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ABSTRACT:
Asthma is a complex, heterogeneous disease, often of multifactorial origin. Asthma rates in the USA have been rising since at least 1980.
These rates are rising despite the proliferation of asthma control strategies, including indoor air quality programs. The Centers for Disease
Control (CDC) reported that the number of people diagnosed with asthma grew by 4.3 million during the last decade. Nearly 26 million
people are affected by chronic asthma, including over eight million children. As asthma affects more people, new strategies need to be
considered. Among asthma risk factors, health organizations have identified hundreds of substances that can cause the onset of asthma.
Many of these asthmagens are common ingredients of building products like insulation, paints, adhesives, wall panels and floors. This
paper identifies asthmagens found in building products, how people can be exposed to these substances, and what is known and yetto-be known about the impacts of these exposures. Key strategies to minimize exposures to asthmagens in building materials include
understanding the composition of building materials; using product ingredient disclosure tools such as those recognized in LEED v4;
and, modifying product certification standards, restricted substance lists, indoor environmental testing protocols, and green building
incentives.
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THE POST-KATRINA ASTHMA DISASTER
The Gulf Coast region understands the relationship between
building materials and asthma. After Hurricanes Katrina and Rita
struck in 2005, FEMA awarded $2.7 billion in contracts to shelter
displaced residents. By August 2006, FEMA purchased 144,000
trailers and mobile homes.[1] A human-made health disaster
ensued.
Connections between building materials, formaldehyde air
emissions, and asthma were well established when FEMA put the
Katrina trailers out to bid.[2] Formaldehyde resins bind composite
wood casework, flooring, and wall panels. In 1992, the California Air
Resources Board identified formaldehyde resins in these products
as major sources of formaldehyde in indoor air. But FEMA’s bidding
process did not consider the potential health impacts of bringing
these materials into a hot and humid climate where formaldehyde
is more readily volatilized.
A meta-analysis of seven studies in homes and schools from
several different countries concluded that asthma risk in children
increased 3-17 percent for every 10 µg/m3 [8.1 parts per billion
(ppb)] increase in formaldehyde in indoor air. In these studies,
formaldehyde levels varied from very low to > 80 µg/m3 (65 ppb).
[3]
A U.S. Centers for Disease Control (CDC) study of Katrina FEMA
trailers found formaldehyde well above these levels. The mean for
the 519 tested trailers was 77 ppb.[4] In some, air concentrations
exceeded 300 ppb. The most common unit - Gulfstream - had a
median concentration of 111 ppb, almost seven times the national
median of 17 ppb. Using the meta-analysis’ correlation rate,
children living in the Gulfstream FEMA trailers had a 35% to 200%
elevated risk of having asthma. In a federal health survey of FEMA
trailer residents, 31% of the participating children reported having
a diagnosis of asthma, nearly three-fold higher than the prevalence
of childhood asthma nationally (11% in 2010).[5, 6]
Department of Homeland Security (DHS) Inspector General
Richard Skinner reviewed the situation. “All of the units were some
form of manufactured housing and therefore tended to have more
of the manufactured wood products that can emit formaldehyde
gas,” he reported. And the FEMA contracts “did not contain
protections against excessive formaldehyde concentrations.”[7]

PATHWAYS FOR EXPOSURE TO
ASTHMAGENS IN BUILDING MATERIALS
DHS Inspector General Skinner laid bare this reality: “Although
workplace standards and recommendations for allowable
exposures to formaldehyde have been implemented to protect
workers who are exposed to formaldehyde, there is far less
guidance as to what levels should be avoided in residences.”
Similarly, authoritative lists of asthmagens are based largely
on studies involving worker exposures—hence the commonly
used term “occupational asthma.” However, the extent to which
chemicals known to cause occupational asthma may have similar
effects within the general public, especially children, is often
unclear for several reasons:
1. Occupational exposures are often much higher than residential
exposures;
2. Dose-response levels are often not well enough established to
allow extrapolation to low levels of prolonged exposure;
3. The importance of multiple factors in the origins of asthma,
including co-exposure to allergens in residences, may make it
more difficult to estimate the contribution of toxic exposures to
asthma risk in homes compared to the workplace; and,
4. O
 ccupational asthma generally affects adults whereas most
asthma in the general public is among children, who are more
vulnerable due to their smaller size and developing immune and
respiratory systems.[8]
These challenges clearly pertain to chemicals in building products.
Workers exposed to occupational asthmagens during product
manufacture or building construction will be at increased asthma
risk. But, after construction and building occupancy, exposure
levels are generally unknown for most asthmagens.
Building occupants can be exposed to asthmagens in building
materials by several pathways. Volatile and semi-volatile
asthmagens may volatilize and be emitted into the air to be
inhaled. Semi-volatile organic compounds (SVOCs) may migrate
from products to dust particles by adsorption, which may in turn
be inhaled, ingested, or come into contact with the skin. Nonvolatile asthmagens on the surface of a building finish may be
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released as dust through degradation or abrasion and be picked
up through the skin on contact.
Most concern about asthma risk associated with chemicals in
building products in the general population has focused on volatile
organic compounds (VOCs). Concern about exposure to less
volatile compounds like phthalates and isocyanates has increased
for several reasons:
1. Air monitoring and dust studies identify a number of SVOCs that
may have originated in building materials;
2. Increasing numbers of epidemiologic studies show correlations
between environmental levels of some SVOCs and asthma
prevalence; and,
3. In vivo and in vitro laboratory studies have identified mechanisms
by which some of these compounds may be related to asthma,
including alteration in lung and immune system development
after early life exposures.

