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Abstract

Fragrance is used in consumer products around the world. However, fragrance has been associated with adverse effects on indoor
and outdoor air quality and human health. Questions arise, such as the following: Why does fragrance in products pose problems?
What are sources of emissions and exposures? What are health and societal effects? What are possible solutions? This paper
examines the issue of fragranced consumer products and its science and policy dimensions, with a focus on the implications for
air quality and human health. Results include new findings and new questions for future research directions.
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Introduction

Fragrance has been used for thousands of years, with the intent
to create a more aesthetically pleasing environment and more
popular consumer products. However, in recent years, fra-
grance in products has been associated with adverse effects
on air quality and health, despite extensive tests for safety
(IFRA 2020a). What is perplexing is why products designed
to be positive may be creating unintended effects.

As background, most of our exposure to pollutants occurs
indoors. A primary source of indoor air pollutants is
fragranced consumer products, such as air fresheners and
cleaning supplies. Further, fragranced products have been im-
plicated as a contributor to outdoor pollutants. However, in-
door environments and fragranced product emissions are es-
sentially unregulated. Also, fragranced product ingredients are
not required to be fully and specifically disclosed, not on
labels, safety data sheets, or elsewhere. Therefore, an impor-
tant source of air pollutants and exposures is largely unregu-
lated, and the emissions and ingredients are largely unknown.
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Yet exposures have been associated with a range of health
problems, such as breathing difficulties and headaches, in
nearly a third of the general population in four countries
representing three continents.

This paper analyzes and synthesizes data and research find-
ings on the fragranced products phenomenon. A goal is to
provide an integrated understanding of the scientific founda-
tions and policy implications for air quality and health. To do
so, it investigates the following questions: How prevalent is
product use and exposure? What health problems are associ-
ated with exposure? What volatile ingredients are emitted
from the products? Are ingredients disclosed? Are green, or-
ganic, and natural products any different? What strategies can
reduce emissions and exposures? Results point to new insights
and new directions for research and, ultimately, new knowl-
edge for understanding and reducing potential effects of
fragranced consumer products on air quality and health.

To begin, this paper provides some definitions:

A “fragrance” is a scent and, despite its singular name, it is
a formulation of dozens of chemicals, such as volatile organic
compounds (VOCs). Nearly 4000 ingredients have been doc-
umented for use in the composition of a fragrance (IFRA
2020Db). A fragrance is generally intended to “provide an aro-
ma, to mask an odor, or both” (Steinemann 2019a).

A “fragranced consumer product” (or “fragranced product”
for brevity) is a product that “contains an added fragrance or
that is largely comprised of fragrance” (Steinemann 2019a).
Fragranced products cover hundreds of everyday items, such
as air fresheners, deodorizers, cleaning supplies, laundry
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detergents, fabric softeners, essential oils, candles, soaps, per-
sonal care products, colognes, and hand sanitizers.

A distinction is made herein between a cosmetic item
termed fragrance (such as a perfume or cologne) versus a
chemical mixture termed fragrance that is added to a product.
This article focuses on the latter, although a fragrance (per-
fume, cologne) is one of the hundreds of types of fragranced
consumer products.

“Fragrance sensitivity” is a health condition characterized
by one or more types of adverse health effects from exposure
to one or more types of fragranced consumer products
(Steinemann 2019b).

International studies of fragranced consumer
products: emissions, exposures, and effects

Nationally representative population-based studies were con-
ducted across four countries—the United States (US),
Australia (AU), the United Kingdom (UK), and Sweden
(SE)—to investigate fragranced product emissions, expo-
sures, and effects. The studies used cross-sectional surveys
of adults ages 18-65, with a questionnaire in the native lan-
guage as the survey instrument. Sample populations (n =
1137, 1098, 1100, 1100, respectively) were representative of
the general populations according to age, gender, and region
(confidence level = 95%, margin of error = 3% for all studies).
Using randomized participant recruitment, the surveys drew
upon large web-based panels (with over 5,000,000; 200,000;
900,000; 60,000 participants, respectively). In addition to the
general population, the survey also investigated effects on
vulnerable sub-populations, such as asthmatic individuals
and autistic individuals. The surveys were performed in
June 2016 (US, AU, UK) and June 2017 (SE). The survey
response rates were 94%, 93%, 97%, and 92% (respectively),
and all responses were anonymous. (For additional survey
details, see Steinemann 2016, 2017a, 2018¢, d, 2019b.)

The studies investigated the following types of fragrance
products, exposures, and effects.

