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Abstract

This study determined the percentages of individuals who
report adverse effects from exposure to fragranced products
in the U.S. population and in suhpopulations of those with asthma or chemical sensitivity. Data were collected through telephone interviews from two geographically weighted,
random samples of the continental l.S. in two surveys during 2002-2003 and 2005-2006
(1,057 and 1,058 cases, respectively). Respondents were asked if they find heing next to
someone wearing a scented product irritating or appealing; if they have headaches, hreathing difficulties, or other prohlems when exposed to air fresheners or deodorizers; and if
they are irritated hy the scent from laundry' products, fahric softeners, or dryer sheets that
are vented outside. Results aggregated from hoth suneys found that 30.5% of the general
population reported scented products on others irritating, 19% reported adverse health
effects from air fresheners, and 10.9% reported irritation hy scented laundry products
vented outside. This study reveals that a considerahle percentage of the U.S. population
reports adverse health effeets or irritation from fragranced products, with higher percentages among those with asthma and chemical sensitivity.

Introduction
Fragranced products—such as air fresheners,
laundr)- supplies, personal care products, and
cleaners—arc ubiquitous in modem socieiy.
Recent studies suggest tliat fragranced products can elicit adverse health effects, especially
in susceptible individuals such as asthmatics
(Rumchcv, Spickcit, Bulsara, Phillips, & Stick,
2004; Zock et al., 2007). Further, fragranced
products can generate potentially substantial
levels of indoor air pollutants, including volatile organic compounds (VOCs) and uhrafine
panicles (Singer et al., 2006). Despite growing evidence ahout links hetween fragranced
products and health, the prevalence of adverse reactions to fragranced producís in the
general puhlic and in subpopulations has not
heen determined or systematically examined.
This studv addresses this need.
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Fragranced Products and Potential
Health Effects
Fragranced consumer products have heen
associated with a range of health eflccts that
include headaches (Farrow, Taylor, Northstone. & Golding, 2003; Kelman, 2004),
chest tightness and wheezing (Kumar et al.,
1995), infant diarrhea and vomiting (Farrow, Taylor, Northstone, & Golding, 2003),
mucosal irritation (Elberling et al., 2004),
reduced pulmonary function (Elliott, Longnecker, Kissling. & London, 2006; Shim
6i Williams, 1986), asthma and asthmatic
exacerbations (Kumar el a l , 1995; Medina-Ramón et al., 2006; Rumchev, Spickelt.
Bulsara, Phillips, & Stick, 2004; Shim &r
Williams, 1986), rhinitis and airway irrita*
tion (Larsson, Frisk, Hallstrom, Kiviloog,
& Lundback, 2001), sense organ irrilation

(Millqvist, Bengtsson, & Lowhagen, 19Q9),
and epidermal effects such as contact dermatitis (dc Groot & Frosch, 1997; Rasiogi,
Heydorn, Johansen, & Baskeller, 2001).
White the emphasis oí prior work has been
on epidermal exposure effects, consistent
with intentional use of producís (Cadby,
Troy, & Vey, 2002), other exposure routes
such as inhalation can be of concern for
unintentional and public exposures to fragranced products.
Chemical formulations of fragranced
products are largely undisclosed to consumers, due lo trade secrets and other regulatory protections (Sieinemann, 2009).
Furthermore, relatively few studies have
analyzed ihe chemicals emitted from iragranced products- In perhaps ihe largest
and most relevant studies, Wallace and coauthors (1991) and Cooper and co-aulhors
(1992) analyzed 31 fragranced products
such as perfumes, deodorants, soaps, fahric sofieners, and air fresheners, and identified approximately 150 uniqtie VOCs.
The most common VOCs, emitted from
at least half of the products, were clhanol,
limonene, linalool, ß-phenethyi alcohol,
and ß-myrcene. Steinemann (2009) analyzed six top*selling fragranced products
(air fresheners and laundry supplies), and
identified more than 50 unique VOCs, The
most common VOCs, emitted frotn al least
half of the products, were ethanol, limonene, a-pinene, ß-pinene, carene isomer,
2,4-di methyl-3-cyclohexene-l-carboxaldehyde (Triplai 1), acelaldehyde, henzyl
acetate, 3-hexen-l-ol, and linalool. Also
emitted from 5/6 of the products were one
or more "Hazardous Air Pollutants" (U.S.
Fnvironmental Protection Agency lU.S.
F.PAI, 2002), including acetaldchyde, chloromethane, and 1,4'dioxane. In addition to
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vestigates these reactions among individuals
with certain medical conditions—asthma and
chemica! sensitivity—that may make them
more vulnerable to fragranced exposures.

