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Abstract
Purpose of Review To review the literature published from 2014 to 2019 on hair and nail salon workers concerning exposure
assessment, reproductive and respiratory endpoints, and endocrine disruption, in relation to workplace exposures.
Recent Findings We identified 29 relevant peer-reviewed publications. Overall, there were insufficient studies to determine
whether working in these settings is associated with reproductive health endpoints, although prior studies suggest that reproduc-
tive effects are of concern. There is consistent evidence that working in hair and nail salons may increase the risk of respiratory
effects. Also, despite the fact that many hair and nail care products contain endocrine disrupting compounds, no recent studies
have evaluated endocrine-related endpoints. Moreover, few studies have evaluated chemical exposures in these settings and
biomonitoring studies are sparse.
Summary Improved exposure assessment of chemical hazards in hair and nail salons is necessary to properly characterize
occupational exposures and assess their potential health risks. Further studies on endpoints related to endocrine disruption and
reproductive health outcomes among hair and nail salon workers are needed. Improved exposure and epidemiologic studies will
help inform chemical exposure mitigation efforts in a vulnerable occupational population, as well as policies related to workplace
and consumer product safety.
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Introduction

In the United States, the hair and nail salon industry employs
approximately one million people, and over 90% of hair and

nail salon workers are women, many of whom are of repro-
ductive age [1]. It is estimated that 42% of nail salon workers
are Asian immigrants [2•], while Black women and Latinas
respectively comprise 14% and 18% of hair salon workers and
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cosmetologists [1]. Hair and nail salon workers are continual-
ly exposed to multiple chemicals, including known and
suspected carcinogens, reproductive toxicants, respiratory ir-
ritants, and endocrine disruptors [3•, 4, 5••, 6, 7]. Still, few US
studies have evaluated chemical exposures in hair and nail
salons. Additionally, the disproportionate composition of
workers from marginalized groups in nail salons, and the use
of potentially harmful ethnic hair products among hairdressers
primarily serving a multicultural clientele, underscores the
importance of evaluating occupational chemical exposures
and associated health risks [8••, 9].

Ingredients in products used in hair and nail salons include
endocrine disrupting compounds (EDCs) like parabens and
phthalates [10••]. EDCs can mimic or block endogenous en-
docrine function, with wide-ranging health implications, in-
cluding reproductive effects [11]. Many of the chemicals
contained, emitted or formed from the use of hair and nail
products are also known or suspected respiratory irritants
and sensitizing agents, including volatile organic compounds
(VOCs) like formaldehyde in hair straighteners and nail pol-
ishes, ammonia in hair dyes, persulfates in bleaches, and
phthalates added for fragrance or as solvents [12–15].
Several studies indicate that women in this occupational group
may disproportionately suffer from adverse respiratory effects
[16, 17], although some studies have not observed these asso-
ciations [18•]. Inconsistent findings across epidemiologic
studies on hair and nail salon workers may, in part, be due to
the use of job title to assess workplace exposures as well as
differences in products used, clientele served, and outcomes
assessed.

Despite the potential increased risk of adverse effects
among hair and nail salon workers, recent studies evaluating
chemical exposures and health endpoints among individuals
employed in the cosmetology industry are limited. In this re-
view, we sought to synthesize the literature from the past
5 years on hair and nail salon worker exposures focusing on
studies that evaluated reproductive, respiratory, and
endocrine-related endpoints, as well as studies that assessed
occupational chemical exposures using environmental or bio-
logical monitoring. We also reviewed current data gaps to
inform future studies.

Methods

Developing Key Terms and Search Strategy

We followed the guidelines from the Centre for Reviews and
Dissemination [19] and the Cochrane Handbook for
Intervention Reviews to develop search terms and a search
strategy [20]. Key search terms applicable to occupational
and environmental health studies in hair and nail salons were

guided by the Population, Exposure, and Outcome (PEO)
framework as outlined below [21]:

& Population: hair and nail salon workers; given that these
occupational workgroups consist of >90% females, we
focused on summarizing information on female workers
of all ages, races, and ethnicities.

& Exposure: toxic salon products, indoor air pollution, and
other occupational chemical-related exposures.

& Outcome: reproductive, respiratory, and endocrine
disrupting-related endpoints among hair and nail salon
workers.

We scanned database subject thesauri and studies identified
through a Google Scholar search to compile a list of relevant
key terms. We focused our search on epidemiologic, environ-
mental monitoring, and biomonitoring studies in hair and nail
salons. We generated a list of key terms for each concept
(Appendix 1) and combined them with Boolean operators
(AND, OR) [22]. The search strategy is presented in
Appendix 2 and was checked for syntax errors against the
Peer Review of Electronic Search Strategies Checklist [23].

Data Selection, Extraction, and Management

On February 21, 2019, the public health librarian (NT) con-
ducted a search in 29 EBSCO databases, PubMed (U.S.
National Library of Medicine), Web of Science (Clarivate
Analytics), and Public Health (ProQuest) (Appendix 3).
Peer-reviewed studies published from January 2014–
February 2019 were included. The search results were
imported into Zotero for title/abstract screening and duplicate
records were removed. A trained research assistant (LKK)
initially screened articles, and the principal investigators
(LQA and AZP) conducted a final review of preliminary stud-
ies. We recorded the search process and findings from the
literature using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [24] as
shown in Appendix 4. While some articles included both
males and females, we focused on synthesizing results ob-
served among females whenever possible and limited our
search to studies published in English.

Results

Our searches yielded a total of 2176 records from 2014 to
2019. After removing duplicate titles and abstracts, 978 stud-
ies remained and were screened. The 29 studies meeting eli-
gibility criteria were read in full and included in this summary.
Both reviewers (LQA and AZP) agreed on the final full-text
articles included in this review.
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Environmental Exposures and Biomonitoring Studies

Hair Salons

We identified five studies that measured indoor air quality and
air concentrations of chemicals in hair salons, including
VOCs, particulate matter (PM), and phthalates [3•, 15,
25–27]. A study by Nilsson et al. [15] focused on the physical
and chemical characterization of particle emissions during
simulated client sessions using a hair bleach marketed as
“dust-free” and one without this labeling. Levels of particle
emissions were evaluated to assess exposures among 12 hair-
dressers performing hair bleaching in a controlled environ-
ment. Particulate matter (PM) <10 μm was detected during
hair bleaching when regular bleaching powder was prepared,
while dust-free bleaching powder emitted particles >10 μm.
Persulfate exposure was lower with dust-free bleaching pow-
der. Another study by Saraga et al. [25] measured respirable
particulate matter or RPM (i.e., suspended particle fraction
with aerodynamic diameter<4 μm) in the breathing zone of
Greek volunteers, including two hairdressers and eight cus-
tomers in a hair salon. A hairdresser using hairspray and a
hairdryer was exposed to the highest levels of RPM
(286 μm−3).

