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RESEARCH ARTICLE

Evaluation of chemical exposures generated from n-free nail polishes

Kimberly R. Anderson, Perri Callaway, and M. Abbas Virjii 

Field Studies Branch, Respiratory Health Division, National Institute for Occupational Safety and Health, Morgantown, West Virginia 

ABSTRACT 
Nail polishes contain over a dozen chemical compounds, including chemicals that can 
cause adverse reproductive outcomes and pose a risk to the high proportion of nail 
salon workers who are women of childbearing age. Consumer demand has resulted in a 
shift toward more natural products, with manufacturers attempting to remove harmful 
ingredients (n-free products). Many products that claim to have eliminated toluene, for
maldehyde, and dibutyl phthalate (DBP) are labeled as “3-free”; however, studies have 
found these products often contain higher concentrations of toluene and DBP com
pared to products with no such claims. Products used only at salons are not required 
to list ingredients, leading to uncertainties as to the exact chemical composition and 
potential exposures. A better understanding of chemical exposures associated with nail 
polish products is necessary to understand potential worker exposures and develop 
effective control options. This study evaluated chemical exposures generated while 
painting nails with 20 n-free polishes using real-time and time-integrated air sampling. 
Total volatile organic compounds (TVOCs, PID, ION Science Inc.) and 22 individual com
pounds (FTIR, Gasmet Technologies) were measured in the breathing zone of the mani
curist while two coats of polish were applied to artificial nails on a manikin in an 
exposure chamber and for 2 hr afterwards. Formaldehyde and toluene were measured 
in all polishes using the real-time FTIR, despite all claiming to be 3-free. Normalized 
geometric mean (GM) formaldehyde exposures from the FTIR ranged from 0.021 to 
0.273 ppm/g, GM toluene exposures ranged from 0.068 to 0.534 ppm/g, and GM ben
zene exposures ranged from 0.076 to 0.752 ppm/g. Notably, formaldehyde, toluene, and 
benzene exposures did not significantly differ between different products. Neither DBP 
nor triphenyl phosphate (TPhP) was detected in any of the polishes. This study high
lights that despite industry claims, n-free polishes may still contain chemicals associated 
with negative health effects and that more studies are necessary to understand the 
true chemical exposures of nail salon workers.

KEYWORDS 
Chemical profile; exposure 
assessment; inhalable 
exposures; n-free; nail 
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Introduction

Salons can contain hundreds of chemical compounds in 
the various products used during manicures, many of 
which are suspected or known to be associated with 
adverse reproductive effects, asthma, and skin and eye 
irritation (Quiros-Alcala et al. 2019). Potential respira
tory and reproductive hazardous chemicals such as 
dibutyl phthalate (DBP), plasticizers, toluene, ethyl 
acetate, butyl acetate, and formaldehyde have been 
reported in nail polish products (Ceballos et al. 2021; 
Heaton et al. 2019; Zhong et al. 2019). In recent years, 
increased consumer focus on “clean” or “non-toxic” 
beauty products has changed product formulations, 

with manufacturers attempting to remove harmful 
ingredients. These products are labeled as “n-free,” 
where n stands for the number of hazardous com
pounds removed (NPD Group 2018). The original “n- 
free” products, called 3-free, claimed to not contain 
what is known as the “toxic trio,” which comprises for
maldehyde (a respiratory toxicant and human carcino
gen), toluene (a respiratory irritant and developmental 
and neurological toxicant), and DBP (an eye and 
respiratory irritant, reproductive and developmental 
toxicant); there is now a wide variety of n-free nail pol
ishes with some claiming to be 10-free and greater 
(Young et al. 2018). However, there is limited research 
on the exposures and potential health risks associated 
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with these alternative formulations, despite salons 
increasingly adopting green or 3-free products (Han 
et al. 2022; Ma et al. 2019).

