where higher occupancy likely increased air exchange rates, while lower occupancy may have
allowed VOCs from cleaning products and other indoor sources to accumulate.

Building Age

Newer buildings showed higher concentrations of alpha-pinene (p = -0.87), acetone (p =-0.44),
and total VOCs (p = -0.37) — all consistent with off-gassing from new materials.

Ventilation Rate

Higher ventilation was linked to lower levels of D5 siloxane (p = —0.46), heptane (p = -0.41), hexane,
2-methyl (p = -0.58), and pentane, 3-methyl (p = -0.53).

4.3.3 WASHROOMS

Temperature

Several chemicals decreased with higher temperatures. Fine particles (PM,.5) increased with
higher temperatures, possibly because warmer conditions increase air movement and the
circulation of dust and particles indoors.

Relative Humidity
T,
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Alpha-pinene (p = +0.56) and acetic acid (p = +0.67) increased with humidity, consistent with

moisture boosting chemical emissions from building materials.
Room Size

Smaller washrooms had higher levels heptane (p = —0.66), hexanal (p = -0.48), D-limonene (p =
-0.39), and TVOCs (p = -0.35).

Building Age
Newer buildings showed higher levels of alpha-pinene (p = -0.72), 1,3-butadiene-2-methyl (p =
-0.42), butadiene, 2-methyl (p =-0.42), pentane (p = -0.41), and CFC-11 (p = —-0.48).

Ventilation Rate

Only butane showed a significant relationship with ventilation (p = -0.37). Washrooms typically
have continuous exhaust ventilation, which may explain why the statistical relationship was
weaker in this setting, as ventilation levels were already consistently high.

4.3.4 WHAT THESE BUILDING FINDINGS MEAN FOR ACCESSIBILITY

Temperature, humidity, room size, building age, and ventilation all affect chemical levels in ways
that matter for people with MCS, asthma, and other conditions that are impacted by IAQ. Here is
what building managers should know:

¢ Temperature: Maintain indoor temperatures within ASHRAE standards. Lower indoor
temperatures were associated with higher levels of some indoor air pollutants.

¢ Humidity: Keep indoor humidity between 30% and 60% RH (ASHRAE recommended range).
Humidity levels below 30% — found in more than half of the buildings tested — can
contribute to respiratory irritation. Humidity levels above 60% were associated with
increases in some indoor air pollutants.

¢ Air movement between rooms: People moving through buildings can carry chemicals on
clothing and personal products. Building-wide policies and education are therefore
important, especially in shared spaces such as washrooms.

¢ Smallrooms: Small spaces can trap chemicals more easily. Source control through
fragrance-free policies is especially important in these spaces because ventilation alone may
not dilute pollutants quickly enough.

¢ New buildings and renovations: New building materials can release chemicals for months
or even years. Low-emission materials should be used whenever possible, and adequate off-
gassing time should be allowed before occupancy.

¢ Ventilation: Ventilation is an important building-level control strategy. However, ventilation
only dilutes pollutants after they enter the air — it does not remove the source. In addition,
pollutants exhausted outdoors may create accessibility barriers near building entrances for
people living with MCS and other disabilities impacted by air quality. Source control through
fragrance-free policies is therefore essential to reduce exposures both inside and outside
buildings.
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4.4 WHAT CLEANING PRODUCTS RELEASE INTO THE AIR

4.4.1 SCENTED (CONVENTIONAL) CLEANING PRODUCTS: 190
CHEMICALS FOUND

We tested 11 scented cleaning products using a controlled chamber test that measures chemicals
released into the air (ASTM D7706 microchamber method). We found 190 different chemicals
(VOCs). Concentrations ranged from trace amounts to over 29,000 nanograms per millilitre (ng/mL)
— an extremely high level.

The chemicals most commonly found across these products were:

¢ Isopropyl alcohol (found in 82% of products)

¢ D-limonene (82% of products) — a fragrance compound also found in 45% of all building air
samples

e Linalool (82% of products)

e Ethanol (64% of products)

e Eucalyptol (64% of products)

Among the 190 chemicals:

e 56 were neurotoxins — chemicals that damage the nervous system

* 14 were skin sensitizers — chemicals that cause allergic reaction on the skin

¢ 10 were carcinogens (cancer-causing chemicals)

¢ 10 were identified as potential TRP receptor sensitizers (“body sensor activators”) —
chemicals that activate TRPA1/TRPV1 receptors involved in detecting chemical irritants and
that may contribute to the development of MCS over time.

¢ 10 appeared onthe U.S. EPA Hazardous Air Pollutants list

e 9 appeared in Health Canada's draft guidelines for office air quality

About 40% of the chemicals found in product testing also showed up in building air samples. This
directly confirms the pathway from product use to occupant exposure. Chemicals like acetone,
acetaldehyde, xylenes, and ethylbenzene — which can trigger breathing difficulties, headaches,
and skin irritation in people with MCS — were among those found both in products and in building
air.

4.4.2 WHAT SCENTED PRODUCTS DISCLOSED ON LABELS

Of the 190 chemicals found through testing, only 10 appeared on any product label. Thatis a
transparency rate of 5.3%.

Two products listed no ingredients at all. Three products used only the terms “fragrance,”
“perfume,” or “essential oils” — terms that, under Canadian regulations, can legally represent
hundreds of individual chemicals without requiring disclosure of the specific ingredients. Among
all the carcinogens, neurotoxins, and potential TRP receptor sensitizers (“body sensor activators”)
identified in this study, only d-limonene appeared on any product label.
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This lack of transparency makes it difficult for building managers and employers to make informed

product choices to help protect workers living with MCS.

Key finding: 5.3% of detected chemicals were disclosed on product labels. Two products listed no
ingredients whatsoever. Not a single carcinogen, neurotoxin, or potential TRP receptor sensitizer
appeared on any label — except d-limonene.

4.4.3 FRAGRANCE-FREE AND "GREEN" CLEANING PRODUCTS: 90
VOCS FOUND, 0% DISCLOSED

We tested 4 products labelled as fragrance-free or eco-friendly ("green"). We found 90 different
chemicals. Concentrations also reached over 29,000 ng/mL.

The most common chemicals found were:

e Acetone (found in 100% of products)
e Decane (100% of products)

¢ Alpha-pinene (75% of products)

e Chloroform (75% of products)

¢ D-limonene (75% of products)

e Ethanol (75% of products)

Among the 90 chemicals:

e 37 were neurotoxins

¢ 9 were skin sensitizers

e 8 were carcinogens — including benzene (IARC Group 1: definitely causes cancer, with no
safe exposure level), chloroform (IARC Group 2B: possibly causes cancer), and 1,4-dioxane

¢ 8 were potential TRP receptor sensitizers “body sensor activators”

e 6 were reproductive toxins

4.4.4 WHAT FRAGRANCE-FREE PRODUCTS DISCLOSED

Of the 90 chemicals found in fragrance-free products, zero were disclosed on any product label
— a transparency rate of 0%.

One product listed a single ingredient, with the remaining 99.95% described as "other ingredients."
Another listed one ingredient at 0.5%, with no disclosure of the rest.

Critical finding: Fragrance-free products still released dangerous chemicals — including benzene,
chloroform, acetaldehyde, and toluene. None of these appeared on any label. Building managers
who choose fragrance-free products to protect workers who experience MCS or other conditions
may not know they are still exposing people to carcinogens and neurotoxins. Only third-party
emission testing — not labels or marketing claims — can confirm whether a product is truly least-
toxic and lowest-emission.
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4.4.5 SCENTED VS. FRAGRANCE-FREE PRODUCTS: HOW THEY
COMPARE

Both types of products released similar categories of harmful chemicals — including acetone,
acetaldehyde, benzene, toluene, and xylenes. The main differences were:

¢ Total number of chemicals: 190 in scented products vs. 90 in fragrance-free products

¢ Fragrance-specific compounds: Scented products released far more terpene-based
fragrance chemicals — d-limonene, linalool, eucalyptol, alpha-pinene — which are
specifically linked to MCS sensitization and react with indoor ozone to form new pollutants

The word "fragrance" on a product label does not refer to one chemical — it can cover dozens to
hundreds of individual synthetic compounds. Current Canadian regulations allow manufacturers
to protect this information as a trade secret. This makes it effectively impossible for building
managers or consumers to choose safe products based on labels alone.

The most surprising finding was benzene in fragrance-free products. Benzene has no safe exposure
level, and its presence in products marketed as safe is a serious concern. Research suggests it
may come from spray formulations (Gautam et al., 2025). The implications for people with MCS are
significant: even products they carefully selected as safe may still trigger reactions.

This confirms the need for a precautionary approach. Third-party emissions testing and
certification — not marketing claims — should become the standard for products marketed as
fragrance-free or low-VOC.
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Figure 4.13. Health hazard classifications of VOCs detected in fragranced (conventional) vs. fragrance-free

and ECO labelled (‘green’) cleaning products
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Both product categories contain neurotoxins, carcinogens, and TRP receptor sensitizers, though fragranced
products have substantially higher total counts in most categories. Fragranced total: 190 VOCs; fragrance-
free total: 90 VOCs. Health Canada has announced in recent years that it is seeking a regulation to add
requirements for health hazards of concern, such as these ones, in chemical products (Environmental
Defence, 2023).

4.5 HOW FRAGRANCE-FREE POLICIES ARE BEING PUT INTO
PRACTICE

4.5.1 POLICY IMPLEMENTATION SURVEY (N =11 BUILDINGS)

4.5.1.1 FRAGRANCE-FREE POLICY IMPLEMENTATION LEVELS

We assessed how well fragrance-free policies were being put into practice in 11 buildings that had
such a policy. We scored each building across 10 criteria from the CCOHS framework for effective
occupational health policies. Six fragrance-free buildings did not complete the survey.

Here are the average scores across the 11 buildings:
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Figure 4.14. Distribution of fragrance-free policy implementation ratings across sampled buildings
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According to the CCOHS (2024), effective occupational health policies require education, defined
responsibilities, monitoring, and enforcement. Without these, a policy may exist in writing but not
in practice. When workers do not know what the policy requires, or when there are no
consequences for not following it, the policy cannot protect anyone.

Figure 4.15. Fragrance-free policy implementation scores across CCOHS criteria

Scope I 33%
Communication [INIEEEGG 70%
Accountability NG 55%
Education and training N 45%

Complaint mechanism 41%
Coherence 27%
Stakeholder involvement 27%
Enforcement 27%
Monitoring 27%

Adaptability 0%

0% 20% 40% 60% 80% 100%

Average implementation level across 11 fragrance-free buildings (N = 11). Based on CCOHS (2024)
occupational health policy framework.
The 0% adaptability score is striking. Not one of the 11 buildings had any process for updating or

improving its policy based on worker feedback or changing conditions. This means that as product
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formulations change — and as we now know, fragrance-free labels may not mean emission-free —

there is no mechanism to respond.

Key findings revealed that most fragrance-free buildings were communicating the policy (e.g.,
through posters).

Figure 4.16. Results of the Policy Implementation Survey
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Figure 4.17. Monitoring program for fragrance-free policy implementation
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Figure 4.18. Policy outlines and complaint system for occupants
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4.5.2 WHAT BUILDING OCCUPANTS SAID

We surveyed occupants in both fragrance-free and non-policy buildings. The findings revealed a
major gap between simply having a fragrance-free policy and effectively implementing it:

77% of occupants supported fragrance-free policies in principle

But 44% of workers in fragrance-free buildings did not know their building had a fragrance-
free policy

Only 23% reported high compliance with the policy

67% had not received enough training to know what the policy actually required

44% of occupants expressed no concern about the environmental effects of scented
products

One occupant explained their opposition to the policy this way: "My space is quite large and | have
a very limited number of people in here, none of whom have expressed issues with scented
products. Further, | like the smell of cologne, perfume, etc., and would like to be able to enjoy

that."

This reflects the attitudinal barriers described in the qualitative section — and shows why

policies without enforcement and education fail to produce real change.

Key finding: Policy implementation quality — not just having a policy — is what predicts better air
quality. Buildings where the policy was strongly implemented (with education, monitoring, and
enforcement) had lower chemical levels and better occupant air quality perceptions (Spearman p =
0.71, p<.05in office spaces). Buildings with policy-on-paper-only showed no meaningful
difference from non-policy buildings.
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Figure 4.19. Percentage of participants in fragrance-free buildings who are aware vs unaware of the scent-
free policy implemented in their building.
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Figure 4.20. Percentage of participants in scent-free buildings who reported receiving training on the policy
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4.5.2.1 HEALTH CONDITIONS AND SYMPTOMS AMONG BUILDING OCCUPANTS
The occupant survey revealed that many building occupants have health conditions that make
them more vulnerable to chemical exposures:

e Food allergy: 28%

e Chronic migraine: 28%

¢ Dust and mould allergy: 26%

e Eczema or skin problems: 26%
e Asthma: 18%

e MCS:14%

Symptoms reported in the past four weeks differed between scent-free and non-policy buildings.
Migraine and headaches were the most common symptom — 50% of occupants in fragrance-free
buildings vs. 13% in non-policy buildings. Other symptoms followed the same pattern
(gastrointestinal: 29% vs. 13%; cognitive: 26% vs. 6%).

These higher rates in fragrance-free buildings need to be interpreted carefully. Fragrance-free
policies are often adopted in workplaces where building managers are already aware of workers
with MCS. As a result, fragrance-free buildings may include a higher proportion of people who are
more vulnerable to chemical exposures — which is often why the policy was introduced in the first
place. The higher symptom rates therefore do not suggest that fragrance-free environments are
harmful. In fact, the air quality data showed that chemical levels were consistently lower in
fragrance-free buildings. Ongoing symptoms may instead reflect gaps in policy awareness and
implementation. For example, if 44% of workers did not know their building had a fragrance-free
policy, non-compliance was likely common.
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Figure 4.21. Percentage of building occupants experiencing each symptom (past 4 weeks)
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4.5.2.2 OCCUPANT PERCEPTIONS OF AIR QUALITY

Occupants generally rated the air quality as good to excellent across all space types (average
scores of 4.3to 4.5 out of 5). This is striking, because our air testing found that many buildings had
chemical levels above safe thresholds — including carcinogens and neurotoxins.

This gap between what occupants feel and what instruments measure has a critical implication:
occupant self-reporting cannot replace instrument-based air quality monitoring. A building that
feels fine to most people may still be exposing people with MCS to levels that trigger serious
reactions. This reinforces the need for mandatory routine air quality monitoring — not just
occupant satisfaction surveys.

Figure 4.22. Overall IAQ perception ratings among building occupants
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4.5.3 BUILDING-LEVEL PATTERNS: POLICY, CHEMICALS, AND
HEALTH EVENTS

We looked at data from individual buildings to find patterns between policy quality, measured
chemical levels, and reported health effects.

Buildings with stronger policy implementation — such as Buildings 1, 6, 11, 12, and 16 — generally
had lower total VOC levels (146 to 681 ug/ms) and fewer reported health symptoms. Even so, some
irritating chemicals like acetone, d-limonene, and siloxanes were still detected, showing that
policies reduce but do not fully eliminate exposure.
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Buildings with no policy or poor compliance — including Buildings 3, 8, 9, 15, 19, 24, 27, 28, and 29

— showed much higher chemical levels. Several exceeded 5,000 ug/m®. One reached 26,000
ug/ms. These buildings also had more frequent reports of respiratory irritation, migraines, asthma,
and skin conditions.

Some buildings did not fit this pattern. Building 16 had low chemical levels despite a low policy
implementation score — possibly because its occupants did not have MCS and would not notice
exposures. Building 19 had high chemical levels but no reported health effects — possibly
reflecting under-reporting or a population without MCS.

Building 18 had low total VOC levels but still reported health effects. This illustrates an important
limitation of total VOC measurement: some specific hazardous chemicals — like benzene or
chloroform — can be present below the total VOC detection threshold but above the level that
triggers reactions in individuals with chronic conditions including MCS. Measuring total VOCs
alone is not enough.

Building 24: a critical case. This was a healthcare facility with a written fragrance-free policy, a
CCOHS implementation score of 29%, and a total VOC level of 26,000 ug/m?®. Air fresheners were
in use. Reports indicated bothersome odours. In a space intended for healing, people were being
exposed to chemicals at levels 52 times the internationally recommended limit — despite a policy
that existed largely on paper.

These building-level patterns confirm that fragrance-free policies are an important tool for reducing
exposure. But the tool only works when it is properly put into practice — with education,
monitoring, complaint mechanisms, and enforcement.

Higher levels of acetaldehyde, isopropyl alcohol, o-xylene, and total VOCs (TVOCs) were linked to
worse occupant perceptions of IAQ (Appendix E). This makes sense because these chemicals are
known to cause headaches, breathing irritation, dizziness, and other symptoms that are especially
severe for people with asthma, MCS, migraines, or neurological conditions (Steinemann, 2017,
2018; Yadav et al., 2023; Molot et al., 2023). Poor perceived air quality means that people may
avoid using spaces, leave early, or be unable to participate fully—creating real barriers to access
(Yousufzai et al., 2025).

In contrast, strongly implemented fragrance-free policies showed the opposite pattern: as policy
strength increased, occupant perceptions of air quality also improved. This suggests that when
fragrance-free policies are clearly communicated, enforced, and supported with safer product
choices, people not only breathe cleaner air but experience buildings as more comfortable and
usable. From an accessibility perspective, this matters because access is not just about meeting
technical standards—it is about whether people can safely remain, work, and participate in indoor
spaces without becoming ill or excluded.
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5. QUALITATIVE RESULTS: THE LIVED EXPERIENCE OF

INACCESSIBLE INDOOR AIR

We held 10 online focus groups with 60 Canadians across the country. All participants had health

conditions that made them vulnerable to airborne chemicals. These included multiple chemical
sensitivity (MCS — a condition where even low levels of chemicals cause serious physical
reactions), asthma, chronic migraine, myalgic encephalomyelitis/chronic fatigue syndrome
(ME/CFS — a condition causing severe, lasting fatigue and other symptoms), fiboromyalgia
(widespread muscle pain), autism and inflammatory skin conditions.

This section presents what they told us. We organized their experiences under four areas:

¢ Whotook part

e What barriers they face

¢ How inaccessible air affects their lives
e What they say would help

One theme ran through everything we heard: inaccessible indoor air shuts people out of daily life. It
affects where they can work, what healthcare they can get, whether they have stable housing, and
how they feel about themselves and their future.

5.1 PARTICIPANT PROFILE: WHO TOOK PART

Most participants were women (90%). This matches research showing that MCS and related
conditions are more common in women. Gender-diverse participants made up 3% of the sample.

Most participants were between 36 and 64 years old:

e 37% were aged 36 to 50
e 33% were aged 51 to 64
e 27% were aged 65 or older

Participants were from British Columbia, Alberta, Saskatchewan, Ontario, Québec, New
Brunswick, Nova Scotia, Newfoundland and Labrador, and Yukon. The largest proportion of
participants were from Ontario (33%), followed by Quebec (28%), British Columbia (12%) and
Alberta (10%).

Nearly all participants (95%) reported living with at least one chronic health condition. The most
commonly reported conditions were chronic migraine, MCS, asthma or other respiratory
conditions, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), inflammatory skin
conditions, fibromyalgia, autism, allergies, and other diagnosed health conditions.

¢ Chronic migraine — 35%

¢ MCS —33%

e Asthma—33%

e ME/CFS—27%

¢ |nflammatory skin conditions — 25%
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e Fibromyalgia—22%

More than half had at least two of these conditions at the same time. The most common pairs were

migraines with MCS, and migraines with ME/CFS.

Before the sessions began, we asked participants to rate their satisfaction with the indoor spaces

they used every day. The results were striking:

e 72% said they were dissatisfied or extremely dissatisfied
e 52% said they were extremely dissatisfied

Figure 5.1. Gender of Participants

Gender
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Figure 5.2. Age of Participants

19-35 years 3%

0% 5% 10% 15% 20% 25% 30% 35% 40%

Number of participants (N=60)

I *I Accessibility Standards ASEQ s ;‘; EHAQ Page 107 of 203

Canada




Accessible Indoor Air in the Built Environment Research Report
I ——————————
Figure 5.3. Province or Territory of Participants
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Figure 5.4. Self-reported chronic conditions among focus group participants
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Table 5.5. Comorbidity Burden Among Participants
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Figure 5.6. Participants Satisfaction with Indoor Environments
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5.2 FOCUS GROUP FINDINGS

This section presents findings from 10 national focus groups involving 60 Canadian residents
whose access to the built environment was closely linked to indoor air quality (IAQ). Participants
reported diagnosed or self-reported chronic conditions, including multiple chemical sensitivity
(MCS), asthma, chronic migraine, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS),
fibromyalgia, and inflammatory skin conditions such as airborne contact dermatitis.

Findings are presented by themes and sub-themes across several areas, including barriers to
accessible indoor air, the impacts of inaccessible indoor air on quality of life, and participant-
identified solutions to improve accessibility.

5.2.1 BARRIERS TO ACCESSIBLE INDOOR AIR: WHAT GETS IN THE
WAY

We asked participants what types of barriers they experienced. We found four types of barriers.
Here is what they told us:

e Attitudinal barriers (other people not understanding or believing them) — 70%
e Systemic barriers (laws, policies, and institutions that don't help) — 62%

¢ Physical barriers (products and buildings) — 60%

¢ Informational barriers (misleading labels and confusing language) — 48%

Participants explained that these barriers often reinforced one another. When people did not
understand or believe that MCS was a legitimate health and accessibility issue, there was less
support for meaningful change. When policies were weak or not enforced, physical barriers
remained in place. When labels and product information were unclear or misleading, participants,
employers, healthcare providers, and building managers struggled to make informed and safer
choices.