Subedi et al. [26] measured phthalate dust concentrations in
five hair salons in Kentucky, Indiana, and Texas and in other
locations, including 11 residences in five states and 11
childcare facilities in seven states. Estimated daily intake of
phthalate and non-phthalate plasticizers via dust in hair salons
was approximately three times higher than those estimated for
residential environments. Among non-phthalate plasticizers,
acetyl tri-n-butyl citrate (ATBC) and diisobutyl adipate were
found at concentrations 3–10 times higher in salons compared
to residences and childcare facilities. ATBC is used in cos-
metics, food contact wrappings, and toys [28], and diisobutyl
adipate is used as a fragrance ingredient, plasticizer, as an
emollient in skin-conditioning agents, and as a solvent [29].
Another study by Chang et al. [3•] measured indoor air con-
taminants and assessed indoor air quality parameters in five
hair salons in Taipei. Four of the five phthalates measured
were detected in >69% of samples. Dibutyl phthalate (DBP),
diethyl phthalate (DEP), and di[2-ethylhexyl] phthalate
(DEHP) were detected in 97–100% of samples. The authors
reported higher phthalate, isopropanol, butyl acetate, and ethyl
acetate concentrations than previously reported in residences.
For formaldehyde, 83% (25/30) of the samples exceeded the
Taiwan Environmental Protection Agency’s Indoor Air
Quality (IAQ) standard of 98.4 μg/m3 and the National
Institute of Occupational Safety and Health Recommended
Exposure Limit (NIOSH REL) of 19.68 μg/m3. The number
of workers, number of perming treatments, and frequency of
formaldehyde-releasing product use was linked to indoor
formaldehyde air concentrations. Additionally, some CO2

readings exceeded guidelines by the American Society of
Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE), and Taiwan’s IAQ Act threshold (1000 ppm).
Another study [27] conducted among 13 Palestinian hair-
dressers measured ammonia levels in hair salons.
Researchers detected ammonia in all salons; ammonia con-
centrations were positively correlated with the size of the sa-
lon, number of salon workers, and number of customers
served.

We identified two studies that conducted biomonitoring
among hairdressers. One study [30] measured resorcinol in
urine samples across different occupational groups, including
hairdressers. Resorcinol is a synthetic chemical used in cos-
metics, including permanent hair dyes where it reacts with a
developer (e.g., peroxide) to bond the dye to the hair.
Researchers compared urinary resorcinol concentrations be-
tween occupationally exposed groups. Hairdressers (n=77)
provided three spot urine samples: (1) a first morning-void
sample after at least 1 day off from working in the salon, (2)
a post-shift sample immediately after a work shift, and (3) a
next-morning (first morning-void) sample. Urinary concentra-
tions of resorcinol were higher in post-shift samples and sim-
ilar between hairdressers and controls (n=101). These findings
warrant replication in other populations as product use pat-
terns and ingredients may differ across populations and geo-
graphic regions. The other biomonitoring study identified
quantified phthalate exposures among 68 Slovakian hair-
dressers and reported higher urinary phthalate biomarker con-
centrations among hairdressers compared to controls compris-
ing of university students and staff (n=32) [5••].

Nail Salons

Six studies [31–36] evaluated chemical exposures in nail sa-
lons through personal air monitoring, area air monitoring, bio-
monitoring, or a combination of these. One study conducted
personal and area air monitoring of VOCs and carbon dioxide
(CO2) and measured IAQ parameters (e.g., air exchange rate,
temperature, and relative humidity) at 17 Michigan salons
[36]. Ethyl acetate and n-butyl acetate were detected in per-
sonal samples in all salons, while toluene, benzene, and form-
aldehyde were detected in some salons. Methyl methacrylate
(MMA), a long-banned chemical, was identified in most sa-
lons. Personal VOC monitoring measurements exceeded area
measurements, highlighting the importance of personal mon-
itoring in these settings. Nail products were also tested for
VOCs and identified ethyl acetate as the main component.
Toluene was detected in nail polish and indoor air in eight of
17 salons. The initial threshold screening level, regulated by
the Michigan Department of Environmental Quality, was
exceeded for 12% of ethyl acetate and 50% of MMA mea-
surements. Ventilation levels during the winter were low, al-
though most salons met ASHRAE ventilation standards.
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In a Korean study among 50 nail salon workers from 30
salons, 13 VOCs were detected in personal air samples [34].
Several air samples had acetone, toluene, butyl acetate, and
MMA levels exceeding Korean Occupational Exposure
Limits. Almost all participants (98%) worked without local
exhaust ventilation, while 65% worked in salons with closed
windows. Personal protective equipment (PPE) use was infre-
quent. Temperatures in salons ranged between 23.4 and
35.7 °C, and the mean (SD) relative humidity was below
ASHRAE guidelines [mean=55.7 (7.1)%]. Chemical concen-
trations were higher in salons with general ventilation sys-
tems, suggesting that local exhaust may decrease personal
exposure more effectively compared to general ventilation
systems, which may pull chemicals into breathing zones.

Lamplugh et al. [33] measured VOCs (formaldehyde and
BTEX—benzene, toluene, ethylbenzene, and xylenes) using
area and personal monitors in six Colorado nail salons. Area
monitoring was conducted over three weekdays and one
weekend day for 8 hours each day. Formaldehyde concentra-
tions in these salons ranged from 5 to 20 μg/m3 and exceeded
the NIOSH REL (19.6 μg/m3; 16 ppb) in one salon.
Researchers detected benzene, toluene, ethylbenzene, and xy-
lenes in all salons, with toluene at the highest concentrations
(26.7–816 μg/m3). Acetone, ethyl acetate, and n-butyl acetate
were detected in personal samples in all salons. Despite being
banned in Colorado, MMA was detected in two salons,
highlighting the need for salon worker and owner education
and discouraging the purchase of MMA-containing products
[33]. A salon marketed as “non-toxic” had the highest levels
of personal exposures to acetone, ethyl acetate, and n-butyl
acetate, underscoring the importance of greater oversight on
labeling and personal care product regulation.

A study of 109 Polish salons [32] measured VOC levels
(ethanol, acetone, toluene, 2-propanol, 2-butanone, ethyl ace-
tate, isopropyl acetate, n-butyl acetate) among 145 female nail
salon workers and 145 healthy female volunteers employed in
other occupations. Median area VOC levels in nail salons
were all below Polish regulatory occupational limits. VOC
concentrations were usually higher in the winter; however,
seasonal variation may be driven by differences in the nail
salons across seasons. Longer-term measurements would be
informative since these findings reflect only short-term breath-
ing zone measurements, which could underestimate true ex-
posures. Pavilonis et al. [35] detected VOCs and CO2 in 10
New York city salons. The median total VOC (TVOC) con-
centrationwas 4.0 ppm across salons, and concentrations were
strongly correlated with CO2 (r=0.81). Lastly, one study con-
ducted short-term measurements of several IAQ parameters
(CO2, temperature, relative humidity, TVOCs, PM2.5) during
working hours in 21 nail salons in Boston [31]. CO2 levels
exceeded 800 ppm in 15 of 21 salons, suggesting that some
salons may have inadequate ventilation. Higher TVOC and
PM2.5 levels were observed in salons with less ventilation,

and average TVOC, CO2, and PM2.5 levels were consistent
within salons. Higher TVOC concentrations were also ob-
served when tasks were being performed; however, these con-
centrations were not associated with the number of tasks being
performed.

No studies within the last 5 years have evaluated bio-
markers of exposure to chemicals that may affect the repro-
ductive, respiratory, and endocrine systems among nail salon
workers. In addition, biomonitoring studies beyond our 5-year
scoping period are limited. Available evidence indicates that
nail products contain reprotoxic and endocrine disrupting
chemicals, and further studies are needed to adequately assess
occupational exposures among these workers. Urinary bio-
monitoring in hair salon workers indicate feasibility of
collecting biospecimens from nail salon workers and stress
the importance of obtaining exposure estimates [5••, 30].

Reproductive Endpoints

We identified four studies [37–40] on reproductive endpoints
among hair or nail salon workers (Table 1). One study exam-
ined spontaneous abortion [38] utilizing Korean National
Health Insurance records which covered 78% of all Korean
births in 2013 and identified women by occupational status in
relation to claims data. Employed women in any occupation
were at greater risk of spontaneous abortion compared to non-
working women [38], and an increased odds of miscarriage
was reported for the group comprising hair and nail salon
workers. The two reference groups in the study included un-
employed women and those employed in education.