The Food and Drug Administration (FDA) regulates 
cosmetics, but there is no standard definition for 
“clean” or “natural” beauty products, and nail products 
used only at salons are not required to list ingredients 
(Cosmetics FAO 2018). Furthermore, the FDA does not 
require specific tests to demonstrate the safety of beauty 
products under the Federal Food, Drug, and Cosmetic 
Act before marketing (Cosmetics FAO 2018). Nor is 
there standardization in n-free definitions or excluded 
chemicals, resulting in different chemical compounds 
being present or absent in polishes with the same n-free 
claim. Due to these loose regulatory constraints, uncer
tainties exist as to the exact chemical composition of 
many of these products, making it difficult to assess 
exposures and subsequent risk to workers. Studies test
ing the validity of 3-free claims over different nail prod
ucts have reported higher concentrations of hazardous 
compounds compared to traditional products with no 
such claims, which raises concern about their safety 
(Guo et al. 2012; Young et al. 2018).

Nail salon workers are primarily exposed to chemicals 
through inhalation, dermal contact, and, to a lesser 
extent, ingestion of harmful chemicals. Chemicals found 
in nail products can evaporate into the air or come into 
direct contact with the skin during manicures or pedi
cures. Inhalation of vapors from these VOCs can lead to 
respiratory issues, headaches, dizziness, and long-term 
health risks like cancer or reproductive harm. Exposures 
to high concentrations of toluene have been associated 
with decreased fetal growth, premature delivery, congeni
tal malformations, and postnatal developmental delays 
(Donald et al. 1991; Hannigan and Bowen 2010), as well 
as upper respiratory tract irritation (Cohr and Stokholm 
1979). Formaldehyde is a human carcinogen, a respira
tory toxicant, and may cause reproductive and develop
mental toxicity (Duong et al. 2011). DBT exposure is 
associated with birth defects, developmental delays, and 
adverse reproductive system effects (Han et al. 2022; 
Hines et al. 2009; Kwapniewski et al. 2008; Pak et al. 
2011; Young et al. 2018). Furthermore, repeated skin 
contact with these substances may cause dermatitis or 
allergic reactions (Anderson and Meade 2014; de Groot 
and Rustemeyer 2023; DeKoven et al. 2017; Freeman 
et al. 1995; Hemmer et al. 1996; Kiec-Swierczynska et al. 
2013; Kucharczyk et al. 2021; Semple 2004). Chronic 
exposure to these chemicals, especially in poorly venti
lated salons, increases the risk of more severe health con
ditions, including neurological damage, liver toxicity, 
and disruptions to the endocrine system. Nail salon 

workers (NSWs) likely have substantially higher expo
sures compared to consumers due to longer exposure 
durations and a lack of appropriate ventilation in the 
workspace, and, as a result, are at much greater risk for 
adverse health outcomes from exposure to nail products. 
Many NSWs work over 30 hr a week and have been 
working in the field for over eight years, raising concerns 
about high cumulative exposures among this population 
(Sharma et al. 2018). Furthermore, many nail salon 
employees are immigrants, with 79% being foreign- 
born (Sharma et al. 2018). Of these employees, 46% 
have poor or no English proficiency (Sharma et al. 
2018). Training materials and safety information are 
often only provided in English and may use technical 
terminology (Quach et al. 2013). These difficulties may 
lead to access issues, such as in one study, which found 
that 55.4% of employees felt they weren’t able to access 
health and safety information at work (White et al. 
2015). Although several studies report exposures below 
occupational exposure limits for individual volatile 
organic compounds (VOCs) (Alaves et al. 2013; Park 
et al. 2014; Tran et al. 2022), the effects of mixed expo
sures are not typically considered. Additionally, many 
NSWs report upper respiratory symptoms like wheez
ing and upper respiratory irritation (Quiros-Alcala 
et al. 2019); symptoms that are consistent with chronic 
low-level VOC exposure (Alford and Kumar 2021; 
Wang et al. 2014). Moreover, NSWs are mostly women 
(96%) and over half of NSWs are of reproductive age 
(54%), putting this population at a higher risk for 
adverse reproductive outcomes (AROs) compared to 
other worker populations (Sharma et al. 2018). AROs 
are high among NSWs, with 15.6% reported having a 
miscarriage, which is 4.6% above the U.S. average of 
11% (Ma et al. 2019).