Figure 5.7. Barrier Themes Discussed by Participants

Theme 1: Attitudinal o
barriers _ 70%
barriers 62%

Theme 3: Physical

o)
barriers 60%
Theme 4:
Informational barriers 48%
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Nombre of participants discussing each theme (N=60)
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Note. Percentage of participants who discussed each barrier domain across 10 focus group sessions.

Participants could discuss more than one domain; percentages therefore do not sum to 100%.

5.2.1.0 OVERVIEW OF QUALITATIVE FINDINGS
An overview of qualitative findings is available in Annexes F, G, H.

5.2.1.1 THEME 1: ATTITUDINAL BARRIERS: OTHER PEOPLE DON'T UNDERSTAND OR
BELIEVE THEM

Participants described attitudinal barriers as among the most difficult to live with — in many cases,
even more difficult than the physical exposures themselves.

Participants explained that physical barriers, such as fragranced cleaning products or poor I1AQ,
can, intheory, be reduced or changed. However, doing so often depends on the cooperation of
other people who share indoor spaces. Participants felt that this cooperation was much harder to
achieve when others did not believe the condition was real, did not understand what triggered
reactions, or were unwilling to change products or behaviours. As a result, participants explained
that even environments designed with accessibility measures in place could remain inaccessible
in practice.

You know what? | think it's the attitudinal barriers that are the worst.

-PO06-EN

"If the person who makes the decisions in your building doesn't understand the situation, then
they're not on board and nothing's going to change"

-P044-EN

5.2.1.1.1 SUB-THEME 1: THE BIGGEST MISUNDERSTANDING: PEOPLE THINK IT'S JUST
ABOUT SMELL

Participants reported that one of the most common misunderstandings they face is the belief that
they simply dislike certain smells. Participants explained that MCS and related conditions involve
physical reactions to chemicals released into the air from fragranced and other products, as well
as from other environmental sources. These chemicals are called volatile organic compounds
(VOCs), which evaporate or release gases into the air at room temperature.

This distinction is extremely important. When reactions are misunderstood as personal
preferences or dislikes, requests for accommodation may not be taken seriously. However, when
MCS is understood as a physical reaction to chemical exposures associated with a recognized
disability, employers and institutions have a responsibility to provide accommodation and help
create accessible environments.
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"People don't understand; they think it's really just the smell that bothers us."

-PO11-EN

"People think that we simply don't like smells, that we find them unpleasant.”

-P146-FR

One participant explained that perfume is often the easiest exposure to identify because it has a
noticeable smell. However, the real concern is the chemical components released from products,

many of which cannot be detected by odour alone.

"It’s not just a question of perfume. The thing is, perfume is what’s easily identifiable (...) But
the chemical components inside products, those are clearly not something we can detect, so
when we react, we often don’t really know what we’re reacting to. The visible part of the
iceberg - or rather, the part you can smell - is the odor. But there are things that barely smell

and still cause reactions.”

-P009-FR

Some products may have very little smell and still trigger reactions. Participants explained that the
word “scent” is often used to describe very different types of exposures, which can create
confusion and misunderstanding about MCS and triggers.

“Generally, I'm fine with flowers. I'm fine with that. That's a scent. It's the synthetic fragrances,
I think is the trigger for a lot of the people that you may be interviewing and that are having
problems indoor spaces (...), synthetic chemicals.”

-P120-EN

"She just said, 'Well, | see you've planted flowers that are scented. So why would you have a
problem with my hairspray product?"

-P004-EN

One participant with autism described a different type of response to smells. Rather than
describing a physical reaction to chemical exposures, she explained that certain smells triggered
strong emotional responses because they were associated with negative memories or past

experiences.

“I'm autistic and not specifically allergic to the chemicals, but | do notice the smells (...) Also,
scents are associated to me with memory. So, if | smell something that reminds me of
something negative, you know, it'll make me feel sad or angry, like it'll... The scent will remind
me of different things.”

-P137-EN
T,
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A second misunderstanding concerns which products are considered "fragranced" under a scent-
free policy. Even in workplaces with scent-free policies, participants continued to experience
reactions. Participants explained that many colleagues believed "scent-free" only referred to
perfume or cologne, while still using fragranced laundry detergent, fabric softener, body lotion,
shampoo, aftershaves, and other scented personal care products.

"But | think the biggest thing was people just didn't understand that their products were
fragranced.”

-P100-EN

"That scent isn't just perfume or hand lotion, it can be other things too, like laundry
detergents. And for me, that was the thing that was really triggering me when I was in
meetings."

-P108-EN

This shows that policies require active education and communication to be effective. In our survey,
buildings that scored low on training and policy communication showed no reduction in chemical
levels, even when a written scent-free policy was in place.

Participants also reported that many people assumed that if a product was sold in stores, it must
be safe for everyone. This concern aligns with broader public health discussions in Canada
regarding hazardous substances in consumer products and the need for improved transparency
and labelling of chemicals associated with human health hazards of concern (HHHOCS)
(Environmental Defence, 2023).

"The stores tell you, 'well, if the manufacturers make these products and Health Canada says

rn

they're okay to use, then they must be okay'.
-PO13-EN

"I've talked to a lot of people that really just think that everything's regulated by Health
Canada. Therefore, because it's available, it must be safe.”

-P151-EN

There is also a widespread cultural belief that a pleasant smell means something has been
properly cleaned, while the absence of a smell means it has not been cleaned effectively. This can
lead fragrance-free alternatives to be viewed with suspicion rather than simply as different
products.

"If a product doesn't smell like chemicals, we feel like it hasn't been cleaned or disinfected,
even though that isn't necessarily true. | was probably the first to think that.”

-P149-FR
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5.2.1.1.2 SUB-THEME 2: SKEPTICISM: PEOPLE DON'T BELIEVE THE CONDITION IS REAL

Disbelief was commonly reported in three settings: workplaces, healthcare environments, and

personal relationships.

In many cases, participants felt this disbelief was not necessarily intentional cruelty, but rather
stemmed from misunderstandings about the condition. When MCS is viewed as a personal
preference rather than a physical reaction to chemical exposures, requests for accommodation
may appear unreasonable to others.

In *workplace* settings, participants often encountered disbelief when informing employers about
their condition or requesting accommodations, even when medical documentation was provided.

"People didn't believe | was allergic to second-hand smoke. Even showing them a document
that | have, they didn't believe it."

-P080-EN

A common problem was that employers assumed that if participants could tolerate some public
places, such as grocery stores or medical appointments, they should also be able to work full-time
in an office environment. Participants explained that this overlooked an important difference:
grocery shopping and medical appointments are essential activities that people may be forced to
attend even when exposures make them unwell, often for short periods of time. In contrast,
workplace exposures are typically longer, repeated, and sustained throughout the day. Participants
emphasized that reactions can depend on the types of chemicals present, their concentration in
the air, the length of exposure, and how exposures accumulate over time.

"What my boss was saying was, 'they're making lots of assumptions.' They were assuming
that my life was normal, and therefore that | should still be able to go to work."

| -P007-FR

One participant explained that some public places were actually less harmful than her own home,
where she experienced near-daily exposure to fumes from laundry products.

“So me sitting at *coffee shop nhame* for the afternoon is actually better for me than sitting in
my own house, which is kind of like, if some people know that you go out, you would think,
‘well, you can't be that bad. You're going to places and exposing yourself to fragrances’.
However, in contrast to my home life, it makes sense. My home life is one of my worst
offenders.”

-P0O06-EN

When participants managed their condition well and appeared healthy in controlled settings, some
employers and coworkers interpreted this as evidence that there was no real problem. Participants
explained that because MCS is often invisible, others did not see the extensive efforts required to
control exposures and maintain stability. Looking well was therefore sometimes taken as proof
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that the condition was not serious, rather than as evidence that coping strategies and exposure-

reduction measures were working effectively.

"I think that's part of the problem at my workplace, because it's completely invisible. And my
coworkers, most of them wouldn't even know, because | used to have it so much under
control."

-P005-EN

This dynamic — where successful management of a disability is interpreted as evidence that the
disability does not exist — is a common feature of many invisible disabilities and was described
frequently by participants living with MCS. Participants explained that this problem is exacerbated
by the lack of a recognized clinical biomarker to externally confirm their symptoms or reactions.

In *healthcare environments*, participants described a consistent pattern in which their symptoms
were attributed to anxiety or psychological causes rather than understood as physical reactions to
chemical exposures. Participants reported that this experience was common. In Quebec, some
participants felt this was further reinforced by a medical classification system that continues to
characterize MCS primarily as a psychological condition rather than a physical one.

"They seem more annoyed. | have talked to my doctor about it and she says it was caused by
anxiety, that it wasn't really a thing, multiple chemical sensitivity."

-P004-EN
"First of all, it's the disbelief that this is all problematic, that it's in our head."

-PO13-EN

One participant explained that the only reason her doctor believed her condition was because he
directly witnessed a visible skin reaction after exposure to his own cologne during their first
appointment.

Participants emphasized that disbelief was often tied to the invisibility of the condition and the lack
of knowledge about MCS within the healthcare system. While there is currently no universally
accepted biomarker for MCS, participants noted that diagnostic and screening tools do exist,
including the Consensus Criteria and the Quick Environmental Exposure and Sensitivity Inventory
(QEESI). However, participants felt that many healthcare professionals are not taught about these
tools, or about MCS more broadly, during medical training.

"The only reason my MD believes me is because the first time | met him, | had an outright
cutaneous reaction right in front of him in response to his cologne.”

-P120-EN

Delayed diagnosis was a common experience among participants. One participant reported
waiting eight years to receive an accurate diagnosis.
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"You have to see a doctor that specializes in this, because even regular doctors don't
understand it, because a lot of the symptoms mimic other chronic illnesses."

-P095-EN

In *personal relationships*, participants described experiencing similar forms of disbelief through
dismissive reactions, such as eye rolls, skepticism, or lack of understanding from family members
and close relationships. Participants often described this as especially painful than workplace or
medical skepticism, because it came from the people, they depended on most for support and
understanding.

"I get a lot of eye rolls from my in-laws, and it's just really taken a lot of education — and even
with my own husband.”

-P108-EN

5.2.1.1.3 SUB-THEMES 3-5: CONFLICTS, STIGMA, AND REFUSAL TO ACCOMMODATE

*Conflicts* often arose when participants moved from disclosing their condition to requesting
practical changes or accommodations. Participants explained that many people interpreted these
requests as personal criticism, attacks, rejection, or comments about their hygiene or identity.
Participants felt this reaction was closely linked to the misunderstanding of MCS as simply a dislike
of smells rather than a reaction to chemical exposures. As a result, participants repeatedly
described having to explain that their requests were about reducing exposure to chemicals, not
about the individual person.

"People take it personally, you don't like them. So | have to educate them that it's not them."

-P103-EN

"Either people are understanding, or they take it as a personal attack and a criticism. | have
four adult children, and | would say it took quite a few years for them to understand that it
wasn't against them when | asked them to be careful about the products they use.”

-P009-FR

In the worst cases, participants reported that accommodation requests led to retaliation.

"l actually had a coworker retaliate against me with perfume out of spite because we got into
a work tiff."

-P097-EN

Fear of negative reactions or retaliation prevented many participants from asking for the
accommodations they needed. Several participants chose not to disclose their condition or
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request changes because they felt the risk of hostility, conflict, or social consequences

outweighed the potential benefit.

"The other issue is you don't always know who you're dealing with. Are they going to retaliate
and then spray me with whatever I'm telling them is bothering me? Because then | have an
asthma attack."

-P151-EN

*Stigma* extended beyond individual conflicts. Participants described experiencing ongoing
bullying, ridicule, judgment and social exclusion in workplaces and within their communities.
Participants explained that because others did not understand the condition or the ongoing need
for accommodations, repeated requests were sometimes perceived as complaints or
overreactions rather than as evidence that the underlying issue had not been resolved.

“So my work environments, | was shunned. | was absolutely shunned, judged, bullied.”

-PO91-EN

“And I've been called a hyperventilating caged animal because of it.”

-P006-EN

“"Because people who don't have these kinds of issues don't really understand us, it ends up
seeming like we're always complaining.”

-P009-FR

Research by Wagner and Klaschka (2026) found that over 90% of people with fragrance sensitivity
withdrew from social life to some degree. Stigma is not just a side effect of isolation — it is one of

the causes.

*Refusal to accommodate* often took the form of treating fragrance use as a personal right.
Participants reported that this was especially common in apartment buildings, where fragranced
products used by one resident's scented products could travel through shared ventilation systems
and affect neighbouring units.

"This is my home, and | do what | want here."

-PO012-FR

"I said, 'would you please remove it (a fragranced dryer sheet in the shared laundry room)?’

rn

She replied, 'No, some people like it'.
-P044-EN

At work, scent-free signs were widely ignored or not respected because there was no real
obligation to follow them. Without monitoring or consequences, policies were only on paper, not in

behaviour.
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People don't respect the scent-free signs. There are signs everywhere and yet they still
disregard it.

-P104-EN

Participants suggest that part of the resistance to accommodation requests may be linked to
personal and cultural associations people have with scented products. Fragrance is often
connected to feelings of cleanliness, comfort, attractiveness, identity, or emotional well-being. As
aresult, requests to change products or habits were sometimes experienced as personal or
emotionally difficult, even when made to support accessibility needs.

"When people are asked to change a habit or something that is tied to their values, there
tends to be more resistance, even when the request comes from family members or
colleagues.”

-P007-FR

"My kids find it really hard to accommodate because scent makes people feel good. They
associate certain things with scent triggers. So they don't want to give it up.”

-P102-EN

5.2.1.2 THEME 2: SYSTEMIC BARRIERS: LAWS AND INSTITUTIONS THAT DON'T SUPPORT
THEM

Systemic barriers were reported by 62% of participants. These barriers were described as problems
built into laws, healthcare systems, workplaces, and institutional practices — not caused by any
one person's attitude, but by the way systems are designed and operated.

Four main systemic barriers emerged from the data: the lack of formal diagnosis pathways in many
provinces; healthcare settings that were themselves inaccessible; policies that existed on paper
but were not enforced; and workplace accommodations that participants felt were ineffective or
insufficient.

5.2.1.2.1 SUB-THEME 1: THE DIAGNOSIS PROBLEM

Participants explained that obtaining a formal diagnosis was often essential for accessing
workplace accommodations, disability support, insurance coverage, and legal protections.
Without formal recognition, many reported being denied support at multiple stages.

Participants also noted that MCS is not formally recognized in all provinces. In Quebec,
participants reported that the provincial medical classification system continues to characterize
MCS primarily as a psychological condition. Participants felt this created barriers to obtaining
formal diagnoses, even when healthcare providers acknowledged their symptoms and
experiences.

Within a social model of disability and human rights framework, the focus should be on removing
barriers and ensuring accessibility, regardless of ongoing debates about classification.
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Participants felt that failing to address known environmental barriers and accessibility needs may
contribute to exclusion and unequal access to health care, services, workplaces, and housing.

“My doctor is able to say that it really does resemble all of this, but she is not allowed to
provide the diagnosis because it is not truly recognized in Quebec. | believe there are only
about three provinces that can formally give the diagnosis. So, she says, yes, it does resemble
that, but | cannot officially note it or diagnose it.”

-P007-FR

Participants explained that without a formal diagnosis, they were often unable to access disability
funding, insurance coverage, treatment programs, and other forms of support.

“The problem is my doctor has never been able to pin down any one particular diagnosis. So
I've spent my entire life applying for disability funding and being told, well, what's your. What's
your diagnosis? Applying to clinics for treatment. Well, what's your diagnosis?”

-P128-EN

5.2.1.2.2 SUB-THEME 2: HEALTHCARE SETTINGS ARE INACCESSIBLE

Hospitals, clinics, and pharmacies are often described by participants as heavily scented
environments. Staff may wear fragranced products; other patients may do so as well; and
institutional cleaning agents can add to chemical exposures. Participants explained that, for
people living with MCS, these healthcare settings can become as inaccessible as any other
building — except that healthcare is not optional in the way that visiting a shopping mall may be.

"For me, the scariest one is the hospitals, because too many people are just wearing
fragrances there."

-P086-EN

"You fall off a ladder eight feet, you know, you've got a head injury and you can't go and get
medical care, so you just go hide in the house and hope it passes.”

-P0O88-EN

One participant reported waiting eight years for a diagnosis.

"It took them eight years to diagnose me properly, and I've been living with constant stress
because I've tried to go into work."

-P104-EN

Participants described this as creating a compounding cycle of barriers. Inaccessible healthcare
contributed to delayed diagnosis; delayed diagnosis limited access to documentation; lack of
documentation created barriers to accommodation; and without accommodations, participants
continued to experience ongoing exposures and illness.
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5.2.1.2.3 SUB-THEME 3: POLICIES EXIST BUT AREN'T ENFORCED

Participants reported that scent-free policies existed in many workplaces and institutions, but
often produced little meaningful change. Policies were typically communicated through signs or
written notices, yet participants described a lack of monitoring, enforcement, accountability, or

clear consequences when the policies were not followed.

"They put up the signs, but after that, there was zero effort to enforce them. | was outright told

rn

that no one was fit to be the 'perfume police’.

-PO11-FR

“I'm actually going through very similar situations at my workplace right now. We have an
extremely strict scent-free policy, but it's just not enforced.”

-PO05-EN

In many cases, participants reported that responsibility for enforcing scent-free policies was
placed on the individual with the condition. Participants described being expected to personally
approach non-compliant colleagues and explain how fragranced products were affecting them.

“Unfortunately, my employer, instead of enforcing a policy or talking to people, actually part
of their guideline that they have presently and have had for a number of years was that the
expectation was that the injured person, myself, would go approach the other person in
person and discuss with them how their fragrance were impacting me. So | had to try to go
talk to them in person.”

-P100-EN

Participants felt this created additional stress, discomfort, and conflict. However, according to the
Canadian Human Rights Commission (2026), responsibility for accommodation rests with the
employer or service provider, not with the employee requesting accommodation.

5.2.1.2.4 SUB-THEME 4: WORKPLACE ACCOMMODATIONS THAT DON'T WORK

Participants reported that many workplace accommodations were ineffective because they treated
the issue as an individual problem to manage, rather than as an environmental accessibility issue
affecting the workplace itself. Participants explained that accommodations such as moving to a
different office or using a personal air filter often left the original source of the exposure

unchanged.

Accessibility Standards 3 Page 121 of 203
I * I Canada A0 \‘ ;‘; Lt



Accessible Indoor Air in the Built Environment Research Report

"So they accommodated me by saying, okay, you don't have to work in that building. Come
and work downtown in the head office, which was where they were bringing in all kinds of new
chairs and tables with all the VOCs coming off them and new carpets. And again, so | ended
up on medical leave."

-P030-EN

"Then they put me in a different department and said that | would be fine, but | wasn't.
Because it wasn't the department that | worked in. It was the whole building. It was a new
building, and it was a sick building. My employer put me on short term disability because they
said they couldn't make a position for me where | would be accommodated. So | was like a
year and a half at home."

-P044-EN

Participants reported being provided with personal air filters or fans in large, shared environments
where they felt these measures could not meaningfully reduce ongoing chemical exposures or
improve accessibility.

“And their accommodation was to give me an air fan.”

-P102-EN

“However, in my situation, because | worked in a call center at one point. 15,000 sqft, they
gave me an air filter for 254. Said there, we gave you an air filter. Yeah, you gave me an air
conditioner outin a field.”

-P0O88-EN

Participants often compared their experiences to accommodations for visible physical disabilities.
They explained that if someone with a visible disability received an ineffective accommodation, it
would likely be recognized immediately as inadequate.

"Surprisingly, there was just a lack of awareness about accommodation for invisible illnesses.
IfI'd had a broken leg or something, like someone who had broken their ankle on a holiday
was accommodated.”

-P048-EN

“A person with a mobility disability cannot use stairs, but with our type of disability, we cannot
tolerate fragrances. What do we do with that as a society?”

-P009-FR

Participants consistently pointed to smoking bans as a model for fragrance-free policies. They noted
that smoking restrictions are mandatory, enforced, and supported by clear consequences, and that
these measures helped change behaviour over time. Participants questioned why fragrance-related
exposures were often treated differently, despite the health impacts they experienced.
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"If someone lights a cigarette, they're asked to leave. So why isn't fragrance-free policy exactly
the same? Because the health effects are the same."

-P005-EN

5.2.1.3 THEME 3: PHYSICAL BARRIERS: PRODUCTS AND BUILDINGS

During the discussions, and in surveys distributed to participants (N=50), we asked which sources
of chemical exposure affected them most. Every participant (100%) identified cleaning products.
Scented personal care products were named by 94% of participants, laundry products by 82%,
paint by 66%, mould and water-damaged buildings by 62%, and building and renovation materials
by 60%.

Figure 5.8. Most common physical barriers encountered by focus group participants

Cleaning products _ 100%
Scents (from fragrances, perfumes) _ 94%
Laundry products _ 82%
Paint 66%
Mold spores/water-damaged buildings 62%
Construction/renovation materials 60%
Furniture or carpeting 50%
Other 32%
Photocopier emission/printing ink 30%
0% 50% 100% 150%

Percentage of participants (N=50)

Participants could select more than one source; percentages therefore exceed 100%. N =50 reflects the
number of participants who responded to this item.
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5.2.1.3.1 SUB-THEME 1: CONSUMER PRODUCTS : THE MAIN SOURCE OF EXPOSURE

Laundry detergents, fabric softeners, personal care products, and cleaning products were
identified as the most common sources of exposure. Because these products are brought into
buildings by individual building occupants, participants explained that exposures can be difficult to
predict and control.