Three studies examined birth outcomes [37, 39, 40]. In a
record-based study conducted in Ibadan, Nigeria, female hair-
dressers had the highest proportion of infants with low Apgar
scores at 5 minutes after birth of all occupations examined
(n=1349) [37]. However, only bivariable relationships were
examined and there was no adjustment for confounding. No
associations between adverse birth outcomes and employment
in cosmetology or as a manicurist were reported in a record
linkage study in California, which included 81,205 births
among cosmetologists and manicurists [39]. However, em-
ployment in cosmetology or as a manicurist was associated
with increased risk of gestational diabetes and placenta previa
[39]. Notably, when restricting analyses to Vietnamese partic-
ipants, manicurists and cosmetologists had greater odds of
small for gestational age births. In this study, researchers used
two comparison groups: women employed as teachers, real-
tors, salespersons, office workers, and food service workers,
and a separate comparison group of non-cosmetologists from
the general population. This control selection approach can
circumvent issues of healthy worker effect. A multisite
French study [40] reported an elevated risk of hypospadias
for children whose parents were occupationally exposed to
EDCs, including hairdressers and beauticians (n=300 with
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hypospadias, n=302 no malformation) [40]. Participants were
free from genetic mutations that increased risk of hypospadias
among offspring; parental occupation and an in-depth job ex-
posure matrix was used to assess potential exposures to EDCs.
Evaluation of the endpoint was a study strength, but the au-
thors did not control for any potential confounders.

Select records-based studies reviewed were strengthened
by the use of two comparison groups [38, 39]. These included
women who do not work outside the home and those in edu-
cation [38], as well as a broader range, comprising teachers,
realtors, retail, office, and food service workers [39]. The in-
clusion of food service and retail workers in the comparison
group aligns occupations of similar socioeconomic status,
which may minimize selection bias. The potential for unem-
ployed women to be more fecund than women in the work-
force was another potential source of bias in select studies.
This occurs because women with young children have lower
employment rates [41]. Using alternate comparison groups is
one approach to address this and is particularly important
when information on parity and gravidity is unavailable.
Ascertainment of outcomes of miscarriage and pregnancy loss
was identified by health insurance records [38] or birth certif-
icates [39]. For evaluating pregnancy loss, these sources are
not ideal. Women with early pregnancy losses may not see a
doctor, leading to missing data. This information bias may be
non-differential but could result in bias in either direction [42].
Study limitations in the studies reviewed include lack of bio-
monitoring to confirm chemical exposures, small sample
sizes, and lack of adjustment for important confounders, such
as age. Future studies should consider modeling approaches
that formulate analysis plans a priori and are not dependent on
a statistical threshold. Given limited recent studies of repro-
ductive outcomes and lack of cohesion across health end-
points, further research is necessary to determine if reproduc-
tive health endpoints are related to working in hair or nail
salons.

Respiratory Endpoints

Hairdressers

We identified 10 articles [5••, 27, 43–50] related to respiratory
outcomes (Table 2). Four studies assessed respiratory symp-
toms via questionnaires [43–46], while six additionally col-
lected biospecimens and/or measures of lung function or in-
flammation [5••, 27, 47–50]. One study in New Zealand [47]
reported an increased odds of self-reported chronic bronchitis
symptoms among participants who had ever reported working
as a hairdresser, although no associations with objective mea-
sures of lung function or chronic obstructive pulmonary dis-
ease (COPD) were observed. Lysdal et al. [46] reported higher
prevalence of respiratory symptoms among hairdressers with
adult asthma onset, as assessed by a mail-in questionnaire

among 5239 Danish hairdressing school graduates. Twenty-
seven percent of respondents reported difficulty breathing or
shortness of breath after contact with bleaching products.
Other studies reported increased respiratory symptoms, in-
cluding among hairdressers or hairdressing apprentices in
Denmark [43, 44], Palestine [27, 49], Turkey [50], Sweden
[48], and Egypt [45].

Several studies incorporated biospecimen collection and/or
measures of lung function or inflammation [5••, 27, 47–50].
Diab et al. [48] studied Swedish hairdressers (n=17) and two
control groups (n=19 asymptomatic hairdressers; n=10 fe-
males with pollen-driven rhinitis) for 30 days. Nasal reactivity
to persulfate was evaluated via nasal lavage at work after
>2 weeks of vacation. Hairdressers had increased nasal symp-
toms and eosinophil cationic protein, a marker of eosinophilic
bronchial inflammation. Atopic hairdressers reported the most
respiratory symptoms. Nemer et al. evaluated lung function
over 5 years among 161 non-smoking female Palestinian hair-
dressers [49]. Hairdressers reported more respiratory symp-
toms and experienced decrements in lung function at the end
of the follow-up period compared to baseline. Lung function
was worse for hairdressers in salons with ammonia levels
>25 ppm compared to hairdressers exposed to lower ammonia
levels. In another study [27], the authors reported higher neu-
trophilic airway inflammation, as well as elevated exhaled
nitric oxide (eNO) and blood C-reactive protein levels, a mea-
sure of systematic inflammation, among Palestinian hair-
dressers (n=33) compared to controls (n=35).

One study [5••] applied biomonitoring to ascertain occupa-
tional exposures to select agents and examined associations
with respiratory outcomes. Kolena et al. [5••] conducted a
cross-sectional study among 68 Slovakian hairdressing ap-
prentices (97% female) to assess occupational phthalate expo-
sures and associations with pulmonary function as compared
to controls (n=32 university students and staff; 66% female).
Median phthalate metabolite concentrations were higher
among hairdressing apprentices compared to controls.
Greater phthalate metabolite concentrations were also inverse-
ly associated with select lung function measures, although the
authors did not control for any potential confounders. Other
limitations include the small sample size and inclusion of a
higher proportion of male controls compared to hairdressers.
Personal care products (PCPs) are a major source of phthalate
exposure and PCP use is higher among females; to rule out the
possibility that greater phthalate biomarker concentrations
were due to personal care product use unrelated to occupation-
al exposures, more female controls should have been included
in the study [55].

In summary, several studies report an increased risk of ad-
verse respiratory outcomes, including respiratory symptoms,
lung function decrements, and inflammation among hair-
dressers from several countries. Some limitations noted in
these recent studies include the cross-sectional design [5••,

Curr Envir Health Rpt (2019) 6:269–285 275



Ta
bl
e
2

Su
m
m
ar
y
of

st
ud
ie
s
ex
am

in
in
g
as
so
ci
at
io
ns

be
tw
ee
n
oc
cu
pa
tio

na
le
xp
os
ur
es

am
on
g
ha
ir
sa
lo
n
w
or
ke
rs
an
d
re
sp
ir
at
or
y
ou
tc
om

es

A
ut
ho
r
an
d
ye
ar

S
tu
dy

po
pu
la
tio

n
A
ge

ra
ng
e
or

m
ea
n
±
S
D

Y
ea
rs
du
ri
ng

w
hi
ch

th
e
st
ud
y
w
as

co
nd
uc
te
d

St
ud
y
de
si
gn

E
xp
os
ur
e

as
se
ss
m
en
t

O
ut
co
m
es

ev
al
ua
te
d

M
ai
n
fi
nd
in
gs

K
ol
en
a
et
al
.