A better understanding of chemical exposures asso
ciated with nail polish products marketed as nontoxic 
alternatives is necessary to understand potential 
worker exposures and inform salon owners about nail 
product selection. The objective of this study was to 
evaluate airborne chemical exposures generated while 
painting nails with 19 n-free polishes and one stand
ard polish with no n-free claims using real-time and 
time-integrated (average) air sampling.

Methods

Test chamber

This study was conducted in a 12.85 m3 stainless steel 
environmental chamber with an air exchange rate of 1 
air change per hour (ACH), typical of ventilation rates 
observed in salons, which range from 0 to �5.7 ACH 
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(Harrichandra et al. 2020; Zhong et al. 2019) while 
still meeting the ASTM D6670 standard practice for 
Full-Scale Chamber Determination of Volatile Organic 
Emissions from Indoor Materials/Products (Zhang et 
al. 2001). The chamber was assessed and fully com
plied with the ASTM D6670 guidelines, including a 
calculated mixing level of 92%, a leak rate of 0.024 
ACH (assessed using SF6), and a reversible sink ratio 
of less than 0.1. HEPA- and carbon-filtered air was 
supplied to the chamber from a 1.48 m � 0.025 m 
inlet spanning the back wall and was exhausted out of 
the chamber through a 0.133 m � 0.133 m outlet at 
the front of the chamber. Previous tests have deter
mined that the exposure chamber is a well-mixed 
room (Stefaniak et al. 2018).

A table was set up in the center of the chamber 
with manikin hands positioned on one side, represent
ing the customer, and the lab technician positioned 
on the other side, representing the NSW (Figure 1).

Nail products

Eleven red nail polishes (R1–R11), four top coats 
(TC1–TC4), and four base coats (BC1–BC4), for a 
total of 19 n-free nail products, were selected for 
evaluation. Ten unique brands were evaluated. Of the 
ten brands, four were also selected to evaluate top 
coats and base coats. One red polish with no n-free 
claims (S1) was selected for comparison. Nail products 

that were explicitly marketed as an n-free nail product 
and sold within the U.S were selected for evaluation. 
A range of widely available polishes and brands com
monly used in nail salons were targeted for evaluation, 
and the brands selected represented a significant 
market share of nail products sold in the U.S. 
Furthermore, all brands selected had been promoted 
in beauty magazines and nail salon trade publica
tions as nontoxic, n-free polishes. All nail polishes 
were purchased online from wholesale suppliers 
who supply nail salons.

Figure 2 summarizes the nail code, type of polish 
(color polish, base coat, or top coat), as well as 
whether the product was marketed as a specific chem
ical-free product (n-free category), and a list of chemi
cals the manufacturer claimed were removed from the 
formulation.

Simulated manicure tasks

Artificial nails on the manikin’s hands were painted 
using one of the commercially available polishes in 
Figure 2. For red polishes, two coats were applied to 
the artificial nails over a 5-min period. For top coats 
and base coats, one coat was applied to the artificial 
nails, simulating how these products would be used in 
salons. Nails were allowed to dry, and the concentra
tion decay in the chamber was measured for 2 hr fol
lowing the nail painting. Four replicates were 

Figure 1. Chemicals and components (grey shading) excluded by the manufacturer from the nail polish products tested. Nail prod
ucts categorized by type and number of chemicals/components claimed to be absent from the product (n-free claim).
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measured for each nail product. The mass of the 
applied product was measured by weighing the nail 
polish bottle before and after painting the artificial 
nails. The weight change was used to determine the 
mass of product applied. The concentration in ppm 
was divided by the mass of product applied to the 
nails to normalize the concentration by mass of prod
uct applied.