Percentages of Respondents Who Find Scented Products
on Others Irritating
Respondents
General population
Asthmatics
Chemically sensitive

MCS

1st Survey

I

2nd Survey

Average

31.1

29.9

30.5

37.2

37.9

37.5

74.4

60.2

67.3

69.2

48.7

59.0

BLE 2
Percentages of Respondents Who Report Health Problems from
Air Fresheners or Deodorizers
Respondents

1st Survey

2nd Survey

Average

General population

17.5

20.5

19.0

Asthmatics

29.7

37.2

33.5

Jiiemically sensitive

55.6

60.2

57.9

MCS

57.7

53.7

55.7

mñBLE 5

1st Survey

2nd Survey

General population

n/a

10.9

Asthmatics

n/a

21.2

Chemically sensitive

n/a

39.8

MCS

n/a

26.8

* Data available only in serand national survey.

primary pollutants, fragtance VOCs (e.g.,
limonene) can react readily with ozone to
produce secondary pollutants such as formiikiehyde, organic aerosols, ultrafine particles, and the hydroxyl radical (Nazaroff
& Weschler, 2004; Sarwar, Olson, Corsi. &
Weschlcr. 2004; Singer el al., 2006).
Few studies have previously attempted to
detertnine the prevalence of adverse reactions
lo fragranced products in the genera! population or in suhpopulations. In an epidemiological study of 1,027 households in eastern North
Carolina (Meggs, Dunn, Bloch. Goodman, &

Chemical sensitivity, which may be medically diagnosed as multiple chemical sensitivity (MCS), is characterized by adverse
reactions to common chemical substances.
such as those in pesticides, new carpets,
fresh paint, synthetic building materials,
cleaning supplies, and fragranced products
(Ashford & Miller, 1998). Individuals with
chemical sensitivity may not be medically
diagnosed with MCS but still characterize the condition when surveyed (Caress
& Steinemann, 2004a. 2004b). This study,
therefore, investigates adverse reactions to
fragrances reported by individuals with either characteristics of chemical sensitivity
or a medical diagnosis of MCS.

Methodology

Percentages of Respondents Who Report Irritation from
Scented Laundry Products Vented Outside*
Respondents

Asthma is normally characterized by occurrences of bronchial hyper-responsiveness
that obstructs breathing (Bel, 2004). This
condition could be exacerbated by certain
fragrances that irritate the bronchial lining
and overstimulate the respirator)' system (Institute of Medicine, 2000). Asthmatics, therefore, constitute a separate subpopulation in
this study that is examined and contrasted
with the general population.

Davidoff, 1996), 10.5% of the sample reported
that one or more individuals in the household
had adverse reactions to perfume. Other population surveys of chemical sensitivity, which
included perfume sensitivity, found a prevalence of 15.9% in California (Kreutzer, Neutra,
& Lashuay, 1999). and 12.6% in metropolitan
Atlanta (Caress & Steinemann, 2004a, 2004b).

Objectives of Study
This study investigates the extent to which
the genera! public reacts adversely to common fragranced products. In addition, it in-

Two geographically weighted, random national telephone surveys of the continental
United States were conducted in 2002-2003
and 2005-2006. The first sample contained
1,057 cases and the second sample had 1,058
cases. These sample sizes have a confidence
interval of ±3.0% and a confidence level of
95%. Each sample was composed of four separate seasonal cohorts.
The research implement was a questionnaire that asked respondents if they found
being next to someone wearing a scented
product, such as perfume or aftershave lotion, irritating or appealing; if they have
headaches, breathing difficulties, or other
problems when exposed to air fresheners
or deodorizers; and if they are irritated by
the scent from laundry products, fabric
softeners, or dryer sheets that are vented
outside (this question was asked in the
second survey only). Additional questions
asked respondents if they had been medically diagnosed with asthma, if they had
been medically diagnosed with MCS, and
if they are "unusually sensitive to everyday
chemicals like those in household cleaning
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products, paints, perfumes, detergents,
itisect spray and things like that," consistent within previous prevalence studies oí
chemical sensitivity (Caress & Steinetnann,
2004a, 2004h; Kreutzer, Neutra. & Lashuay, 1999). Demographic data on age, gender, and race/ethnicity were also collected.
Frequencies of responses were recorded
and used for cross-tabulation.

BLE 4
Prevalence of Subpopulations in Two National Samples
(in Percentages)
1st Survey

2nd Survey

Average

tethma

14.0

12.9

13,4

Chemical sensitivity

11.1

11.6

11,4

2.5

3.9

3,2

27.0

31.4

29.2

7.4

11,7

9,6

Chemical sensitivity (also with astiima)

34.2

34.9

34.6

MCS (also with asthma)

42.3

39.0

40.7

Subpopulations

Results

MCS

The percentages of individuals reporting reactions to fragrances from hoth the first and
second surveys, respectively, are provided
below with aggregated percentages given in
the tables.

