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Ethyl Methacrylate and Methyl Methacrylate Exposure among Fingernail Sculptors
Adam Marty
ABSTRACT
Fingernail sculptors may be exposed to ethyl methacrylate and methyl methacrylate
in their workplace. The literature suggests that these chemicals may cause sensitization
in individuals who are exposed to sufficient quantities. Cases of occupational asthma and
allergic contact dermatitis have been reported among persons who work with these
chemicals. Little personal exposure data exists on nail technicians’ exposures to these
chemicals, especially ethyl methacrylate. The literature suggests that the industrial
hygiene practices used for methyl methacrylate also be applied to ethyl methacrylate
since more is known about methyl methacrylate. Previous exposure studies have
revealed relatively low exposures to these chemical. There are no U.S. occupational
exposure limits for ethyl methacrylate.
The objectives of this study were to measure nail sculptors’ exposure to ethyl
methacrylate and/or methyl methacrylate vapors in their personal breathing zone,
describe the interior lay-out of the nail salon in relation to where the chemical vapors
were generated, and quantify the volume of air supplied by the HVAC. This study was
designed to further characterize and quantify nail technicians’ exposures to ethyl
methacrylate and methyl methacrylate.

v

Two nail salons were identified as study sites. A total of five fingernail sculptors
volunteered to participate. Personal sampling pumps and activated charcoal media were
used to collect organic vapors in the personal breathing zones of the participants. The
samples were collected for an entire work shift and analyzed by gas chromatography with
dual flame ionization detection, per a modified OSHA 7 Protocol.
The 8-hour time weighted averages ranged from < 1 – 31 parts per million of ethyl
methacrylate and <1 – 5.2 parts per million methyl methacrylate. These levels were
similar to those already reported in the literature. These levels were below any U.S.
occupational exposure level in place or suggested. Local exhaust ventilation appeared to
make a difference, as did natural ventilation. The results of this study strongly suggested
that methyl methacrylate was used at one salon despite a ban on its use in nail products.
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INTRODUCTION
Nail technicians may be exposed to the chemicals ethyl methacrylate (EMA) and/or
methyl methacrylate (MMA) during the application of acrylic liquid used in the sculpting
of artificial nails. Acrylates are a class of chemicals that include methacrylates, both
EMA and MMA (Bisesi, 2001). The various acrylate monomers generally exist in a
liquid form. These monomers can undergo polymerization to form products that range
from hard, solid plastics to emulsion polymers (Bisesi, 2001). Methacrylates are used in
surgical organ repair, contact eye lenses, surgical and dental cement, artificial nail
products, and for other applications (Bisesi, 2001). Nail technicians’ exposures to EMA
and/or MMA may lead to the development of skin and respiratory disorders (Thorne,
2001). These disorders may lead to decreased quality of life and may even be life
threatening. Unfortunately, little information exists on nail technicians’ personal
exposure to these chemicals and even less information exists on the prevalence of the
disorders associated with chronic exposure. This study was designed to further
characterize and quantify nail technicians’ exposure to EMA and MMA.
Two nail salons were selected based on convenience. Volunteer nail technicians
were equipped with air sampling media to measure the amounts of EMA and/or MMA in
their personal breathing zone (PBZ). A task analysis of each nail technician’s work
activity was performed. The nail salon’s dimensions and lay-out, including positions of
the manicure tables, any windows and exits, and the heating, ventilating, and air
1

conditioning system’s (HVAC) diffusers and returns were measured and drawn. The
salon’s HVAC system was also assessed to determine the air flow within the salon. This
information will add substantially to the limited information that exists on this topic.
Chronic exposures to EMA and MMA can lead to serious health problems. Little
personal exposure data exists on nail technicians’ exposures to these chemicals. Because
previous studies have not included some of the objectives contained in this study, this
research was unique. The research did have its limitations. The study design only
provided a snapshot of the data collected on one day. The information captured only
applied to the conditions encountered on the day the exposure assessment was performed.
It may not apply to other nail salons and it may not predict other nail technicians’
exposures. However, the research design did provide needed information on nail
technicians’ exposures to EMA and MMA and under what conditions these exposures
occurred. This study therefore provided a valuable source of information that furthers the
previous research on this topic.
Purpose
The purpose of this research was to quantify nail technicians’ exposures to EMA and
MMA vapors and characterize the conditions under which these exposures occurred.
Specifically, the objectives of this research were:
1. To quantify and describe nail technicians’ exposures to EMA and MMA vapors;
a. The concentration of EMA and/or MMA vapors breathed by nail technicians
was determined.
b. The number of clients seen on the day of sampling was determined.
c. The duration of the nail technicians’ work shift was determined.
d. The percentage of the time spent working with the liquid methacrylate was
determined.
2