Direct reading air sampling methods

Airborne exposures were measured in the technician’s 
breathing zone using direct reading and time-inte
grated methods. Background levels of gases were 
measured in the chamber for 10 min before starting 
each manicure, and all trials were background cor
rected. Direct reading measurements of total volatile 
organic compounds (TVOC) and specific chemical 
compounds were measured using a handheld photo
ionization detector (PID, Tiger, ION Science Inc., 
Stafford, TX) and a DX4040 Fourier transform infra
red (FTIR) gas analyzer (Gasmet Technologies, 
Finland), respectively. The PID was factory calibrated 
with zero air and bump tested with 10 ppm isobutyl
ene before use. Data logging was set at 1-sec intervals. 
The FTIR was used to identify and quantify 22 chemi
cals including formaldehyde, toluene, acetone, 1,3- 
butadiene, acetonitrile, acrolein, acrylic acid, benzene, 
butyl acetate, butyl acrylate, ethanol, ethyl acetate, 
ethyl acrylate, ethyl benzene, isopropanol, isopropyl 
acetate, methanol, methyl acrylate, methyl methacryl
ate, and m-, o-, and p-xylene. The FTIR was zero cali
brated using 99.9% nitrogen gas before sampling, and 
data logging was set at 20-s intervals. The spectra 
were analyzed using Calcmet version 12.140.

Time-integrated air sampling methods

Speciated VOCs were measured using stainless steel, 
multibed, Air Toxics thermal desorption (TD) tubes 
[31=2

00, 1=4
00 o.d. (89 mm, 6.4 mm o.d), C2-AXXX- 

5270, Markes International, Blue Ash, OH] con
nected to low-flow sampling pumps (PocketPump, 
SKC Inc., Eighty Four, PA) with a nominal flow 
rate of 0.05 L min−1. TD tubes were analyzed using 
a thermal desorption unit connected to a gas chro
matograph-mass spectrometer (GC-MS) for 22 
VOCs including 2-butanone, acetone, acetonitrile, 
benzene, butyl acetate, butyl methacrylate, 4,N,N- 
trimethylaniline, ethyl acetate, ethyl methacrylate, 
isopropyl acetate, methyl acetate, methyl methacryl
ate, m and p xylene, o-xylene, propyl acetate, and 
toluene. Time-integrated measurements of formal
dehyde were collected using UMEx passive badges 
(SKC Inc., Eighty Four, PA)  and analyzed following 
OSHA Method 1007. Dibutyl phthalate (DBP) was 
measured using OVS Tenax sampling tubes (20/35 
mesh, 70/140 mg with a glass fiber filter, 8� 75 mm) 
connected to AirChek sampling pumps (SKC Inc., 
Eighty Four, PA) with a nominal flow rate of 1 L/ 
min and analyzed following OSHA Method 104. 
Triphenyl phosphate (TPhP) was measured using a 
mixed-cellulose ester (MCE, 0.8 mm pore size) filter 
connected to an AirChek sampling pump with a 
nominal flow rate of 2 L/min and analyzed following 
NIOSH Method 5038. TD tubes and UMEx passive 
badges were shipped cold, and all sample extraction 
and analyses (TD tubes, UMEx passive badges, OVS 
Tenax tubes, and MCE filters) were conducted by 
Bureau Veritas North America (Novi, MI).

Statistics

All statistical analyses were performed in R (version 
1.4.1106, RStudio, PBC). Beta-substitution was done 
to replace all values between zero and the manufac
turer’s limit of detection (LOD) for a given compound 
(Ganser and Hewett 2010). The LODs for the FTIR 
compounds are listed in Supplemental S1. The data 
were more lognormal than normal; thus, all data was 
log-transformed before statistical analyses. Descriptive 
statistics (geometric mean [GM], geometric standard 
deviation [GSD]) were calculated for the TVOC con
centrations, individual chemical components from the 
FTIR measurements, and time-integrated measure
ments. Analysis of variance (ANOVA) was used to 
determine if average VOC concentrations varied sig
nificantly between nail polishes, type of finish, and n- 
free category. Once significant differences were 

Figure 2. Schematic of the exposure chamber.
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identified, Tukey’s pairwise comparisons were com
puted to determine which group means were signifi
cantly different. Statistical significance was evaluated 
at an alpha of 0.05.