Fragranced products were categorized as follows: “(a) air
fresheners and deodorizers (e.g., sprays, solids, oils, disks);
(b) personal care products (e.g., soaps, hand sanitizer, lotions,
deodorant, sunscreen, shampoos); (c) cleaning supplies (e.g.,
all-purpose cleaners, disinfectants, dishwashing soap); (d)
laundry products (e.g., detergents, fabric softeners, dryer
sheets); (e) household products (e.g., scented candles, rest-
room paper, trash bags, baby products); (f) fragrance (e.g.,
perfume, cologne, after-shave, essential oils); and (g) other.”

Exposure contexts included the following: “air fresheners
or deodorizers used within indoor environments; scented laun-
dry products coming from a dryer vent; being in a room after it
was cleaned with scented cleaning products; being near
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someone wearing a fragranced product; and exposure to other
types of fragranced consumer products.”

Health effects were categorized as follows: “(a) migraine
headaches; (b) asthma attacks; (c) neurological problems (e.g.,
dizziness, seizures, head pain, fainting, loss of coordination);
(d) respiratory problems (e.g., difficulty breathing, coughing,
shortness of breath); (e) skin problems (e.g., rashes, hives, red
skin, tingling skin, dermatitis); (f) cognitive problems (e.g.,
difficulties thinking, concentrating, or remembering); (g) mu-
cosal symptoms (e.g., watery or red eyes, nasal congestion,
sneezing); (h) immune system problems (e.g., swollen lymph
glands, fever, fatigue); (i) gastrointestinal problems (e.g., nau-
sea, bloating, cramping, diarrhea); (j) cardiovascular problems
(e.g., fast or irregular heartbeat, jitteriness, chest discomfort);
(k) musculoskeletal problems (e.g., muscle or joint pain,
cramps, weakness); and (1) other.”

For fragrance sensitivity, the survey asked, “Do you expe-
rience any health problems when exposed to (specific
fragranced product or exposure context)?” If the respondent
answered yes, the survey then asked the respondent to specify
which health problem(s) they experienced. An individual was
considered to characterize fragrance sensitivity if they report-
ed one or more types of health problems from exposure to one
or more types of fragranced consumer products or exposure
contexts.

The study also identified vulnerable populations, such as
asthmatic individuals and autistic individuals.

For asthmatic individuals, the survey asked, “Has a doctor
or health care professional ever told you that you have asthma
or an asthma-like condition?” If the respondent answered yes,
the survey then asked to specify which one or both. For this
study, “asthmatic individuals™ are considered to be medically
diagnosed with asthma, an asthma-like condition, or both.

For autistic individuals, the survey asked, “Has a doctor or
health care professional ever told you that you have autism or
autism spectrum disorder?” If the respondent answered yes,
the survey then asked to specify which one or both. For this
study, “autistic individuals” are considered to be medically
diagnosed with autism, an autism spectrum disorder, or both.

Results are provided below, with averages across the coun-
tries provided as single percentage, and with individual coun-
try results (US, AU, UK, SE) provided as a series of four
percentages, respectively. Complete results with data and sta-
tistics, for each country, each sup-population, and each ques-
tion, are provided in Steinemann (2016, 2017a, 2018a, b, c, d,
2019a, b, ¢).

Pervasiveness of product use and exposure
Fragranced consumer products are used around the world.

Exposure is common, both direct and indirect, voluntary and
involuntary.
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Across the four countries, 99.1% of the population is ex-
posed to fragranced products, at least once a week, from their
own use (98.3%), from others’ use (90.6%), or from either or
both (99.1%). For individual countries: from own use (98.3%,
98.0%, 98.5%, 98.5%), from others’ use (92.1%, 88.1%,
89.0%, 93.3%), or from either or both (99.0%, 98.5%,
99.3%, 99.5%).

Specific product results, for population exposure at least
once a week, are as follows: air fresheners and deodorizers,
74.7%; personal care products, 93.2%; cleaning supplies,
86.2%; laundry products, 87.1%; household products,
79.1%; fragrance, 82.8%; and other products, 3.7%.

The problem of widespread exposure (90.6%) to others’
use of products gives rise to the problem of “secondhand
scents”: indirect or involuntary exposure to fragranced prod-
ucts (Steinemann 2019a). Consequences of secondhand scents
include, for example, restricted access in society, health risks,
lost workdays and lost jobs, and negative effects in daily life
and living situations.