2. To describe the interior lay-out of the nail salon in relation to where the chemical
vapors were generated;
a. The interior dimensions of the nail salons were measured and the interior
volumes were determined.
b. The locations of the manicure tables were determined in relation to windows,
exits, and heating, ventilating, and air conditioning (HVAC) diffusers and
returns.
3. To quantify the volume of air supplied by the nail salons’ HVAC system;
a. The number of air changes per hour was determined.
b. The HVAC system was qualitatively assessed for evidence of fresh air
introduction.
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LITERATURE REVIEW
MMA,C5H8O2, has a molecular weight of 100.13, a boiling point of 101 C, a relative
vapor density (Air = 1) of 3.45, and a vapor pressure of 40 mm Hg at 25˚ C (Bisesi,
2001). MMA has an odor threshold of less than 0.4 parts per million (ppm) (ACGIH,
2001) and is immediately dangerous to life and health (IDLH) at a concentration of 1000
ppm and above (NIOSH, 2005). The odor threshold and IDLH for EMA were not
available. EMA, C6H10O2, has a molecular weight of 114.14, a boiling point of 117˚ C, a
relative vapor density (Air = 1) of 3.94 (Bisesi, 2001), and a vapor pressure of 21 mm Hg
at 20˚ C (Haz Map, 2007).
EMA, on the molecular level, has only one CH2 group more than the MMA
molecule. Because the EMA molecule is slightly heavier, the chemical has an increased
boiling point, vapor density, and a decreased vapor pressure. Both chemicals are
monomers and rapidly polymerize (Bisesi, 2001).
Nail technicians working in nail salons may be exposed to EMA and/or MMA
monomers during the application of acrylic liquid for the sculpting of artificial nails.
Exposure may result from physical contact between the chemical and the skin or through
inhalation of the chemical vapors. Persons exposed to these chemicals may develop
irritation at the site of exposure. Persons exposed to these chemicals may also develop
an immune mediated response in the organs exposed resulting in organ sensitization
(Thorne, 2001). Sufficient skin contact may cause dermal sensitization resulting in a
4

condition known as allergic contact dermatitis (Thorne, 2001). Sufficient inhalation of
the vapors may cause an immune mediated asthmatic response known as occupational
asthma (Thorne, 2001). The signs associated with these conditions usually subside when
the exposure is removed (Thorne, 2001). These conditions can be serious since
sensitized individuals may have reactions to even the most minute amounts of these
chemicals (Thorne, 2001).
Prior to 1975, MMA was used as the primary monomer in the liquid acrylic
(Jackson, 1999). The Food and Drug Administration subsequently banned MMA for use
in nail products due to reports of several cases of severe allergic contact dermatitis
associated with its use (Fisher and Baran, 1991). Some literature suggests MMA may
still be used due to its relatively inexpensive price, $20-$60/gallon compared to EMA at
approximately $200/gallon, as well as a lack of regulatory oversight (Jones, 2003).
Toxicology
EMA and MMA can cause health problems when persons are exposed to sufficient
amounts of these chemicals. The main routes of exposure are by direct skin contact and
through inhalation of the chemical’s vapors (Bisesi, 2001). Both chemicals are irritating
to the skin, eyes, and mucus membranes (Bisesi, 2001). Both can cause allergic contact
dermatitis (Bisesi, 2001; Kanerva et al, 1992; Kanerva et al, 1997, Van Der Walle et al,
1982; Condé-Salazar et al, 1986; Condé-Salazar et al, 1988) and persons sensitized to
one acrylate may show cross-sensitization to other acrylates (Fisher, 1980). Cases of
occupational asthma have been associated with exposure to MMA vapors (Lozewicz et
al, 1985; Pickering et al, 1986; Marez et al, 1993; Piirila et al, 1998; Jedrychowski,
5