Results

Direct reading instruments

Figure 3 displays the GM concentration distribution 
for speciated VOC exposures from the FTIR for 
each nail product. The average mass applied for the 
red polishes was 0.5 mg, 0.45 mg for the base coats, 
and 0.46 mg for the top coats. Formaldehyde, ben
zene, and toluene were detected in all nail polishes 
tested, despite n-free claims, with normalized GM 
formaldehyde exposures ranging from 0.02 to 
0.27 ppm/g, GM toluene exposures ranging from 
0.07 to 0.53 ppm/g, and GM benzene exposures 
ranging from 0.08 to 0.75 ppm/g. Notably, normal
ized formaldehyde and toluene exposures did not 
significantly differ between different products 
(p¼ 0.37 and 0.07, respectively). Normalized ben
zene exposure was significantly higher (p< 0.01) for 
B1 compared to the red nail polishes and top coats. 
The only compounds with statistically significant 
differences between nail polishes were ethanol, iso
propyl acetate, m-xylene, methanol, and p-xylene 
(p< 0.01, <0.01, <0.01, ¼0.02, and ¼0.03, respect
ively). For the other compounds, differences in 
exposure between nail polishes were minimal and 
not statistically significant. R2 had statistically sig
nificantly higher normalized p-xylene exposures 

compared to S1, R3, R10, R11, R1, B1, B2, TC2, 
TC3, and TC4 (Tukey multiple comparison). 
Overall, the highest exposures were measured for 
ethyl acetate and ethyl acrylate, whereas o-xylene 
and acrylic acid had the lowest exposures.

Nail products were categorized by their n-free 
claims into eight groups (standard polish with 0 or 
no n-free claims, 3, 7, 8, 9, 10, and 16þ n-free) 
and evaluated for differences in speciated VOC 
exposures (Figure 4). VOC exposures did not differ 
significantly based on n-free claims for any com
pound measured, except for ethyl acetate (p¼ 0.03) 
and p-xylene (p¼ 0.02). The standard polish with 
no n-free claims had the lowest exposure to for
maldehyde (GM ¼ 0.02 ppm/g) compared to all the 
other polishes evaluated, but differences were not 
significant. Polishes in the 10-free category had the 
highest formaldehyde exposures (GM ¼ 0.09 ppm/ 
g). The lowest toluene exposures (GM ¼ 0.07 ppm/ 
g) were measured for polishes in the 16þ free cat
egory. The nail polishes in the 3-free category had 
significantly higher exposures to ethyl acetate com
pared to the 8, 10, 12, and 16þ n-free categories. 
Benzene exposures were lowest for polishes in the 
3-free category (GM ¼ 0.07 ppm/g), whereas the 
10-free category had the highest benzene exposures 
(GM ¼ 0.20 ppm/g).

When grouped by polish type (top coat, base coat, 
or red polish), normalized, speciated VOC exposure 
differed significantly, with red polishes having signifi
cantly lower (p-value <0.01) exposures for butyl acet
ate, formaldehyde, and methanol compared to base 
coats and top coats (Figure 5). Base coats had 

Figure 3. Heat map showing the distribution of chemicals within and among nail polishes. Geometric mean (n¼ 4) concentration 
(ppm) normalized by mass of polish applied from the FTIR (background-corrected).
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significantly higher exposures to acetonitrile, acrylic 
acid, benzene, ethanol, ethyl acrylate, isopropyl acetate, 
m-xylene, and methanol, compared to red polishes. 
Top coats had significantly higher concentrations of 
methyl acrylate and toluene compared to red polishes 
(p-value ¼ 0.01, 0.04, respectively).

Normalized TVOC exposures ranged from 0.17 to 
1.8 ppm/g (Figure 6). There were no significant differ
ences in TVOC exposure by type of polish (p¼ 0.60) 

or n-free category (p-value ¼ 0.2). Figure 7 displays the 
time-series data for the normalized TVOC exposures.

Time-integrated measurements

GM exposures for specific VOCs from the TD tubes 
are summarized in Table 1. The limit of detection for 
most compounds using the TD tubes was high, result
ing in poor agreement between the FTIR and TD tube 

Figure 4. Heat map showing the distribution of chemicals within and among n-free categories. Geometric mean concentration 
(ppm) normalized by mass of polish applied from the FTIR (background-corrected).