Participants described *Laundry products* as especially difficult because the fragrances and
chemicals are designed to remain on clothing and fabrics for long periods of time. These
substances can continue to be released into the air throughout the day. As a result, a person may
avoid wearing perfume or cologne but will still trigger reactions through fragranced laundry
products on their clothing.

“It’s not just perfumes. For me, it’s mainly laundry products. About a month ago, | had people
over, and everyone had been advised not to wear perfume. But as soon as they entered the
house, | had a reaction. | could smell the laundry product on their clothes, and it took me days
to recover from it.”

-P012-FR

"Their whole thing is 'we're a smell that sticks.' They're essentially scent boosters. You can
still smell us ten days or something like that later on your sheets. In the dryer sheets, there's a
sticky substance — they're made to go in the dryer and melt and adhere to all the fibres of
your clothing.”

-P102-EN

Participants explained that fumes from *laundry detergents* can travel beyond direct contact and
spread through the air in apartment buildings, retail stores, and outdoor spaces near and around
dryer vents.

"There are many places, even though they're bad for me, they are better than my living
environment because I'm exposed to laundry off-gassing almost on a daily basis, coming into
my unit, and | get really sick from that."

-P006-EN

"I can't even do our grocery shopping because of the way the lineup is situated near the
laundry aisle.”

-P098-EN

*Personal care products* — including shampoo, deodorant, aftershave, body lotion, and
cosmetics — were described as a constant source of exposure in workplaces, public transit, and
healthcare settings. Unlike institutional cleaning products, these products are chosen and used by
individual people, making exposure difficult for building managers or organizations to control.
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"I was constantly being triggered on transit, on the way to work, and meetings at work from
people's personal care products.”

-P108-EN

"Idon't know how I'm going to find employment with my sensitivity, because it's really all the
products, cleaners, perfume, you name it."

-P042-FR

*Cleaning and disinfectant products* caused significant problems in healthcare, school, and
workplace settings. The way products were applied mattered too: spray-and-wipe cleaning creates
fine particles that stay in the air long after the surface is wiped.

“Forexample, in hospitals or restaurants, they use sprays to disinfect. They spray a surface
and then wipe it with a cloth. Personally, | react even more to that. | imagine there are
particles suspended in the air.”

-P009-FR

5.2.1.3.2 SUB-THEME 2: BUILDINGS AND VENTILATION

The way buildings are designed — especially shared ventilation systems — turns one person's
product use into everyone's problem. When air circulates through a shared system, chemicals
from one unit or one floor spread throughout the building.

"Everybody is one air system. You smell what people cook. You smell the fumes from the
laundry room."

-PO01-EN

“The sick building thing is huge (...) they just circulate the same air over and over and over and
over. They don't have enough fresh air coming in”

-P128-EN

"That's the problem with our built environments. Our indoor environments don't have air
circulation. We need way more fresh air exchange. The building codes need to be changed."

-P044-EN

New buildings and renovations release chemicals from paint, flooring, furniture, and adhesives.
These fumes can linger for a long time after the work is done.

“l know that in new homes, when you enter for the first time, it’s quite awful how there are
residual solvents that have not fully evaporated.”

-P150-FR

Mould and high humidity — especially in basement apartments and poorly maintained buildings —

added a separate layer of harm:
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"I was like homeless for like seven years, my kid and | here. | mean, it's partially the housing
situation, but the available housing too is horrible. I'm just too sensitive to mold and living in
Vancouver and everything was basements.”

-P103-EN

5.2.1.83.3 SUB-THEME 3: THE ENVIRONMENTS THAT ARE HARDEST TO ACCESS
In the surveys distributed during the discussions, we asked participants to name the types of
buildings they found hardest to access (N=38). The results were:

¢ Shopping malls and retail stores — 97%

¢ Places of worship and entertainment venues — 92%
e Hotels —89%

¢ Hospitals and medical facilities — 82%

¢ Public transit— 79%

e Workplaces — 76%

¢ Schools —68%

Three types of environments came up most in discussions: healthcare, housing, and workplaces.
These are spaces people cannot simply avoid without losing access to medical care, a home, ora
job.
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Figure 5.9. Most challenging built environments for chemical accessibility among focus group participants

Shopping malls or retail stores ||| G o7
Places of worship || NG °2
Entertainment venues ||| NG <29
Hotels and other accommodations _ 89%
Hospitals and medical facilities [ 82%
Public transport _ 79%
Workplaces [ 76%

Schools and educational institutions 68%
Gyms or fitness centers 61%
Other 58%
Restaurants or cafes 55%

0% 20% 40% ©60% 80% 100% 120%
Percentage of participants (N=38)

Note 1. Participants could select more than one environment; percentages therefore exceed 100%
Note 2. Some participants may not have selected certain response options because they avoid environments
associated with symptom-triggering exposures.
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Participants frequently identified *Healthcare facilities* as among the most difficult and
distressing environments to access due to widespread fragrance and chemical exposures. Several
participants described avoiding or delaying medical care, even during serious health situations,
because they felt healthcare environments were inaccessible or unsafe for them.

"For me, the scariest one is the hospitals, because too many people are just wearing
fragrances there."

-P086-EN

“I don't have to say much because you've said it, we have too many similarities, but a huge
one is that lack of ability to get medical care. You fall off a ladder 8ft, you know, you've got a
head injury and you can't go and get medical care, so you just go hide in the house and hope it
passes.”

-P088-EN

Participants identified pharmacies as a particular challenge because cosmetics, fragrances, and
scented products were often located near entrances or pharmacy counters, making it nearly
impossible to get past them to reach medications without exposure.

"Shoppers Drug Mart, they have all their cosmetics and fumes right at the front door, so don't
go there ever."

-PO01-EN

“Ultimately, it’s often difficult to go into stores or pharmacies. Normally, a pharmacy is there
for health. But when you go inside, it smells of perfumes or cleaning products.”

-P059-FR

*Housing* emerged as a unique and significant category of exposure. Participants explained that
the home should be the place where people have the greatest control over their environment.
However, shared ventilation systems, shared laundry rooms, and fragranced products used by
neighbours often allowed chemical exposures to travel throughout buildings and into individual

units, making control difficult or impossible.

"My biggest problem is my own place of residence. It's a building with six apartments. We
share the laundry room. The laundry room is a problem because of the chemical fragrance in

the laundry products.”
-PO01-EN

"There are many places, even though they're bad for me, they are better than my living
environment because I'm exposed to laundry off-gassing almost on a daily basis, coming into
my unit, and | get really sick from that."

-P0O06-EN
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For some participants, the lack of safe, accessible, and affordable housing led to housing

instability or extended homelessness.
"100% yes. There is no place for us to live. There is no place. I'm in a place right now, but
there's a threat that they're going to be tearing it all down."
-P028-EN
"I was like homeless for like seven years, my kid and | here.”

-P103-EN

Participants described *Workplaces* as environments where multiple sources of chemical
exposure often combined at the same time: These included cleaning products, fragranced
personal care products, and laundry residues on clothing within enclosed spaces shared by many
people, often for extended periods and with limited ventilation.

"l was constantly being triggered on transit, on the way to work, and meetings at work from
people's personal care products.”

-P108-EN

“Personally, | used to work in the healthcare system, but | have completely left it because of
meetings in rooms without windows, without ventilation, with people wearing deodorants,
perfumes, hair products, and soon.”

-P009-FR

5.2.1.4 THEME 4: INFORMATIONAL BARRIERS: MISLEADING LABELS AND CONFUSING
LANGUAGE

Informational barriers were reported by 48% of participants. These barriers included the absence
of accurate information, the presence of misleading information, or limited transparency regarding
chemical exposures and products. Participants explained that these barriers often prevented
people, workplaces, and institutions from making informed or safer choices. Participants
emphasized that these problems were not simply caused by individual misunderstandings, but
were also linked to the way products are marketed, labelled, and regulated.

5.2.1.4.1 SUB-THEME 1: LABELS DON'T TELL THE TRUTH

Participants explained that one of the biggest challenges was not knowing exactly which chemicals
were contained in fragranced products. While some products can be identified by smell, many
chemical exposures are much harder to recognize.

Under current Canadian labelling rules, companies are usually not required to list all the chemicals
used in a fragrance on product labels. Instead, labels may simply say "fragrance" or "parfum."” This
single word can represent dozens or even hundreds of different chemicals, including volatile
organic compounds (VOCs).

Participants explained that this makes it impossible to know which chemical caused a reaction or
which products might be safer to use.
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“It’s not just a question of perfume—the perfume is what is easily identifiable; you either
smell it or you don’t. But the chemical components inside products are not something we can
clearly identify, so when we react, we don’t really know what we’re reacting to. The visible part
of the iceberg—or rather, the part that can be smelled—is the odor, but there are things that
have very little smell and still cause reactions.”

-P009-FR
"They should not be able to hide anything that you're putting on or in your body."

-P029-EN

One participant explained that companies are often allowed to withhold fragrance ingredients
because the formulas are considered proprietary or protected trade secrets:

"Under the law, the reason why they don't disclose is because when someone makes a
perfume, it's a proprietary combination, kind of like the spices in KFC. So that's why they don't
disclose. They're protected legally for their intellectual property.”

-P029-EN

Our product testing confirmed participants’ concerns. More than 91% of the chemicals identified in
the products we tested did not appear on product labels.

Even when some information was listed, the language was too technical to understand without

specialized knowledge.

"You got to dig through every single term, and then of course you get the big chemical terms
that are not actually chemical — it's just a giant word for salt or something. But you have to
Google every single one to see what the chemicalis."”

-P029-EN

The result: participants explained that even with significant effort, experience, research, and
knowledge, they could not reliably identify which product, or chemical had caused a reaction.

"But yes, it can be difficult to find products that don't have any triggering chemicals. Obviously
there are chemicals in all these things, but the issue is, does it trigger me? And if it doesn't,
then maybe | can use it. And if it does, well, | can't have it."

-PO30-EN

"I fully support the continuation of pushing for the full disclosure of product labelling
ingredients so that at least | can take care of my own health. And if | can figure out what is
affecting me, | want the ability to do so."

-P136-EN
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5.2.1.4.2 SUB-THEME 2: MISLEADING LABELS AND FALSE "GREEN" CLAIMS

Beyond the general lack of transparency on ingredient labels, participants also described
confusion and misleading product claims. Products labelled “fragrance-free” or “unscented”
sometimes still contained fragrance chemicals, including masking agents used to cover the smell
of otheringredients.

"Did you read the productingredients? Because it'll say no scent, and then in the ingredients
it'll say fragrance."

-P028-EN

"There's also no standardization between whether companies use unscented or fragrance-
free, because some things will say they're unscented but still contain fragrance. I've had to
stop using a product that wasn't supposed to have any scent just because it still triggered." -
P0O98-EN

Participants described feeling misled by product packaging and marketing claims. Terms such as
“fragrance-free,” “natural,” “eco-friendly,” or “plant-based” often created a sense of safety that
participants felt was not always accurate. Participants also reported confusion caused by vague
ingredient descriptions such as “aroma” or “natural fragrance.”

Our product testing supported these concerns. Some products marketed as “fragrance-free” or
“environmentally friendly” still released measurable levels of chemicals despite limited disclosure
of ingredients. Participants described this as a form of misleading marketing, sometimes referred
to as “greenwashing”.

"They think it's in a white container. It must be okay. But of course, then itisn't.”
-PO01-EN

"It's because there's no transparency and they use these catchphrases. Aroma or natural
aroma that aren't natural at all. If you look at candles from independent brands or something,
they'll say 'lavender essential oil'. And | smelled it. There's no way that's a plant oil. There's a
lot of mismarketing and it's confusing people too."

-P004-EN
"I don't know, it's like greenwashing, but it's like scent-free washing."

-P103-EN

Participants felt that advertising and marketing contributed to widespread misunderstandings
about fragranced products and their safety. Advertisements often present fragrance as a sign of
cleanliness, comfort, attractiveness, or good hygiene, while promoting products designed to make
scents last longer on clothing and in homes.

Participants explained that this messaging made it more difficult for people to understand why
fragranced products could be harmful for some individuals, and contributed to skepticism toward
people reporting health effects from chemical exposures.
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"There's just this kind of disinformation about how wonderful these products are and how safe
they are. So, it's not surprising that people believe the propaganda, if you like, and are
skeptical when a few individuals are saying, maybe these products aren't so good. It's very
difficult. You're taking on huge corporations.”

-P094-EN

“What we see on television are the (brand name) ads saying, ‘vour home will smell nice,’
along with air fresheners. There could be laws to prohibit this. These are chemical products,
and they affect people’s health.”

-P042-FR

5.2.1.4.3 SUB-THEME 3: CONFUSING LANGUAGE
Some products may have very little smell and still trigger reactions.

Participants explained that the word “scent” itself can create confusion. In everyday language, it
may refer to both natural smells (such as flowers or body odour) and synthetic fragrance chemicals
found in products such as laundry detergents, air fresheners, or hairsprays.

Participants described a wide range of symptoms on exposure to chemicals. Some reported
reacting more strongly to synthetic fragrance products and other chemical exposures, while others
described symptoms to both natural and synthetic substances, including flowers, plants, smoke,
and other environmental exposures. Participants emphasized that symptoms and triggers vary
from person to person and may also change depending on the severity of illness or level of
sensitization.

Participants explained that because the same word is used to describe very different types of
exposures, comparisons were often made that oversimplified the condition — for example,
assuming that tolerating flowers meant a person should also tolerate fragranced consumer
products. Participants felt these comparisons contributed to misunderstanding and minimized the
differences between natural exposures and synthetic chemical mixtures used in many fragranced
products.

So I think the word scent, | think is a bad word to use because it also incorporates biological
scents like boy sweat, bad breath, you know, just natural greasy hair. Those are all scents. But
for those, well, it's not in my case, it doesn't cause me a reaction. For those that have
overactive olfactory senses, yes, | can understand it might bother them, but for those
chemical scents that are specific to one or two chemicals, but we don't know which products
have these chemicals because we can't get any ingredients lists for any of these chemicals.
It's the scents. Generally, I'm fine with flowers. I'm fine with that. That's a scent. It's the
synthetic fragrances, | think is the trigger for a lot of the people that you may be interviewing
and that are having problems indoor spaces and not chemicals, synthetic chemicals,
because oxygen is a chemical. Water is a chemical. You know, you know, we obviously are
not allergic or sensitive to oxygen; but the synthetic, the lab created chemicals, petroleum-
based chemicals, yeah.

-P120-EN
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One participant described how her husband began using the term “fragranced products” instead of
“perfume” when explaining her condition to others. Participants felt this wording helped people
better understand that reactions could be triggered by many fragranced products — not only by

perfume or cologne.

“My husband, sometimes when he talks to them, says you shouldn’t say ‘perfume,’ you
should say ‘fragranced products.’ Because they’ll say, ‘No, | don’t wear perfume.’ You have to
say that |/ reactto all fragranced products.”

-P074-FR

Participants explained that the terms “unscented” and “fragrance-free” are often confusing and
are not always used consistently. Participants noted that some products labelled “unscented”
may still contain fragrance chemicals or masking agents used to cover other smells.

Participants emphasized that this made product selection difficult and created uncertainty about
which products were actually safer to use.

"If it's unscented, it means that they can still put perfume in it to make it not smell, to cover
up. So it has to be scent-free, not unscented. You have to be careful of your wording."

-P029-EN

"There's also no standardization between whether companies use unscented or fragrance-
free, because some things will say they're unscented but still contain fragrance.”

-P098-EN

Finally, participants consistently described scent-free signs and policies as ineffective on their
own. Participants explained that many people either ignored the signs or did not understand what
“scent-free” actually meant. Several participants emphasized that people often associated scent-
free policies only with perfume or cologne, without realizing that fragranced laundry products,
personal care products, and other chemical exposures were also part of the issue.

"l'think, yes, those signs are misleading because they're giving the wrong impression to the
general population of what the definition of fragrance-free truly is.”

-P120-EN

"When you say it's a scent-free environment, can you explain what that means to people?
Because people don't get that. They don't know what that means. And it's beyond perfume.
And perfume is not the problem. It is laundry product.”

-P080-EN

"So I think people are just so desensitized to the signs of scent-free signs. Same thing as you
see cell phone — no cell phone in hospital. But people are all over their cell phone. Right? It's
not like people actually — they look at the sign, they're like, yeah, okay. But then they still do
it."

-P097-EN
T,
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This finding aligned with our IAQ data: buildings that relied solely on signs or written policies

showed no measurable reduction in chemical levels and no improvement in occupants' ratings of

IAQ.

5.2.2 HOW INACCESSIBLE AIR AFFECTS PEOPLE'S LIVES

A large share of participants reported severe or near-total barriers to accessing parts of daily life
they needed. When we looked only at areas that applied to each participant:

¢ 81% reported high or severe barriers to employment

* 61% reported high or severe barriers to places of worship

e 55% reported high or severe barriers to learning and education
e 55% reported high or severe barriers to healthcare services

e 47% reported high or severe barriers to housing.

74% of participants rated their physical reactions to indoor chemical exposures as severe (63%) or
extreme (11%). Only 3% rated their reactions as moderate.

Figure 5.10. Participant Reported Barrier Interference in Accessing Key Daily Life Domains

Access to places of worship 61%
Access to learning 55%
Access to healthcare services 55%
Access to housing 47%
Access to employment _ 81%
0% 50% 100%

Percentage of participants (N=49)

Note. Percentages are calculated based on valid responses, excluding “Not applicable.” Non-applicability
may reflect avoidance of environments associated with symptom-triggering exposures rather than absence
of barriers.
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Figure 5.11. Self-Reported Symptom Severity Levels of Participants

5 - Extreme - 11%
+-severe | ¢
3 - Significant - 13%

2 - Moderate 3%

Severity level

1 -Mild 1%

0% 20% 40% 60% 80%
Percentage of participants (N=38)

5.2.2.1 THEME 1: PHYSICAL AND HEALTH IMPACTS

5.2.2.1.1 SUB-THEME 1: BRAIN AND NERVOUS SYSTEM EFFECTS

*Brain and nervous system effects™ were reported by 32% of participants. Participants described
experiences such as sudden confusion, dizziness, memory problems, difficulty concentrating, and
feeling unable to think clearly, sometimes beginning within minutes of exposure. Many participants
described these symptoms as especially frightening because they affected their ability to
communicate, make decisions, or advocate for themselves during exposures.

"My brain has completely stopped working, and | don't even know who | am and where | am
temporarily. And that's scary.”

-P044-EN

"Brain fog. And | mean, those are the most scary ones, especially the brain fog, | think, is
particularly worrying."

-P094-EN

"l just get dizzy. | lose. Like, | can't think. | get confused. | can be looking at you and | don't
even know your name."

-P028-EN
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One participant used the analogy of “being drunk” to describe the cognitive effects experienced
after a chemical exposure — not because of alcohol, but because the exposure made it difficult to

think clearly or communicate effectively.

“We joke in our house that it's called drunk when you're exposed (...) after an exposure, what
I'm saying, | think I'm saying something that sounds sensible and makes sense, but you're
hearing something entirely different. We call it drunk, not because I'm drunk, but because the
environment has made me unintelligible.”

-P102-EN

Migraines and headaches were among the most commonly reported early reactions to exposure.

“Yes, so for me, it usually starts with a migraine.”
-P007-FR

“I have chronic migraines, so | have migraines very frequently. And that's usually my main
problem with scent, is that it will either trigger a migraine if | don't have one already, and if|
already have a migraine, which a lot of the time | do, it just worsens my pain”

-P108-EN

These experiences match our air quality data. Neurotoxic chemicals — chemicals that harm the
nervous system, including toluene and xylenes — were found at much higher levels in buildings
without fragrance-free policies.

5.2.2.1.2 SUB-THEME 2: STOMACH AND DIGESTIVE EFFECTS
*Stomach and digestive effects* were often the first physical sign of an exposure — sometimes
before other symptoms appeared.

“And there are certain products that | wouldn’t be able to identify, but for which the first
reaction is nausea, really like a gag reflex.”

-P002-FR

“For me, one of the things is that when | breathe in perfumes, | can taste them. It’s as if my
taste buds—if I’m talking and there’s a cloud of perfume—sense a chemical taste in my
mouth. It makes me nauseous.”

-PO11-FR

“Yes, it’s the same thing. The nausea comes first, very quickly. Then a headache, followed by
a migraine.”

-P042-FR
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5.2.2.1.3 SUB-THEME 3: BREATHING AND RESPIRATORY EFFECTS

*Breathing and respiratory effects* were reported by 23% of participants. Reactions ranged from
mild irritation to life-threatening anaphylaxis (a severe, potentially fatal allergic reaction requiring

an EpiPen).

“For me, the very first reaction to more intense products is that my breathing completely
stops as a reflex. Then it’s a strong burning sensation in my airways.”

-P002-FR

"Main symptom is anaphylactic within five minutes of exposure. If I'm not near my EpiPen,
then | can go in respiratory failure, which happened many times where I'm hospitalized."

-P104-EN

“There’s chest tightness, and as someone with severe asthma, it triggers attacks at that level.
There is a burning sensation in my throat and bronchi that travels downward, causing pain
when | breathe. | can have significant breathing difficulties, along with bouts of sneezing, and |
have even coughed up blood.”

-P007-FR

5.2.2.1.4 SUB-THEME 4: EXPOSURES ADD UP OVER TIME

*Exposures add up over time.* Participants consistently described how reactions get worse, not
better, with repeated exposure. A person's threshold for chemical tolerance gets lower over time.
This is described in science as Toxicant-Induced Loss of Tolerance, or TILT — the idea that
repeated chemical exposures can permanently lower a person's tolerance, making them more
sensitive rather than less. What once caused no reaction can eventually trigger a severe response.