20
17

[5
••
]

N
=
68
,h
ai
rd
re
ss
in
g

ap
pr
en
tic
es

at
te
nd
in
g

vo
ca
tio

na
lt
ra
in
in
g

sc
ho
ol
s
in

w
es
te
rn

pa
rt
of

Sl
ov
ak
ia

F
em

al
es

(n
=
66
)

M
al
e
(n
=
2)

N
=
32
,c
on
tr
ol

gr
ou
p,

st
ud
en
ts
an
d
st
af
f

fr
om

C
on
st
an
tin

e
th
e

Ph
ilo

so
ph
er

U
ni
ve
rs
ity

in
N
itr
a,

S
lo
va
ki
a

F
em

al
e
(n

=
21
)

M
al
e
(n
=
11
)

H
ai
rd
re
ss
in
g

ap
pr
en
tic
es

17
.7

±
1.
2

ye
ar
s

C
on
tr
ol
s
23
.8

ye
ar
s

N
ot

pr
ov
id
ed

C
ro
ss
-s
ec
tio

na
l

U
ri
na
ry

ph
th
al
at
e

bi
om

ar
ke
r

co
nc
en
tr
at
io
ns

E
xp
os
ur
e
to

ph
th
al
at
es

fr
om

fi
rs
t-
m
or
ni
ng
-v
oi
d
ur
in
e

sa
m
pl
e

Pu
lm

on
ar
y
fu
nc
tio

n

U
ri
na
ry

ph
th
al
at
e
m
et
ab
ol
ite

co
nc
en
tr
at
io
ns

w
er
e
hi
gh
er

in
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

co
m
pa
re
d
to

th
os
e
in

th
e
co
nt
ro
lg

ro
up

(m
ed
ia
n
an
d
95
th

pe
rc
en
til
es
)
of

M
E
H
H
P,

M
E
O
H
P,
M
E
H
P,
su
m

of
D
E
H
P,
M
nB

P,
bu
t

lo
w
er

95
th

pe
rc
en
til
es

of
M
iB
P.

U
ri
na
ry

co
nc
en
tr
at
io
n
fo
r
M
iB
P
(p

≤
0.
05
)
w
as

si
gn
if
ic
an
tly

hi
gh
er

in
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

co
m
pa
re
d
to

th
e
co
nt
ro
lg

ro
up
.

In
ve
rs
e
as
so
ci
at
io
ns

w
er
e
ob
se
rv
ed

be
tw
ee
n

M
E
H
P,
M
E
O
H
P,
M
E
H
H
P,
su
m

of
M
E
H
P,

M
E
H
H
P,
M
E
O
H
P
an
d
vi
ta
lc
ap
ac
ity

an
d

al
so

be
tw
ee
n
M
E
H
P
an
d
FV

C
.

D
ur
at
io
n
of

ex
po
su
re

w
as

as
so
ci
at
ed

w
ith

bi
om

ar
ke
r
co
nc
en
tr
at
io
ns

of
M
nB

P,
M
E
H
H
P,
an
d
M
E
P.

P
os
iti
ve

as
so
ci
at
io
ns

be
tw
ee
n
pu
lm

on
ar
y

fu
nc
tio

n
F
V
C
%

of
P
V
fo
r
fe
m
al
es

an
d

ne
ga
tiv

e
as
so
ci
at
io
ns

be
tw
ee
n
ra
tio

s
of

fo
rc
ed

ex
pi
ra
to
ry

vo
lu
m
e
in

1
s
(F
E
V
1)

to
F
V
C
(F
E
V
1/
F
V
C
).

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

A
di
po
se

tis
su
e
co
ul
d
pl
ay

ro
le
as

co
nf
ou
nd
in
g

fa
ct
or

in
ur
in
e
ex
cr
et
io
n
of

ph
th
al
at
es

be
ca
us
e
of

th
ei
r
lip

id
so
lu
bi
lit
y
an
d

ac
cu
m
ul
at
io
n.

F
os
s-
S
ki
ft
es
vi
k

et
al
.2
01
7

[4
3]

N
=
50
4,
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

in
D
en
m
ar
k,
fe
m
al
e

(9
4.
4%

)
N
=
14
00
,c
on
tr
ol
s,

fe
m
al
e
(9
5.
7%

)

H
ai
rd
re
ss
in
g

ap
pr
en
tic
es
:

22
.0

±
3.
8

ye
ar
s

C
on
tr
ol
s:
22
.0

±
4.
1
ye
ar
s

A
pr
il–

Ju
ly

20
13

C
ro
ss
-s
ec
tio

na
l,

w
eb
-b
as
ed

qu
es
tio

nn
ai
re

st
ud
y

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

R
hi
ni
tis

an
d
as
th
m
a

sy
m
pt
om

s
(e
.g
.,
w
he
ez
in
g

an
d
co
ug
hi
ng
)

1-
ye
ar

pr
ev
al
en
ce

of
rh
in
iti
s
sy
m
pt
om

s
w
as

hi
gh
er

in
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

th
an

in
co
nt
ro
ls
(5
8.
1
vs

46
.6
%
;O

R
,1
.5
9;

95
%
C
I,

1.
30
–1
.9
8)
.

T
he

pr
ev
al
en
ce

of
rh
in
iti
s
sy
m
pt
om

s
w
as

hi
gh
er

am
on
g
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

in
th
e
la
st

ye
ar
s
of

tr
ai
ni
ng

co
m
pa
re
d
to

th
os
e
in

th
e

fi
rs
ty

ea
r
of

tr
ai
ni
ng

(6
2.
4%

vs
41
.8
%
,p

=
0.
00
3)
.

C
ur
re
nt

sm
ok
in
g
w
as

m
or
e
co
m
m
on

in
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

(2
8.
4%

vs
17
.2
%
,p

<
0.
00
1)
.

A
st
hm

a
sy
m
pt
om

s
w
er
e
eq
ua
lly

co
m
m
on

in
th
e

2
gr
ou
ps
;h

ow
ev
er
,h
ai
rd
re
ss
in
g
ap
pr
en
tic
es

ha
d
a
la
te
r
ag
e
of

on
se
to

f
w
he
ez
in
g
th
an

co
nt
ro
ls
(1
8
vs

14
ye
ar
s;
p
<
0.
00
01
)
an
d
a

de
cr
ea
se
d
ri
sk

of
w
he
ez
in
g
(O

R
,0
.7
2;

95
%
C
I,
0.
54
–0
.9
5)
.

Curr Envir Health Rpt (2019) 6:269–285276



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
r
an
d
ye
ar

S
tu
dy

po
pu
la
tio

n
A
ge

ra
ng
e
or

m
ea
n
±
S
D

Y
ea
rs
du
ri
ng

w
hi
ch

th
e
st
ud
y
w
as

co
nd
uc
te
d

St
ud
y
de
si
gn

E
xp
os
ur
e

as
se
ss
m
en
t

O
ut
co
m
es

ev
al
ua
te
d

M
ai
n
fi
nd
in
gs

B
le
ac
hi
ng

pr
od
uc
ts
w
er
e
th
e
m
os
tf
re
qu
en
tly

re
po
rt
ed

ca
us
e
of

rh
in
iti
s
an
d
as
th
m
a

sy
m
pt
om

s
in

ha
ir
dr
es
si
ng

ap
pr
en
tic
es
.