Figure 5. Heat map showing the distribution of chemicals within and among types of polish. Geometric mean concentration 
(ppm) normalized by mass of polish applied from the FTIR (background-corrected).
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methods. Agreements between the FTIR exposures 
and TD tube exposures were better for compounds at 
higher concentrations (butyl, ethyl, isopropyl acetate).

Neither DBP nor TPhP was detected in any of the 
nail polishes evaluated. Similarly, using the passive 
badges, formaldehyde was only detected in 25% of the 
samples at values below the limit of quantification, 
indicating this method may not be adequate for 
shorter task-based exposures.

Discussion

Commonly reported reproductive and respiratory haz
ards in nail products include formaldehyde, toluene, 
DBP, ethyl acetate, acetate, butyl acetate, or aceto
nitrile (Quiros-Alcala et al. 2019); however, product 
design factors such as color, texture, and drying time 
result in widely varying ingredients across different 
brands. DBP, which is used to increase the flexibility 
and longevity of polishes, is associated with adverse 
reproductive outcomes in pregnant women 
(Kwapniewski et al. 2008; Pak et al. 2011). Although 
this study did not find any exposures to DBP or tri
phenyl phosphate, this study did not comprehensively 
evaluate other phthalate exposures in n-free nail pol
ishes. Young et al. (2018) reported triphenyl phos
phate and bis(2-ethylhexyl) phthalate in polishes 
marketed as n-free alternatives, indicating this is an 
important area to investigate further.

Similar to other studies that evaluated n-free nail 
polishes, this study measured formaldehyde, benzene, 
and toluene in all polishes evaluated, despite manufac
turers’ claims. The Department of Toxic Substances 
Control (DTSC) Safer Consumer Products Program of 
the California Environmental Protection Agency 

(CalEPA) evaluated 157 nail products using gas chro
matography mass spectroscopy (DTSC 2023). While 
this study did not focus on n-free products, they 
reported toluene in 17% of the product tests at con
centrations ranging from 31 to 187,000 mg/mL, with 
topcoats, UV gel polishes, and multifunctional pol
ishes having the highest toluene concentrations. 
Similarly, an earlier report from the CalEPA DTSC 
(2012) that evaluated 25 n-free nail products (DTSC 
2012) found toluene was more frequently detected 
and often at higher concentrations in products mar
keted as n-free products compared to nail products 
that had no n-free claim. This study found that seven 
of 19 products had higher toluene concentrations 
compared to the standard product with no n-free 
claim. DTSC (2012), using EPA method 8260B, 
reported toluene concentrations in 10 out of 12 prod
ucts claiming to be toluene-free, with concentrations 
ranging from 42 to 177,000 ppm. In products with no 
n-free claims, DTSC reported that 8 of 13 products 
contained toluene with concentrations up to 
120,000 ppm, with an average toluene concentration 
of 12,354 ppm. Zhong et al. (2019) conducted static 
headspace sampling of 35 nail products, including lac
quers, top coats, and base coats, and found ethyl acet
ate was the most dominant compound present, 
followed by n-butyl acetate, which made up over a 
quarter of the headspace concentration. However, this 
study found ethyl acetate had the highest concentra
tion only for red lacquers. Ethyl acrylate and aceto
nitrile had the highest concentrations for base coats 
and top coats, respectively. Zhong et al. (2019) also 
reported substantially higher toluene concentrations in 
nail lacquers using a static headspace method com
pared to this study (7 g/m3 compared to 0.00032 g/m3 