EMERGING EVIDENCE OF HARM
Two SVOCs - isocyanates and phthalates - illustrate different
aspects of the mounting evidence.
ISOCYANATES
Isocyanates are a family of highly reactive, low molecular weight
(MW) chemicals, and are essential ingredients of polyurethane
products like adhesives, furniture foam, and spray polyurethane
foam (SPF) insulation.
A federal interagency air quality group notes that “agencies have
received complaints regarding health effects including severe
respiratory irritation, breathing difficulties, dizziness and nausea,
resulting from the installation of SPF in homes.”[9]
EPA has an action plan to deal with isocyanates and is leading
a multi-agency work group to address SPF.[10] In 2014, the
California Department of Toxic Substances’ Safer Consumer
Products initiative named SPF as one of its three initial “priority
products” due to its “potential for exposure to contribute to or
cause significant or widespread adverse impacts.”[11]
Isocyanates are an established cause of occupational asthma
through both allergic and irritant mechanisms.[12] They can cause
contact dermatitis and lead to respiratory tract sensitization after
skin exposure.[13] In a study in mice, isocyanate skin sensitization
in females prior to mating resulted in airway inflammation and
other features of an asthma phenotype in offspring.[14]
OSHA identifies isocyanates as respiratory, eye, and gastrointestinal
irritants. “Hypersensitivity pneumonitis (inflammation in the lungs
caused by exposure to an allergen)” has been reported in workers
exposed to isocyanates, with symptoms experienced months
or even years after exposure ends, according to the agency.
“Deaths have occurred due to both asthma and hypersensitivity
pneumonitis from isocyanate exposure.”[15]
Many of these polyurethane systems are mixed and applied on site
in homes, schools, and offices. These are relatively unregulated
and uncontrolled processes in widely varying environments.
Exposures to isocyanates may also occur in people who enter a
building before spray foam insulation is fully cured. In addition,
a number of consumer products contain unreacted isocyanates,

including adhesives and polyurethane coatings.[16] This means
that skin or inhalation exposures may occur fairly regularly within
the general population.
A recent EPA presentation notes that “SPF Insulation component
chemicals can migrate to other areas of the building” and that
isocyanates “can trigger severe or fatal asthma attacks in sensitized
persons upon further exposure, even at very low levels.”[17]
PHTHALATES
Phthalates are synthetic diesters of phthalic acid used in many
consumer products. These SVOCs may be released throughout
the service life of building products such as such vinyl flooring,
vinyl carpet backing, lacquers, flooring finishes, adhesives, and
fluid applied floors. These emitted compounds become attached
to household dust to which people are readily exposed.
The most common phthalates can be loosely grouped by lower and
higher molecular weight (MW). These two groups differ in their
industrial uses, environmental fate and transport, and exposure
pathways. The dominant plasticizers used in building products
like vinyl flooring are higher MW phthalates such as diethyl hexyl
phthalate (DEHP) and benzyl butyl phthalate (BBP).
Exposures to phthalates are widespread and come from many
sources.[18] This makes it difficult to quantify exposures that can
be traced specifically to building materials. Inhalation, ingestion,
and transdermal absorption are potential routes of exposure.
Air concentrations of phthalates are approximately 10 times higher
indoors than outdoors.[19] Sources of phthalates that have been
reported to affect indoor air phthalate levels are PVC building
materials and furniture.[20] “Exposure to pollutants in the indoor
environment has increased with improved insulation and reduced
ventilation making many indoor environments act as concentrators
of emissions from plastics, paints, and other building materials,
reported Barro et al. in 2009. Pollutants like phthalates, they wrote,
become concentrated in fine particulate matter with a weight of
<2.5 micrograms; that is, dust.[21]
House dust can be inhaled or ingested. Guo et al. recently
calculated that house dust could contribute 10% to 58% of total
DEHP exposure to residents in a sample from Albany, New York.
[22] Another study using biomonitoring data and modeling
estimated that 39% of DEHP levels were attributable to indoor
dust ingestion and 14% to inhalation.[23]
A public health study after Katrina took dust samples from
children’s bedroom floors in FEMA trailers and found measurable
levels of BBP and DEHP in all of them, with mean values of 175 ppm
for DEHP and 59 ppm for BBP.[24] The levels of phthalates found
in FEMA trailers are lower than those identified in older structures.
Fromme et al in 2003 studied dust in German apartments and
classrooms, and found mean concentrations of DEHP of 775.5 ppm
DEHP and 86 ppm BBP.[25] In a recent study of phthalates in dust
in 63 daycare centers, Fromme et al. reported median DEHP levels
of 888 ppm.[26] They also measured phthalate metabolites in
children attending those daycare centers. Using a cumulative risk
assessment approach, they concluded that 20 percent of children
had exposure levels to phthalates exceeding a safe reference dose.
Rudel et al. in 2003 found a median value of 340 ppm DEHP and
45 ppm BBP in over one hundred dust samples from homes in
Cape Cod.[27]
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PHTHALATES AND ASTHMA
Toxicology studies conducted both in vitro and in vivo animal
models have proposed various mechanisms by which phthalates
may exert their effect on allergies or airway inflammation.[28]
Some phthalates can act as an adjuvant, magnifying the immune
and respiratory system response to an allergen.[29] Phthalate
exposure may also alter lung and immune system development.
[30],[31] In rodent studies, DEHP exposure in utero is associated
with delayed lung maturation.[32] The timing and route of
exposure also appear to be important. (Similar exposure pathways
and early life impacts are found in Bisphenol A Diglycidyl Ether
(BADGE), another SVOC commonly used in building products. See
Appendix B.)
Numerous studies show an association between exposure to
phthalates and respiratory symptoms including asthma or wheeze.
[33],[34],[35],[36],[37] The presence of PVC flooring and wall
coverings is also associated with increased risk of childhood
asthma. [38],[39],[40]
In summary, evidence of a causal relationship between exposure
to phthalates and asthma continues to accumulate, particularly for
the higher MW compounds commonly used in building products.
Many observational studies are limited by cross-sectional design
and the challenges of long-term exposure assessment for
chemicals with relatively short half-lives. However, in vitro and in
vivo laboratory studies have identified plausible mechanisms by
which phthalates may influence the risk of allergies and asthma
and add to the weight of evidence.