“It’s a cumulative effect. One perfume might not bother me that much, but by the third or
fourth exposure in a day, | can end up being sick for about a month.”

-P007-FR
“(...) the longer I’'m exposed to an irritant, he longer the recovery will be.”

-P012-FR

Participants explained that chemical exposures could trigger symptoms very quickly — sometimes
within minutes — while recovery could take much longer, lasting days or even weeks. Several
participants described suddenly becoming unable to think clearly, communicate, work, or function
normally after brief exposure, even though the exposure itself may have lasted only a short time.

Participants emphasized that this created major problems in workplaces and other formal settings
because others often assumed that once the exposure ended, the effects should end immediately
as well. Participants felt that the longer-lasting impacts of short exposures were poorly understood
and frequently minimized.
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5.2.2.1.5 SUB-THEME 4: MULTIPLE CONDITIONS MAKE THINGS HARDER

*Multiple conditions make things harder.* 96% of participants had at least one additional health
condition on top of their primary diagnosis. 17% had four or more. Having multiple conditions at
once means that chemical exposures hit several body systems simultaneously — making reactions

worse and recovery slower.

“l realize that | am much more sensitive to everything, including viral infections, and so on.
When | had COVID in January 2020, | almost died from it. If | hadn’t been asthmatic with MCS,
I might have been strong enough to get through it without sequelae.”

-P007-FR

5.2.2.2 THEME 2: SOCIAL EFFECTS

5.2.2.2.1 SUB-THEME 1: CAREGIVER DEPENDENCE AND RELATIONSHIP STRAINS
*Dependence on caregivers and strain on relationships* were common themes in the discussions.
Participants explained that the severity and unpredictability of chemical exposure reactions often
meant relying heavily on partners, spouses, family members, or close friends for daily activities
such as grocery shopping, transportation, cleaning, household tasks, and attending appointments.

I'm really lucky. My husband takes really good care of me. He does everything for me. He's my
grocery shopper. He drives me because it affects my vision. He does all that stuff.”

-P102-EN

"And | don't clean the washroom or use any cleaning products in my house. He does all the
cleaning and using all the products and stuff, even the dishes. He gets pissed off because a
lot of the bathroom, just by default, just ends up on him."

-P097-EN

Participants explained that this level of dependence could create significant emotional and
practical strain within relationships. Many described feelings of guilt about how much they relied
on partners, spouses, or family members, and an awareness that their condition influenced
everyday household decisions, routines, and activities.

"And so my partner does most of our errands for us, like whether it's grocery shopping or going
places. And if | go anywhere, he goes with me, so that if | need to leave, | can.”

-P100-EN

Some participants described serious strain within relationships and families as a result of ongoing
chemical exposures and the need to avoid fragranced products and environments. Participants
explained that exposures carried back into the home by partners on clothing, hair, skin, or personal
belongings after spending time in public places could trigger reactions, even when no fragranced
products were used directly inside the home. Participants described how this could make a
previously “safe” space become inaccessible or unsafe. Several participants explained that these
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ongoing third-hand exposures created major stress within relationships and, in some cases,

contributed to relationships ending.

Participants also described increasing social isolation over time. Many avoided visiting family
members, friends, or public gatherings because of fragranced products and chemical exposures in
those environments. Participants explained that this gradually reduced social contact,
participation in family life, and feelings of connection and belonging.

"l know, one couple parted because she couldn't live with him, because every time he went
out, he came back in and made her worse."

-PO13-EN

"We lost a lot of friends, we have a lot of family people that we do not go into their homes, so
we don't visit. So emotional impact is huge. The isolation is major."

-PO13-EN

5.2.2.2.2 SUB-THEME 2: SOCIAL ISOLATION

*Social isolation* emerged as one of the most severe social impacts described by participants.
Several participants explained that they had become largely confined to their homes because
everyday environments, public spaces, transportation, workplaces, and social gatherings were no
longer accessible due to chemical exposures. Some participants reported rarely leaving home for
years, except when absolutely necessary.

“l remember one Christmas when | was isolated. Everyone was in the living room, and | was
alone in the kitchen because | couldn’t get close. | was crying, and it was really difficult.”

-P042-FR

"But yeah, | haven't gone out in probably about five years."
-P005-EN

"l live isolated and removed from society."

-P091-EN

Participants described major losses in social connection and participation over time. Many
explained that friendships became strained or ended, family relationships changed, and
participation in community, cultural, or religious activities decreased or stopped altogether
because of chemical exposures and accessibility barriers. Participants frequently described
feelings of exclusion, loneliness, and isolation.
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"Yeah, I do find it very isolating. My friend group has definitely shrunk because of my illness."

-P0O98-EN

"I've been really hurt. I've been excluded from my family get togethers and stuff like that
because I'm a nuisance. We're just a nuisance now, and it's like we're lonely."

-P028-EN

One participant described a difficult trade-off: the private office provided as an accommodation
helped reduce exposures and protect her health, but it also increased social isolation and reduced
opportunities for everyday interaction and connection with coworkers.

"It (getting a closed office as an accommodation) was great for my health, but my social
aspectreally sucked because | couldn't get close. | couldn't really be in that interaction.”

-P097-EN

5.2.2.2.3 SUB-THEME 3: EFFECTS ON CHILDREN

*Effects on children* were also described by participants with caregiving responsibilities. Some
parents explained that they limited family outings, school events, social activities, or community
participation — not because their children were necessarily sensitive themselves, but because the
parent could not safely access many environments due to chemical exposures. Participants
described feelings of sadness, guilt, and loss connected to missing shared experiences and
everyday activities with their children.

"And I've also noticed that it's affected my kids. They are more isolated than they would be
otherwise because | can't take them as many places."”

-P098-EN

"But yeah, it's heartbreaking for me that there's things | want to share with them. The
excitement of going to see a movie and going to the mall. They're in a youth group and they're
always like, can you come? | feel bad that I'm sending my child off into that where everyone
else has parents coming in."

-P037-EN

Participants emphasized that the impacts of inaccessible indoor environments did not affect only
the individual living with MCS. The effects extended to partners, children, caregivers, and entire
families, influencing daily routines, relationships, social participation, employment, and overall
quality of life.

5.2.2.3 THEME 3: PSYCHOLOGICAL EFFECTS

Psychological and emotional effects were among the most deeply discussed findings. Participants
emphasized that these effects were not viewed as the cause of their condition, but rather as
understandable responses to years of exclusion, disbelief, repeated exposures, social isolation,
and lack of support.
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5.2.2.3.1 SUB-THEME 1: DEPRESSION AND EMOTIONAL DISTRESS

Participants frequently described depression, emotional distress, and declining mental health as

consequences of the losses and barriers they experienced after becoming ill. Participants spoke
about losing careers, financial security, professional identity, independence, social participation,
and long-standing relationships.

Participants emphasized that these psychological effects developed after years of illness,
exclusion, repeated exposures, and lack of support, rather than existing before the condition.

"But | fell into a deep depression because | had lost not only my health, but my career.
Winning awards, making a difference to the world. And suddenly it was all taken away from
me. | just didn't have it anymore. And that was really depressing.”

-P0O30-EN

"And to stay motivated and positive is one of the hardest psychological things."
-P0O13-EN

"And trust me, it does a number on your mental health."

-P044-EN

Participants described the constant need to explain, justify, and advocate for their condition as
emotionally exhausting. Many spoke about feeling guilty, frustrated, or distressed about repeatedly
asking others to change products or behaviours in order to reduce exposures. Participants also
described the emotional toll of being viewed as difficult, demanding, or “complaining” when trying
to protect their health and access everyday spaces safely.

"I'm a very giving, nice person, and | don't like who | become when I've been overexposed
because | become very abrupt, almost negative or angry emotionally. It's my biggest struggle."

"This is my life and those that | love, and it has taken so much from us."
-PO13-EN

"But it's hard to constantly advocate for yourself and just feel like you're the person who's
annoying everybody else, telling everyone else they have to change. It's not a great place to be
in your entire life."

-P103-EN

5.2.2.3.2 SUB-THEME 2: DOUBTING THEMSELVES

Participants described how years of disbelief, dismissal, and lack of recognition affected their
confidence and sense of self. Some explained that repeatedly being told their condition was not
real, exaggerated, or unreasonable led them to question themselves at times — not because they
doubted their experiences, but because sustained disbelief from employers, healthcare providers,
institutions, and even family members was emotionally difficult to withstand.

Several participants also described feeling embarrassed or uncomfortable about having to
repeatedly ask for accommodations or explain their needs in everyday situations.
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"Because it feels to me like the healthcare system and the government doesn't care that the
segment of the population that we are in are being made very sick by so many of the things in
our society. It's like we are incidental or collateral damage. There's always going to be a
percentage of people that are made sick by any given new chemical substance that's
invented. But as long as the majority of the people are near the top of the bell curve, then it's
approved. So we are the ones at the bottom end of the bell curve and we're suffering."

-P044-EN

"It's somewhat embarrassing to have to ask. So | guess that's part of the barrier — just feeling
like, why am | so special that | have to have special accommodation?”

-P0O30-EN

5.2.2.3.3 SUB-THEME 3: HOPELESSNESS AND THOUGHTS OF SUICIDE

In some of the most severe cases, participants described profound hopelessness linked to years of
chronic illness, repeated disbelief, social isolation, financial hardship, and ongoing barriers to
healthcare, employment, and safe housing. Some participants reported experiencing thoughts of
suicide or feeling unable to continue coping with the cumulative impacts of their situation.

These experiences are included here not for sensational purposes, but because participants
described them as real consequences of prolonged exclusion, inaccessibility, and lack of support.
Participants repeatedly emphasized the need for earlier recognition, meaningful accommodations,
accessible environments, and stronger systems of support to prevent people from reaching these
levels of despair.

"Some days it drags me down so much that I think, | can't do this anymore."
-P0O06-EN

"Well, | felt quite hopeless and | wasn't sure that | wanted to continue living."
-P044-EN

“l can’t sink any lower than | already am. It’s really difficult.”

-P042-FR

“And honestly, | told my boss, ‘What’s left for me? Should | hang myself in my living room?
Because sometimes that’s how it feels.””

-P007-FR

The most devastating account in this study was shared by a participant who shared the story of a
close friend who chose to forgo medical care for breast cancer because healthcare environments
triggered severe reactions from chemical and fragrance exposures. According to the participant,
accessing healthcare settings had become so difficult and distressing that her friend avoided
medical care until the disease had progressed to a terminal stage.

Participants described stories like this as extreme but deeply important examples of what can
happen when healthcare environments become inaccessible for people living with MCS and
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related conditions.

"I have a friend, and this is the most heartbreaking part of why I'm here. She can't get out, so
she let herself go into terminal breast cancer. And | said, well, | can speak up now, and I'm
going to. And she tried, there wasn't anything she could do. And so when she felt that lump,
she didn't do anything about it."

-P080-EN

If you or someone you know is struggling, free and confidential support is available 24

hours a day, 7 days a week. Call or text 988 to reach Canada's Suicide Crisis Helpline.

5.2.3 WHAT WOULD HELP: SOLUTIONS FROM PARTICIPANTS

5.2.3.1 THEME 1: PERSONAL STRATEGIES

Participants described many personal strategies they used to reduce exposures and continue
functioning in everyday life. These strategies were developed in response to environments that
participants felt were inaccessible or insufficiently supportive.

Participants emphasized that these strategies did not eliminate the problem itself. Instead, they
were ways of coping with ongoing barriers and reducing harm in situations where institutions,
workplaces, housing systems, healthcare environments, or public spaces had not adequately
addressed chemical exposures.

5.2.3.1.1 SUB-THEME 1: AVOIDANCE

*Avoidance* — staying away from environments that triggered reactions — was the most
commonly described coping strategy. Participants explained that this often meant avoiding
workplaces, healthcare settings, public transportation, stores, social gatherings, or other indoor
spaces where chemical exposures were likely to occur.

While avoidance helped reduce exposures and symptoms, participants emphasized that it came at
a significant cost to employment, healthcare access, social participation, relationships, and
overall quality of life.

“If lwant an acceptable quality of life, avoidance, avoiding all buildings where | may have
contact with these chemical products or with people who use them.”

-P007-FR
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5.2.3.1.2 SUB-THEME 2: ADAPTATION

*Adaptation* strategies included carefully planning daily activities in order to reduce exposures.
Participants described scheduling appointments at quieter times of day, requesting outdoor
meetings, using grocery or pharmacy delivery services, avoiding busy spaces, and making

homemade cleaning products from healthy, natural ingredients such as vinegar and lemon.

“I scheduled the appointment for 9 a.m. so that there would be as few people as possible.”
-P074-FR

"I make my own with vinegar and lemon.”

-P104-EN

"I get everything delivered to my house."

-PO05-EN

Several participants described the COVID-19 pandemic as unexpectedly improving accessibility in
some areas of daily life. Remote work, telemedicine, curbside pickup, home delivery, and online
access to services became more widely available during the pandemic, allowing some participants
to participate more fully in work, healthcare, and everyday activities while reducing chemical
exposures.

For some participants, these changes represented the first meaningful increase in accessibility
they had experienced in years.

“I was considering medical retirement before the pandemic. The pandemic saved me; | can
still contribute a lot, but not by exposing myself. | become completely non-functional once
I’'m exposed.”

-P007-FR

"Covid was kind of a good thing. Hey, now you can do curbside pickup. Grocery pickup. They'll
deliver to your house."

-P102-EN

5.2.3.1.3 SUB-THEME 3: PROTECTIVE MASKS

Some participants described *protective masks* and respirators as important tools for reducing
exposures and maintaining access to public spaces. Participants specifically referred to N95 or
N99 respirators equipped with activated carbon filters, which are designed to help reduce
exposure not only to particles, but also to some chemical vapours.

Several participants described these masks as significantly improving their ability to leave home,
attend appointments, or avoid emergency medical visits during unavoidable exposures.
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"For me, | have a mask that filters chemicals, and it saved me from going to the ER often. It
has a HEPA filter and also a chemical filter, N99 with HEPA filter and a chemical filter. So, |
have one in my purse and one in my car.”

-P097-EN

"I've been able to get the type of masks with the activated carbon filters, and they work about
the best for me."

-P044-EN

Participants also described important limitations to mask use. Some reported feeling stigmatized
or singled out when wearing respirators in public before the COVID-19 pandemic. Several
participants explained that widespread mask use during the pandemic helped reduce some of this
social stigma and made it easier to use protective masks in public spaces.

Participants additionally noted that some of the respirators they found most effective for chemical
exposures were difficult to access in Canada and often had to be imported from Europe.

"When COVID hit and everybody started wearing a mask, | felt better because | wasn't singled
out."”

-PO19-EN

5.2.3.2 THEME 2: ACCOMMODATIONS THAT WORK

5.2.3.2.1 SUB-THEME 1: REMOTE AND VIRTUAL OPTIONS

*Remote and virtual options* were the single most consistently valued accommodations described
by participants. Participants explained that working from home, attending appointments virtually,
accessing services online, and participating remotely in meetings or education significantly
reduced exposures and improved daily functioning.

Participants emphasized that these accommodations were effective because they removed or
greatly reduced exposure to shared indoor environments, rather than attempting to manage
exposures after they occurred.

“Since I’'ve been working from home, | no longer need crisis-management medication
because I’'m much less ill.”

-P007-FR

"So I work from home now, which I've been safe ever since.”
-P104-EN

“Accommodations, really, include anything that can be done online.”

-P042-FR
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5.2.3.2.2 SUB-THEME 2: AT-WORK DESIGN ACCOMMODATIONS

*At-work design accommodations* that helped included: a dedicated enclosed office that could
be more easily controlled, separate or improved ventilation, advance notice of changes to cleaning
products, renovations, or building maintenance activities, and working in smaller offices or with
smaller teams where there were fewer simultaneous exposures.

"Imanaged. | started a job in 2018 in a very small office. | declared my chemical sensitivity. |
declared that if | were to work here, you guys can't wear any perfume. | had my own little
closed office that | was able to somewhat control.”

-P120-EN
“One thing I've found helpful is to always notify people in advance.”

-P042-FR

5.2.3.2.3 SUB-THEME 3: ACCESS TO FRAGRANCE-FREE PRODUCTS

*Access to fragrance-free and lower emission products* was described by participants as a basic
requirement for meaningful accommodation. Participants explained that these products were
often more expensive, harder to find, and not consistently available across different regions of the
country. Cost was identified as an important barrier, particularly for people already facing financial
strain because of illness, disability, or reduced employment.

"I think having access to true scent-free products would be a bonus. But yeah, to make them
affordable could be helpful for a lot of people because | do hear that as a barrier. Money is an
issue, forsure.”

-PO91-EN

Geographic inequality was a concern. Participants also described concerns about unequal access
to safer and lower-emission products across Canada. Some explained that even when they knew
which products worked best for them, those products were not available locally and had to be
ordered online or shipped from other provinces or countries.

"Some government subsidy to make sure that there's equal access throughout the country to
the kinds of things that we need would be amazing."

-P048-EN

5.2.3.3 THEME 3: EDUCATION AND AWARENESS

*Education and awareness* were identified by participants as one of the most important
foundations for meaningful change. Participants explained that without better public, institutional,
and professional understanding of MCS and chemical exposures, policies were often ignored or
resisted, accommodations were denied or minimized, and individuals were left to manage
exposures largely on their own.
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5.2.3.3.1 SUB-THEME 1: REFRAME THE ISSUE FROM "SCENT" TO "CHEMICALS"

*Reframe the issue from "scent" to "chemicals."* Participants emphasized the need to shift public

understanding away from “smells” or personal preferences and toward the chemicals contained in
many fragranced products. Participants felt that framing the issue in terms of chemical exposures,
health, and IAQ helped people better understand the seriousness of the problem and why
accommodations were necessary.

Several participants also described the need for broader public education to challenge cultural
messages that associate strong fragrance with cleanliness, health, or personal care.

"Maybe some education on these commercials — 'smelling like nothing means it's clean'or
whatever. Just shifting the way that we view things as a culture.”

-P100-EN

"We need to drastically shift societal attitude around scented products because we're the
sick ones, but we're not the only ones being negatively affected by these products. Other
people just maybe don't realize it."

-P098-EN

5.2.3.3.2 SUB-THEME 2: EDUCATE DOCTORS.

*Educate doctors.* Participants frequently described difficulties obtaining informed and
supportive medical care related to MCS and chemical exposures. Many reported that healthcare
providers dismissed the condition, attributed symptoms primarily to psychological causes, or
lacked knowledge about diagnosis, management, and accommodation needs.

Participants explained that these experiences often resulted in delayed diagnosis, inappropriate
treatment, lack of specialist referrals, and difficulties obtaining the medical documentation
needed to support disability claims, workplace accommodations, or access to services.

“I would go into his office and cry, and he wanted to give me antidepressants. I’m not
depressed; | have environmental hypersensitivity. My environmental medicine specialist had
to getinvolved. Dr. (doctor’s name) wrote a letter to my doctor to say that | was not depressed,
because my family physician does not understand the condition like a specialist does.”

-P042-FR

“I've been through three different family doctors and nurse practitioners. They know nothing
about it. They don't want to learn about it. When | go there with a problem, they look at me and
say, ‘what do you want me to do about it’?”

-PO13-EN

5.2.3.3.3 SUB-THEME 3: START IN SCHOOLS

Participants identified *schools* as one of the most important places to begin public education
about fragranced products, IAQ, and chemical exposures. Participants felt that introducing these
discussions early in life could help shape healthier habits before they become deeply established,
while also increasing awareness among parents, educators, and communities.
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"One place that we need to start educating is actually in the schools. There was a group in
Nova Scotia that were educating the parents in the schools as to why they shouldn't be using
the fragrance laundry detergents, that type of thing."

-P151-EN

"And I think the education from all you teachers, putting it into elementary schools and in
doctor's offices."

-P136-EN

5.2.3.3.4 SUB-THEME 4: TRAIN BUILDING MANAGERS AND HR PROFESSIONALS
Participants identified building managers, employers, supervisors, healthcare administrators, and
other decision-makers as critical audiences for education and awareness efforts. Participants
explained that when the people responsible for policies, purchasing decisions, building operations,
or accommodations did not understand MCS and chemical exposures, meaningful change was
unlikely to occur.

Several participants compared this issue to the gradual shift in public understanding and policy
surrounding smoking in indoor spaces, emphasizing that widespread education was necessary for
long-term cultural and institutional change.

"If the person who makes the decisions in your building doesn't understand the situation, then
they're not on board and nothing's going to change."

-P044-EN

"It took many years before it became law that you can't smoke in buildings. Things do change,
but we have to educate people, and we have to explain quite clearly what it is that's harming
us."

-P037-EN

5.2.3.4 THEME 4: BETTER BUILDING DESIGN

5.2.3.4.1 SUB-THEME 1: INDIVIDUAL VENTILATION SYSTEMS

*Individual ventilation systems* — Participants consistently identified ventilation and building
design as critical factors affecting accessibility. Buildings with stronger fresh air exchange, better
ventilation, and reduced air recirculation were described as significantly more accessible and
easier to tolerate.

Several participants specifically highlighted buildings in which each room, office, or unit had its
own fresh-air intake and exhaust system, reducing the spread of chemical exposures between
spaces. Participants also emphasized the importance of improving ventilation standards and
building codes to better address IAQ and accessibility needs.
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"I can spend all day in that other hospital and not have a problem because of the design of the
building — each and every unit has its own fresh air intake and exhaust, so they're not
recirculating the air through the building."

-P128-EN

"That's the problem with our built environments. Our indoor environments don't have air
circulation. We need way more fresh air exchange. The building codes need to be changed."

-P044-EN

"Yeah, | do find the library is actually really better than most because they keep it ventilated to
prevent the books from decaying."”