Prevalence of fragrance sensitivity

Among the general population, across the four countries,
32.2% of adults on average (34.7%, 33.0%, 27.8%, 33.1%)
report fragrance sensitivity; that is, adverse health effects from
exposure to fragranced consumer products.

Among vulnerable sub-populations, the prevalence of fra-
grance sensitivity is higher. For instance, 57.8% of asthmatic
individuals and 75.8% of autistic individuals report adverse
effects from fragranced products.

Fragranced product exposures

Fragranced product exposures, with associated frequencies of
reports of health problems, include but are not limited to the
following:

General population: air fresheners and deodorizers, 17.4%
(20.4%, 16.4%, 15.5%, 17.3%); fragranced laundry products
coming from a dryer vent, 7.6% (12.5%, 6.1%, 6.0%, 5.6%);
being in a room after it has been cleaned with fragranced
products, 15.7% (19.7%, 15.3%, 14.0%, 13.8%); being near
someone who is wearing a fragranced product, 20.1% (23.6%,
19.4%, 13.7%, 23.5%); and other types of fragranced consum-
er products, 18.6% (22.3%, 20.3%, 13.9%, 17.9%).

For vulnerable sub-populations, the exposures and associ-
ated frequencies of reports of health problems (% relative to
each sub-population) include the following:

Asthmatic individuals: air fresheners and deodorizers
(36.7%), fragranced laundry products coming from a dryer
vent (18.1%), being in a room after it has been cleaned with
fragranced products (32.9%), being near someone who is

wearing a fragranced product (38.7%), and other types of
fragranced consumer products (37.5%).

Autistic individuals: air fresheners and deodorizers
(62.9%), fragranced laundry products coming from a dryer
vent (57.5%), being in a room after it has been cleaned with
fragranced products (65.9%), being near someone who is
wearing a fragranced product (60.5%), and other types of
fragranced consumer products (64.3%).

Vulnerable sub-populations have a higher frequency of re-
ports of health problems than the general population, across all
exposure contexts. For instance, when exposed to air fresh-
eners or deodorizers, 36.7% of asthmatic individuals and
62.9% autistic individuals report health problems, compared
with 17.4% of the general population.

Each of these exposure contexts represents a potentially
involuntary exposure, and one that can pose risks to an indi-
vidual’s health and their ability to have access and opportuni-
ties in society. Further, all types of fragranced products and
exposure contexts studied were associated with adverse health
effects.

Health problems

Across the general population in the four countries, the fre-
quency and types of adverse health effects associated with
fragranced product exposures include the following: respira-
tory problems, 16.7% (18.6%, 16.7%, 11.6%, 20.0%); muco-
sal symptoms, 13.2% (16.2%, 14.0%, 9.2%, 13.5%); migraine
headaches, 12.6% (15.7% 10.0% 8.4% 16.1%); skin prob-
lems, 9.1% (10.6% 9.5% 9.8% 6.5%); asthma attacks, 7.0%
(8.0% 7.6% 6.8% 5.5%); neurological problems, 5.1% (7.2%
4.5% 3.7% 5.0%); cognitive problems, 4.3% (5.8% 4.1%
2.8% 4.5%); gastrointestinal problems, 3.8% (5.5% 3.3%
3.0% 3.5%); cardiovascular problems, 3.2% (4.4% 3.0%
3.2% 2.1%); immune system problems, 2.7% (4.0% 3.3%
1.9% 1.5%); musculoskeletal problems, 2.5% (3.8% 2.6%
2.0% 1.5%); and other, 2.0% (1.7% 1.9% 2.1% 2.2%).

For vulnerable sub-populations, the frequencies of the
types of adverse health effects (% relative to that sub-popula-
tion) include the following:

For asthmatic individuals: respiratory problems (37.7%),
mucosal symptoms (25.4%), asthma attacks (25.0%), mi-
graine headaches (22.6%), skin problems (17.1%), neurolog-
ical problems (10.2%), cognitive problems (9.8%), gastroin-
testinal problems (8.6%), cardiovascular problems (7.9%),
immune system problems (6.5%), musculoskeletal problems
(6.5%), other (1.6%).

For autistic individuals: respiratory problems (44.7%), mi-
graine headaches (42.9%), mucosal symptoms (42.1%), skin
problems (39.7%), asthma attacks (35.9%), cardiovascular
problems (34.3%), neurological problems (34.3%), musculo-
skeletal problems (34.1%), cognitive problems (32.5%),
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gastrointestinal problems (29.2%), immune system problems
(31.4%), and other (2.0%).