MENDING THE GAP IN BUILDING
PRODUCT EVALUATIONS
Over the past two decades, green building advocates have
developed powerful tools to test and certify the healthfulness
of building materials. Asthma is not yet a major consideration of
most programs, despite growing evidence that asthmagens are
being released from building materials into indoor environments.
Many green building protocols and regulations reflect the times
in which they evolved, when VOCs were considered the primary
hazard from products. Regulatory requirements have led
manufacturers of wet-applied products to publicly disclose and
reduce VOCs since the 1970s. And green building IAQ certifications
have measured individual VOC emissions from other non-wet
applied products for over a decade.
These programs proved useful in significantly improving many
building materials, which today generally contain and emit far
fewer VOCs than they did in the 1990s.
More attention needs to focus on other health hazards. This
came into sharp relief while the Healthy Building Network (HBN)
researched its 2013 report, Full Disclosure Required: A Strategy
to Prevent Asthma.[41] This report built from prior works such
as Perkins + Will’s 2012 report, Environments: A Compilation
of Substances Linked to Asthma, which identifies 374 known
or suspected asthmagens in the built environment.[42] Full
Disclosure Required narrows the focus to 50 substances, 38 of
which are known asthmagens. Twelve chemicals are of emerging
concern.

The authors cross-referenced three commonly referenced asthma
lists -- the AOEC Exposure Code List, the CSST List of Agents
Causing Occupational Asthma, and the CHE Toxicant and Disease
Database – with materials catalogued in HBN’s Pharos Building
Product Library.[43],[44],[45]
Full Disclosure Required names twenty of these asthmagens
to be of the highest priority, due to clear pathways for building
occupants to be exposed to them after product installation and
during normal use. Priority asthmagens include: acid aldehydes
(two types); acrylates (four types); ammonium hydroxide;
bisphenol A diglycidyl ether (BADGE); ethanolamines (three
types); formaldehyde; isocyanates (six types); polyfunctional
aziridine; and, styrene. Full Disclosure Required also recommends
minimizing the use of phthalates.
Green building certifications standards do not consider most of
these chemicals. Many asthmagens are not VOCs, and are not
detected by current emissions testing protocols. As a result, high
concentrations of asthmagens can be present in products that
have earned low VOC-emissions certifications.
Chemical identification is essential for protecting human health.
Most green building programs do not identify and therefore do not
restrict most asthmagens. Appendix C (Asthmagens in Building
Products: Identification by Relevant Standards) reveals:
•T
 wenty-three (46%) of the substances are not identified by four
leading programs (Cradle-to-Cradle, Living Building Challenge,
California 01350, and Greenguard Gold).
•C
 alifornia 01350 indoor air emissions testing looks for only three
(3) of the substances (formaldehyde, styrene and toluene).
•G
 reenguard Gold looks for fourteen of these chemicals in its
air emission tests. Cradle-to-Cradle and LBC product content
requirements identify 11 and 17 of these substances, respectively.
•N
 one of these programs screen for isocyanates or biocides like
triclosan.
The global automobile industry has shown that more comprehensive
screening is possible. Manufacturers launched a voluntary program,
the Global Automotive Declarable Substance List (GADSL), in
2005. Under the GADSL program, carmakers require suppliers to
report the presence of 39 of the 50 substances, often at levels
far lower than commonly declared in building materials. Most
isocyanates must be identified if they are present at over 0.01% of
the product by weight. Triclosan must be declared when present
at 0.001% of the product.[46]
Gaps in coverage represent opportunities to extend the
healthfulness of building materials to other substances of concern,
including asthmagens.
Transparency and research deepen the awareness of material
contents. Science is associating certain chemicals with emerging
health impacts. Chemists and engineers are innovators who can
reduce the impacts of products through green chemistry. And
leading corporations are recognizing that the future of green
building belongs to the triad of creativity, transparency, and
healthfulness.
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These efforts, bound by independently verified certifications,
provide a strong platform for reducing exposures to asthmagens
in building materials.
• Standard-based certifications can help to prevent exposures
to asthmagens by defining the product, setting conditions for
its evaluation, and standardizing testing protocols. The end
product is a simple label or declaration indicating a specific
product meets the standard. Qualified material selection choices
can be identified via the standard’s product database or registry.
•S
 tandards can consider any substance in a product that can
harm building occupants. In the case of asthmagens, standards
can be updated or created to recognize the low dose exposures
that can cause the onset of asthma, recognizing that for many of
these substances researchers have not been able to determine
safe thresholds. Emissions based programs can complement
their emissions testing protocols with content testing to support
avoidance. They can draw from transparency efforts (like the
Pharos Project, Declare, and the Health Product Declaration)
to ensure that the tests search for any asthmagen known to be
present in these products, even at trace levels.
•R
 estricted substance lists that drive these certifications can
be updated to include priority asthmagens. New protocols
may be developed specifically to address asthmagens or other
substances of concern, and require testing for these substances.
For example, the European Union this year launched a revised EU
Ecolabel for Paints and Varnishes that quantifies and limits SVOC
content. It caps SVOC content at 30 grams per liter (g/l) for
white paint applied to interior walls, and 60 g/l for some other
applications.[47] US-based IAQ programs do not yet quantify
SVOCs as a whole.
•S
 tandards must be transparent. The vast majority of today’s
green building certification programs make their protocols freely
available to the public. One notable exception: The Asthma and
Allergy Foundation of America recently certified a line of vinyl
flooring as “Asthma & Allergy Friendly.”[48] The certification’s
standard is not posted on its website, and the foundation did not
respond to this paper’s authors requests for information as of
August 15, 2014.