-P037-EN

Participants were clear that better ventilation and fresh air exchange can help reduce exposures,
but they emphasized that ventilation alone is not enough. Participants repeatedly stressed the
importance of source control — reducing or removing the fragranced and chemical-containing
products that release pollutants into indoor air in the first place.

Participants explained that when highly fragranced or chemical-emitting products continue to be
used indoors, ventilation systems may dilute exposures but do not fully eliminate them. For this
reason, participants identified product choice — including the use of fragrance-free, lowest-
emission, and least-toxic products — as a critical part of accessible indoor air design.

5.2.3.4.2 SUB-THEME 2: LOWEST-EMISSION BUILDING MATERIALS
*Lowest-emission building materials* should be required in all construction and renovation
projects.

Participants emphasized the importance of using the lowest-emission and least-toxic materials in
construction, renovation, and building maintenance. Products such as zero to low-VOC paints,
flooring materials, furnishings, and adhesives were identified as important ways to reduce indoor
chemical exposures.

Several participants argued that these products should become the standard rather than the
exception in building design and renovation projects. Participants also emphasized that although
people with MCS may react more quickly or more severely, reducing exposure to harmful
chemicals improves IAQ for everyone.

"I think we need to move towards better low VOC products. There is good low VOC paint
available, and I think that needs to be the dominant product.”

-P098-EN

“Even in renovation and construction, standards could be implemented requiring the use of
less toxic products. Although we may be more sensitive to them and react more quickly than
the average person, these substances are still harmful to everyone.”

-P009-FR
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5.2.3.4.3 SUB-THEME 3: FRAGRANCE-FREE CLEANING PRODUCTS

*Fragrance-free cleaning products.* Participants identified cleaning products as one of the most

important targets for change in public buildings. Many called for fragrance-free, lowest-emission,

and least-toxic cleaning products to become the required standard in publicly funded spaces such

as schools, healthcare facilities, government buildings, and public institutions.

Participants viewed this as a high-impact intervention because cleaning products were identified
by all participants as a major source of exposure, and because product choices in public buildings
are often controlled through centralized purchasing and facility management decisions.

"I would love for changes to be made in health and education facilities whereby they had to
use the safest fragrance-free option, mandated, because it's the health of the kids."

-P122-EN

“Avoiding the use of industrial cleaning products that are particularly irritating to the
respiratory tract would be a fundamentalfirst step. It should be like that everywhere.”

-P002-FR

5.2.3.5 THEME 5: BETTER HEALTHCARE

5.2.3.5.1 SUB-THEME 1: FRAGRANCE-FREE CLINICAL ENVIRONMENTS

*Fragrance-free clinical environments.* Participants emphasized that fragrance-free and lowest-
emission healthcare environments should be treated as a basic accessibility and health standard,
not as a special exception or optional accommodation. Hospitals, clinics, pharmacies, and other
healthcare settings were repeatedly identified as spaces where people should be able to safely
receive care without being exposed to fragranced or highly chemical-emitting products.

Participants also stressed the importance of using the safest, fragrance-free, lowest-emission
products in healthcare and educational environments because of the vulnerability of the
populations served in those settings.

“I believe the solution would be for healthcare environments to be inherently healthy, by
nature and by principle.”

-P009-FR

"Of all people, you'd think people in the healthcare profession should not be doing it. That's
where it has to start.”

-PO19-EN

"I would love for changes to be made in health and education facilities whereby they had to
use the safest fragrance-free option."

-P122-EN
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5.2.3.5.2 SUB-THEME 2: TELEMEDICINE AND CURBSIDE PHARMACY ACCESS

*Telemedicine and curbside pharmacy access.* Participants identified telemedicine, curbside

pharmacy pickup, and alternative medication delivery methods as practical solutions that already
exist and could be expanded more broadly. These approaches allowed participants to access
healthcare and medications while reducing exposure to fragranced products and chemical
pollutants in indoor environments.

Participants also suggested practical design changes within pharmacies, such as separating
fragranced products from medication areas, to improve accessibility and reduce unavoidable
exposures.

“l have a pharmacy that when you call, they'll prep your medication for you. And then there's a
little outdoor window where I'm in the car, and then they give my meds in the car so I'm safe.”

- P104-EN

“In pharmacies, if fragrances were placed in a separate section that we could avoid, it would
be really great.”

- P042-FR

5.2.3.5.3 SUB-THEME 2: FORMAL RECOGNITION OF MCS

*Formal recognition of MCS.* Participants repeatedly identified formal recognition of MCS within
healthcare and disability systems as a foundational issue. Participants explained that without a
recognized diagnostic framework or standard medical coding system, many people struggled to
obtain diagnosis, medical documentation, disability support, workplace accommodations,
insurance coverage, and appropriate healthcare.

Participants also emphasized that formal recognition would improve data collection, visibility, and
understanding of the scale and impacts of MCS across Canada.

"We need to have a diagnostic code so we can capture the numbers. The statistics are out
there, but it's not captured in its fullness."

-P088-EN

"Categorizing it as a true disability so it falls under legal parameters of human rights, because
right now we just get brushed off for everything. If | was someone who was in a wheelchair, |
have the right to access a building. So getting us declared as a true disability is a start.”

-P029-EN

"We need to have a category, a criteria that says diagnosis unclear. So a physician doesn't
have to say, oh, well, you have MCS, because they don't want to do that because they're afraid
to pin itdown."”

-P128-EN
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5.2.3.6 THEME 6: BETTER POLICIES AND RULES

5.2.3.6.1 SUB-THEME 1: SCENT-FREE POLICIES NEED REAL ENFORCEMENT

*Scent-free policies need real enforcement.* Participants consistently emphasized that scent-free
policies require active communication, monitoring, and enforcement in order to be effective.
Participants explained that policies often failed because people did not understand which types of
products were covered for exclusion, when expectations were communicated too late, or when no
one was responsible for enforcing the policy.

Participants identified several key elements of an effective scent-free policy:

1. Clear explanations of which products are covered for exclusion— including fragranced
laundry products, cleaning products, deodorants, hairspray, perfumes, colognes, and
other fragranced personal care products

2. Communication of policy expectations before people enter the space — through
employment contracts, appointment reminders, emails, orientation materials, and public
messaging

3. Clear procedures and consequences for repeated non-compliance

4. Ongoing education, monitoring, and policy reinforcement

5. Enforcement led by employers or institutions, rather than placing responsibility on the
person experiencing the health impacts

"When you say it's a scent-free environment, can you explain what that means to people?
Because people don't get that. They don't know what that means. And it's beyond perfume. It
is laundry product.”

-P0O80-EN

"They can add, if we're also a fragrance-free environment, to phone messages, to any email
reminders or emails that are sent out for appointments. ‘Do not wear any of these products'’
and listthem: fragrance, cologne, scented laundry products.”

-PO91-EN

"Having an agreement that's signed at the time of the employment contract. So when
someone's being offered a job saying, okay, this is our scent-free policy."

-P100-EN

“If there are steps to follow and consequences for those who do not comply with the policy, |
believe these should be included in the policy.”

-P042-FR

Participants repeatedly pointed to smoking bans as the model for how fragrance-free policies
should operate. Participants noted that smoking restrictions are clearly communicated,
consistently enforced, and supported by consequences for non-compliance. Many questioned why
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fragrance-free policies, despite the health impacts described, were often treated as optional or
symbolic rather than as enforceable health and accessibility measures.

"If someone lights a cigarette, they're asked to leave. You're breaking policy. And I'm like, so
why isn't fragrance-free policy exactly the same? Because the health effects are the same."

-PO05-EN

5.2.3.6.2 SUB-THEME 2: REQUIRE FULL INGREDIENT DISCLOSURE ON ALL PRODUCTS
Participants strongly supported full ingredient disclosure for fragranced and chemical-containing
products. Many argued that manufacturers should be required to clearly list all chemicals used in
their products, including those currently grouped under broad terms such as “fragrance,”
“parfum,” “perfume”, or “natural aroma.”

Participants explained that without full disclosure, people are unable to make informed decisions
about products or identify possible sources of exposure and reactions.

"I fully support the continuation of pushing for the full disclosure of product labelling
ingredients so that at least | can take care of my own health. And if | can figure out what is
affecting me, | want the ability to do so."

-P136-EN

"l always think the fragrance components should be mandatory. They shouldn't use sweeping
words like fragrance or natural aroma and that nonsense.”

-P004-EN

5.2.3.6.3 SUB-THEME 3: ADOPT THE PRECAUTIONARY PRINCIPLE

Participants repeatedly called for stronger chemical regulation and greater use of the
precautionary principle in consumer product safety. Many expressed concern that chemicals are
often allowed into products and indoor environments before their long-term health effects are fully

understood.

Participants argued that chemicals, particularly those used in fragranced and consumer products,
should be proven safe before widespread use rather than remaining in use untilharm s
demonstrated. Some participants also pointed to examples of chemicals restricted or banned in
other jurisdictions as evidence that stronger regulation is possible.

"We really need to be pushing towards a precautionary principle for allowing any man-made
chemicals into the environment. What happens instead is we have to prove that something is
harmful before it gets taken off of the market."

-P151-EN

"l understand that in Europe, the things that impact me the most in terms of my contact
allergy, they are banned, but they're allowed to be used in North America. So itis possible for
governments to put in regulations and say, we can't have these ingredients in our products.”

-P037-EN
T,
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5.2.3.6.4 SUB-THEME 4: SET ENFORCEABLE INDOOR AIR QUALITY LIMITS

Participants identified IAQ regulation and building standards as major gaps in current policy. Many

expressed concern that Canada lacks enforceable limits on total chemical exposures in indoor air
in many non-residential environments, including offices, schools, and other public buildings.

Participants also emphasized the need to update building codes and design standards to improve
ventilation, increase fresh-air exchange, reduce air recirculation, and require the use of lowest-
emission, least-toxic building materials and products.

"The building codes need to be changed. They need to be made so that we know that indoor
air pollution is a huge problem."

-P044-EN
"One big issue that I'm seeing, there are no laws on air quality in the home."

-P0O91-EN

5.2.3.6.5 SUB-THEME 5: ADDRESS HOUSING

Participants identified housing as a major gap in accessibility and public health protections. Many
explained that there are currently few effective protections for people whose health is affected by
chemical exposures from neighbouring units, shared ventilation systems, shared laundry facilities,
renovation activities, or fragranced products used in multi-unit housing.

Participants proposed several possible solutions, including stronger tenant protections, housing
policies that address indoor chemical exposures, subsidized, accessible housing options, and the
development of housing specifically designed with safer indoor air and lower-emission materials in
mind.

"I'think there needs to be some kind of policy to either allow for alternative housing. | don't
know if that could be in the form of government subsidies or a housing project or what. But |
think something like that does need to happen.”

-P094-EN

REFERENCE

Environmental Defence. (2023, July 12). Statement on Federal Government’s Intent to Label
Hazardous Substances in Consumer Products.
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6. DISCUSSION

This discussion brings together findings from three parts of the study. First, it examines indoor air
quality (IAQ) testing conducted in 32 office buildings across Canada. Second, it reviews emissions
testing of 15 commonly used cleaning products to identify the chemicals they release into the air.
Third, it draws on focus group discussions with 60 Canadians who reported difficulty accessing
buildings because of poor IAQ.

Taken together, these findings tell a clear story: IAQ is an accessibility issue in Canadian
workplaces. The results show that the problem is not caused by a single factor and cannot be
solved through a single action. Meaningful change requires action across several areas at the same
time. This includes selecting low-emission products, strengthening rules for chemicals used in
products, improving building design, enforcing existing policies, and changing everyday attitudes
and behaviours related to scented products.

This discussion is organized around six main themes. These include how chemicals move from
products into the air and then into people’s bodies; why having a policy is not the same as
effectively implementing it; why products labelled “fragrance-free” can still release harmful
chemicals; how poor indoor air creates built-in accessibility barriers for some people; why
ventilation helps but is not enough on its own; and how gaps in current laws and regulations allow
these problems to continue.

6.1 THE PRODUCT-TO-AIR-TO-OCCUPANT EXPOSURE PATHWAY:
CONFIRMED ACROSS THREE EVIDENCE STREAMS

The most important contribution of this study is that it clearly confirms the full exposure pathway
linking fragranced products to indoor air pollution and then to people’s health. Before this study,
each step in this pathway had already been shown in separate research. Some studies showed that
cleaning products release chemicals into the air (Steinemann, 2015; Salonen et al., 2024). Other
studies showed that these chemicals build up in office buildings (Kotzias, 2021; Zhong et al., 2017).
Previous research showed that breathing in these chemicals can cause serious health problems
for sensitive people (Molot et al., 2023; Steinemann, 2018; Lv et al., 2023). This study is the first to
include all three links together in one national Canadian sample.

Testing of cleaning products showed exactly what chemicals they release. Fragranced cleaning
products gave off 190 different airborne chemicals, including many that affect the brain, cause
cancer, or trigger the body’s chemical warning systems. Some products released very high
amounts of these chemicals into the air. Importantly, about 40% of the chemicals found in product
testing were also found later in the air inside office buildings. This directly connects products to
indoor air pollution, not just in theory but by matching the same chemicals. This means that when
building managers use fragranced cleaning products, they are adding these exact harmful
chemicals into the air that workers breathe. The chemicals found most often in products—such as
isopropyl alcohol, acetone, d-limonene, and ethanol—were the same ones found at much higher
levels in buildings without fragrance-free policies.
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Air testing in offices showed the next step in the pathway. Even after taking into account room size,

number of people, and ventilation, buildings without fragrance-free policies had much higher levels
of these same chemicals—between about two and seven times higher in all types of rooms.
Managers in these buildings reported using regular fragranced cleaning products most of the time
and using air fresheners frequently. These products were already known from the product testing to
be major sources of the chemicals found. Because the analysis adjusted for building features, this
shows that the higher amount of chemicals was not just due to building design. It was linked to
product choices and the absence of fragrance-free policies.

The focus group findings showed how this exposure affects people. Participants described very
specific physical reactions that match what is known about the chemicals found in the air.
Chemicals like toluene and xylenes are known to affect the nervous system and activate chemical
sensors in the body (Molot et al., 2023). Participants described symptoms such as shaking, long-
lasting brain fog, trouble recognizing their surroundings, numbness, and confusion. Many people
also described how repeated exposure made their reactions worse over time and affected multiple
body systems. This pattern matches the Toxicant-Induced Loss of Tolerance (TILT) model (Masri et
al., 2021) and current scientific understanding of how repeated chemical exposure can make the
body more sensitive over time (Molot et al., 2023). The key finding is that the chemicals causing
these reactions were the same chemicals found in scented products and at higher levels in
buildings without strong fragrance-free policies.

KEY FINDING

This national Canadian study clearly shows how chemicals move from products into the air
and then into people’s bodies. Fragranced consumer products released harmful chemicals
called VOCs. These chemicals were found at much higher levels — between 2.2 and 6.9 times
higher — in buildings without fragrance-free policies. People living with multiple chemical
sensitivity (MCS) reported physical reactions linked to many of the same chemicals identified
in the air. Taken together, these findings support a clear pathway connecting products, indoor
air pollution, and health effects.

6.2 POLICIES WORK — WHEN IMPLEMENTED: THE CRITICAL
IMPLEMENTATION GAP

The numbers clearly show that fragrance-free policies work when they are properly put in place.
Occupant perceptions of IAQ increases as policy implementation strength increases. Buildings
without fragrance-free policies had much higher levels of harmful airborne chemicals. For
example, toluene levels were about five to seven times higher, acetone levels were about three to
five times higher, and xylene levels were about four to six times higher in buildings without
fragrance-free policies. These differences were found in all types of spaces, including meeting
rooms, offices, and washrooms. The results stayed strong even after accounting for factors like
ventilation, room size, and the number of people using the space. This shows that the lower
pollutant levels were not due to building design alone. Together, these findings suggest that
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fragrance-free policies are an effective way to reduce harmful chemicals in indoor air and improve

IAQ, thus, improving accessibility.

The policy implementation data shows a very different picture of how fragrance-free policies
actually work in real buildings. A review using the CCOHS policy quality criteria found major
weaknesses across the 17 buildings that had fragrance-free policies. Enforcement was low,
scoring only 27%. Stakeholder involvement, policy consistency, and clarity were also low, each at
27%. Adaptability scored 0%, meaning no building had a way to update or improve its policy based
on worker feedback or changing conditions. Only 23% of occupants said the policy was followed
well, and 67% reported they had not received enough information about what the policy required.
As aresult, many people did not know how to comply or why the policy mattered. This gap between
having a policy on paper and making it work in practice is clearly shown by Building 24, a healthcare
facility. Even though this building had a written fragrance-free policy, its implementation score was
only 29%, and indoor air testing found extremely high pollution levels. Total VOCs measured 26,000
ug/m3—52 times higher than the WELL Standard limit—in a healthcare environment intended to
support healing. This shows that policies without proper education, enforcement, and follow-up do
not protect health or ensure accessibility.

The qualitative data shows what these policy gaps mean for real people. Almost all participants
said that fragrance-free policies failed because they were not enforced. Signs were put up, but
people ignored them. When rules were broken, the response was often that “no one is the perfume
police.” Workers with MCS were then expected to take responsibility for the situation themselves
by approaching the coworker using scented products. This meant that the person becomingill from
the exposure was expected to solve the problem on their own. This situation is harmful to health,
unfair, and inconsistent with human rights obligations. The Canadian Human Rights Commission
(2026) is clear that providing accommodation is the responsibility of the employer, not something
employees are expected to manage on their own.

There is also a structural reason why these policies fail without enforcement. The people who most
want to follow fragrance-free rules—those with MCS who understand the health risks—are the
least able to enforce them. When they are exposed, they may become very ill, experience brain fog
or other cognitive difficulties, or become physically unable to respond. As a result, the burden of
enforcement falls on the people least equipped to carry it. This is the opposite of how responsibility
should be shared. Only formal workplace systems—such as clear rules in employment contracts,
defined consequences for non-compliance, and active monitoring by employers—can fix this
imbalance. Participants clearly recognized this problem and called for enforcement models like
smoking policies, which successfully changed workplace behaviour by setting clear rules,
assigning responsibility to employers, and applying consistent consequences.
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6.3 FRAGRANCE-FREE DOES NOT MEAN EMISSION-FREE: THE
PRODUCT TRANSPARENCY CRISIS

One of the most important findings of this study — and the one most likely to surprise both
policymakers and building managers — is that fragrance-free and ECO-labelled cleaning products
emitted 90 VOCs including benzene (IARC Group 1 carcinogen with no safe threshold), chloroform
(IARC Group 2B), acetaldehyde (IARC Group 2B), and toluene (IARC Group 2B). None of these
hazardous compounds were disclosed on any product label. The transparency rate for fragrance-
free products was 0%, meaning that building managers selecting products specifically to protect
workers living with MCS had no way of knowing that those products could expose workers to
carcinogens and chemicals that affect the nervous system.

This finding explains otherwise puzzling patterns in the quantitative IAQ data. Fragrance-free
buildings showed higher frequencies of alpha-pinene and p-cymene — terpene compounds
characteristic of eco-friendly plant-derived cleaning products used by 94% of fragrance-free
building managers. These terpenes are concerning not merely for their direct physiological effects
but because they react with indoor ozone to generate secondary pollutants including formaldehyde
and ultrafine particles (Wolkoff, 2020; Bhoonah et al., 2024). A building manager who
conscientiously switches from conventional to 'green' products may inadvertently trade
fragranced-product terpene loads for eco-product terpene loads, with similar secondary chemistry
implications.

The qualitative evidence confirms this experience. Participants repeatedly described reacting to
products labeled 'natural,' 'green,’ or 'fragrance-free' just as severely as to conventional products.
The 5.3% label transparency rate for fragranced products and 0% rate for fragrance-free products
mean that the market structurally prevents informed decision-making for building managers,
consumers, and individuals with MCS alike. Participants identified this transparency gap as a
systemic barrier — not merely a product quality problem but a regulatory failure.

This finding has direct implications for policy and recommendation design. Third-party emissions
testing and certification — not self-reported marketing claims — provide the only reliable basis for
safer product selection. Current Canadian regulations do not require VOC emissions testing or full
disclosure for cleaning products beyond a limited list of substances. European frameworks (e.g.,
the EU Ecolabel) provide a model for third-party certification based on actual emissions testing,
while Canada currently has no equivalent system for commercial cleaning products used in
workplace settings. This represents an urgent regulatory gap whose consequences are
documented in this study.

REGULATORY IMPLICATION

This study found that many products labelled “fragrance-free” or ECO still released harmful
chemicals, including substances linked to cancer and effects on the brain and nervous
system. None of these chemicals appeared on product labels. This means that Canada’s
current product labelling system does not adequately protect people who are sensitive to
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chemical exposures. To improve safety, products should undergo independent third-party
emissions testing to identify the chemicals they release into the air. These test results —
rather than marketing claims — should determine whether a product can be labelled
“fragrance-free” or “low-VOC.”

6.4 INDOOR AIR AS STRUCTURAL EXCLUSION: THE SOCIAL SCIENCE
OF CHEMICAL BARRIERS

The qualitative findings show something that building science studies often miss: how chemical
barriers operate within everyday social systems. These barriers are not minor environmental
problems affecting only a small number of people. They are a major reason why millions of
Canadians are excluded from work, healthcare, education, community activities, and even family
life (Robins et al., 2026). In addition to the more than 1.13 million Canadians reporting a medical
diagnosis of MCS by 2020, newly released preliminary Statistics Canada data from 2025 (January to
July)indicate that approximately 3.1 million Canadian adults reported MCS. Together, these
findings suggest that the population affected by chemical barriers may be substantially larger than
previously recognized.