Thus, across the general population and each of the vulner-
able sub-populations, the most frequently reported adverse
health effects are respiratory problems, mucosal symptoms,
migraine headaches, skin problems, and asthma attacks.

For each type of health problem, the frequencies are higher
for vulnerable sub-populations. For instance, respiratory prob-
lems are reported by 37.7% of asthmatic individuals and
44.7% of autistic individuals when exposed to fragranced
products, compared with 16.7% of the general population
(Steinemann and Goodman 2019; Steinemann et al. 2018;
Steinemann 2018a, b). Also, migraine headaches are reported
by 22.6% of asthmatic individuals and 42.9% of autistic indi-
viduals when exposed to fragranced products, compared with
12.6% of the general population (Steinemann and
Nematollahi 2020; Steinemann 2018a, b).

Disabling health effects

Health effects from exposure to fragranced products can be so
severe as to be considered disabling, according to legislative
criteria for disability in each country. Across the four coun-
tries, 9.5% of the general population (17.2%, 5.6%, 7.1%,
8.0%), representing 29.1% of fragrance sensitive individuals
(49.5%, 17.1%, 25.5%, 24.2%), report health effects that
could be considered disabling, according to the disability leg-
islation in each country (ADAAA 2008; DDA 1992; EA
2010; DA 2008).

For vulnerable individuals, percentages of disabling effects
are higher. For 24.1% of asthmatic individuals (40.3%,
15.0%, 20.1%, 20.8%) and 72.8% of autistic individuals
(85.4%, 82.4%, 54.5%, 69.0%), health problems from
fragranced products can be potentially disabling.

Loss of workdays and loss of jobs

Among the general population across the four countries, 9.0%
of adults have lost workdays or lost a job, in the previous year,
due to illness from fragranced product exposure in the work-
place (15.1%, 7.7%, 6.3%, 6.7%). For vulnerable individuals,
the percentages are higher: 20.6% of asthmatic individuals
and 59.4% of autistic individuals have lost workdays or lost
a job, in the past year, due to fragranced product exposure in
the workplace. (Steinemann 2019b.)

Personal costs due to these lost workdays and lost jobs, in
the past year, ranged from an estimated $86 billion to $206
billion, with a midrange value of $146 billion (in terms of
2016 USD). Losses estimated for each country (US, AU,
UK, SE) are as follows (midrange value, 2016 USD): $132
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billion, $2.7 billion, $10.5 billion, $900 million. (Steinemann
2019b.)

Given the population of 33.9 million people who have lost
workdays or a job due to fragranced product exposure (30.2
million, 1.1 million, 2.2 million, 0.4 million), this represents
an average annual cost of $4300 USD per person. Costs are
estimated for direct personal expenses only and do not include
other costs to individuals, employers, the health care system,
and the broader society, associated with loss of productivity
and loss of employment. (Steinemann 2019a, b.)

Loss of societal access

Fragranced product exposures, or the potential for exposures,
are associated with loss of societal access:

Among the general population across the countries: 13.3%
of individuals (17.5%, 11.6%, 12.1%, 12.0%) are unable or
reluctant to use the restrooms in a public place, because of the
presence of an air freshener, deodorizer, or scented product;
10.4% of individuals (14.1%, 10.3%, 10.3%, 6.7%) are unable
or reluctant to wash their hands with soap in a public place,
because the soap is fragranced; 17.0% of individuals (20.1%,
16.7%, 13.1%, 8.1%) report that if they enter a business, and
smell air fresheners or some fragranced product, they want to
leave as quickly as possible; and 16.0% of individuals (22.7%,
15.0%, 13.5%, 12.6%) have been prevented from going to
some place because they would be exposed to a fragranced
product that would make them sick.

For vulnerable sub-populations: 26.4% of asthmatic indi-
viduals and 62.1% of autistic individuals are unable or reluc-
tant to use the restrooms in a public place, because of the
presence of an air freshener, deodorizer, or scented product;
21.9% of asthmatic individuals and 59.8% of autistic individ-
uals are unable or reluctant to wash their hands with soap in a
public place, because the soap is fragranced; 31.6% of asth-
matic individuals and 58.7% of autistic individuals report that
if they enter a business, and smell air fresheners or some
fragranced product, they want to leave as quickly as possible;
and 32.9% of asthmatic individuals and 66.7% of autistic in-
dividuals have been prevented from going to some place be-
cause they would be exposed to a fragranced product that
would make them sick.