1982); some cases have also been associated with EMA exposure (Spencer et al, 1997;
NIOSH, 1999; Estill et al, 2000). The National Institutes of Health lists both chemicals
as respiratory sensitizers (Haz-Map, 2004). The literature surrounding the allergic
potential of MMA and EMA is controversial, as highlighted in “The sensitization
potential of methyl methacrylate and ethyl methacrylate (Jackson, 1999)”, “Hazards of
ethyl methacrylate (Estill et al, 2000)”, “Response (Jackson, 2000)”, and the “Amended
final report on the safety assessment of ethyl methacrylate (Cosmetic Ingredient Review,
2002)”, although it seems more so for EMA. These issues are discussed further.
Health Effects Associated with Exposure
The literature suggests that both EMA and MMA are dermal sensitizers; although the
extent to which has been debated. Allergic contact dermatitis (ACD) is a condition that
results from repeated exposures to certain chemicals (Mathias, 1994). ACD is
characterized by inflammation and redness of the skin that frequently is seen in areas
distal from the initial site of exposure (Mathias, 1994). The development of ACD is
preceded by repeated exposures that immunologically sensitize the worker (Mathias,
1994). The actual condition does not manifest itself until after the individual is
sensitized. Once sensitized, the worker may show symptoms of ACD to very low levels
of the offending chemical hours to days after the exposure (Mathias, 1994). Symptoms
may decrease with cessation of the exposure; however, in certain individuals symptoms
may persist for longer periods of time (Mathias, 1994).
Several studies have documented dermal sensitization to these chemicals in an
occupational setting (See Table 1). Ten years of patch testing with (meth)acrylates
6

(Kenerva et al, 1997) revealed that between 6.5 % - 8.2 % of persons patch tested with 2
% MMA reacted positively and between 4.8 % - 10.1 % of persons patch tested with 2 %
EMA reacted positively. Condé-Salazar et al (1986) reported that a 17-year-old woman
who had been working with artificial nails developed dermatitis after 3 months. She was
subsequently patch tested with a variety of compounds including EMA and MMA
monomers. Both concentrations of the compounds were 10 % in petroleum. EMA
yielded a “+” result after 48 hours and a “+” result after 96 hours. MMA yielded a “+”
result after 48 hours and a “++” result after 96 hours; however, it was unclear what a “+”
or “++” result meant in this report. ACD has also been reported among car mechanics
and car assembly workers who worked with acrylic sealants (Condé-Salazar et al, 1988).
Patch tests of six workers revealed dermal sensitivity to EMA and MMA, 83 % of cases
and 50 % of cases respectively. Kanerva et al (1992) also reported ACD in an
orthodontist. Patch testing with 2 % EMA and 2 % MMA resulted in abundant redness
and swelling on the six day reading. The sensitizing potential of EMA and MMA has
also been examined in a guinea pig model using the guinea pig maximization test
(GPMT). In that report, Van Der Walle et al (1982) reported that approximately 20 % 30 % of guinea pigs tested could be sensitized to MMA and approximately 10 % could be
sensitized to EMA. Additionally, the documentation for the American Conference of
Governmental Hygienists’ (ACGIH) Threshold Limit Value (TLV) for MMA also called
it a “potent skin sensitizer” (ACGIH, 2001). The evidence clearly shows that both EMA
and MMA can cause allergic contact dermatitis.
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Table 1: Allergic contact dermatitis studies associated with EMA and MMA exposure
Study

Study description

MMA
Concentration

MMA
Results

EMA
Concentration

Kanerva
et al,
1997

Patch test of 275
patients with a
history of
exposure to
(meth)acrylates

2% w/w
petroleum

7.4 % of 271
tested

2% w/w
petroleum

7.4 % of 243
tested

CondéSalazar et
al, 1986

Patch test of a
nail technician
who presented
with dermatitis

10% in
petroleum

+ after 48 hrs
++ after 96
hrs
20 controls –

10% in
petroleum

+ after 48 hrs
+ after 96 hrs
20 controls –

CondéSalazar et
al, 1988

Patch test of 6
patients who
presented with
dermatitis and
also worked with
acrylic sealants