Three parts of this exclusion are especially important. First, chemical barriers are invisible in a way
that physical barriers are not. If a building does not have a wheelchair ramp, people can clearly see
the problem. But when harmful chemicals build up in indoor air, most people cannot see or
measure it. Because the harm is invisible, it becomes easier for others to dismiss or
misunderstand it. This leads to attitudinal barriers found throughout the qualitative data, such as a
lack of awareness, disbelief, or the idea that MCS is just a personal dislike of smells. When the
source of harm cannot be seen, the person affected is often not taken seriously by systems that are
designed around visible disabilities.

Second, this type of exclusion happens because it requires people to change their everyday
behaviour, not just because a building feature is missing. This is very different from adding a
wheelchair ramp or making software work with screen readers, which are usually one-time
changes. Indoor air accessibility depends on ongoing choices made by everyone who enters a
shared space, every day. This difference helps explain why participants reported so much
resistance. Many people felt the request was “too much,” that it limited personal freedom, or that
there was no clear and fair way to make people follow the rules. This also helps explain why
fragrance-free policies are not yet widely accepted in the same way as smoking bans. Smoking
policies faced similar challenges at first, but over time they became normal through strong public
health messaging, clear laws, and cultural change. Fragrance-free policies are earlier in this same
process and have not yet received the same level of support or enforcement. However, 77% of
occupants in this study were in support of fragrance-free policy implementation in workplaces,
reflecting the growing acceptance of such policies.

Third, the financial impacts of unsafe indoor air can snowball and become long-lasting in ways that
many other disability barriers do not. When a worker cannot safely enter their workplace because
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of VOC exposure, they do not just miss a few days of work. They may lose theirincome, then use up

their savings, and in some cases lose their housing. As money runs out, they may no longer be able
to afford safer housing, medical care, or healthy (fragrance-free, least-toxic) products, which
makes their health worse. Poorer health then makes it even harder to work, creating a downward
spiral. Participants from different provinces and living with different health conditions described
this same pattern in remarkably similar ways. This shows a deeper economic problem. Current
disability support systems are not designed to address this type of slow, ongoing loss because they
were primarily built around short-term, episodic, or visibly apparent disabilities — not disabilities
triggered by repeated chemical exposures that can permanently limit access to everyday
environments.

Participants discussed attitudinal barriers more often than any other type of barrier. These were
raised in 86 discussions, compared to 81 discussions about systemic barriers, 79 about physical
barriers, 65 about informational barriers, and 37 about financial barriers. This does not mean that
physical barriers are less serious. In fact, the air quality testing clearly showed that harmful
chemicals such as toluene could be measured in buildings.

The problem is that attitudinal barriers often prevent these physical problems from being
addressed. For example, if a building has elevated levels of toluene and a fragrance-free policy is
not enforced, one way to improve IAQ is to change the products and chemicals being brought into
the space. However, changing behaviour requires awareness, shared responsibility, and clear
accountability. When people dismiss the issue, deny the harm, or resist change, these necessary
steps do not occur. As a result, the physical barrier remains even when effective solutions are
already known.

6.5 Ventilation and Building Design Can Help — But They Cannot
Replace Source Control

The building characteristic correlation analysis confirms that ventilation rate is the strongest single
building-characteristic predictor of lower indoor pollutant concentrations, consistent with past
research (Asif et al., 2018; Carrer et al., 2018; Yadav et al., 2023). This is an important engineering
finding: buildings with higher ventilation rates systematically showed lower concentrations of
product-derived VOCs including toluene, ethanol, ethyl acetate, heptane, and TVOCs across all
space types, highlighting ventilation as a necessary baseline for acceptable IAQ.

However, the Mann-Whitney U Test and GLM results demonstrate that the policy effect was
statistically significant and substantial after controlling for ventilation rate. This is the critical
distinction: ventilation dilutes VOCs after they enter the indoor air, but it does not eliminate them
at source. A building with excellent ventilation and no fragrance-free policy will still have higher
concentrations of product-derived hazardous VOCs than a building with poor ventilation and a
well-implemented fragrance-free policy, if the ventilation difference is insufficient to compensate
for the product emission difference. The data show that using ventilation alone to reduce indoor air
pollution would require about three times more airflow than most buildings currently have. This
would be difficult, expensive, and energy-intensive to achieve. In comparison, policy-based
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approaches that reduce pollution at its source—such as fragrance-free policies—are much more

practical and cost-effective.

The findings about building age may help explain how chemicals are released into indoor air. Newer
buildings had higher levels of VOCs in all types of spaces. This matches what is already known
about off-gassing, where new construction materials slowly release chemicals into the air. These
chemicals come from sources such as new flooring, glue, paints, and furniture (Jung et al., 2024,
Riveron et al., 2025). The study also detected CFC-11, a chemical that was banned under the
Montreal Protocol. The fact that CFC-11 levels correlated with younger buildings suggests that
some construction materials still contain substances that are not allowed. This is a concern for
both environmental protection and indoor air accessibility. CFC-11 was found not only inside
buildings but also outside near air intakes, meaning it can contribute to indoor air pollution through
outdoor air entering the building — even in buildings with fragrance-free policies. As a result,
people may still be exposed to harmful chemicals simply because of the materials used to build
and furnish newer buildings.

The low relative humidity finding — prevalent in 62.5% of fragrance-free buildings and 50% of non-
policy buildings, both below the ASHRAE 30% lower limit — represents an independent
accessibility risk that fragrance-free policies do not address. Low humidity contributes to
respiratory irritation, dry mucous membranes, vocal cord dysfunction, and reduced mucociliary
clearance, effects that disproportionately affect individuals with asthma, MCS, and laryngospasm
(Wolkoff, 2018, 2024). Building managers implementing fragrance-free policies should
simultaneously ensure that indoor humidity is maintained within the 30-60% ASHRAE
recommended range.

The outdoor intake sampling finding has implications that extend beyond building science into
urban planning and public health. The detection of d-limonene, alpha-pinene, siloxanes, and other
product-derived VOCs in exhaust samples from building ventilation systems confirms that
fragrance-free policies that work by diluting indoor exposures through ventilation do not eliminate
the chemical burden — they redistribute it to outdoor spaces near building entrances, walkways,
and public areas (Askari and Chan, 2025). For individuals with MCS, the outdoor dispersal of indoor
fragrance-derived VOCs means that buildings can become inaccessible before they are entered.
Source control via fragrance-free policies prevents the chemical from entering the indoor
environment in the first place; it therefore protects both indoor occupants and outdoor passers-by
in ways that ventilation-only approaches cannot.

6.6 REGULATORY GAPS

6.6.1 ABSENCE OF ENFORCEABLE TVOC STANDARDS FOR NON-
RESIDENTIAL BUILDINGS

Canada does not have an enforceable limit for TVOC levels in offices, schools, hospitals, or other
non-residential buildings (Health Canada, 2024). In this study, several buildings had TVOC levels
above 3,000 pg/ms, a level known to cause strong odours, irritation, and complaints from building
occupants (Bernstein et al., 2008). One building reached 26,000 ug/m3, yet no rule required any
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action to be taken. In Germany, VOC levels at or above 3,000 ug/m3 would trigger an immediate

investigation and cleanup under the UBA Guide Value Il system. Because Canada lacks similar
rules, building owners are not required to test, report, or reduce harmful VOC levels. This leaves
workers with MCS without legal protection when poor indoor air makes their workplaces unsafe or
inaccessible.

6.6.2 PRODUCT INGREDIENT DISCLOSURE GAP

Canadian regulations do not require manufacturers to disclose individual fragrance components
on product labels, because fragrance formulations are protected as trade secrets under
intellectual property law (Auditor General of Canada, 2016; Environmental Defence, 2023). This
exemption means that 'fragrance,' 'parfum,’ or 'essential oils' on a product label can encompass
hundreds of individual chemical compounds — including IARC carcinogens, EPA Hazardous Air
Pollutants, and TRP receptor sensitizers — without any disclosure obligation. This study found 190
undisclosed VOCs in fragranced products and 90 in fragrance-free products — a combined total of
280 VOCs, of which only 10 (3.6%) were disclosed on any label. This will limit Canadians with
disabilities to make informed choices about accessible air.

6.6.3 ABSENCE OF ENFORCEABLE FRAGRANCE-FREE POLICY
REQUIREMENTS

In Canada, guidance from the Canadian Centre for Occupational Health and Safety (CCOHS) on
fragrance-free workplace policies is voluntary, meaning employers are not legally required to adopt
or enforce these policies. The Canadian Human Rights Commission recognizes MCS as a disability
that may require accommodation, and states that fragrance-free policies can be an important
accessibility measure for people living with MCS. The Commission also emphasizes that federally
regulated employers have a responsibility to proactively identify, remove, and prevent barriers to
accessibility, including environmental barriers related to IAQ and chemical exposures.

However, despite these human rights protections, there is currently no clear, enforceable national
framework requiring employers to proactively prevent harmful indoor chemical exposures in
workplaces. The findings from this study suggest that workplace accessibility for people living with
MCS often still depends on whether employers voluntarily choose to act. The qualitative findings
further show that this willingness is frequently inconsistent, leaving many workers without effective
protection or support.

Comparing fragrance-free policies to workplace smoking restrictions helps illustrate this gap.
Smoking restrictions are established through legislation, apply broadly across workplaces, include
enforcement mechanisms, and have become widely normalized through public education and
regulation. By contrast, fragrance-free policies remain largely voluntary and inconsistently
implemented. Participants described policies that were poorly communicated, weakly enforced, or
treated as optional. When exposure-related problems occurred, responsibility was often placed on
the person experiencing harm rather than on the workplace or organizational systems responsible
for maintaining accessible environments. This significantly limits the effectiveness of fragrance-
free policies and leaves many people living with MCS without meaningful protection.
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6.6.4 MEDICAL NON-RECOGNITION OF MCS IN SOME
JURISDICTIONS

The designation of MCS as a psychosomatic illness by some provincial medical establishments —
specifically noted for Quebec in the qualitative findings — represents a regulatory gap of a different
kind: one within the healthcare system rather than the built environment regulatory system.
Without medical recognition, workers with MCS cannot obtain the formal medical documentation
that triggers employer accommodation obligations under human rights law. Without
accommodation requests, employers have no legal basis for implementing fragrance-free policies
even for individual workers. This creates a closed loop in which medical non-recognition > absence
of documentation > absence of accommodation > continued exposure > ongoing harm, with no
regulatory mechanism to interrupt the cycle.

The neurobiological evidence for MCS has advanced substantially since the designation was last
reviewed in some jurisdictions. Molot et al. (2023) document the TRPA1/TRPV1 receptor
sensitization pathway; Masri et al. (2021) document TILT through epidemiological data from
multiple countries; Hartiala et al. (2026) identify MCS as among the most important IAQ-related
health conditions in a major European review. The medical establishment position in some
Canadian jurisdictions has not kept pace with this evidence, and the practical effect of the lag is
that hundreds of thousands of Canadians with MCS are denied the medical recognition that would
entitle them to accommodation.

6.7 STRENGTHS AND LIMITATIONS
6.7.1 STRENGTHS

e First national Canadian empirical study to test whether fragrance-free policies produce
measurable IAQ improvements, using standardized EPA-protocol testing and GLM
adjustment for confounders

¢ Integrated mixed-methods design providing combined technical, chemical, and
experiential evidence for the indoor air-accessibility relationship

e Product emission testing closing the direct chemical pathway from product use to
measured building air quality to occupant health outcomes

¢ Pioneer 14-day technician decontamination protocol eliminating a previously unaddressed
source of VOC contamination bias in fragrance-focused IAQ research

¢ Nationally representative sample spanning 7 provinces and diverse building types, space
types, and occupant populations

e Rigorous statistical approach including Gamma GLMs with multiple confounders, non-
parametric Mann-Whitney tests, and Spearman correlations with appropriate stratification
and data verification

¢ NVivo matrix coding with confirmed inter-coder reliability enabling quantitative heatmap
analysis of qualitative data

e Lived experience data centring the voices of individuals most affected — a methodological
commitment aligned with the CRPD's principle of 'nothing about us without us'
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6.7.2 LIMITATIONS

¢ Cross-sectional design: causal inference is strengthened by the product emission pathway,
GLM adjustment, and triangulation, but a pre-post intervention design would provide
stronger causal evidence for the policy effect

e Sample size (n=32 buildings): limits statistical power for some subgroup analyses;
statistically significant results are robust, but confidence intervals are wide for some GLM
estimates, particularly for xylenes in meeting rooms

¢ Five-hour sampling window versus 24-hour guideline reference periods: direct regulatory
comparison is limited; TVOC values may underestimate peak concentrations during
cleaning activities

e Building age confounding: fragrance-free buildings were significantly older (63.2 vs. 32.9
years), introducing potential confounding partially addressed through GLM adjustment;
residual confounding from unmeasured age-related differences cannot be excluded

¢ Volunteer recruitment bias: buildings that agreed to participate may differ systematically
from those that declined; the 44.3% response rate leaves 55.7% uncharacterized

¢ Qualitative sample composition: 90% women, 61% Ontario/Quebec residents; the
experiences of men and residents of other provinces may be underrepresented

e Seasonal variation: testing between December 2023 and June 2024 captured winter, spring,
and some summer conditions; VOC concentrations may differ in summer months when
outdoor air exchange is higher

¢ Product testing limitations: ASTM D7706 microchamber method reflects headspace
concentrations at 50°C rather than room-temperature use conditions; actual indoor
concentrations from product use may differ

e Survivor bias in qualitative sample: individuals with the most severe MCS may be unable to
participate in any online or in-person study; the sample may underrepresent the most
profoundly disabled

6.8 IMPLICATIONS FOR RESEARCH, POLICY, AND PRACTICE

6.8.1 RESEARCH IMPLICATIONS

This study provides a strong starting point for several important areas of future research. Future
studies should replicate and validate these findings across a larger number of workplaces and
compare environments with weakly implemented fragrance-free policies to those with well-
implemented and actively monitored policies. This would help better understand how policy
implementation, enforcement, and compliance influence IAQ and accessibility outcomes.

Future research should also examine how workplace culture, communication, training, and
organizational accountability affect the success or failure of fragrance-free policies. Additional
studies are needed to determine whether stronger policy implementation is associated with lower
levels of indoor air pollutants, improved accessibility outcomes, reduced sick leave and
absenteeism, and fewer barriers to workplace participation for people living with MCS.
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Finally, future research should help inform the development of building accessibility standards

that recognize IAQ as an accessibility issue. This includes identifying the building characteristics,
ventilation practices, product selection approaches, and policy implementation strategies
associated with healthier and more accessible indoor environments.

6.8.2 POLICY IMPLICATIONS

The findings of this study directly support the seven recommendations presented in Section 7. At
the broadest level, the results demonstrate that current Canadian accessibility, IAQ, occupational
health, and consumer product policy frameworks remain insufficiently alignhed. While accessibility
policies increasingly recognize the importance of inclusive indoor environments, regulatory
systems governing indoor air pollutants, product emissions, and fragrance-related exposures
remain fragmented and largely voluntary.

The study also identified major gaps in product transparency. Although fragranced and fragrance-
free products released numerous VOCs into indoor environments, most emitted chemicals were
not disclosed on product labels. This creates significant barriers for informed product selection
and occupant protection, particularly for people living with MCS and other conditions affected by

IAQ.

Addressing these gaps requires coordinated action across multiple policy domains, including
accessibility law, occupational health regulation, consumer product regulation, healthcare system
recognition, IAQ guidance, and building standards. The findings further support a shift toward
source-control approaches that prioritize lowest-emission products, stronger policy
implementation, improved accountability mechanisms, and the recognition of IAQ as an
accessibility issue within the built environment.

6.8.3 PRACTICE IMPLICATIONS

For building managers and employers, this study demonstrates that implementing a fragrance-free
policy without education, enforcement, and adaptive mechanisms is important to produce
meaningful IAQ improvements. All 10 CCOHS implementation criteria matter: policy text without
communication, training without enforcement, and complaint mechanisms without accountability
each represent points of failure. For product procurement, the study establishes that 'fragrance-
free' and 'green’' labels are insufficient proxies for low emissions; third-party emission testing
certification is the only reliable basis for product selection for accessibility. For healthcare
providers, the study supports the clinical recognition of MCS as a physiologically based condition
and highlights the need for improved education and training on IAQ, chemical exposure reduction,
and accessibility-related accommodation practices. The findings also support proactive IAQ
counselling and exposure reduction strategies for patients living with MCS, asthma, migraines,
dermatitis, and related conditions.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 SUMMARY OF PRINCIPAL FINDINGS

This study provides the first empirical evidence in Canada that fragrance-free policies are
associated with measurable improvements in indoor air quality (IAQ). Using a mixed-methods
design — EPA-protocol IAQ testing across 34 buildings, product VOC emission profiling of 15
cleaning products, and qualitative focus group data from 60 participants — three independent
evidence streams converge on a single conclusion: indoor air is an accessibility issue, chemical
exposures from fragranced consumer products are a primary driver of that inaccessibility, and
fragrance-free policies represent an effective, cost-efficient, and equity-advancing intervention
when properly implemented.

2.2-6.9% 190

Lower hazardous VOC concentrations VOCs in fragranced products
In fragrance-free vs. non-policy buildings (GLM- Only 5.3% disclosed on any product label
adjusted)
0% 72%
Disclosure for fragrance-free products Participants dissatisfied
90 VOCs detected including IARC Group 1 With Canadian indoor environments overall

carcinogens

62% 96%

Focus group participants unemployed Reporting healthcare access barriers

At time of study High or severe interference

The quantitative evidence shows that fragrance-free policies were independently associated with
significantly lower concentrations of acetaldehyde, acetone, toluene, TVOCs, and m-/p-xylenes
across all three tested space types (meeting rooms, offices, washrooms), after controlling for room
size, occupancy, and ventilation rate. The strongest effects were observed for toluene (OR up to 6.9
in offices) and m-/p-xylenes (OR up to 5.9 in washrooms), both neurotoxic compounds and EPA
Hazardous Air Pollutants. TVOC concentrations exceeded the WELL Building Standard threshold of
500 pg/m3 in 50% of non-policy buildings and only 31% of fragrance-free buildings.

The product emission testing identified a clear product-to-air exposure pathway. A total of 190
VOCs were detected in 11 fragranced products, of which 40% overlapped with compounds
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identified during building IAQ sampling. Fragrance-free products emitted 90 VOCs, including

benzene (IARC Group 1 carcinogen), chloroform (IARC Group 2B), and acetaldehyde — confirming
that “fragrance-free” on a label does not mean “emission-free” and that full ingredient

transparency is essential. Critically, 0% of VOCs detected across fragrance-free products were
disclosed on any product label.

The policy implementation analysis revealed a critical gap: while scope (88%) and monitoring (73%)
scored relatively well, enforcement (27%), stakeholder involvement (27%), coherence (27%), and
adaptability (0%) were critically under-implemented. Only 23% of occupants reported high
compliance, and 67% had not received adequate training. This implementation gap explains why
some fragrance-free buildings still recorded high TVOC concentrations — most dramatically,
Building 24, a healthcare facility with a scent-free policy and 26,000 pg/m® TVOCs (52x the WELL
threshold) and a CCOHS implementation score of 29%.

The qualitative findings provided the lived experience dimension of these chemical exposures,
documenting attitudinal barriers (discussed by 70% of participants), systemic barriers (62%),
physical barriers (60%), and informational barriers (47%) — each reinforcing the others to produce
structural exclusion from workplaces, healthcare settings, educational institutions, and public life.
The financial consequences were devastating: 62% of participants were unemployed at the time of
the study, cascading to housing insecurity and reliance on disability support.

KEY FINDING

IAQ is an accessibility issue. The convergence of environmental exposure measurement data,
policy implementation findings, and lived experience evidence in this study demonstrates that
fragrance-free policies improve IAQ when implemented rigorously, and that Canadians with
disabilities are experiencing profound, measurable, and preventable harm from inaccessible
indoor air.

7.2 IMPLICATIONS FOR SOURCE CONTROL VS. VENTILATION

Source control — reducing or eliminating the products and materials that emit pollutants —
consistently emerged as more effective and accessible than ventilation as an IAQ management
strategy. The GLM results showed that the fragrance-free policy effect on key VOCs remained
statistically significant after controlling for ventilation rate. To achieve equivalent reductions in
acetone concentrations through ventilation alone, a building would need to increase its ventilation
rate by approximately a factor of three, at substantially greater cost and energy use than a well-
communicated fragrance-free policy.

However, ventilation and source control are not mutually exclusive; they address different
pollutant sources. Ventilation is the strongest predictor of lower CO, and off-gassing-related VOCs
from building materials. Source controlis the strongest strategy for product-derived VOCs
including toluene, acetone, xylenes, and TVOCs. Both must be integrated in comprehensive IAQ
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management strategies, alongside appropriate humidity control (ASHRAE 30-60% RH),
temperature, and low-emission building material selection.

VENTILATION AND OUTDOOR DISPERSAL

While ventilation reduces indoor VOC concentrations, the air exhausted from buildings may
carry pollutants toward building entrances, outdoor walkways, and nearby outdoor air intake
locations. Several VOCs detected indoors — including d-limonene, alpha-pinene, and toluene
— were also identified in outdoor samples collected near building air intakes, consistent with
findings by Askari and Chan (2025). Importantly, outdoor VOC concentrations were
substantially lower than indoor concentrations. However, the findings suggest that building
exhaust and outdoor air recirculation may still contribute to accessibility barriers near
entrances and intake locations, particularly for people living with multiple chemical sensitivity
(MCS). These findings should be considered in building design standards related to intake—
exhaust separation distances and outdoor airflow management.