Across all types of exposures, the percentages of individ-
uals adversely affected are higher for vulnerable sub-popula-
tions. Practical implications of the results are compelling. For
instance, more than one-fourth of asthmatic individuals and
one-half of autistic individuals are prevented from using pub-
lic restrooms that have air fresheners. Although washing
hands with soap is intended to reduce health risks, individuals
may be prevented from washing hands with soap due to health
risks associated with fragrance in the soap. Further, a store
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using an air freshener or fragranced product may actually turn
away rather than attract customers.

Product emissions as air pollutants

Fragranced consumer products can be a primary source of
indoor air pollutants (Steinemann 2017b). In studies of
indoor environments around the world, fragranced prod-
uct chemicals (such as limonene) are consistently among
the most prevalent and highest concentrations among pol-
lutants (e.g., Goodman et al. 2017; Jia et al. 2008; Wang
et al. 2017). In addition to being a primary source of
indoor pollutants, fragranced products have been implicat-
ed as major contributors to outdoor air pollution (e.g.,
McDonald et al. 2018). Thus, in an interesting develop-
ment, fragranced consumer products used indoors have
received regulatory attention because of the ability of
product emissions to migrate outdoors and affect ambient
air quality (CARB 2019).

Product ingredients and disclosure

Ingredients in fragranced consumer products are not required
to be specifically and fully disclosed, in any country (Lunny
et al. 2017; Steinemann 2015, 2009; Steinemann et al. 2011).
Main components of the regulations are as follows:

No law in any country requires the full disclosure of all
ingredients in a chemical mixture termed “fragrance,” not
on the product label, safety data sheet, or elsewhere.
Instead, a product may list the general term “fragrance”
(or another legally approved term, such as “perfume” or
“parfum”) instead of listing all individual ingredients in
that fragrance.

No law requires that consumer products (i.e., products oth-
er than foods, drugs, and cosmetics) disclose all ingredients on
the label, safety data sheet, or elsewhere. Further, these prod-
ucts are not even required to list the general term “fragrance.”

For the other classes of consumer products (i.e., foods,
drugs, and cosmetics), while they do need to list all ingredients
on the label (although not on the safety data sheet), the general
term “fragrance” may be used instead of the specific
ingredients.

Thus, and paradoxically, a primary source of exposure
to pollutants, fragranced consumer products, is exempt
from full disclosure of the ingredients that contribute to
the pollutants. Consequently, the public, professionals,
and agencies lack information to understand the links be-
tween emissions, exposures, and effects on air quality and
health.

Volatile emissions from fragranced consumer
products

Notwithstanding the regulatory protections on full ingredient
disclosure, products can be chemically analyzed to determine
their constituents. A set of studies analyzed volatile organic
compounds (VOCs) emitted from common consumer prod-
ucts, both fragranced and fragrance-free versions, and green
and regular versions (Steinemann 2015; Nematollahi et al.
2018a, b, 2019; Steinemann et al. 2020). Products were ran-
domly selected from stores in the US and AU, although the
same or similar products are also available internationally.
Product definitions for these studies are as follows:

“Fragranced products” are considered products that contain
“fragrance,” “parfum,” “perfume,” “essential oils,” or an aro-
matic scent (even if undisclosed). “Fragrance-free” products
are considered products with the claim of “fragrance-free” or
“no fragrance.” (To note, “unscented” products are not includ-
ed in this category, because they may actually contain a fra-
grance to cover the scent.)

“Green products” are considered products with the claim of
“green” or a related term such as “organic,” “natural,” “no
petrochemicals,” “certified green,” “certified organic,” or “es-
sential oils” for the entire product or specific ingredients.
“Regular products” are the products other than those in the
“green” category.

The studies used gas chromatography/mass spectrometry
(GC/MS) headspace analysis to identify the VOCs emitted
directly from each product. The top 20 peaks (highest concen-
tration compounds) for each product were identified from the
sample chromatogram using mass spectral library matches.
Further analytic details are provided in Steinemann et al.
(2011) and Nematollahi et al. (2018a).

“VOC occurrences” refers to the collective number of in-
dividual VOCs or ingredients emitted from the products.
“VOC identities” refers to the number of distinctly named
VOCs emitted from one or more of the products.

Main results of five studies (Steinemann 2015;
Nematollahi et al. 2019, 2018a, b; Steinemann et al. 2020)
are provided respectively below.