While transparency is vital for understanding the potential
hazards of a given product, standards can also protect intellectual
property. If a standard and certification scheme is trustworthy, it
may be generally assumed that the independently verified claims
are accurate without full disclosure. The disclosure has been made
to the certifier, who assures the conditions of the standard have
been met.
•A
 sthma prevention strategies can be applied, in turn, to
the U.S. Green Building Council’s Leadership in Energy and
Environmental Design (LEED) rating system, which should
reward projects that avoid introducing asthmagens into the
indoor environment.
USGBC President and CEO Rick Fedrizzi told Greenbuild 2012
attendees, “When people doubt that we can improve health
outcomes, we’re going to show them the drawers of unused asthma
inhalers in green schools.” [49] The green building movement
finds solutions. By focusing more of its collective resources materials research, product testing, certifications and incentives on asthmagens in building materials, it can solve this problem, too.

ACKNOWLEDGEMENTS
Charlene W Bayer, PhD, Senior Research Fellow, U.S. Green
Building Council and Chairman and Chief Scientist at Hygieia
Sciences LLC provided valuable insights, especially in identifying
household dust studies.
Thanks to the Healthy Building Network research team for their
considerable contributions to this paper, especially Sarah Lott (coauthor of Full Disclosure Required) and Peter Sullivan; to Melissa
Coffin, Susan Sabella, Tom Lent, and Bill Walsh for edits; and
to HBN’s supporters and funders who make this work possible,
including New York Community Trust, The John Merck Fund, the
Passport Foundation, and the Forsythia Foundation.

REFERENCES
[1] Department of Homeland Security, (2009). FEMA Response to Formaldehyde in Trailers (Redacted). Washington, DC: Office of Inspector General.
[2] Salthammer, T, Mentese, S, Marutzky, R, (2010). ‘Formaldehyde in the indoor environment’. Chemical Reviews, 110(4): pp 2536-2572.
[3] McGwin, G, Lienert, J, Kennedy, J, (2010). ‘Formaldehyde exposure and asthma in children: a systematic review’. Environmental Health Perspectives, 118:
pp 313–317.
[4] Murphy, MW, Lando, JF, Kieszak, SM, Sutter, ME, Noonan, GP, Brunkard, MA, and McGeehin, MA, (2013). ‘Formaldehyde levels in FEMA-supplied travel trailers, park models, and mobile homes in Louisiana and Mississippi’. Indoor Air, 23: pp 134–141.
[5] Centers for Disease Control and Prevention, (2013). Children’s Health after the Storms: Final Report. Atlanta, GA: National Center for Environmental Health,
Division of Environmental Hazards and Health Effects, p 8.
[6] Federal Interagency Forum on Child and Family Statistics, Asthma: Percentage of Children Ages 0-17 with asthma, selected years 1980-2010, [Online],
Available: www.childstats.gov/americaschildren/tables/health8a.asp [30 September 2013].
[7] Department of Homeland Security, (2009). FEMA Response to Formaldehyde in Trailers (Redacted). Washington, DC: Office of Inspector General.
[8] Delfino, R, (2002). ‘Epidemiologic evidence for asthma and exposure to air toxics: linkages between occupational, indoor, and community air pollution
research’. Environmental Health Perspectives, 110(supplemental 4): pp 573-589.
[9] Federal Interagency Committee on Indoor Air Quality, Minutes of the 4-June-2014 Webinar/Meeting, [Online], Available: http://www.epa.gov/iaq/ciaq/
pdfs/cia1-4-jun-2014-minutes.pdf [June 4, 2014].
[10] United States Environmental Protection Agency, (2013). Related Federal Activities. [Online] Available: http://www.epa.gov/dfe/pubs/projects/spf/federal_related.html.