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

Sm
ok
in
g,
ed
uc
at
io
n
le
ve
l,
an
d
de
gr
ee

of
ru
ra
lit
y

F
os
s-
Sk

if
te
sv
ik

et
al
.2
01
7

[4
4]

N
=
24
8,
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

in
D
en
m
ar
k

Fe
m
al
e
(9
6.
4%

)
N
=
81
6,
co
nt
ro
ls

Fe
m
al
e
(9
6.
3%

)

H
ai
rd
re
ss
in
g

ap
pr
en
tic
es

25
±
4.
0

ye
ar
s

C
on
tr
ol
s
25

±
4.
3
ye
ar
s

B
as
el
in
e
st
ud
y

co
nd
uc
te
d

A
pr
il–

Ju
ly

20
13

Fo
llo

w
-u
p
st
ud
y
in

A
pr
il–

Ju
ne

20
16

3-
ye
ar

fo
llo

w
-u
p

qu
es
tio

nn
ai
re

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

In
ci
de
nc
e
of

re
sp
ir
at
or
y

di
se
as
es

(e
.g
.,
ur
tic
ar
ia

an
d
rh
in
iti
s
sy
m
pt
om

s)
a

R
hi
ni
tis

sy
m
pt
om

s
w
er
e
si
gn
if
ic
an
tly

in
cr
ea
se
d

in
ha
ir
dr
es
si
ng

ap
pr
en
tic
es

(I
R
R
,1
.6
;

95
%
C
I,
1.
2–
2.
2)
;w

he
ez
in
g
in
ci
de
nc
e
w
as

si
m
ila
r
be
tw
ee
n
ha
ir
dr
es
se
r
ap
pr
en
tic
es

an
d

co
nt
ro
ls
.

D
ur
in
g
th
e
fo
llo

w
-u
p
pe
ri
od
,2
1.
8%

of
th
e

ha
ir
dr
es
si
ng

ap
pr
en
tic
es

le
ft
th
e
tr
ad
e,
an
d

70
.3
%

of
th
es
e
le
ft
du
e
to

he
al
th

co
m
pl
ai
nt
s,

in
cl
ud
in
g
re
sp
ir
at
or
y
sy
m
pt
om

s
(2
3.
7%

).
M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

T
he

au
th
or
s
no
te
th
at
ad
ju
st
m
en
tf
or

sm
ok
in
g

an
d
at
op
ic
de
rm

at
iti
s
co
ul
d
no
tb
e
pe
rf
or
m
ed
,

ow
in
g
to

sm
al
ls
am

pl
e
si
ze
s.

N
em

er
et
al
.

20
15

[4
9]

N
=
16
1,
no
n-
sm

ok
in
g

fe
m
al
e
ha
ir
dr
es
se
rs
in

H
eb
ro
n,
P
al
es
tin

e

28
±
8
ye
ar
s

20
08
–2
01
3

5-
ye
ar

pr
os
pe
ct
iv
e

st
ud
y

A
m
bi
en
ta
ir

am
m
on
ia

le
ve
ls
in

13
sa
lo
ns

C
ha
ng
e
in

re
po
rt
ed

re
sp
ir
at
or
y
sy
m
pt
om

s
an
d

lu
ng

fu
nc
tio

n
ov
er

th
e

fo
llo

w
-u
p

D
ro
po
ut

fr
om

th
e
pr
of
es
si
on

an
d
ra
tio

na
le
fo
r
dr
op
pi
ng

ou
t

A
m
bi
en
ta
ir
am

m
on
ia
le
ve
ls

in
13

sa
lo
ns

C
ur
re
nt

ha
ir
dr
es
se
rs
re
po
rt
ed

m
or
e
re
sp
ir
at
or
y

sy
m
pt
om

s
at
th
e
en
d
of

th
e
fo
llo

w
-u
p
pe
ri
od

(2
01
3)

co
m
pa
re
d
to

ba
se
lin

e
(2
00
8)
.

Fo
rm

er
ha
ir
dr
es
se
rs
re
po
rt
ed

fe
w
er

sy
m
pt
om

s
at
fo
llo

w
-u
p.

A
tf
ol
lo
w
-u
p,
cu
rr
en
th

ai
rd
re
ss
er
s
sh
ow

ed
a

si
gn
if
ic
an
td

ec
re
as
e
in

F
V
C
of

35
m
L
/y
ea
r

(9
5%

C
I,
26
–4
4
m
L
/y
ea
r)
an
d
of

31
m
L
/y
ea
r

(9
5%

C
I,
25
–3
6
m
L
/y
ea
r)
fo
r
F
E
V
1.

28
(1
6%

)
of

th
e
ha
ir
dr
es
se
rs
qu
it
th
e
jo
b
du
ri
ng

th
e
5-
ye
ar
fo
llo

w
-u
p
pe
ri
od
,a
nd

8
(2
8%

)d
ue

to
he
al
th

pr
ob
le
m
s.

H
ai
rd
re
ss
er
s
w
or
ki
ng

fo
r
≥
4
ye
ar
s
at
ba
se
lin

e
sh
ow

ed
a
st
ro
ng
er

de
cl
in
e
in

FE
V
1

co
m
pa
re
d
w
ith

th
os
e
w
ho

w
or
ke
d
<
4
ye
ar
s

(d
if
fe
re
nc
e
in

an
nu
al
de
cl
in
e
of

FE
V
1(
m
L
/y
ea
r)
co
m
pa
re
d
w
ith

th
e

re
fe
re
nc
e,
13

m
L
;9

5%
C
I,
1–
25
).

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

A
ge
,h
ei
gh
ta
nd

B
M
I.

H
as
sa
n
et
al
.

20
15

[4
5]

N
=
80
,f
em

al
e

ha
ir
dr
es
se
rs
in

B
en
ha

ci
ty
,K

al
yo
bi
ya

G
ov
er
no
ra
te
,E

gy
pt

N
=
50
,m

at
ch
ed

co
nt
ro
ls
,

of
fi
ce

w
or
ke
r

H
ai
rd
re
ss
er
s

32
.7
±
7.
0

ye
ar
s

C
on
tr
ol
s
33
.3
±

7.
8
ye
ar
s

Fe
br
ua
ry
–J
un
e
20
14

C
om

pa
ra
tiv

e
cr
os
s-
-

se
ct
io
na
l

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

R
es
pi
ra
to
ry

di
so
rd
er
s

S
ig
ni
fi
ca
nt

as
so
ci
at
io
ns

be
tw
ee
n
fr
eq
ue
nt

ha
ir

tr
ea
tm

en
ts
(b
le
ac
hi
ng
,d
ye

an
d
w
av
e)

an
d

ru
nn
y
no
se
(p
<
0.
05
),
an
d
ph
le
gm

(p
<
0.
05
).

H
ai
rd
re
ss
in
g
is
as
so
ci
at
ed

w
ith

in
cr
ea
se
d
ri
sk

to
re
sp
ir
at
or
y
sy
m
pt
om

s
du
e
to

ad
ve
rs
e

w
or
ki
ng

co
nd
iti
on
s.

Curr Envir Health Rpt (2019) 6:269–285 277



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
ra
nd

ye
ar

St
ud
y
po
pu
la
tio

n
A
ge

ra
ng
e
or

m
ea
n
±
S
D

Y
ea
rs
du
ri
ng

w
hi
ch

th
e
st
ud
y
w
as

co
nd
uc
te
d

St
ud
y
de
si
gn

E
xp
os
ur
e

as
se
ss
m
en
t

O
ut
co
m
es

ev
al
ua
te
d

M
ai
n
fi
nd
in
gs

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

N
on
e
m
en
tio

ne
d.

N
em

er
et
al
.

20
15

[2
7]

N
=
33
,n
on
-s
m
ok
in
g

fe
m
al
e
ha
ir
dr
es
se
rs
in

H
eb
ro
n,
Pa
le
st
in
e

N
=
35
,n
on
-s
m
ok
in
g

co
nt
ro
ls

H
ai
rd
re
ss
er
s

19
–5
0
ye
ar
s

N
on
-s
m
ok
in
g

co
nt
ro
ls

18
–4
9
ye
ar
s

O
ct
ob
er

20
12
–M

ar
ch

20
13

C
ro
ss
-s
ec
tio

na
l

E
xh
al
ed

ni
tr
ic

ox
id
e
(e
N
O
)

vi
a
lu
ng

fu
nc
tio

n
te
st

B
lo
od

an
d

sp
ut
um

sa
m
pl
es

w
er
e

co
lle
ct
ed

fr
om

al
lp
ar
tic
ip
an
ts
.