10% in
petroleum

Patient 1 –
Patient 2 –
Patient 3 –
Patient 4 +
Patient 5 ++
Patient 6 ++
20 controls –

10% in
petroleum

Patient 1 –
Patient 2 +
Patient 3 ++
Patient 4 ++
Patient 5 +
Patient 6 ++
20 controls –

Kanerva
et al,
1992

Orthodontist
suspected of
developing
occupational
pharyngitis.
Patch testing
revealed dermal
sensitivity to EMA
and MMA

2% w/w
petroleum

3+

2% w/w
petroleum

3+

Van der
Walle et
al, 1982

Guinea pig
sensitization to
(meth)acrylates
using the guinea
pig maximization
test (GPMT)
and/or the
Freund's
complete
adjuvant test
(FCAT)

Varied

3 indicates
abundant
redness and
swelling

GPMT =
20% - 30% of
animals
sensitized
FCAT = 25%
of animals
sensitized
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EMA
Results

3 indicates
abundant
redness and
swelling

Varied

GPMT =
10% of
animals
sensitized
FCAT = 33%
of animals
sensitized

EMA and MMA can cause ACD; however, the degree to which each is a dermal
sensitizer has been debated. It has been suggested that part of this debate could originate
from how the studies have reported their findings; percentages have been used,
descriptors such as weak or potent have been used, and symbols such as “+” have been
used. The problems seem to arise when the results are interpreted across the studies. It is
difficult to compare a “++” result to a result described as potent. Furthermore, the
exposure strategies used in patch tests may not be typical of the exposures encountered in
a work setting.
Occupational asthma, sometimes referred to as allergic occupational asthma, is a
condition that results because of an increased response of the airways in the lungs to
irritants encountered in the work environment (Demeter, 1990). Asthma, in general,
costs the American public billions of dollars each year (Sipkoff, 2006). It is estimated
that approximately 5 – 25 percent of newly diagnosed asthma cases fall within the
occupational asthma definition (Sipkoff, 2006). In workers with occupational asthma, the
worker is usually sensitized over a period of time to the offending irritant with no adverse
reaction (Demeter and Cordasco, 1994). Once the worker is sensitized, the airway
response is triggered through an immune mediated pathway (Demeter and Cordasco,
1994). Occupational asthma is also characterized by decreasing symptoms with time
away from the work environment (Demeter and Cordasco, 1994). Workers with
occupational asthma must have their exposures reduced since even the smallest exposures
can elicit a life threatening asthma attack in which breathing can become very difficult
(Sipkoff, 2006).
9

Several studies have documented occupational asthma associated with exposures to
MMA in an occupational setting (See Table 2); however, little information exists on the
association between EMA exposure and occupational asthma. Piirilä et al (1998)
reported respiratory hypersensitivity to acrylates in dental personnel. One patient was
inhalation challenge tested with MMA, resulting in a decreased forced expiratory volume
(FEV1) in one second of 6 % and a decreased peak expiratory flow (PEF) of 20 %.
Marez et al (1993) studied workers exposed to MMA. Pre-shift and post-shift lung
function tests were performed. Although post-shift/pre-shift ratios for forced vital
capacity (FVC), FEV1, and FEV1/FVC were not statistically significant, they did find
statistical significance in the post-shift/pre-shift ratios for maximum expiratory flow
when 50 % of the FVC remained (MEF50) and the MEF50/MEF ratio, p = 0.04 and p =
0.01 respectively. In this study, MEF50 and MEF50/MEF may have been a more sensitive
indicator for obstruction in the smaller airways of the lung (Baum and Wolinsky, 1983).
Pickering et al (1986) documented occupational asthma in an orthopedic operating
theater worker. Inhalation challenge testing with MMA resulted in a 25 % decrease in
FEV1 13 hours after the challenge. Lozewicz et al (1985) reported a dental assistant with
occupational asthma. Inhalation challenge testing with MMA provoked a similar 24 %
reduction in PEF in two challenge tests conducted one week apart. Lung obstruction
syndrome, a general condition that includes occupational asthma, has also been reported
by Jedrychowski (1982) in workers exposed to styrene and MMA; however, the study did
not isolate the effects of either compound. The evidence clearly shows that MMA can
cause occupational asthma.
10