7

ASTHMAGENS IN BUILDING MATERIALS: THE PROBLEM AND SOLUTIONS (cont.)
[11] California Department of Toxic Substances Control, (2010). Safer Consumer Products. [Online] Available: https://dtsc.ca.gov/SCP/index.cfm [August 8,
2014].
[12] Salvaggio, J, Sullivan, K, (1992). ‘Environmental chemicals and the immune system’. In: Rom, WN. Environmental and occupational medicine. 2nd ed.
Boston: Little, Brown and Company.
[13] Bello, D, Herrick, C, Smith, T, Woskie, S, Streicher, R, Cullen, M, Liu, Y, and Redlich, C, (2007). ‘Skin exposure to isocyanates: reasons for concern’. Environmental Health Perspectives, 115(3): pp 328-335.
[14] Lim, R, Arredouani, M, Fedulov, A, Kobzik, L, and Hubeau, C, (2007). ‘Maternal allergic contact dermatitis causes increased asthma risk in offspring’. Respiratory Research, 8(56). Available: http://respiratory-research.com/content/8/1/56.
[15] Occupational Safety and Health Administration, (2013). National Emphasis Program - Occupational Exposure to Isocyanates, OSHA Instruction CPL 0300-017. Washington, DC: Office of Health Enforcement. Available: https://www.osha.gov/OshDoc/Directive_pdf/CPL_03-00-017.pdf.
[16] Krone, C, Klinger, T, (2005). ‘Isocyanates, polyurethane and childhood asthma’. Pediatric Allergy and Immunology, 16: pp 378-379.
[17] Lamba, A, (2011). Spray Polyurethane Foam (SPF): EPA Considerations [PowerPoint Slides]. In Prevention through Design - a new way of doing business:
report on the National Initiative. Omni Shoreham, Washington, DC, August 22-24. Available: http://www.asse.org/professionalaffairs_new/PtD/Practice%20
Issues/Anjali%20Lamba.pdf.
[18] Silva, M, Barr, D, and Reidy, J, (2004). ‘Urinary levels of seven phthalate metabolites in the U.S. population from the National Health and Nutrition Examination Survey (NHANES) 1999-2000’. Environmental Health Perspectives, 112: pp 331-338.
[19] Rudel, R and Perovich, L, (2009). ‘Endocrine disrupting chemicals in indoor and outdoor air’. Atmospheric Environment, 43: pp 170-181.
[20] Abb, M, Heinrich, T, Sorkau, E, and Lorenz, W, (2009). ‘Phthalates in house dust’. Environment International, 35: pp 965-970.
[21] Barro, R, Regueiro, J, Llompart, M, and Garcia-Jares, C, (2009). ‘Analysis of industrial contaminants in indoor air: Part 1. Volatile organic compounds, carbonyl compounds, polycyclic aromatic hydrocarbons and polychlorinated biphenyls’. Journal of Chromatography A, 1216: pp 540–566.
[22] Guo, Y and Kannan, K, (2011). ‘Comparative assessment of human exposure to phthalate esters from house dust in China and the United States’. Environmental Science & Technology, 45: pp 3788-3794.
[23] Shin, H, McKone, T, and Bennett, D, (2014). ‘Attributing population-scale human exposure to various source categories: merging exposure models and
biomonitoring data’. Environment International, 70: pp 183-191.
[24] Centers for Disease Control and Prevention, (2013). Children’s Health after the Storms: Final Report. Atlanta, GA: National Center for Environmental
Health, Division of Environmental Hazards and Health Effects, p 165.
[25] Fromme, H, Lahrz, T, Piloty, M, Gebhart, H, Oddoy, A, Rüden, H, (2004). ‘Occurrence of phthalates and musk fragrances in indoor air and dust from apartments and kindergartens in Berlin (Germany)’. Indoor Air, 14: pp 188–195.
[26] Fromme, H, Lahrz ,T, Kraft, M, Fembacher ,L, Dietrich, S, Sievering, S, Burghardt, R, Schuster, R, Bolte, G, and Völkel, W, (2013). ‘Phthalates in German
daycare centers: occurrence in air and dust and the excretion of their metabolites by children (LUPE 3)’. Environment International, 61: pp 64-72.
[27] Rudel, R, Camann, D, Spengler, J, Korn, L, and Bordy, J, (2003). ‘Phthalates, Alkylphenols, Pesticides, Polybrominated Diphenyl Ethers, and Other Endocrine-Disrupting Compounds in Indoor Air and Dust’. Environmental Science & Technology, 37(20): pp 4543-4553.
[28] Kwak, E, Just, A, Whyatt, R, Miller, R, (2009). ‘Phthalates, pesticides, and bisphenol-A exposure and the development of nonoccupational asthma and
allergies: How valid are the links?’. Open Allergy Journal, 2: pp 45–50.
[29]Guo, J, Han, B, Qin, L, Li, B, You, H, Yang, J, Liu, D, Wei, C, Nanberg, E, Bornehag, C-G, and Yang, X, (2012). ‘Pulmonary toxicity and adjuvant effect of di-(2ethylhexyl) phthalate in ovalbumin-immunized BALB/c mice’. PLoS One, 7(6): Available: http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.
pone.0039008.
[30] Miller, M, and Marty, M (2010). ‘Impact of environmental chemicals on lung development’. Environmental Health Perspectives, 118(8): pp 1155-1164.
[31] Peters, J, Boynton-Jarrett, R, and Sandel, M (2013). ‘Prenatal environmental factors influencing IgE levels, atopy, and early asthma’. Current Opinion in
Allergy and Clinical Immunology, 13(2): pp 187-192.
[32] Chen, SQ, Chen, JN, Cai, XH, Chen, GR, Gao, Y, Ge, RS, Wu, HS, Lin, ZL, and Lin, J, (2010). ‘Perinatal exposure to di-(2-ethylhexyl)phthalate leads to restricted growth and delayed lung maturation in newborn rats’. Journal of Perinatal Medicine, 38: pp 515-521.
[33] Bornehag, C, Sundell, J, Weschler, C, Sigsgaard, T, Lundgren, B, Hasselgren, M, and Hägerhed-Engman, L, (2004). ‘The association between asthma and
allergic symptoms in children and phthalates in house dust: a nested case-control study’. Environmental Health Perspectives, 112(14): pp 1393–1397.
[34] Bornehag, C and Nanberg, E, (2010). ‘Phthalate exposure and asthma in children’. International Journal of Andrology, 33(2): 333–345.
[35] Kolarik, B, Naydenov, K, Larsson, M, Bornehag, C, and Sundell, J, (2008). ‘The association between phthalates in dust and allergic diseases among Bulgarian children’. Environmental Health Perspectives, 116: ppp 98–103.
[36] Hsu, NY, Lee, CC, Wang, JY, Li, YC, Chang, HW, Chen, CY, Bornehag, CG, Wu, PC, Sundell, J, and Su, HJ, (2012). ‘Predicted risk of childhood allergy, asthma,
and reported symptoms using measured phthalate exposure in dust and urine’. Indoor Air, 22: pp 186–99.
[37]Ait Basmai, Y, Shibata, E, Saito, I, Araki, A, Kanazawa, A, Morimoto, K, Nakayama, K, Tanaka, M, Takigawa, T, Yoshimura, T, Chikara, H, Saijo, Y, and Kishi,
R, (2014). ‘Exposure to house dust phthalates in relation to asthma and allergies in both children and adults’. Science of the Total Environment, 485-486: pp
153-163.
[38] Shu, H, Jonsson, B, Larsson, M, Nanberg, E, and Bornehag, C (2014). ‘PVC flooring at home and development of asthma among young children in Sweden,
a 10-year follow-up’. Indoor Air, 24(3): pp 227-235.
[39] Jaakkola, J, Oie, L, Nafstad, P, Botten, G, Samuelsen, S, and Magnus, P (1999). ‘Interior surface materials in the home and the development of bronchial
obstruction in young children in Oslo, Norway’. American Journal of Public Health, 89: pp 188–192.
[40] Jaakkola, J, Verkasalo, P, and Jaakkola, N (2000). ‘Plastic wall materials in the home and respiratory health in young children’. American Journal of Public
Health, 90: pp 797–799.
[41] Lott, SM, Vallette, J (2013). Full Disclosure Required: A Strategy to Prevent Asthma. Washington, DC: Healthy Building Network.
[42] National Institutes of Health, (2012). Healthy Environments: A Compilation of Substances Linked to Asthma. New York City: Division of Environmental
Protection. Available: http://nems.nih.gov/Sustainability/Documents/NIH%20Asthma%20Report.pdf.
[43] Association of Occupational and Environmental Clinics (AOEC), (2012). AOEC Exposure Codes List. [Online] Available: http://www.aoec.org/content/
tools_1_2.htm.