2 < 99 G

2 ¢

(1) Study of 37 common consumer products: air fresheners,
laundry products, cleaning supplies, and personal care
products. The GC/MS analyses found 559 VOC occur-
rences, representing 156 VOC identities. Among these
VOCs, 230 VOC occurrences, representing 42 VOC
identities, are classified as potentially hazardous. All
products emitted potentially hazardous VOCs.

The most common fragranced product VOCs (>80% of
products) were limonene and beta-pinene. The most common
fragrance-free product VOC (100% of products) was ethanol,
which was also in fragranced products. The most common
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potentially hazardous VOCs (>75% of products) were etha-
nol and limonene. No significant difference was found in the
emissions of hazardous air pollutants between green
fragranced products and regular fragranced products.

Fewer than 3% of the VOCs, and fewer than 6% of poten-
tially hazardous VOCs, were disclosed on the product labels,
safety data sheets, or elsewhere. Further, among the
fragranced consumer products (other than cosmetics), 91%
did not disclose the presence of a “fragrance” on the label or
safety data sheet. Among the fragranced cosmetics, 89% did
not disclose “fragrance” on the safety data sheet, but all
disclosed “fragrance” on the label, as required.

(2) Study of 134 common consumer products: air fresh-
eners, laundry products, cleaning supplies, personal care
products, and sunscreens. The GC/MS analyses found
1538 VOC occurrences, representing 338 VOC identi-
ties. Among these VOCs, 517 VOC occurrences,
representing 69 VOC identities, are classified as poten-
tially hazardous. Nearly all products (99%) emitted po-
tentially hazardous VOCs.

The most common fragranced product VOC (77% of prod-
ucts) was limonene. The most common fragrance-free product
VOC (40% of products) was ethanol. The most common po-
tentially hazardous VOCs (>40% of products) were limonene
and ethanol. No significant difference was found in emissions
of the most prevalent potentially hazardous VOCs between
green fragranced products and regular fragranced products.

Fewer than 10% of VOCs, and fewer than 4% of potential-
ly hazardous VOCs, were disclosed on the product labels,
safety data sheets, or elsewhere.

(3) Study of 42 fragranced baby products: shampoos, lo-
tions, hair sprays, and fragrance. The GC/MS analyses
found 684 VOC occurrences, representing 228 VOC
identities. Among these VOCs, 207 VOC occurrences,
representing 43 VOC identities, are classified as poten-
tially hazardous.

The most common fragranced baby product VOC (67% of
products) was limonene. The most common potentially haz-
ardous VOCs (> 55% of products) were limonene, acetalde-
hyde, and ethanol. No significant difference was found in the
emissions of the most prevalent potentially hazardous VOCs
between green fragranced baby products and regular
fragranced baby products.

Fewer than 5% of VOCs, and fewer than 13% of potential-
ly hazardous VOCs, were disclosed on the product labels,
safety data sheets, or elsewhere.

(4) Study of 24 commercial essential oils. The GC/MS anal-
yses found 589 VOC occurrences, representing 188
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VOC identities. Among these VOCs, 124 VOC occur-
rences, representing 33 VOC identities, are classified as
potentially hazardous.

The most common essential oil VOCs (> 70% of oils) were
alpha-pinene, limonene, and acetone. The most common po-
tentially hazardous VOCs (> 70% of oils) were limonene and
acetone. No significant difference was found in the emissions
of the most prevalent potentially hazardous VOCs between
natural and regular essential oils. No ingredients were
disclosed on any of the essential oil labels.

(5) Study of 12 car air fresheners. The GC/MS analyses
found 546 VOC occurrences, representing 275 VOC
identities. Among these VOCs, 30 VOC occurrences,
representing 9 VOC identities, are classified as potential-
ly hazardous.

The most common car air freshener VOCs (> 70% of prod-
ucts) were limonene, benzyl acetate, acetone, and ethanol. The
most common potentially hazardous VOCs (67% of products)
were acetaldehyde and methanol. No significant difference
was found in the emissions of the most prevalent potentially
hazardous VOCs between green and regular car air fresheners.
Fewer than 2% of VOCs, and none of the potentially hazard-
ous VOCs, were disclosed on the product labels, safety data
sheets, or elsewhere.

Most prevalent VOCs Across the five studies, the 249 products
emitted collectively 3916 VOCs. The most prevalent com-
pounds in fragranced products were terpenes (limonene, al-
pha-pinene, beta-pinene), which were not found in fragrance-
free products. The most prevalent compound in fragrance-free
products was ethanol, which was also a common compound in
fragranced products.