7.3 IMPLICATIONS FOR POLICY DEVELOPMENT

The most important single finding for policy is that policy implementation quality — not policy
existence — is what matters. Buildings with written fragrance-free policies but low CCOHS
implementation scores did not show significantly better IAQ than non-policy buildings. Buildings
with high implementation scores showed consistently lower VOC concentrations, and occupants
reported healthier and more acceptable IAQ. This finding directly contradicts the common
assumption that adopting a policy document is sufficient to improve outcomes.

The ten criteria of the CCOHS (2024) framework offer a validated roadmap for what effective
implementation requires: scope, monitoring, communication, accountability, education,
complaint mechanisms, enforcement, stakeholder involvement, coherence, and adaptability.
Adaptability scoring 0% across all 17 fragrance-free buildings is particularly alarming — it means
no building had mechanisms to continuously update and improve the policy based on worker
feedback and changing product evidence. This is precisely the mechanism needed to address the
'fragrance-free label does not mean emission-free' problem as product formulations evolve.

Qualitative evidence from focus group participants reinforces this conclusion: scent-free signs
posted and then ignored, enforcement delegated to the injured party, and policies that cover
cologne but not laundry products are the specific failure modes that make policies ineffective in
practice. These are implementation failures, not policy concept failures.
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7.4 RECOMMENDATIONS FOR NEXT-GENERATION MODEL
ACCESSIBILITY STANDARDS

The following recommendations are organized by priority level and target audience. Each
recommendation is grounded in the combined findings from the three evidence streams of this
study: environmental exposure measurements, policy implementation findings, and lived
experience evidence. Specific action items are included to support practical implementation and
operationalization.
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RECOMMENDATION 1: EMBED ENFORCEABLE FRAGRANCE-FREE
REQUIREMENTS IN THE ACCESSIBLE CANADA ACT

PRIORITY

CRITICAL — Requires legislative action

Evidence base: Fragrance-free policies were associated with 2.2-6.9x lower VOC concentrations

in indoor environments. However, implementation assessments using Canadian Centre for
Occupational Health and Safety (CCOHS) criteria showed major gaps, including 0% adaptability
and only 27% enforcement scores. Qualitative findings further demonstrated that policies without
implementation and enforcement provide little meaningful protection. The Canadian Human

Rights Commission (2026) has also affirmed fragrance-free policies as a form of reasonable

accommodation.

1.

Support future amendments to the Accessible Canada Act and related federal accessibility
frameworks that explicitly recognize indoor air quality (IAQ) and chemical exposures as
accessibility barriers requiring prevention and removal in federally regulated workplaces,
federal buildings, and federally funded institutions.

Support the integration of fragrance-free policies as accessibility measures within federally
regulated workplaces and public buildings, including: (a) clearly identified prohibited product
categories such as fragranced cleaning products, personal care products, laundry products, air
fresheners, and scented candles; (b) formal communication to employees and visitors during
onboarding and at regular intervals; (c) clear accountability and implementation procedures;
and (d) explicit assignment of enforcement responsibility to the employer or organization rather
than to the individual experiencing harm.

Develop a national model fragrance-free policy template through collaboration between
CCOHS, Accessibility Standards Canada, the Canadian Human Rights Commission,
community organizations including EHAC-ASEC and ASEQ-EHAQ, and other relevant federal
partners. The framework should incorporate evidence-based implementation criteria, including
communication, education, accountability, complaint mechanisms, enforcement,
adaptability, continuous policy improvement processes, and lived experience perspectives
from people affected by IAQ barriers.

Encourage the inclusion of fragrance-free policy requirements within organizational
onboarding, workplace agreements, tenancy agreements, and accessibility policies in federally
regulated settings in order to improve policy awareness, consistency, and accountability.
Support the development of clear federal guidance and accountability mechanisms for
responding to fragrance-related accommodation requests within reasonable and defined
timeframes, consistent with broader accessibility and human rights obligations.
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RECOMMENDATION 2: PRIORITIZE SOURCE CONTROL AS A PRIMARY
IAQ STRATEGY

PRIORITY

CRITICAL — Regulatory, procurement, and standards development action

Evidence base: Product emission testing identified 190 VOCs, including neurotoxins, carcinogens,
and potential TRP receptor sensitizers, in fragranced cleaning products. Approximately 40% of
VOCs identified in product testing overlapped with compounds detected during building indoor air
quality (IAQ) sampling, supporting product emissions as a major contributor to indoor VOC
concentrations. Building-level findings further showed consistently higher VOC concentrations and
increased reports of adverse health effects in buildings without fragrance-free policies.

1. Support the integration of certified fragrance-free or certified low-VOC cleaning and
maintenance products into federal procurement standards for publicly owned or operated
buildings. Certification should be based on independent third-party emission testing rather
than self-reported marketing claims.

2. Support the development and maintenance of a nationally coordinated approved product
list for low-emission cleaning agents and personal care products, with regular review
cycles aligned with product reformulation timelines.

3. Encourage the inclusion of low-emission building materials, adhesives, flooring, furniture,
and finishes within public procurement frameworks, renovation guidance, and
accessibility-oriented building standards, including appropriate off-gassing periods and
IAQ verification before occupancy.

4. Support restrictions on the use of air fresheners, scented candles, incense, and fragrance
diffusion devices in publicly funded buildings, including healthcare facilities, schools,
government offices, courthouses, and public transit environments.

5. Support further investigation into the continued presence of legacy pollutants — including
CFC-11, detected in newer buildings in this study despite phase-out under the Montreal
Protocol — and encourage improved monitoring, reporting, and management practices
related to pollutant sources in building materials and ventilation systems.
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RECOMMENDATION 3: MODERNIZE CANADIAN INDOOR AIR QUALITY
GUIDELINES

PRIORITY

HIGH — Health Canada regulatory action and standards development support

Evidence base: Health Canada currently lacks any TVOC guideline despite TVOC levels above
3,000 ug/m3 being associated with occupant complaints (Bernstein et al., 2008). Non-policy
buildings in this study recorded TVOCs up to 26,000 ug/m®. Germany’s Umweltbundesamt (UBA)
framework addresses more than 20 additional compounds not currently included in Canadian
guidance. The WELL Building Standard threshold of 500 pg/m?® was exceeded in 50% of non-policy

buildings.

1.

Support the development of evidence-informed indoor air quality (IAQ) thresholds for non-
residential buildings, including offices, schools, healthcare facilities, and mixed-use public
spaces, with consideration for accessibility and for people living with multiple chemical
sensitivity (MCS) and other conditions affected by IAQ .

Support the adoption and evaluation of precautionary IAQ frameworks informed by
international models, including Germany’s Umweltbundesamt (UBA) indoor air guide value
system, with consideration of precautionary and actionable thresholds for priority indoor
pollutants including TVOCs, benzene, toluene, xylenes, formaldehyde, acetaldehyde,
acrolein, PM,.;, CO, and CO,,.

Support the development of guidance and monitoring frameworks for TVOC concentrations
in non-residential public buildings, including precautionary and intervention-based
thresholds informed by emerging scientific evidence and accessibility considerations.
Encourage periodic IAQ monitoring — including TVOCs, formaldehyde, PM,., CO,,
temperature, and relative humidity — in schools, healthcare facilities, and government
buildings, together with transparent reporting practices and continuous improvement
processes.

Support the integration of the Precautionary Principle into future Canadian IAQ guidance,
standards, and accessibility frameworks, particularly for complex indoor chemical
mixtures and for people living with MCS and other conditions that depend on healthy indoor
air for accessibility and participation.
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RECOMMENDATION 4: REQUIRE FULL PRODUCT INGREDIENT
TRANSPARENCY AND EMISSION DISCLOSURE

PRIORITY

HIGH — Health Canada, consumer product safety, and standards development action

Evidence base: Only 5.3% of VOCs detected in fragranced products and 0% in fragrance-free
products were disclosed on product labels. Current single-ingredient exemptions such as
“fragrance,” “ essential oils,” and “aromatic blend” may conceal hundreds of individual
chemical constituents from disclosure. Participants consistently identified lack of ingredient
transparency as a major barrier to managing chemical exposures. The 40% overlap between VOCs
detected in products and those identified during building indoor air quality (IAQ) sampling further
supports the importance of product transparency as an IAQ and accessibility issue.

»

parfum,

1. Supportimprovements to Canadian product ingredient disclosure requirements for
fragranced and volatile chemical constituents used in consumer products commonly
applied to the body or used within indoor environments.

2. Support the development and evaluation of independent third-party emission testing and
certification frameworks for products marketed as “fragrance-free,” “unscented,”
“hypoallergenic,” “green,” “natural,” or “eco-friendly,” with consideration of IAQ and
accessibility impacts.

3. Encourage stronger oversight of environmental and health-related marketing claims
associated with fragranced and low-emission products in order to reduce misleading
claims and improve informed product selection.

4. Support the development and public accessibility of Canadian databases containing
product VOC emission profiles and related IAQ information to assist building managers,
healthcare providers, researchers, and people living with disabilities affected by IAQ.

5. Encourage alighment and evaluation of Canadian disclosure approaches with evolving
international frameworks related to fragrance allergen disclosure, chemical transparency,
and IAQ protection.

Accessibility Standards 3 Page 173 of 203
G ASEQ Q‘ P; EHAQ



Accessible Indoor Air in the Built Environment Research Report
I EEEEEEIII———

RECOMMENDATION 5: STRENGTHEN EDUCATION, TRAINING, AND
CAPACITY-BUILDING

PRIORITY

HIGH — Health Canada, provincial health authorities, educational institutions, professional

associations, and accessibility systems support

Evidence base: Lack of awareness was one of the most frequently discussed barriers in the
qualitative findings, raised by 62% of participants. Only 23% of occupants reported high
compliance with fragrance-free policies, while 67% reported inadequate policy education or
training. Attitudinal barriers — including skepticism, dismissal, and stigmatization — were
discussed by 70% of participants. Participants also reported significant healthcare barriers
associated with the psychosomatic framing of multiple chemical sensitivity (MCS), including
delayed recognition, inadequate accommodation, and barriers to accessing care.

1. Supportthe inclusion of indoor air quality (IAQ), chemical exposures, accessibility-related
environmental barriers, and MCS within pre-service education and continuing professional
development for healthcare providers, occupational health professionals, building
managers, human resources professionals, occupational health and safety personnel,
educators, and emergency responders.

2. Support continuing education initiatives related to MCS, 1AQ, accessibility, and
environmental health in order to improve recognition, reduce delays in accommodation
and support, and address stigma and misinformation associated with environmentally
linked disabilities and health conditions.

3. Encourage the development of public awareness and accessibility education initiatives
related to fragranced consumer products, IAQ, fragrance-free policies, and the distinction

9«

between “fragrance-free,” “unscented,” and “natural” products, with consideration of
accessibility and disability inclusion.

4. Encourage the integration of education related to fragrance-free policies, IAQ, and
accessibility-related environmental barriers within onboarding and workplace education
processes in federally regulated workplaces and public institutions.

5. Support the development of educational resources and curriculum content related to IAQ,

environmental health, accessibility, and product ingredient transparency within secondary,
post-secondary, and professional education settings.
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RECOMMENDATION 6: IMPROVE HEALTHCARE ACCESSIBILITY

PRIORITY

HIGH — Healthcare accessibility, accreditation, and health systems action

Evidence base: Sixty-two percent of focus group participants reported high or severe interference
with healthcare access due to indoor air quality (IAQ) and chemical exposures. Seventeen
participants described avoiding or delaying emergency medical care because healthcare
environments were chemically inaccessible. Building 24, a healthcare facility included in this
study, recorded the highest TVOC concentration observed (26,000 pg/m3). Participants also
identified pharmacies, waiting rooms, hospital corridors, and healthcare entrances as major
accessibility barriers. Preliminary Statistics Canada data from the January-July 2025 collection
period further indicate that approximately 3.1 million Canadian adults self-reported multiple
chemical sensitivity (MCS), including approximately 900,000 adults reporting a diagnosis of MCS,
highlighting the growing scale and healthcare relevance of accessibility barriers associated with
IAQ and chemical exposures. Recent policy developments, including the American Medical
Association’s 2025 fragrance-related policy position, further support growing recognition of
fragrance exposure as a healthcare accessibility and patient safety issue.

1. Support the integration of fragrance-free and low-emission practices within healthcare
accreditation, healthcare accessibility frameworks, and patient-facing healthcare
environments, including consideration of purchased products, cleaning products, and
workplace practices.

2. Support education and training initiatives to improve healthcare provider recognition,
documentation, and accommodation of MCS and fragrance-related disability within
healthcare settings.

3. Encourage the development and funding of accessible, low-emission healthcare spaces,
including waiting areas, examination rooms, treatment areas, and pharmacy environments
within publicly funded healthcare facilities.

4. Support the continued development of virtual and telephone-based healthcare access
pathways as accessibility accommodations for people living with MCS and other conditions
affected by IAQ barriers.

5. Encourage fragrance-free and low-emission approaches within publicly funded long-term
care, supportive housing, hospital inpatient environments, and other healthcare-related
settings in order to improve accessibility and reduce exposure-related barriers.
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RECOMMENDATION 7: ADDRESS HOUSING, LEGAL, ACCESSIBILITY,
AND RESEARCH GAPS

PRIORITY

CRITICAL — Housing accessibility, human rights, research, and systems coordination action

Evidence base: Multiple participants reported selling their homes, being unable to secure
accessible housing, or experiencing ongoing exposure-related harm due to fragranced products,
building materials, pesticides, and shared ventilation systems in multi-unit residential buildings.
Participants described significant barriers related to inaccessible shelters, long-term care settings,
rental housing, and supportive housing environments. The 62% unemployment rate identified in
this study reflects broader structural exclusion compounded by inaccessible environments and
inadequate accommodation systems. Current legal and accessibility frameworks do not yet
consistently recognize indoor air quality (IAQ) and chemical exposures as accessibility barriers
within housing and built environments. Participants also identified major gaps in research, legal
protections, and accessible housing infrastructure across Canada.

1. Support the recognition of IAQ and chemical exposure barriers, including barriers
experienced by people living with multiple chemical sensitivity (MCS) and fragrance-related
disabilities, within accessibility, human rights, and accommodation frameworks.

2. Encourage the development of accessible housing strategies that incorporate I1AQ
considerations, including low-emission building materials, fragrance-free common areas,
ventilation design considerations, and other accessibility-related indoor environmental
protections within supportive, subsidized, and long-term care housing environments.

3. Support longitudinal and interdisciplinary Canadian research examining the health,
accessibility, social, and economic impacts of inaccessible indoor air and evaluating the
effectiveness of fragrance-free and low-emission accessibility strategies across housing,
healthcare, educational, and workplace settings.

4. Encourage examination of accessibility and exposure-related challenges associated with
shared ventilation systems and indoor air transfer within multi-unit residential buildings,
including potential policy, design, and accommodation approaches to reduce exposure-
related barriers.

5. Support research and economic analyses examining the broader societal impacts of
inaccessible indoor air, including impacts on employment, healthcare utilization, disability
support systems, housing stability, and social participation, in order to inform future
accessibility and public health policy development.
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ANOTE ON IMPLEMENTATION SEQUENCE

Recommendations are organized according to the urgency, scale, and systems-level
importance of the barriers identified in this study. Recommendations designated as Critical
address foundational accessibility barriers related to source control, policy implementation,
and regulatory accountability that were consistently associated with elevated indoor pollutant
concentrations and significant accessibility impacts. High-priority recommendations focus on
healthcare accessibility, IAQ guidance, education, housing accessibility, product
transparency, and broader systems coordination required to reduce exposure-related barriers
across built environments and public systems.

Many recommendations extend beyond the direct mandate of any single organization and will
require coordinated action across federal departments, accessibility bodies, public health
agencies, standards organizations, professional associations, housing sectors, and
community organizations. Several recommendations are intended to help inform future
accessibility standards development, regulatory modernization, accessibility frameworks, and
intergovernmental collaboration related to IAQ and chemical exposure barriers.

All recommendations are evidence-informed and grounded in the combined environmental
exposure measurements, policy implementation findings, and lived experience evidence
generated through this study.
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PROJECT OUTPUTS

KNOWLEDGE MOBILIZATION

IAQ WEBINARS (4)

Webinar 1: Barriers to accessible indoor air

September 26, 2025
1:00-2:15PMET

To advance accessibility in Canada, ASEQ-EHAQ conducted research to identify barriers to
accessible indoor air through focus groups and assess the effectiveness of scent-free policies in
improving IAQ by conducting indoor air testing in workplaces across Canada. Join us for this first
webinar in a 4-part series, which will focus on the barriers to accessible indoor air.

Webinar 2: Impacts of Inaccessible Air in the Built Environment: Social and Health Impacts

October 24, 2025
1:00-2:15PMET

Building upon the first webinar that covered the barriers, this second webinar aims to explore the
effects of these barriers on individuals with disabilities. From physical and health impacts to social
impacts, the project’s quantitative and qualitative dimensions are presented, offering a holistic view
of the impacts of a lack of accessibility for vulnerable populations.

Webinar 3: Evidence-based and inclusive strategies to improve IAQ

January 30, 2026
1:00-2:15PMET

The series of webinars continues with a third webinar, presenting emerging solutions to improve
indoor air and accessibility. Focus group findings will highlight the most frequently discussed
solutions by study participants (individuals with disabilities), and the quantitative dimension will
offer evidence-based solutions.

Webinar 4: Bringing It All Together: Insights, Reflections & Next Steps

February 27, 2026
1:00-3:00 PM ET

To conclude this series, the final webinar will provide an overview of past webinars, summarizing the
findings and their interconnections. The second part of the webinar will host a panel discussion and
open the floor to questions, comments, and welcome participant inclusion.

Link to Webinar Videos: https://aseq-ehaq.ca/en/accessible-indoor-air-in-the-built-environment-
videos/
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FINAL CONFERENCE

Indoor Air Quality: Bridging Science and Inclusion

With support from Accessibility Standards Canada, the Environmental Health Association of
Quebec is pleased to invite you to its web conference, which brings together science, policy, and
lived experiences to address the critical issue of IAQ in the built environment. Based on its findings
from the national research project, “Accessible Indoor Air in the Built Environment,” the
conference aims to delve into the characteristics and causes of poor IAQ, the resulting impacts, and
engage in open dialogue with stakeholders on how to improve IAQ and accessibility.

Date: March 30, 2026
Location: Online via Zoom
Hours: 1:00 PM -4:30 PM ET
Duration: 32 hours

Link to videos : https://aseq-ehaq.ca/en/accessible-indoor-air-in-the-built-environment-videos/

OTHER PRESENTATIONS

ASEQ-EHAQ organized and participated in numerous national conferences, workshops,
presentations, and knowledge mobilization activities throughout the course of the project with the
aim of increasing awareness and education regarding scent/fragrance-free policies, IAQ,
accessibility, and accommodations for vulnerable populations. Dissemination and knowledge
mobilization activities are expected to continue beyond the completion of the project.

1. “Accessible Air in the Built Environment”
Accessibility Standards Canada [2025]

2. “Scent-Free Policies: Measuring Effectiveness and Identifying Barriers to
Implementation: A Mixed-Methods Approach”
Resilience Conference, hosted by ASEQ-EHAQ [2025]

3. “Scent-Free Policies: A Tool for Improving Accessibility and Indoor Air Quality”
Presentation by ASEQ-EHAQ at the Disability and Work in Canada Conference [2025]

4. “Cosmetics, Chemicals, and the Right to Breathe: Fragrance, Chemical Exposures,
and Accessibility — Safeguarding Health through Inclusive Cosmetic Regulation”
Presentation to ICCR-19 on invitation from Environment and Climate Change Canada
(ECCC)[2025]

5. “Indoor Air Quality: Bridging Science and Inclusion”
Presentation through the Rick Hansen Foundation Accessibility Certification Program and
the Accessibility Professional Network [2026]
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6. “National Research Findings: The Impact of Scent-Free Policies on Indoor Air Quality”

Atlantic Air Quality and Health Workshop, presented by ASEQ-EHAQ at the New Brunswick
Lung event [2026]

7. “Population Trends and Environmental Drivers of Multiple Chemical Sensitivity (MCS):
Insights from Prevalence and Indoor Air Quality Research”
Resilience Conference, hosted by ASEQ-EHAQ [2026]

8. “The Air We Share: Why Indoor Air Quality and Scents Matter for Accessibility”
Presented by ASEQ-EHAQ to several universities and municipalities in Ontario through
George Brown Polytechnic during National AccessAbility Week [2026]

9. Knowledge Exchange Discussions on Accessible Indoor Air and Fragrance-Free Policy
Implementation
Preliminary discussions with organizations regarding approaches to supporting more
consistent implementation of accessibility-related IAQ and fragrance-free practices within
buildings and public environments [2026]

FUTURE KNOWLEDGE MOBILIZATION AND WORKSHOPS

In an effort to continue this work beyond the completion of the project, ASEQ-EHAQ plans to host
interactive workshops aimed at translating the research findings into practical education,
accessibility guidance, and actionable strategies to improve accessibility within the built
environment. These workshops will integrate findings from the present project as well as related
government-funded initiatives, including Invisible No More under the UN CRPD framework, and
findings from an ethically approved guide focused on evidence-informed inclusion practices for
people living with MCS and other vulnerable populations.