8

ASTHMAGENS IN BUILDING MATERIALS: THE PROBLEM AND SOLUTIONS (cont.)
[44] Commission de la santé et de la sécurité du travail (CSST), (2014). List of Agents Causing Occupational Asthma. [Online] Available: http://www.asthme.
csst.qc.ca/document/Info_Gen/AgenProf/Bernstein/BernsteinAng.htm.
[45] The Collaborative on Health and the Environment (CHE), (2011). CHE Toxicant and Disease Database. [Online] Available: http://www.healthandenvironment.org/tddb/.
[46] Global Automotive Stakeholders Group (GASG), (2014). Global Automotive Declarable Substance List (GADSL). Available from: http://www.gadsl.org.
[47] European Commission, (2014). EN ANNEX. EU ECOLABEL CRITERIA AND ASSESSMENT AND VERIFICATION REQUIREMENTS. Document D029991/02.
Brussels: Directorate-General for the Environment.
[48] Asthma & Allergy Friendly Certification Program, (2013). Certified Products: Flooring. [Online] Available: http://www.asthmaandallergyfriendly.com/
certified-products/flooring.html.
[49] Greenbuild 2012: Rick Fedrizzi Keynote, (2012). (Video Recording) San Francisco, U.S. Green Building Council (USGBC). [Online] Available: http://www.
usgbc.org/resources/greenbuild-2012-rick-fedrizzi-keynote.

APPENDIX A.
BACKGROUND ON ASTHMA
Asthma is a complex and heterogeneous disease. Various combinations of genetic predisposition and exposures to environmental agents,
including allergens, chemicals, psychosocial stress, and different dietary patterns, can result in the development of asthma. Airway narrowing and wheeze characterize asthma. Inflammation in the lungs is usually present although there is some variability in the remodeling
of airways accompanying the disease.
We use term “asthmagen” to refer to a chemical that can initiate asthma onset in someone who did not previously have the disease. Exposures to asthmagens can combine with other risk factors to make the disease more likely. An asthma trigger is an environmental agent
that can cause an asthma attack in someone who has the disorder.
Two kinds of asthma that can be related to chemical exposures:
1. One kind is allergic or sensitizer induced asthma; the other is
2. Irritant-induced asthma.
3. Sometimes they are mixed in a single person.
Allergic or sensitizer induced asthma involves an immune system response to the chemical exposure. If it’s not recognized early, the sensitization can become more widespread to include a number of additional chemical substances.
Chemicals may also contribute to the risk of sensitizer-induced asthma by serving as an adjuvant—an agent that boosts the response
to an allergen, making sensitization more likely. For example, laboratory animal studies suggest that the plasticizer DEHP may act as an
adjuvant, thereby enhancing the risk of allergic sensitization to an allergen.[1]
Irritant induced asthma can be caused by a single, fairly large exposure to the chemical irritant. Airway irritation is followed by airway
narrowing and wheezing. This may then lead to reactive airway disease and more frequent wheezing episodes with an ultimate diagnosis
of asthma.

APPENDIX A SOURCES:
[1] Kimber, I, and Dearman, R, (2010). ‘An assessment of the ability of phthalates to influence immune and allergic responses.’ Toxicology,
271: pp 73-82.