Potentially hazardous VOCs Across the studies, the 249
products emitted collectively 1108 potentially hazardous
VOCs, which represents 28% of all VOC occurrences.
Nearly all products (99%) emitted potentially hazardous
VOCs. The most prevalent potentially hazardous VOCs
were limonene (67% of products), ethanol (53%), and
acetaldehyde (44%).

Comparing VOCs emitted and ingredients listed Across the
studies, on average, fewer than 4% of all VOCs, and fewer
than 5% of potentially hazardous VOCs, were disclosed on
any product label, safety data sheet, or elsewhere.

Comparing green fragranced products and regular fragranced
products Also, across the studies, no significant differ-
ence was found in the emissions of the most prevalent
potentially hazardous VOCs between green (organic,



Air Qual Atmos Health (2021) 14:235-243

241

natural) fragranced products and regular fragranced
products.

Comparing fragranced and fragrance-free products Across all
studies, comparing emissions from fragranced and fragrance-
free versions of the same types of products, the main chemical
difference is the presence of terpenes (such as limonene, beta-
pinene, and alpha-pinene) in all fragranced products, and the
absence of terpenes in all fragrance-free products. This leads
to a focus on terpenes.

Terpenes and reaction products

Terpenes were the most commonly and consistently emitted
VOCs from fragranced products. As noted above, terpenes
were present in all fragranced products tested, but absent in
all fragrance-free products tested.

Terpenes characteristic of fragranced consumer products
are among the most abundant pollutant indoors and they con-
tribute to pollutants outdoors (Steinemann et al. 2013;
Steinemann 2015). In addition to being primary emissions,
terpenes react with other chemicals to generate a range of
secondary and potentially hazardous pollutants. For instance,
terpenes react with ozone indoors to generate pollutants such
as formaldehyde and ultrafine particles (Nazaroff and
Weschler 2004). Terpenes react with nitrogen oxides outdoors
to generate ozone and secondary organic aerosols (McDonald
et al. 2018).

Common terpenes in the fragranced consumer products,
such as limonene, are chiral molecules: they can exist as a
right-hand enantiomer (e.g., d-limonene), a left-hand enantio-
mer (e.g., I-limonene), or a mixture. Chiral molecules found in
nature are usually and predominantly one enantiomer or an-
other, whereas chiral molecules that are synthetized are usu-
ally a mixture of enantiomers. For a specific chiral molecule,
individual enantiomers and their mixtures can have the same
chemical structure but different biological effects. An interest-
ing area for scientific exploration is the potential difference in
effects of different enantiomeric forms and sources of chiral
fragrance molecules.

The paper now turns to promising approaches to reduce
emissions, exposures, and effects.

Fragrance-free products

Fragrance-free products can offer similar functionality but
without the potential issues associated with fragranced prod-
ucts. For instance, a cleaning or disinfection product may be
similarly effective at its primary function without the added
fragrance. Further, changes from fragranced to fragrance-free
products can reduce terpenes emissions in a relatively short

time period. For instance, changing from fragranced to
fragrance-free laundry products can reduce concentrations of
fragrance chemicals (i.e., limonene) emitted from dryer vents
by up to 99% within 4 weeks (Goodman et al. 2019b). While
the term “fragrance-free products” is not intended to imply
emissions-free products, they do offer an option for consumer
product functionality without the fragrance compounds.

In addition, removing or discontinuing use of fragrance
products can also reduce emissions and exposures. For in-
stance, removing or turning off air fresheners in a restroom
can reduce concentrations of fragrance chemicals within in-
door environments by up to 96% within 2 weeks (Goodman
et al. 2019a). Because fragrance molecules can adhere to sur-
faces during product use and be re-emitted later, even without
the product in use, reduction may not be 100% immediately,
but fragrance compound concentrations can decrease with
time.

Moreover, the fact that fragranced products can constitute a
barrier to participation in society can come under the auspices
of disability legislation. The change to a fragrance-free prod-
uct, the removal of the fragranced product, or a modification
in facilities or operations to mitigate fragrance exposure, for
instance, could be considered forms of reasonable accommo-
dation. To this end, fragrance-free practices and policies have
been implemented across the countries to accommodate sen-
sitive and vulnerable individuals, as well as to reduce potential
health risks and create a more healthful indoor air environment
for all (Steinemann 2019a).