C
on
ce
nt
ra
tio

n
le
ve
ls
of

at
m
os
ph
er
ic

am
m
on
ia
w
er
e

m
ea
su
re
d
in
13

sa
lo
ns
.

In
fl
am

m
at
or
y
ce
lls

in
th
e

sp
ut
um

E
xh
al
ed

ni
tr
ic
ox
id
e
(e
N
O
)

le
ve
ls

B
lo
od

C
-r
ea
ct
iv
e
pr
ot
ei
n

(C
R
P
)
as

a
m
ea
su
re

of
sy
st
em

ic
in
fl
am

m
at
io
n

E
xp
os
ur
e
to

am
m
on
ia
in

sa
lo
ns

an
d
an
y
as
so
ci
at
io
n

be
tw
ee
n
ai
r
co
nc
en
tr
at
io
n

le
ve
ls
of

am
m
on
ia
an
d

m
ea
su
re
d
ou
tc
om

es

H
ai
rd
re
ss
er
s
ha
d
a
hi
gh
er

le
ve
lo

f
sp
ut
um

ne
ut
ro
ph
il
co
un
tc
om

pa
re
d
to

co
nt
ro
ls
:

A
bs
ol
ut
e
nu
m
be
rs
/m

g
sp
ut
um

m
ed
ia
n

(2
5t
h–
75
th

pe
rc
en
til
es
)

•
H
ai
rd
re
ss
er
s
37
6
(1
83
–9
80
)

•
C
on
tr
ol
s
18
2
(9
6–
35
8)

•
H
ai
rd
re
ss
er
s
al
so

ha
d
si
gn
if
ic
an
tly

el
ev
at
ed

eN
O
an
d
C
R
P
le
ve
ls
co
m
pa
re
d
to
th
e
co
nt
ro
l

su
bj
ec
ts
,a
ft
er

ad
ju
st
in
g
fo
r
ag
e
an
d
B
M
I.

E
xp
os
ur
e
m
ea
su
re
m
en
ts
in
di
ca
te
d
th
at
th
e

ha
ir
dr
es
se
rs
in

sa
lo
ns

w
ith

in
ad
eq
ua
te

ve
nt
ila
tio

n
w
er
e
ex
po
se
d
to

am
m
on
ia

co
nc
en
tr
at
io
ns

ra
ng
in
g
fr
om

3
to

61
m
g/
m
3.

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

A
ge
,h
ei
gh
t,
an
d
B
M
I

D
ia
b
et
al
.2
01
4

[4
8]

N
=
46
,f
em

al
e

ha
ir
dr
es
se
rs
in

L
un
d,

S
w
ed
en
:

Sy
m
pt
om

at
ic
(n

=
17
)

A
sy
m
pt
om

at
ic
(n

=
19
)

Po
lle
n-
al
le
rg
ic
(n

=
10
)

Sy
m
pt
om

at
ic

39
±
11

ye
ar
s

A
sy
m
pt
om

at
ic

37
±
12

ye
ar
s

Po
lle
n-
al
le
rg
ic

34
±
15

ye
ar
s

4
w
ee
ks

of
ex
po
su
re

af
te
r
2
w
ee
ks

of
f

w
or
k
(y
ea
r
st
ud
y

w
as

co
nd
uc
te
d

w
as

no
ts
pe
ci
fi
ed
)

Sh
or
t-
te
rm

pr
os
pe
ct
iv
e

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

D
ia
ry
:

A
ir
w
ay

sy
m
pt
om

s
an
d

oc
cu
pa
tio

na
le
xp
os
ur
e

ba
se
d
on

jo
b
ta
sk
s
(e
.g
.,

ha
ir
tr
ea
tm

en
t;
bl
ea
ch
in
g;

ha
ir
co
lo
ri
ng
,e
tc
.)

In
fl
am

m
at
or
y
m
ar
ke
rs
in

na
sa
ll
av
ag
e:

E
os
in
op
hi
lc
at
io
ni
c
pr
ot
ei
n

(E
C
P
)

T
ry
pt
as
e

A
lb
um

in
Su

bs
ta
nc
e
P

N
as
al
P
ro
vo
ca
tio

n
Te
st
:

N
as
al
sy
m
pt
om

sc
or
e

A
co
us
tic

rh
in
om

et
ry

Q
ua
lit
y
of

L
if
e

qu
es
tio

nn
ai
re
s:

Su
m
m
ar
y
in
de
xe
s

Ph
ys
ic
al
an
d
m
en
ta
ld
om

ai
ns

Sk
in

pr
ic
k
te
st
s
to

pe
rs
ul
fa
te
pe
rf
or
m
ed

in
th
e

ha
ir
dr
es
se
rs
w
er
e
ne
ga
tiv

e.
A
st
ea
dy

in
cr
ea
se

in
na
sa
ls
ym

pt
om

s,
m
ai
nl
y

bl
oc
ka
ge
,a
nd

in
th
e
E
C
P
w
as

no
tic
ed

in
th
e

sy
m
pt
om

at
ic
ha
ir
dr
es
se
rs
.

T
he

he
al
th
-r
el
at
ed

qu
al
ity

of
lif
e
de
te
ri
or
at
ed

in
th
e
sy
m
pt
om

at
ic
ha
ir
dr
es
se
rs
,i
nd
ic
at
in
g
an

ef
fe
ct
on

th
ei
r
w
or
k
an
d
da
ily

lif
e.

A
to
pi
c
ha
ir
dr
es
se
rs
ha
d
m
or
e
va
ry
in
g

sy
m
pt
om

s
(i
tc
hi
ng
,s
ne
ez
in
g
an
d
se
cr
et
io
n)

co
m
pa
re
d
to

no
n-
at
op
ic
ha
ir
dr
es
se
rs
.

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

N
on
e
m
en
tio

ne
d.

H
an
se
ll
et
al
.

20
14

[4
7]

N
=
10
17

in
di
vi
du
al
s

w
ith

co
m
pl
et
ed

qu
es
tio

nn
ai
re
s
in

W
el
lin

gt
on
,N

ew
Z
ea
la
nd
:

Fe
m
al
e
n
=
50
2

25
–7
4
ye
ar
s

20
03
–2
00
4

C
ro
ss
-s
ec
tio

na
l

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

C
hr
on
ic
ob
st
ru
ct
iv
e

pu
lm

on
ar
y
di
se
as
e

C
hr
on
ic
br
on
ch
iti
s

sy
m
pt
om

s
Se
lf
-r
ep
or
te
d
do
ct
or

di
ag
no
si
s
of

C
O
PD

,

C
hr
on
ic
br
on
ch
iti
s
sy
m
pt
om

s
w
er
e
as
so
ci
at
ed

w
ith

se
lf
-r
ep
or
te
d
ex
po
su
re

to
ha
ir
dr
es
si
ng

ba
se
d
on

a
jo
b
ex
po
su
re

m
at
ri
x.