The workshops will focus on inclusive practices related to daily living and indoor environments,
while providing educational materials and practical guidance on improving accessibility within
offices, healthcare facilities, academic institutions, housing environments, and other essential
services.
Tentative workshop titles include:
¢ Invisible No More: A Guide to Improving Indoor Accessibility for Vulnerable
Populations
o Fragrance-Free Policies: A Low-Cost Source Control Strategy for Creating Accessible
Indoor Air
e Creating Inclusive Indoor Spaces: Evidence-Based Guidance for Accessibility

¢ Inclusive Indoor Spaces: Education and Action for Healthier and Accessible
Environments
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PUBLIC ACCESS, KNOWLEDGE MOBILIZATION, AND FUTURE
IMPLEMENTATION

To support long-term accessibility, education, and knowledge mobilization, ASEQ-EHAQ has
already uploaded key information from the IAQ research project to its new organizational website
and is currently developing a dedicated online research platform where project materials will be
made publicly accessible. The platform will include project findings, educational resources,
practical accessibility solutions, policy and implementation guidance materials, and published
manuscripts arising from the project. ASEQ-EHAQ anticipates continuing dissemination,
education, and implementation activities beyond the completion of the project period.

STEERING COMMITTEE PRESENTATIONS

Our steering committee members were regularly consulted and updated throughout the course of
the study. ASEQ-EHAQ would like to sincerely thank the steering committee members for their
valuable guidance, expertise, feedback, and continued engagement throughout the project. Their
contributions helped strengthen the study findings, support knowledge exchange, and advance
discussions on accessibility, IAQ, and inclusion.

FINAL STEERING COMMITTEE ENGAGEMENT AND VALIDATION MEETING
April 15th, 2026

A Steering Committee meeting was conducted as part of the final phase of this project to present
study findings, validate methodologies, and inform the direction of future work. The Committee
comprised key stakeholders with expertise in IAQ, accessibility, public health, and policy, ensuring
that diverse perspectives were represented in the review process.

During this meeting, the research team presented the final study methods and results, including
the quantitative IAQ findings, qualitative insights, and policy implementation assessments. The
Steering Committee reviewed the approaches used for data collection and analysis and confirmed
that the methodologies were appropriate, rigorous, and aligned with current standards and best
practices in the field.

Overall, the Committee expressed strong agreement with the study findings and their
interpretation. Members highlighted the relevance of the results in advancing understanding of IAQ
as an accessibility issue, particularly in relation to scent-free policies and their role in reducing
exposure to potentially harmful indoor air contaminants.

Importantly, the Steering Committee also provided constructive feedback to strengthen future
phases of the project. Recommendations included enhancing policy implementation strategies,
addressing barriers to compliance, improving communication and education around scent-free
environments, and further exploring building-level factors such as ventilation and shared air
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systems. These insights will directly inform the development and refinement of Phase Il of the

Accessible Air in the Built Environment project.

The Committee expressed continued interest and commitment to the initiative, with members

agreeing to remain engaged in Phase Il. Their ongoing involvement will support the co-development

of evidence-based, accessibility-focused recommendations and help ensure that future outputs

are relevant, actionable, and aligned with stakeholder needs.

MANUSCRIPTS IN PREPARATION

1.

Fragrance-free policies: A low-cost source control strategy to improve Indoor air
quality and accessibility

This manuscript examines the effectiveness of fragrance-free policies in reducing indoor air
pollutants across Canadian office environments. Using IAQ testing in buildings with and
without fragrance-free policies, the study compared concentrations of VOCs, TVOCs,
particulate matter, and other pollutants while accounting for key confounding factors.
Findings demonstrated lower concentrations of several hazardous VOCs and TVOCs in
spaces with fragrance-free policies, supporting their potential as a low-cost source control
strategy to improve accessible indoor air.

More Than Just a Smell: Attitudinal Barriers to Accessible Indoor Air

This manuscript examines attitudinal barriers as one of the most frequently discussed
themes identified in the qualitative findings. Using the socioecological model and the ABC
psychological framework, the paper explores how lack of awareness can contribute to
skepticism, stigma, and barriers to accessibility. The manuscript further examines impacts
on quality of life, psychological well-being, social participation, and healthcare access,
while highlighting education and awareness as key strategies for improving inclusion and
accessibility.

A Mixed-Methods Assessment of Environmental Accessibility in Canadian Office
Spaces: Triangulating IAQ Testing, Occupant Health Surveys, Fragrance-Free Policy
Implementation, and Lived Experience

This paper uses a convergent mixed-methods triangulation design to evaluate the
effectiveness of fragrance-free policies in improving IAQ and accessibility within Canadian
office environments. By integrating IAQ testing, policy implementation assessments,
occupant surveys, and qualitative interviews, the study examines the relationships
between environmental exposures, policy implementation practices, and lived experiences
of accessibility barriers among people living with MCS.
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4. Fragrance-Free Policies in Practice: Identifying Implementation Gaps Through Lived

Experience and Survey Evidence

Using focus groups and fragrance-free policy surveys, this paper highlights systemic gaps in
the implementation of fragrance-free policies and examines how communication,
education, accountability, and workplace culture influence policy effectiveness and
accessibility outcomes.

Fragrance-Free Policies: A Scoping Review of Definitions, Implementation, and Gaps
This paper outlines the key elements of effective IAQ policies and highlights their
importance for health, safety, and accessibility. It examines how clear definitions, source
control strategies, implementation practices, and inclusive language contribute to stronger
and more equitable policies. The paper provides a foundation for institutions and
policymakers seeking to create healthier and more accessible indoor environments.

Toward an Evidence-Informed Model Fragrance-Free Policy: Best Practices for Health,
Accessibility, and Inclusion

This paper presents a practical guide for implementing IAQ policies within institutions and
workplaces. It examines strategies for source control, ventilation, procurement,
communication, training, compliance, and ongoing evaluation. The paper emphasizes the
importance of evidence-informed implementation approaches to create healthier and
more inclusive indoor environments.

Hidden Hazards: Conventional vs. Green Product Testing

This paper examines chemicals released into the air from conventional and fragrance-free
(“green”) cleaning products commonly used in Canada. Fifteen products were tested to
identify the VOCs they emitted. Many of the same chemicals were detected in both
conventional and fragrance-free products, including compounds associated with irritation
and other potential health concerns. The findings suggest that “fragrance-free” or “green”
labels do not necessarily mean a product is free of potentially harmful emissions,
highlighting the need for greater ingredient transparency and continued efforts to improve
indoor accessibility.

Technician Decontamination and Indoor Air Quality Testing: Toward Formalized
Protocols

This commentary examines the lack of standardized testing protocols for fragrance-free
indoor environments. Although many workplaces and public buildings implement
fragrance-free policies to support people living with MCS and other health conditions, there
are currently no standard methods to account for personal VOC emissions from IAQ
technicians. The paper discusses why this methodological gap is important for accessibility
and public health and calls for the development of clear IAQ testing guidelines to support
reliable, non-confounded results.
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PARTNERSHIPS

o Environmental Health Association of Canada

e ARCH Disability Law Centre

e Disabled Women’s Network (DAWN Canada)

o La Confédération des organismes de personnes handicapées du Québec (COPHAN)

o Disability Without Poverty

e John Molot MD FCFP (LM), University of Toronto

¢ Riina Bray MD, Medical Director, Environmental Health Clinic at Women’s College
Hospital

e Jennifer Armstrong MD, Ottawa Environmental Health Clinic

e Shahir Fouad Masri, PhD., Department of Environmental & Occupational Health, UC
Irvine Joe C. Wen School of Population & Public Health

o Professor Sami Haddad, PhD., Department of Occupational and Environmental Health,
Université de Montréal

o Professor Jean-Phillippe Bellenger, PhD., Laboratoire de Biogéochimie des milieux
continentaux, Département de Chimie, Faculté des Sciences, Université de Sherbrooke

e Caroline Barakat PhD., Associate Professor, Faculty of Health Sciences, Ontario Tech
University

e Professor Miriam Diamond, PhD., FRSC, FCGS, FSETAC, University of Toronto

e Professor Arthur Chan, PhD., Associate Professor, Department of Chemical Engineering
and Applied Chemistry, University of Toronto

o British Columbia Aboriginal Network on Disability Society (BCANDS)

¢ New Brunswick Lung Association (NB Lung)
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APPENDIX A: TECHNICIAN DECONTAMINATION CHECKLIST

FOR IAQ TESTING

This protocol was developed by ASEQ-EHAQ for this study and represents the first formalized
protocol for fragrance-free technician preparation in Canadian IAQ research. Because air testing

equipment is sensitive enough to detect trace fragrance compounds from technicians' own
personal care products (Wang et al., 2022; Wu et al., 2024), all data collectors followed this
protocol before and during all sampling sessions. It is published here in full as an open educational
resource.

PERSONAL PREPARATION — BEGIN 2 WEEKS BEFORE TESTING

Have you refrained from smoking cigarettes, tobacco, e-cigarettes, or cannabis?

Have you ensured no second-hand exposure to any smoke or vaping in your home, vehicle, or
workplace?

Have you avoided all perfumes and scented products, including lotions, deodorants, hair
products, laundry products, candles, incense, and air fresheners?

Have you postponed home renovations or painting until after testing is complete?

Have you ensured your vehicle is free of air fresheners, fragranced cleaning agents, and
detailing sprays for at least 4 weeks before testing?

Have you worn a new, uncontaminated Tyvek suit during transport and a separate suit for
sampling?

CLOTHING AND LAUNDERING — BEGIN 14 DAYS BEFORE TESTING

If your washing machine is normally used with conventional fragranced products, have you run
two or more decontamination cycles with hot water, fragrance-free lowest-emission laundry
products, 1 cup vinegar, and 1 cup baking soda per cycle?

Were your testing clothes laundered at least 14 days prior to testing?

Did you use fragrance-free, third-party verified products — avoiding greenwashing labels such
as 'green,' 'eco,' or 'unscented' without certification?

Did you complete four full wash cycles with 1 cup baking soda and 1 cup vinegar per cycle to
remove embedded VOCs and residual odours?

Were clothes air-dried indoors or outdoors in a fragrance-free, ventilated area— notin a
fragranced dryer?

Were clothes stored in a sealed, fragrance-free bag after laundering until the testing date?

Did you avoid dry cleaning any clothing items used for IAQ testing?

FRAGRANCE ELIMINATION AT HOME AND VEHICLE — BEGIN 2 WEEKS
BEFORE TESTING

Have all air fresheners, candles, and fragranced items been removed from your home and
vehicle?

Have you ventilated your home daily by opening windows to reduce background VOC
accumulation?
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¢ Do you regularly remove household garbage to prevent odours and VOC buildup (to avoid the
need for air fresheners)?

¢ Have you ensured other members of your household and anyone sharing your vehicle also
avoid fragranced products during this period?

PRODUCT AWARENESS AND SELECTION

e Areall personal and cleaning products you use verified as fragrance-free or third-party
certified (e.g., ECOLOGO, Safer Choice, or equivalent)?

¢ Have you avoided products containing 'perfume,' 'parfum,’ 'fragrance,' 'scent,' or essential oils
on ingredient labels?

e Are all approved products stored separately from fragranced items to prevent cross-
contamination?

PRE-SAMPLING CONFIRMATION — DAY OF TESTING

e Areyou wearing only approved, fragrance-free clothing washed at least 14 days prior to
testing?

¢ Have you confirmed no exposure to fragranced environments or significant chemical
exposures (e.g., pharmacies, shopping malls, stores with fragrance aisles, gas stations,
vehicles, or cleaning products) in the 24 hours before arriving at the testing site?

¢ Have you confirmed all sampling equipment, containers, and storage bags are clean and
fragrance-free?

SAMPLING CONFIRMATION — AT TIME OF TESTING

¢ Have you discarded the Tyvek suit worn during transport to the testing site upon arrival?

¢ Areyou wearing a new, unopened Tyvek suit at the testing site?

e Areyou placing your Tyvek suit in a sealed, fragrance-free bag between equipment setup and
active sampling?

e Have you discarded the Tyvek suit worn during active sampling at the end of each building
visit? (Note: a new Tyvek suit is worn at each testing site — suits are not reused between
buildings.)

¢ Have you documented any inadvertent fragrance exposures in the quality control log?

RATIONALE FOR THIS PROTOCOL
Previous IAQ studies examining fragrance-related compounds have not systematically addressed
the potential for VOC contamination introduced by technicians during sampling procedures. This
protocol was developed to address that methodological gap. Because terpenes with TRPV1
activity — including linalool, d-limonene, and eucalyptol — can transfer from personal care
products to sampling equipment, and because Pinchin Ltd. used AlHA-accredited GC/MS
analysis capable of detecting sub-pg/m® concentrations, even very small levels of technician-
related contamination could have influenced study results. The protocol was designed and
piloted before data collection began and is recommended as a standard approach for future IAQ
research involving fragranced products, chemical exposures, and accessibility-related indoor
environmental barriers.
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APPENDIX B: INTERCODER RELIABILITY — COMPARISON OF
IDENTIFIED THEMES BETWEEN TWO CODERS

Thematic analysis was conducted independently by two trained researchers. Inter-coder reliability

was assessed by comparing major theme identification before any discussion or reconciliation.

Both coders identified all major theme domains with perfect agreement on major themes,

confirming the reliability of the thematic framework presented in Section 3.

Themes — Coder 1

Themes — Coder 2

Physical Symptoms (Lived Experiences)

Health impacts: Neurocognitive issues,
stomach/digestive issues,
breathing/respiratory issues, worsening
reactions, long recoveries, simultaneous
multi-system reactions

Emotional Distress

Psychological/behavioral impacts:
Depression; Sense of loss and grief;
Invalidation; Hopelessness and suicidal
ideation

Financial and Professional Losses

Financial impacts: Short-term income loss;
Long-term financial consequences

Social Isolation

Social impacts: Dependence on caregivers;
Relationship strains; Social isolation

Scented Products as Accessibility Barriers

Physical barriers: Use of spaces and activities
within buildings; Building materials and
furnishing; Inadequate ventilation; Mould and
humidity; Laundry products; Cleaning
products; Personal care products

Negative Attitudes / Stigmatization / Lack of
Accommodations

Attitudinal barriers: Lack of awareness;
Skepticism; Stigmatization; Unwillingness to
accommodate; Conflicts and retaliation
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Themes — Coder 1

Themes — Coder 2

Lack of Policy Enforcement

Systemic barriers: Healthcare accessibility;
Industry transparency; Policy enforcement;
Accommodation gaps; Availability of
alternatives; Rights conflicts

Misleading Information or Advertising

Informational barriers: Advertising
disinformation; Label transparency;
Mislabelling and greenwashing; Terminology;
Scent-free sign effectiveness

Healthcare / Clinics / Workplaces / Homes as
Barrier Contexts

Barrier contexts: Hospitals; Schools;
Workplaces; Residences; Pharmacies; Public
transport; Grocery stores

Education / Policy Enforcement / Supportive
Environments as Solutions

Solutions: Government action; Regulatory
standards; Scent-free policy improvements;

Specialized medical care; Coping strategies;
Accessibility and accommodations;
Awareness and education; Environmental
design; Healthcare solutions; Personal
protective measures; Policies and regulations

Table B1. Comparison of major themes identified independently by two coders. Perfect major theme
agreement was achieved without prior discussion, confirming inter-coder reliability. Minor sub-theme
divergences were resolved through discussion and consensus.

Note: Coder 2 used a more granular sub-theme structure within each major domain. The
underlying content identified was equivalent across both coders. Where sub-themes were
categorized differently (e.g., Coder 1 grouped hospital, church, and workplace under 'Contexts of
Barriers' while Coder 2 integrated these under each barrier type), reconciliation produced the final
integrated framework presented in Section 3 of this report.
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APPENDIX C: GENERAL LINEAR MODELS RELATING TO
ASSOCIATIONS BETWEEN HAZARDOUS INDOOR AIR

POLLUTANTS AND SCENT-FREE POLICIES USING LOG LINK AND
GAMMA DISTRIBUTION

Categories Acetaldehyde Acetone Toluene TVOCs m-/p-Xylenes
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% CI)
Meeting Room
n=26 n=31 n=29 n=31 n=25
Size 1.0 (0.9-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)
Occupancy 0.9 (0.9 - 1.0)** 1.0(1.0-1.1) | 1.0(0.9-1.0)*** | 1.0(1.0-1.0) 1.0(0.9-1.0
Ventilation rate 1.0(1.2-2.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)
Policy
No Policy 0.7(0.3-1.4) | 4.1(2.2-7.6)*** 5.2(2.2- 2.2(1.1-4.7)* | 3.6(1.0-12.7)*
.7 (0. . (2. . 12.3)%xx 2(1. . .6(1. .
Office Room
n=27 n =32 n=30 h=32 n=25
Size 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)
Occupancy 1.0(1.0-1.1) 1.0(0.9-1.0) 1.0(0.9-1.0) 1.0(0.9-1.0) 1.0(0.9-1.0
Ventilation rate 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)
Policy
. 6.9(2.9- 5.5(1.7 -
—_ *% —_ *k%k —_ *%k
No Policy 2.5(1.3-4.9) 4.7 (2.6 - 8.5) 16.2)w** 2.7(1.5-5.1) 18.0)*
Washroom
n=29 n =32 n=31 n=31 n=23
Size 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)
Occupancy 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(0.9-1.0) 1.0(1.0-1.0)
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Ventilation rate 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0)* 1.0(1.0-1.0)
Policy
. 6.4 (2.5-
No Policy 1.8(0.9-3.7) | 3.4(2.0-5.7)*** 16.0)+** 2.5(1.3-4.7)** | 4.3(1.3-14.4)*
*p <.05
**p < .01
*+k < 001
OR = Odds ratio
Multivariable regression (gamma family, log link function) Converged Data
Acetaldeh -/p-
cetaldehyd Acetone Toluene TVOCs o-Xylene m-/p
e Xylenes
Adjusted OR (95% ClI)
Policy
Without 2.17 7.72 3.40 3.90 15.49 6.86
policy
(4.07- (2.02- (5.64- (2.39-
1.05-4.38)* 1.17-9.90)*
(1.05-4.38) 14.51)*** ( 9.90) 7.40)*** 44.31)*** 19.04)***
With policy Ref Ref Ref Ref Ref Ref
Site
Meeting Ref Ref Ref Ref Ref Ref
room
Office 1.26 0.72 1.23 1.29 0.61 1.08
(0.55-2.81) (0.32-1.55) (0.29-5.02) (0.60-2.71) (0.19-1.92) (0.29-4.14)
Washroom 1.21 0.48 0.43 0.81 1.42 1.2
(0.45-3.40) (0.19-1.22) (0.10-1.97) (0.32-2.12) (0.42-4.78) (0.28-5.08)
Size 0.58 1.01 1.06 0.86 2.88 1.38
(0.25-1.38) (0.53-1.92) (0.34-3.17) (0.45-1.66) (0.79-12.03) | (0.42-4.98)
Occupancy | 1.19 0.54 0.42 0.57 N/A N/A
(0.64-2.15) (0.25-1.13) (0.11-1.62) (0.32-1.00)
Ventilation 1, o, 0.6 0.39 0.6 0.59 N/A
rate
(0.53-1.35) (0.40-0.92)* | (0.21-0.74) (0.40-0.95)* | (0.26-1.30)
'\R/'ZCFadde” ® 1 0.031 0.119 0.154 0.048 0.231 0.066
Note: Data are Odds Ratio (95% confidence interval); *p<0.05, **p<0.01, ***<0.001; N/A
= Variable excluded due to failed convergence

Accessibility Standards 3 Page 190 of 203
I * I Canada A0 \‘ ;‘; Lt



Accessible Indoor Air in the Built Environment Research Report
I —————————— S

APPENDIX D: SPEARMAN CORRELATIONS (P) BETWEEN OCCUPANT
IAQ PERCEPTIONS, BUILDING CHARACTERISTICS AND

OPERATIONS, AND IAQ POLLUTANTS

Categories Occupant IAQ Perceptions
(n=17) Meeting room (n=11) Office (n=17) Washrooms (n=14)
IAQ Pollutants
Acetaldehyde -0.47* -0.11 0.54
(n=9) (n=14) (n=11)
Acetone -0.44 -0.16 -0.05
(n=11) (n=15) (n=12)
CO2 0.32 -0.24 -0.27
(n=11) (n=17) (n=14)
CO 0.34 -0.1 -0.15
(n=11) (n=17) (n=13)
Benzene -0.6 -0.45 -0.06
(n=8) (n=10) (n=8)
Ethylbenzene - -0.57
(n=5)
Ethanol -0.68* -0.23 -0.2
(n=11) (n=15) (n=14)
Formaldehyde 0.27 0.09 -0.11
(n=11) (n=17) (n=14)
Isopropyl alcohol -0.62*, -0.32 0.02
(n=11) (n=17) (n=13)
m/-p-xylenes 0.04, -0.17 0.02
(n=9) (n=12) (n=13)
Methyl ethyl ketone -0.74 -0.1 0.03
(n=9) (n=13) (n=12)
o-xylene - -0.77*
(n=7)
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Particulate matter -0.42 0.08 0.51
(n=11) (n=17) (n=14)

Toluene -0.3 -0.45 -0.03
(n=11) (n=14) (n=12)

TVOCs -0.39, -0.53* -0.07
(n=11) (n=15) (n=12)

Building characteristics

Building age -0.07 -0.4 -0.01
(n=11) (n=16) (n=13)
Temperature -0.12 0.05 0.01
(n=11) (n=17) (n=14)
Relative humidity -0.29 0.13 -0.14
(n=11) (n=17) (n=14)
Room size 0.36 -0.18 -0.12
(n=11) (n=17) (n=14)
Occupancy 0.29 -0.24 -0.11
(n=11) (n=17) (n=14)
Ventilation rate 0.19 0.02 -0.14
(n=11) (n=17) (n=14)

Building operations

Policy implementation

0.23 0.71* 0.7
level
(n=4) (n=8) (n=6)
Weekly cleaning 0.2 0.38 -0.23
(n=11) n=15 (n=13)

VOCs adopted from Health Canada IARLs (ref Health Canada)
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