Figure 6. Boxplot displaying the TVOC exposures in ppm by nail code. The color indicates n-free category with the standard polish 
with no n-free claims being the darkest color, while lighter color indicates higher n-free claim.
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found in this study). Furthermore, when grouped by 
product type, Zhong et al. (2019) did not find toluene 
in base coats or top coats, whereas this study found 
that base coats had a slightly higher toluene concen
tration compared to red lacquers and top coats. This 
study also found high concentrations of 1,3-butadiene, 
ranging from 0.15 ppm/g to 1.22 ppm/g. Normalized 
GM 1,3-butadiene concentrations were highest for 
base coats (0.87 pm/g) compared to red polish and 
top coats (0.35 and 0.58 ppm/g, respectively). Animal 
studies have reported adverse reproductive outcomes 
adverse reproductive outcomes associated with 1,3- 
butadiene exposure, including skeletal abnormalities 
and decreased fetal weight, as well as increased inci
dence of ovarian atrophy and testicular atrophy 
(Melnick and Huff 1992). In addition to reproductive 
effects, 1,3-butadiene is associated with increased risk 
of blood and lymphatic system cancers (Hughes et al. 
2003). This study also found levels of acrolein, an 
IARC group 2A probable human carcinogen 
(Marques et al. 2021), were also high, with normalized 
GM exposures ranging from 0.21 to 1 ppm/g. These 
findings are concerning given the high proportion of 
NSWs that are females of reproductive age. 
Formaldehyde is a human carcinogen, a respiratory 
toxicant, and may cause reproductive and develop
mental toxicity (Duong et al. 2011). Moreover, it 
should be noted that the understanding of occupa
tional reproductive hazards remains limited, with sig
nificant gaps in knowledge regarding the safety of 
workplace exposures for pregnant workers. Many 
chemicals encountered in occupational settings have 
not been thoroughly studied for their potential effects 
on reproduction or fetal development. This lack of 
information is compounded by challenges in deter
mining safe exposure levels during pregnancy, as Ta
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standard toxicological studies often exclude pregnant 
populations. Consequently, risk assessments frequently 
rely on extrapolations from general population data, 
which may not account for heightened vulnerabilities 
during pregnancy.

Exposures in nail salons have changed dramatic
ally in recent years due to advances in technology 
and product formulations. N-free, clean, green, and 
nontoxic are terms used interchangeably to indicate 
safer alternatives to traditional nail polishes. Nail 
salons are increasingly using more clean or green 
products; 72% of salons reported using at least some 
green products, and 37.6% of salons report using 
only green, 3-free polishes (Han et al. 2022; Ma 
et al. 2019). Although marketed as being safer alter
natives to traditional nail products, studies have 
found these products often contain higher concen
trations of toluene and DBP compared to products 
with no such claims, raising concerns about worker 
health when using these products (Guo et al. 2012). 
This study found speciated VOC exposure did not 
differ significantly across n-free categories except 
for ethyl acetate and p-xylene, indicating that pol
ishes with higher n-free claims are not necessarily 
safer compared to polishes with no claims. 
Furthermore, the lack of standardization in n-free 
labeling means products in the same n-free category 
may exclude completely different compounds. 
Formaldehyde, formaldehyde resin, DBP, toluene, 
and camphor were five compounds that all manu
facturers excluded from their n-free products. Ethyl 
tosylamide, xylene, parabens, and triphenyl phos
phate were the next most commonly excluded com
pounds. However, the lack of standardization means 
that the remainder of chemicals excluded varied 
widely between nail polishes, making it difficult to 
compare among the same n-free claim, as well as 
difficult for NSWs to understand what chemicals 
were excluded.

While short-term task-based exposures for all com
pounds and brands were low, chronic low-level VOC 
exposure has been associated with eye, throat, and nose 
irritation, dizziness, and headaches, as well as more 
severe outcomes such as cancer, central nervous system 
damage, and developmental impairment (Alford and 
Kumar 2021; De Oliveira et al. 2017; Wang et al. 2013; 
2014; Xiong et al. 2016) and is consistent with health 
outcomes reported by nail technicians (Quiros-Alcala 
et al. 2019). Furthermore, most chemical compounds 
are assessed individually, and the effects of mixed expo
sures are not typically considered, but there may be 
important synergistic or additive effects to consider. 

Exposures resulting from working with nail products 
involve highly complex chemical mixtures that are gen
erated simultaneously. Even if individual chemicals are 
below the occupational exposure limits, the effect of the 
mixed exposure may cause a variety of health effects.