T
he

st
ro
ng
es
ta
ss
oc
ia
tio

n
w
ith

ch
ro
ni
c

br
on
ch
iti
s
sy
m
pt
om

s
am

on
g
al
lw

or
k
gr
ou
ps

Curr Envir Health Rpt (2019) 6:269–285278



T
ab

le
2

(c
on
tin

ue
d)

A
ut
ho
ra
nd

ye
ar

St
ud
y
po
pu
la
tio

n
A
ge

ra
ng
e
or

m
ea
n
±
S
D

Y
ea
rs
du
ri
ng

w
hi
ch

th
e
st
ud
y
w
as

co
nd
uc
te
d

St
ud
y
de
si
gn

E
xp
os
ur
e

as
se
ss
m
en
t

O
ut
co
m
es

ev
al
ua
te
d

M
ai
n
fi
nd
in
gs

Fe
m
al
es

ev
er

w
or
ke
d
in

ha
ir
dr
es
si
ng

(n
=
17
)

M
al
e
n
=
51
2

M
al
es

ev
er

w
or
ke
d
in

ha
ir
dr
es
si
ng

(n
=
2)

ch
ro
ni
c
br
on
ch
iti
s,
or

em
ph
ys
em

a
P
re
di
ct
ed

FE
V
1
pe
rc
en
ta
ge

fr
om

te
st
s
of

as
ym

pt
om

at
ic

no
n-
sm

ok
er
s
in

th
e

N
H
A
N
E
S
II
I

st
ud
y

as
se
ss
ed

w
as
fo
rh
ai
rd
re
ss
er
s
(O

R
,6
.9
1;
95
%

C
I,
2.
02
–2
3.
70
).

C
um

ul
at
iv
e
ex
po
su
re

to
m
in
er
al
du
st
an
d

ga
se
s/
fu
m
es

w
as

as
so
ci
at
ed

w
ith

hi
gh
er

F
E
V
1%

pr
ed
ic
te
d.

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

Se
x,
ag
e,
he
ig
ht
,a
ge

he
ig
ht
,a
ge

sq
ua
re
d,

sm
ok
in
g
(p
ac
k-
ye
ar
s)
,e
th
ni
ci
ty
,a
nd

de
pr
iv
at
io
n

L
ys
da
le
ta
l.

20
14

[4
6]

N
=
52
39
:h

ai
rd
re
ss
in
g

vo
ca
tio

na
l

gr
ad
ua
te
s/
-

qu
es
tio

nn
ai
re

re
sp
on
de
nt
s
in

D
en
m
ar
k:

Fe
m
al
e
(n

=
50
14
)

M
al
e
(n

=
22
5)

22
–6
5
ye
ar
s

S
tu
dy

po
pu
la
tio

n
re
ce
iv
ed

a
m
ai
l-
in

qu
es
tio

nn
ai
re

in
M
ay

20
09

R
eg
is
te
r-
ba
se
d

qu
es
tio

nn
ai
re

E
xp
os
ur
e
w
as

ba
se
d
on

jo
b

tit
le
.

Se
lf
-r
ep
or
te
d
as
th
m
a

A
ir
w
ay

sy
m
pt
om

s
(e
.g
.,

co
ug
h,
na
sa
lc
on
ge
st
io
n,

rh
in
iti
s,
rh
in
or
rh
ea
,

sh
or
tn
es
s
of

br
ea
th
)

H
ai
rd
re
ss
er
s
re
po
rt
ed

as
th
m
a
(1
1.
2%

),
co
ug
h

(2
5.
3%

),
na
sa
lc
on
ge
st
io
n
(2
4.
0%

),
an
d

rh
in
iti
s
(1
8.
2%

).
27
.1
%

of
al
lt
ra
in
ed

ha
ir
dr
es
se
rs
re
po
rt
ed

di
ff
ic
ul
ty

br
ea
th
in
g
or

sh
or
tn
es
s
of

br
ea
th

af
te
r
co
nt
ac
tw

ith
bl
ea
ch
in
g
pr
od
uc
ts
.

L
es
s
th
an

1/
3
of

al
lh

ai
rd
re
ss
er
s
w
ith

su
sp
ec
te
d

oc
cu
pa
tio

na
la
st
hm

a
re
po
rt
ed

th
ei
r
as
th
m
a
as

an
oc
cu
pa
tio

na
ld

is
ea
se

to
th
e
au
th
or
iti
es
.

In
to
ta
l,
27
.3
%

of
pa
rt
ic
ip
an
ts
w
er
e
da
ily

sm
ok
er
s;
th
e
sm

ok
in
g
pa
tte
rn

w
as

si
m
ila
r

be
tw
ee
n
ha
ir
dr
es
se
rs
w
ith

an
d
w
ith

ou
t

as
th
m
a.

M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

N
on
e
m
en
tio

ne
d.

To
ru

et
al
.2
01
4

[5
0]

N
=
22
5,
em

pl
oy
ee
s

w
or
ki
ng

in
sm

al
la
nd

m
ed
iu
m

en
te
rp
ri
se

fr
om

D
üz
ce
,T

ur
ke
y:

H
ai
rd
re
ss
er
s
(n

=
75
)

A
ut
o
pa
in
te
rs
(n

=
75
)

C
ar
pe
nt
er
s
(n

=
75
)

H
ai
rd
re
ss
er
s

27
.2
±
9.
2

ye
ar
s

A
ut
o
pa
in
te
rs

36
.9
±
10
.3

ye
ar
s

C
ar
pe
nt
er
s

32
.4
±
9.
7

ye
ar
s

A
pr
il–

Ju
ly

20
09

C
ro
ss
-s
ec
tio

na
l

U
ri
ne

sa
m
pl
es

ob
ta
in
ed

w
ith

in
w
or
ki
ng

ho
ur
s

to
m
ea
su
re

co
tin

in
e
le
ve
ls

R
es
pi
ra
to
ry

co
m
pl
ai
nt
s,

(e
.g
.,
co
ug
h,
ph
le
gm

,a
nd

ch
es
tt
ig
ht
ne
ss
,d
ys
pn
ea
,

rh
in
iti
s,
F
V
C
,F

E
V
1,

F
E
V
1/
FV

C
,M

M
F
R
)

P
ul
m
on
ar
y
fu
nc
tio

n
te
st
s

(P
F
Ts
)

C
ot
in
in
e
m
ea
su
re
m
en
ts
in

ur
in
e

F
E
V
1
an
d
M
M
F
R
w
er
e
fo
un
d
to

be
si
gn
if
ic
an
tly

lo
w
er

in
ha
ir
dr
es
se
rs
co
m
pa
re
d
to

ot
he
r
w
or
k
gr
ou
ps

(p
=
0.
00
5,
p
=
0.
00
1,
re
sp
ec
tiv

el
y)
.

H
ai
rd
re
ss
er
s
w
ith

co
tin

in
e
le
ve
ls
>
50
0
ng
/m

L
re
po
rt
ed

m
or
e
re
sp
ir
at
or
y
co
m
pl
ai
nt
s
an
d

rh
in
iti
s
hi
st
or
y;

fo
r
th
is
gr
ou
p
bo
th

oc
cu
pa
tio

na
la
nd

sm
ok
in
g
st
at
us

ha
d
an

ad
di
tiv

e
ef
fe
ct
on

re
sp
ir
at
or
y
sy
m
pt
om

s.
M
ai
n
co
nf
ou
nd
er
s
co
ns
id
er
ed
:

N
on
e
m
en
tio

ne
d.

F
or
ce
d
vi
ta
lc
ap
ac
ity

(F
V
C
),
pr
ed
ic
te
d
va
lu
e
(P
V
),
fo
rc
ed

ex
pi
ra
to
ry

vo
lu
m
e
in
1
s
(F
E
V
1)
,T

if
fe
ne
au

in
de
x
(F
E
V
1/
FV

C
),
m
ax
im

um
m
id
-e
xp
ir
at
or
y
fl
ow

ra
te
(M

M
F
R
).
IR
R
in
ci
de
nc
e
ra
te
ra
tio

;O
R
od
ds

ra
tio

;9
5%

C
I
95
%

co
nf
id
en
ce

in
te
rv
al

a
W
hi
le
ot
he
r
ou
tc
om

es
w
er
e
as
se
ss
ed

in
th
e
st
ud
y,
da
ta
pr
es
en
te
d
in

th
e
ta
bl
e
is
lim

ite
d
to

re
sp
ir
at
or
y
ou
tc
om

es
.