Preferences for fragrance-free policies
and fragrance-free environments

Nationally representative population surveys, across the four
countries (US, AU, UK, SE), found that more people, at least
twice as many, prefer fragrance-free environments to
fragranced environments, such as workplaces, health care fa-
cilities and professionals, hotels, and airplanes. Among vul-
nerable sub-populations, preferences for fragrance-free envi-
ronments are even higher. Interestingly, even among individ-
uals who do not report fragrance sensitivity, a majority of
these non-fragrance sensitive individuals would nonetheless
prefer fragrance-free environments. Specific results are as fol-
lows (Steinemann 2018a, b, 2019a, b.)

For workplaces: 47.8% (53.1%, 42.8%, 44.7%, 50.7%) of
the general population would support a fragrance-free policy
in the workplace, compared with 20.4% (19.7%, 22.2%,
23.3%, 6.4%) that would not. Also, 56.7% of asthmatic indi-
viduals would support fragrance-free workplace policies,
compared with 17.7% that would not; 65.5% of autistic indi-
viduals would support fragrance-free workplace policies,
compared with 24.0% that would not; and 40.4% of non-
fragrance sensitive individuals would support fragrance-free
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workplace policies, compared with 23.4% that would not.
Thus, more than twice as many individuals would support
(than would not) fragrance-free policies in workplaces.

For health care: 51.4% (54.8%, 43.2%, 43.3%, 64.1%) of
the general population would prefer that health care facilities
and health care professionals be fragrance-free, compared
with 22.1% (22.4%, 25.2%, 26.7%, 14.0%) that would not.
Also, 62.3% of asthmatic individuals would prefer fragrance-
free health care, compared with 18.3% that would not; 77.2%
of autistic individuals would prefer fragrance-free health care,
compared with 16.4% that would not; and 42.3% of non-
fragrance sensitive individuals would prefer fragrance-free
health care, compared with 26.3% that would not. Thus, more
than twice as many individuals would support (than would
not) fragrance-free health care facilities and fragrance-free
health care professionals.

For hotels: 60.7% (55.6%, 55.6%, 53.8%, 77.7%) of the gen-
eral population would prefer hotels without fragranced air, com-
pared with 22.1% (27.8%, 22.7%, 28.1%, 9.8%) with fragranced
air. Also, 65.8% of asthmatic individuals would prefer hotels
without fragranced air, compared with 22.7% with fragranced
air; 52.1% of autistic individuals would prefer hotels without
fragranced air, compared with 38.1% with fragranced air; and
53.7% of non-fragrance sensitive individuals would prefer hotels
without fragranced air, compared with 25.1% with fragranced
air. Thus, more than twice as many individuals would prefer
hotels without fragranced air than with fragranced air.

For airplanes: 64.8% of the general population would prefer
airplanes without fragranced air, compared with 16.1% (59.2%,
57.7%, 61.9%, 80.2%) with fragranced air. Also, 68.8% of
asthmatic individuals would prefer airplanes without fragranced
air, compared with 17.3% with fragranced air; 48.4% of autistic
individuals would prefer airplanes without fragranced air, com-
pared with 41.2% with fragranced air; and 59.5% of non-
fragrance sensitive individuals would prefer airplanes without
fragranced air, compared with 17.3% with fragranced air. Thus,
more than twice as many individuals would prefer airplanes
without fragranced air than with fragranced air.

In summary, across all settings (workplaces, health care
facilities and health care professionals, hotels, and airplanes),
more than twice as people prefer fragrance-free to fragranced
environments. Even a majority of individuals who do not re-
port fragrance sensitivity would nonetheless prefer fragrance-
free environments. These findings are juxtaposed with trends
of putting fragranced air through indoor environments, even at
potential risks to individuals who can experience severe health
effects from exposure.

Future research

This fragrance phenomenon is a puzzle, and this article sought
to investigate the pieces and bring them together to provide
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new insights and directions. This domain also provides a rich
area for research. Future questions for exploration include the
following:

*  What chemicals or mixtures of chemicals could be asso-
ciated with the reported adverse effects?

*  What are possible differences in effects between different
forms (enantiomeric compositions) and different sources
(natural, synthesized) of chiral terpenes as found in
products?

* How can specific sources of fragrance chemicals that af-
fect indoor and outdoor air quality and health, such as
fragranced laundry products emitted from dryer vents, be
mitigated or regulated?

*  What policies or laws can help protect individuals affected
by fragranced products from involuntary exposures,
health risks, and loss of societal access due to secondhand
scents?

* What are relative benefits for air quality and health of
implementing fragrance-free policies?

* Given that fragrance formulations are extensively tested
for safety, yet fragrance is associated with reports of ad-
verse health effects, how and why could this occur?
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