APPENDIX B.
Bisphenol A Diglycidyl Ether (BADGE): Early life exposures
Bisphenol A diglycidyl ether (BADGE) is a member of the family of glycidyl ethers that have been widely used as components of epoxy
resins for decades. In the built environment, they are found in high concentrations in epoxy fluid applied floors, adhesives and sealants, as
well as paints, toys, compact discs, electronic equipment, and printed circuit boards. Volatilization and/or release of bisphenol analogues
from these products are considered to be sources of contamination of indoor dust. [1]
BADGE and its hydrolysis products have been reported in indoor dust. Wang et al. in 2012 studied 158 dust samples from four countries.
The study found mean concentrations of 2 to 3 parts per million (ppm) of BADGE and its hydrolysis products in indoor dust, and considered BADGE-based epoxy resin as a source.[2] Rudel et al. in 2003 found a median value of 0.821 ppm bisphenol A in 118 dust samples
from homes in Cape Cod.[3],[4]
Workers who spray BADGE have elevated urinary levels of bisphenol A (BPA), which suggests that BADGE may generate BPA endogenously.[5] Exposure to BPA in the general population is widespread.[6] Dietary intake from food contamination is a major source, but
dermal contact as well as indoor dust ingestion and inhalation contribute significantly. The estimated median daily intake of bisphenol
analogues through dust ingestion in the U.S., China, Japan, and Korea was 12.6, 4.61, 15.8, and 18.6 ng/kg body weight/day, respectively,
for toddlers and 1.72, 0.78, 2.65, and 3.13 ng/kg bw/day, respectively, for adults.[7]
Some of the highest levels of BPA reported in human specimens (8.3 ng/ml) occur in amniotic fluid between weeks 15-18 of pregnancy.[8]
In some animal studies, developmental exposure to bisphenol A is associated with alteration of the immune response and in some cases,
increased sensitization to allergens.[9],[10] In a laboratory study of mice, maternal dietary exposure to BPA during gestation and lacta-
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tion resulted in increased allergic sensitization to an allergen (ovalbumin) and airway inflammation in newborn offspring.[11] In a similar
study, after maternal exposure to BPA in drinking water during gestation and lactation, offspring were studied in adulthood after being on
a BPA-free diet following weaning.[12] Allergic sensitization to ovalbumin in infancy remained increased in BPA-exposed animals without
evidence of increased lung inflammation.
But not all studies in mice have similar findings.[13],[14] A recent study using a similar, widely used experimental model of asthma in mice
concluded that the impacts of BPA on immune system development and allergic asthma response is dependent on timing and duration of
exposure.[15] Lifelong exposure from birth, but not pre-natally, until the last antigen challenge increased inflammation in the lung, airway
hyper-reactivity and antigen-specific serum IgE levels in OVA-sensitized adult mice compared to mice without BPA exposure.
A study in female non-human primates found that exposure to environmentally-relevant doses of BPA during late gestation accelerates
secretory cell maturation in the proximal conducting airways.[16]
In one prospective cohort study of 398 mother-infant pairs, higher prenatal BPA exposure was associated with increased odds of wheeze
in early life.[17] Another long-term prospective cohort study of children in New York found that urinary BPA concentrations at ages 3, 5,
and 7 years were associated with increased asthma risk assessed at ages 5 to 12 years, whereas maternal gestational exposures had an
inverse relationship to asthma risk.[18]
Collectively, these studies show that developmental exposures to BPA can alter both immune system and lung development in ways that
may make asthma more likely. Some developmental periods appear to be more responsive than others, making the timing and duration
of exposure important considerations.
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TOP PRIORITY
ACID ANHYDRIDES
Maleic Anhydride (108-31-6)

Aklyd coatings, Engineered wood binder, Insulation binder, Carpet backing

0.01%
(Renault)

No

No

No

Yes

Phthalic Anhydride (85-44-9)

Alkyd paints, rubber flooring

0.01% (Renault)

No

No

No

Yes

Acrylic acid (79-10-7)

Paints, insulation binder

0.01% (BGO)

No

No

No

Yes

Polymethyl methacrylate (9011-14-7)

Solid surfaces, engineered wood flooring, chalkboard paint

No

No

No

No

No

Methyl Methacrylate (80-62-6)

Solid surfaces, fluid flooring, adhesives

0.01% (BGO)

No

No

No

Yes

Trimethylolpropane triacrylate (1562589-5)

Flooring finishes

0.001%
(Renault)

No

No

No

No

2-AmiNoethaNol (141-43-5)

Adhesives

No

No

No

No

Yes

TriethaNolamine (102-71-6)

Batt insulation binder, engineered
wood binder, chalkboard paint

No

No

No

No

Yes

2-DimethylamiNoethaNol (108-01-0)

Spray foam insulation

No

No

No

No

No

ACRYLATES

ETHANOLAMINES
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ISOCYANATES
Methylene Bisphenyl Diisocyanate
(101-68-8)

Recycled tire flooring, adhesives,
composite wood binder, fluid flooring,
spray foam insulation, carpet backing

0.01% (BGO)

No

No

No

No

Methylenediphenyl diisocyanate &
related compounds (26447-40-5)

SPF, thermal insulation, mineral board,
composite woods, solid surfaces, high
performance coatings, adhesives

0.01% (BGO)

No

No

No

No

Toluene diisocyanate (26471-62-5)

Carpet backing

0.01% (BGO)

No

No

No

No

Polymeric TDI (9017-01-0)

Cork flooring

No

No

No

No

No

1,6-Hexamethylene Diisocyanate
(822-06-0)

Paints, Carpets (backing), Flooring
finishes

0.01% (BGO)

No

No

No

No

4,4’-MDI homopolymer (25686-28-6)

Spray foam insulation

None

No

No

No

No

Diphenylmethane-2,4’-diisocyanate
(2,4’-MDI) (5873-54-1)

Spray foam insulation, polyurethane
carpet backing

0.01% (BGO)

No

No

No

No

Polymeric MDI (9016-87-9)

Cork flooring, fluid flooring, engineered
wood binder, adhesives, spray foam insulation, polyurethane carpet backing,
underlayment

0.01% (BGO)

No

No

No

No

Benzyl butyl phthalate (85-68-7)

PVC flooring (sheet and VCT), flooring adhesives, PVC roofing membrane,
carpet backing