Curr Envir Health Rpt (2019) 6:269–285 279



27, 43, 45–47, 50], sole reliance on questionnaires to ascertain
respiratory outcomes [43–46], lack of biomonitoring to ascer-
tain exposures and related health outcomes to specific contam-
inants [27, 43, 45, 47, 48, 50], lack of adjustment for critical
confounders [44], small samples sizes [27, 47, 48], and poten-
tial bias arising from the healthy worker effect [27, 43–47, 49,
50]. Despite these limitations, studies generally arrived at sim-
ilar conclusions.

Nail Salon Workers

Five articles [34, 51–54] assessed respiratory outcomes
among nail salon workers (Table 3). One US study [54] sur-
veyed 61 female Southeast Asian immigrant nail salon
workers in Oregon. Allergies were among the most commonly
reported problems, although a definition of allergies was not
provided. Another cross-sectional study [51] of 68 workers
from 40 nail salons in New Jersey reported frequent lung
and throat irritation. Similarly, another study among 159
Korean nail salon technicians (98% female) from 120 salons
reported frequent respiratory-related symptoms, including
nose (odds ratio, OR 54.0; 95% confidence interval, CI 21.6
to 134.8) and throat irritation (OR 4.3; CI, 2.2 to 8.5) com-
pared to controls (non-exposed office workers), after adjusting
for relevant confounders [34]. Kiec-Swierczynska et al. [52]
captured information on respiratory symptoms (defined as
wheezing and rales, chronic non-infection related cough, dys-
pnea) and other outcomes (ocular, nasal) during medical inter-
views among 93 Polish nail salon workers. Nail salon workers
attributed several respiratory symptoms with exposure to nail
dust, acrylic products, polish removers, disinfectants, and nail
glues. The authors conducted a questionnaire among a larger
sample of 145 nail salon workers, and, among these, 42%
reported respiratory symptoms. Another Polish study [53] ex-
amined self-reported health status and work-related symptoms
among 145 female nail salon workers occupationally exposed
to VOCs with 152 population-based female controls. Nail
salon workers experienced dyspnea, difficulty breathing, and
regular/chronic coughing. Combined exposure to a VOCmix-
ture did not modulate the hazard of occurrence of any symp-
toms assessed. The majority of recent studies in nail salons
included in this scoping review were cross-sectional and re-
spiratory symptoms were not always well defined.
Additionally, some studies did not account for key con-
founders, including smoking [52, 54].

Endocrine-Related Outcomes

No articles on endocrine-related outcomes among hair or nail
salon workers (e.g., thyroid, metabolic disease, diabetes) pub-
lished in the last 5 years were identified. This reflects a critical
data gap as chemicals in hair and nail care products include
endocrine disrupting compounds (e.g., phthalates, placenta,

parabens). Future studies should evaluate endocrine-related
conditions and diseases among hair and nail salon workers
in relation to EDC exposures.

Current Gaps and Future Research Needs

Most studies identified among hairdressers focused on
Caucasian populations and a few on Middle Eastern and
Asian hairdressers/salons. However, no published studies to
date have assessed indoor environmental exposures and/or
conducted biomonitoring among hairdressers who serve a pre-
dominantly Black clientele (i.e., African American, African,
Afro Caribbean, Afro Latinas). A recent study [8••] detected
45 EDCs in 18 products used by Black women (e.g., hot oil
treatments, root stimulators, hair lotions, and hair relaxers).
Products tested contained between four and 30 of the EDCs
measured; 11 of the products contained seven chemicals that
are either prohibited for use in Europe or regulated under
California Proposition 65 which requires businesses to pro-
vide warnings to Californians about significant exposures to
chemicals that cause cancer, birth defects, or other reproduc-
tive harm [56]. Notably, 84% of the chemicals detected were
not listed as ingredients. This evidence supports growing con-
cerns that hairdressers using such products for personal use
and/or on their clients may experience elevated exposures to
VOCs, phthalates, and other chemicals that have been linked
to adverse health effects. In addition to EDCs, some hair re-
laxers contain highly corrosive ingredients (e.g., lye) and other
products may contain toxic solvents and adhesives. Hair loss,
scalp lesions, and burns have been reported among hair relax-
er users, which facilitate dermal chemical exposure [57].
Limited studies report associations between placenta-
containing hair oils and other products with earlier age of
menarche amongAfrican American adolescents and increased
risk of uterine fibroids [57]. To our knowledge, no exposure or
epidemiologic studies have been conducted among hair-
dressers predominantly serving a Black/ethnic clientele,
highlighting the need for further research, particularly among
hairdressers who may also use these products on themselves
and experience an increased exposure burden. A combination
of biomonitoring, exposure, and epidemiologic studies are
urgently needed in this population, as disparate exposures
are plausible. Research is also needed on ingredients in salon
products to better understand their potential health impacts
and to design culturally appropriate measures to reduce expo-
sures and minimize health risks in this population.
Additionally, while this review focused on select health end-
points, other health risks may be prevalent as a result of chem-
ical exposures encountered in hair and nail salons, including
cancer, skin conditions, neurotoxic effects, and immune
disorders.
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Currently, owners and workers in hair and nail salons have
limited options for safer products and current regulations do
not ensure worker health and safety. Guidelines and occupa-
tional standards are non-existent, outdated, or do not protect
women of reproductive age. Recommendations to advance
research on occupational health and workplace exposures
among hair and nail salon workers include:

& Research on safe work practices and low to no-cost solu-
tions to decrease chemical exposures in these settings

& Research on safer alternative products
& Characterization of exposures to chemicals via environ-

mental and biological monitoring
& Non-targeted analysis to screen chemicals of potential

concern and inform future epidemiologic studies
& Research on potential additive and synergistic effects of

chemical exposures
& Epidemiologic studies to assess potential health effects of

specific chemicals and mixtures of concern, including
among hairdressers predominantly serving a Black
clientele

& Research on the interplay between social factors and
chemical exposures

In the U.S., labeling requirements for cosmetics and per-
sonal care products are limited because they are regulated as
over-the-counter drugs by the Food and Drug Administration
(FDA). The FDA requires ingredients to be listed proportion-
ally to their content in the product but allows incidental ingre-
dients and components in fragrances to be excluded from
product ingredient lists (Fair Packaging and Labeling Act
1967; Federal Food, Drug, and Cosmetic Act 1938). This lack
of transparency in labeling prevents workers and consumers
from determining what chemicals they may be exposed to and
what risks such exposures could pose. Moreover, while US
federal occupational safety regulations and guidelines exist for
some chemicals, these are outdated and may not be protective
of this population. Occupational safety regulations in these
settings are often promulgated by state cosmetology boards,
which can vary by state, lack enforcement capacity, and fail to
adequately address toxic chemical exposures.

Conclusions

Hair and nail salon workers are exposed to many chemicals
linked to adverse effects. While more research is needed in
these settings, safe work practices such as the use of PPE,
proper ventilation, and using less harmful alternatives, if avail-
able, could help ameliorate exposures and lessen the risk of
long-term health effects. Reducing salon exposures will re-
quire stakeholder involvement, including product manufac-
turers and government agencies, as the sole burden of safety

should not fall on workers. Limited multipronged approaches
to develop safer salons have achieved promising results [58,
59], and consumer demand for less-toxic beauty products has
shown that such reformulations are marketable. While addi-
tional exposure and epidemiologic studies are warranted, im-
proving air quality in salons and development of safer prod-
ucts is paramount to strengthen occupational health and safety
among hair and nail salon workers.
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