Asttima (also with chemical sensitivity)

Reactivity in General Population
Atnong the general population, 31.1% and
29.9% found scented products on others to
be irritating {Table 1). Air fresheners caused
headaches, breathing difficulties, or other
problems for 17.5% and 20.5% (Table 2).
Scented laundry products vented outside
caused irritation for 10.9% (asked in second
survey only) (Table 3).
Reactivity of Individuals with Asthma
Among tliose with asthma, 37.2% and 37.9%
found scented products on others to be irritating (Table 1). Air fresheners caused headaches, breathing difficulties, or other problems for 29.7% and 37.2% (Table 2). Scented
laundry products vented outside caused irritation for 21.2% (asked in second survey
only) (Table 3).
Reactivity of Individuals with Chemical
Sensitivity
Among those with chemical sensitivity, 74.4%
and 60.2% found seemed products on others to be irritating (Table 1), Air fresheners
caused headaches, breathing difficulties, or
other problems for 55.6% and 60.2% (Table
2). Scented laundry products vented outside
caused irritation for 39.8% (asked in seeond
survey only) (Table 3).
Reactivity of Individuals with MCS
Diagnosis
Among those diagnosed with MCS, 69.2%
and 48,7% found scented products on others to be irritating (Table 1). Air fresheners
caused headaches, breathing difficulties, or
other problems for 57,7% and 53.7% (Table
2). Scented laundry products vented outside
caused irritation for 26.8% (asked in second
survey only) (Table 3).
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Asthma (also with MCS)

Prevalence of Subpopulations
Among all respondents, 14% and 12,9% had
been medically diagnosed with asthma, 11,1%
and 11,6% reported sensitivity to common
chemical products, and 2.5% and 3.9% had
been medically diagnosed with MCS (Table 4).
Among those diagnosed with asthma, 27,0%
and 31.4% also reported chemical sensitivity,
and 7.4% and 11,7% had also been diagnosed
with MCS. Among those with chemical sensitivity, 34.2% and 34.9% had also been diagnosed with asthma. Among those diagnosed
with MCS, 42.3% and 39.0% had also been
diagnosed with asthma.
Reactivity in Demographic Groups
The demographic characteristics (gender and
ethnicity/race) of the entire sample for both
national surveys are provided in Table 5. The
percentage ofthe respondents in each gender
and ethnicity/race group who gave a positive response to questions on irritation from
scented products, breathing problems from
air fresheners, and irritation from vented
laundry products are given in Table 6,
Among gender groups, a higher percentage of females, in both sur\'eys, reported reactions to scented products on others (36,0% and
31.6%), to air fresheners (21.1% and 22.0%),
and to scented laundr\' products (12,2%; second survey only). Among etbnicity/race groups,
Asians had the highest percentages of reactivity
in the first study to scented products on others
(38.1%) and to air fresheners (23,8%). in the
second study, Hispanics had the highest reactivity to scented products on others (44,3%),
Asians had tbe highest reactivity to air fresheners (26,3%), and Caucasians had the highest
reactivity to scented laundry products ( 11.0%).

Discussion and Conrlnsion
Results from both surveys indicate that a
considerable segment of the American population has adverse reactions to fragranced
products, with 30.5% reporting that scented products on others are irritating, 19%
experiencing headaches, breathing difficulties, and other problems from air fresheners or deodorizers, and 10.9% being irritated by the scent of laundry products,
fabric softeners, or dryer sheets that are
vented outside. Individuals with asthma
and chemical sensitivity report adverse effects to scented products, air fresheners,
and scented laundry products in higher
proportions than the general public, as do
females relative to males, but these reactions extend beyond these subpopulations.
Limitations of this study are that it relied
on self-reported data from individuals, it
did not specify and medically confirm the
types of irritation or other problems experienced by individuals, and it did not investigate factors such as exposure routes and
chemical formulations. Nevertheless, the
magnitude and consistency of the results
from both surveys suggest that sensitivity
to fragrances is a widespread condition,
and underscores the need for additional research and attention, ^
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Demographic Percentages of Positive Respondents in Two National Samples'
Samples

Female

Other/Not
Reported

Hispanic

AfricanAmerican

Caucasian

Other/Not
Reported

1st Study
Survey sample

38.8

61.2

0

2.1

5.7

11,2

76.3

4,7

Scented products on others
irritating

27.7

69.6

2,7

2,4

3,7

11.9

75.3

6.7

Air fresheners cause health
problems

25.9

72.4

1,7

2.7

4.3

11.4

77.3

4.3

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Survey sample

35.4

63.3

1.3

3.6

7.5

14.2

69.5

5,3

Scented products on others
irritating

31.9

67.1

1.0

2.8

6.7

11.1

74.4

5.1

Air fresheners cause health
probiems

30.4

67.7

1.9

4.6

7.4

14.3

68.7

5.1

Scented iaundry products irritating

26.0

71.4

2,6

3,5

7.0

13.0

70.4

6.1

Scented iaundry products irritating
2nd Study

* Rounding causes some totals to equal more than 100%,

BLE 6
Percentages of Positive Respondents in Each Demographic Group
Samples
1st Study

Male

Female

Asian

Hispanic

AfricanAmerican

Caucasian

Scented products on others irritating

22.5

36.0

38,1

20.7

33.9

31 8

Air fresheners cause problems

11.4

21.1

23.8

13,8

18.3

18.3

n/a

n/a

n/a

n/a

n/a

n/a

Scented products on otiiers irritating

27.0

31,6

23.7

44,3

23.3

31.9

Air fresheners cause problems

17.7

22.0

26.3

20.3

20.7

20.3

8.0

12.2

10.5

10.1

10,0

11,0

Scented iaundry products irritating
2nd Study

Scented laundry products irritating
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