0.01% (BGO);
prohibited over
0.25%

Yes

Yes

No

Yes

Di-(2-ethylhexyl) phthalate (117-81-7)

Roofing membranes, vinyl carpet backing, PVC flooring (VCT and sheet)

0.01% (BGO);
prohibited over
0.3%

Yes

Yes

No

Yes

Di-n-hexyl phthalate (84-75-3)

Vinyl composition tile

0.1% (Renault)

No

Yes

No

No

Dibutyl phthalate (84-74-2)

Flooring finishes, casework adhesive,
lacquers

0.01% (BGO);
prohibited over
0.25%

Yes

Yes

No

Yes

DiisoNonyl phthalate (28553-12-0)

Vinyl composition tile, vinyl carpet
backing

0.1% (BGO)

No

Yes

No

No

DiisoNonyl phthalate (DINP-1, mixture
of isomers as manufactured) (6851548-0)

Carpet (backing), membrane rooofing,
VCT flooring

0.1% (BGO)

No

Yes

No

No

Dicyclohexyl phthalate (84-61-7)

Methyl methacrylate flooring

0.1% (BGO)

No

Yes

No

No

Diisodecyl phthalate (117-81-7)

Flooring adhesive, vinyl composition
tile

0.1% (BGO)

No

Yes

No

No

Di-n-octyl phthalate (117-84-0)

PVC membrane roofing

0.1% (BGO)

No

Yes

No

Yes

Ammonium hydroxide (1336-21-6)

Paints, adhesives

0.01% (BGO)

No

No

No

No

BispheNol A Diglycidyl Ether (BADGE,
1675-54-3 and 25085-99-8)

Adhesives, High Performance Coatings,
Grouts and Mortars

0.01% (BGO)

No

Yes

No

No

Formaldehyde (50-00-0, and various
compounds)

Laminate, thermal insulation, mineral
board, SPF, wallboard, engineered
wood, acrylic/latex adhesives

Any level must
be reported
(GADSL 2014)
prohibited over
0.1%

Yes

Yes

Yes

Yes

Polyfunctional aziridine (64265-57-2)

Floor finish, high performance coating

No

No

No

No

No

Styrene (100-42-5)

High performance coatings, polystyrene insulation, foam board insulation

0.1% (BGO)

No

No

Yes

Yes

PHTHALATES

OTHERS
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OTHER POTENTIAL ASTHMAGENS
BIOCIDES
Benzisothiazolin- 3-one (BIT) (263433-5)

Paints, adhesives

0.01% (BGO)

No

No

No

No

Didecyl dimethyl ammonium chloride
(DDAC) (7173-51-5)

Anti-sapstain treatments

0.01% (BGO)

No

No

No

No

Hexamethylenetetramine (100-97-0)

Preservatives

0.01% (BGO)

No

No

No

No

Triclosan (3380-34-5)

Paints, carpets, engineered wood,
ceramic tile

0.001% (BGO)

No

No

No

No

Aluminum (dust) (7429-90-5)

Window frames, siding, board insulation

No

No

No

No

No

Aluminum oxide (dust) (1344-28-1)

Resins, finishes, grouts, laminate surfaces

No

No

No

No

No

Chromium & chromium compounds
(dust) (7440-47-3; 18540-29-9 (Chromium VI))

Stainless steel; aluminum alloys; carpet
backings (via fly ash filler)

0.001% (Renault) prohibited above 0.1%

Yes

Yes

No

No

Cobalt & cobalt compounds (dust)
(7440-48-4)

Paints, flooring stains, fly ash, porcelain
tile

0.001% (BGO)

Yes

No

No

No

Nickel & nickel compounds (dust)
(7440-02-0)

Wall guards; carpet backings (via fly
ash)

0.001% (BGO)

Yes

No

No

No

Vanadium (dust) (7440-62-2)

Porcelain tile

No

Yes

No

No

No

Zinc Oxide (dust) (1314-13-2)

Paints, carpet backing, glazes, adhesives

0.01% (BGO)

No

No

No

No

Perfluorooctanesulfonic acid & salts
(PFOS [C8], 1763-23-1)

Stain-blocking carpet treatments

0.001% (BGO);
prohibited over
0.1% (Renault)

Yes

Yes

No

No

PerfluorooctaNoic acid & its salts
(PFOA [C8], 335-67-1)

Stain-blocking carpet treatments

0.01% (BGO)

Yes

Yes

No

No

PerfluorohexaNoic acid (PFHxA [C6],
307-24-4)

Stain-blocking carpet treatments,
grout

0.1% (Renault)

No

Yes

No

No

Acetic acid, glacial (64-19-7)

Silicone caulking, High performance
coatings

No

No

No

No

Yes

BispheNol A (80-05-7)

High-performance concrete hardeners,
fluid-applied flooring hardeners, epoxies, dry-erase paint

0.01% (BGO)

No

Yes

No

No

Colophony (gum rosin) (8050-09-7)

LiNoleum and adhesives

0.01% (Renault)

No

No

No

No

Polyvinyl Chloride (9002-86-2)

VCT flooring, corner guards, ceiling
panels, carpet backing, roofing membrane

0.1% (BGO)

Yes

Yes

No

No

Tall Oil Rosin Ester (8002-26-4)

LiNoleum and adhesives

No

No

No

No

No

Toluene (108-88-3)

Adhesives, lacquers, engineered wood
(binder and finish), paint

0.1% (BGO)

No

No

Yes

Yes

Wood dust, esp. Western Red Cedar
(No CAS No.)

Composite wood products and laminates

No

No

No

No

No

METAL DUSTS

PERFLUOROCARBONS

OTHERS
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