Compounds emitted by nail polishes can interact 
with other chemicals commonly present in nail sal
ons, leading to the formation of secondary pollutants. 
For example, VOCs may react with ozone or 
hydroxyl radicals in the air to produce secondary 
organic aerosols (SOAs) and aldehydes, exacerbating 
air quality concerns. Toluene can react with hydroxyl 
radicals to form benzaldehyde and other aromatic 
oxidation products, which may further contribute to 
the formation of SOAs. Formaldehyde, a reactive car
bonyl compound, can undergo photolysis or react 
with hydroxyl radicals, leading to the production of 
formic acid or peroxyacyl nitrates (PANs). Ethyl 
acetate, an ester, may hydrolyze under acidic condi
tions or oxidize to acetic acid, which contributes to 
indoor air acidity. Additionally, the use of ammonia- 
based cleaning products can further complicate expo
sures. Ammonia can react with acidic oxidation 
products of VOCs emitted from nail polishes, such 
as formic acid or acetic acid, to form ammonium 
salts. These salts may be present as particulate mat
ter, increasing PM2.5 concentrations, which can pose 
health risks. These reactions are particularly prob
lematic in poorly ventilated salons, where the accu
mulation of chemicals can produce heightened risks 
to both salon workers and clients, contributing to 
respiratory irritation, headaches, and long-term 
health issues. While this study did not evaluate the 
formation of secondary pollutants, they should be 
investigated in future studies.

Limitations

This study evaluated a comprehensive range of nail pol
ishes marketed as nontoxic alternatives. Furthermore, 
this study characterized a greater number of VOCs asso
ciated with nail polish application than in many previous 
studies. However, there are several limitations to this 
study. First, this study was a controlled laboratory study; 
thus, concentrations in salons may be different due to 
different ventilation rates, varying workload require
ments, variations in polishes, and additional exposure 
sources such as nail polish removers and artificial nail 
application and removal. Second, this study was limited 
to red polishes, base coats, and top coats. Other polishes 
routinely used during manicure services that could be 
labeled as nontoxic were not evaluated in this study. 

JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE 491



Finally, this study was not a comprehensive evaluation of 
all nontoxic nail brands or polishes. Future work will 
evaluate products for different services (gel, dip, etc.), 
other nail polishes used in salons, as well as different 
colors.

Conclusion

NSWs may be exposed to certain hazardous com
pounds during nail polish application despite man
ufacturers’ claims that product formulations do not 
contain those compounds. All nail polishes evaluated in 
this study contained formaldehyde, toluene, and ben
zene despite claims of being free of those compounds. 
Normalized geometric mean (GM) formaldehyde expo
sures ranged from 0.021 to 0.273 ppm/g, GM toluene 
exposures ranged from 0.068 to 0.534 ppm/g, and GM 
benzene exposures ranged from 0.076 to 0.752 ppm/g. 
Notably, formaldehyde, toluene, and benzene exposures 
did not significantly differ between different products. 
Nail polishes marketed as “n-free” alternatives may not 
reduce nail technician exposures and may emit higher 
concentrations of hazardous VOCs.

Further research is necessary to understand chemical 
exposures associated with different nail polish formula
tions and to ensure the reduction of hazardous chemi
cals. Specifically, there is a need to investigate the 
compounds present in the bulk nail polish liquid to 
determine if exposures are a result of the compound 
being present in the bulk material or due to secondary 
reactions. Additional testing to determine the presence 
and quantity of phthalates that may be present in the 
nail polishes should be conducted. Furthermore, 
increased product labeling transparency is needed, as 
well as standardization of labeling requirements, which 
would enable salon owners to make more informed 
decisions about the products they are using. Many 
companies include cruelty-free and vegan-free to the n- 
free count, which further complicates the understand
ing of these labels. An authoritative agency needs to set 
standards for n-free or alternative products to achieve 
standardization of labeling across manufacturers. 
Agencies like the EPA have the Safer Choice standard, 
a certification program that identifies products made 
with safer chemical ingredients, but as of now, no nail 
products have been labeled.
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