Table 2: Occupational asthma studies associated with MMA exposure
Study
Piirilä et al, 1998

Marez et al, 1993

Pickering et al, 1986

Lozewicz et al, 1985

Jedrychowski, 1982

Study description
Goal of the study was to
report respiratory
hypersensitivity in dental
personnel to acrylates. Flowvolume spirometry, skin-prick,
and inhalation challenge tests
were performed.
Study of 40 workers exposed
to MMA for more than 5 yrs
and 45 controls.
Questionnaires were
administered for sample
selection and flow-volume
spirometry was measured
before and after shift.
A case report of an
orthopedic operating theater
worker who developed work
related asthmatic symptoms.
Inhalation challenge tests
were performed using water
as a control and MMA. Flowvolume spirometry was
subsequently performed
Case report of a dental
assistant who mixed liquid
MMA with powdered polyMMA on a regular basis.
Experienced chest tightness,
dyspnoea, and cough after
working with MMA for several
yrs. Underwent two
inhalation challenges with
MMA one week apart. Lung
function tests were performed
after each challenge. “No
formal control test was
made.”
Study assessed the
prevalence of lung
obstruction syndrome in 454
workers exposed to styrene
and MMA and 683 controls.
Included area air monitoring,
interviews on health status,
and lung function tests.
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Study findings
A dental nurse was symptomatic of
occupational asthma. Challenge test
with liquid MMA reduced Max FEV1
by 6% and PEF by 20%. Skin-prick
test was negative for MMA.

No statistically significant findings for
before shift observed/predicted
spirometric measurements among
the exposed group and controls.
There was statistical significance in
after shift/before shift ratios for MEF50
and MEF50/MEF in the exposed
group, p=0.04 and p=0.01,
respectively.
Lung function tests were normal
when the worker was not working.
Lung function tests were normal after
inhalation challenge with water.
Lung function tests were abnormal
starting 6 hrs after inhalation
challenge with MMA. FEV1 was
reduced 25% 13 hrs after the
challenge.
First inhalation test provoked a 24%
reduction in PEF. Second test
provoked similar results. PEF
measurements between the two tests
showed little variation (<10%) except
upon waking in the morning.

Study found the prevalence of lung
obstruction was:
non-smokers or ex-smokers =
13.6% of controls
and 42.4% of exposed
current smokers = 21.0% of
controls and 46.5% of
exposed.
Study did not isolate the effects of
either compound

Background
Nail technicians and their customers’ breathing zones are often within 2 feet of
where the liquid acrylic is applied. The liquid is volatile and vapor inhalation is a
concern (Sandmeyer and Kirwin, 1981). The application of liquid acrylic usually does
not take place in the proximity of local exhaust ventilation. Nail technicians have the
potential to be exposed to greater amounts of the chemical when applying several sets of
artificial nails throughout the workday and especially when more than one nail set is
being applied in the same room. Only the monomer forms of EMA and MMA are a
health concern and they quickly react to form polymers (Spencer et al, 1997). When
industrial hygiene sampling is performed, personal exposures are converted to an eighthour workday, time weighted average (8-hr TWA) since most occupational exposure
limits are based on this average (Klonne, 2003). This calculation takes into account
shorter or longer workdays and assumes a 40 hour work week (Klonne, 2003). The
National Institute of Occupational Safety and Health (NIOSH) and the Occupational
Safety and Health Administration (OSHA) have established a Recommended Exposure
Limit (REL) and a Permissible Exposure Limit (PEL) of 100 ppm 8-hr TWA for MMA,
respectively. The American Conference of Government Industrial Hygienists has
recommended a Threshold Limit Value of 50 ppm 8-hr TWA; however, no established
United States’s occupational exposure limits (OELs) exist for EMA (NIOSH, 2005).
Patty’s Industrial Hygiene and Toxicology, 3rd revised ed., has recommended that the
same criteria used to evaluate MMA also be applied to EMA due to their chemical
similarity (Sandmeyer and Kirwin, 1981). The Netherlands’s government has
12

recommended an OEL of 10 ppm 8-hr TWA; Sweden and the former Soviet Union have
established an OEL of 11 ppm 8-hr TWA for EMA. However, this recommendation does
not appear to be based on any human epidemiological evidence as they noted that very
limited human data was available (Health Council of the Netherlands, 1994).
Nail technicians may work with MMA or EMA during the application of artificial
nails. There are typically three scenarios in which the chemicals are used: during
application of a full set of artificial nails, during a fill-in of a previously applied set of
nails, or during the repair of a broken artificial nail. The time that the nail technician may
work with the chemicals varies according to procedure being done with a full set
generally taking the most time and a repair the least.
Related Studies
The literature suggests that available data on EMA toxicology and EMA exposure is
limited and controversial (Jackson, 1999). Lowenstein (2006) suggests that a
“combination of circumstances contributes to the lack of information on the topic.”
Roelofs (2006) suggests that small businesses, like nail salons, are not well characterized.
This could be because most nail salons have less than ten employees and are not required
to maintain OSHA injury and illness records (OSHA, 2000 revised). In a self-report
survey, Roelofs (2006) reported that 31% of nail techs reported respiratory irritation, 18%
reported breathing difficulty, and 30% reported that these symptoms declined away from
work. Roelofs (2006) also reported that 79% of nail techs reported an irritating smell at
work.

13

The goal of this research was to further characterize nail technicians’ exposures to
EMA and/or MMA vapors via inhalation. Knowing the extent of nail technicians’
exposures to EMA and/or MMA was important because there were approximately 43,800
licensed, active nail specialist in the state of Florida alone as of November, 2005 (Board
of Cosmetology, 2006). The few studies that have been conducted do not adequately
document the inhalation route of exposure in this population of workers (See Table 3).
The Spencer et al (1997) study evaluated the effectiveness of a modified, ventilated table
versus a non-ventilated table. Although these researchers found low levels of EMA, 15
ppm or less TWA, they used students who lack experience and tended to have slower
application rates compared to an experienced nail technician. Additionally, the Spencer
et al (1997) study seemed to indicate that only one nail set was being applied at any one
time. Perhaps more than one set could be applied by different nail technicians within the
salon at any given time.
Decker and Beasley (1992) performed a NIOSH Health Hazard Evaluation (HHE) at
a Springdale, Ohio nail salon. This salon had two employees, only one was working on
the day of the HHE, where 5 – 12 nail sets would be completed per day. Although low
levels of EMA were detected, only one of ten air samples taken was a personal breathing
zone (PBZ) sample; of the area samples, only one was a full day and the other eight were
short-term samples.
Almaguer and Blade (1992) performed a NIOSH HHE at a Norman, Oklahoma nail
salon. Two employees were employed at this salon; however, the number of clients seen
that day was unclear. They found short-term, 14 minutes or less, PBZ samples
14

approaching 28 ppm; however, only three PBZ samples were taken. Froines and
Garabrant (1986) performed PBZ sampling in several nail salons and found nail
technicians were being exposed to both EMA and MMA. Both active and passive
sampling media were used; however, it was unclear when either was used. The study
also lacked details regarding sampling times, number of nail technicians working at the
salon, and the number of clients seen.
Hiipakka and Samimi (1987) also found that nail techs were being exposed to low
levels of EMA. Interestingly, they had planned to sample on a cold winter day so as to
capture the worst-case scenario; however, the weather was spring-like and the salons’
windows were open. They (Hiipakka and Samimi, 1987) also noted that “considerable
intersalon differences in mean personal organic vapor exposures were found to exist, in
that air levels ranged from <0.1 ppm of all vapors to 46.4 ppm for isopropyl alcohol.”
These differences in isopropyl alcohol concentrations could serve as a surrogate for EMA
variability.
The literature also suggests that even low levels of EMA can cause health problems.
LoSasso et al (2001) concluded that exposure to even low levels of chemicals common in
nail salons, including EMA, may result in mild cognitive and neurosensory changes
similar to those observed among documented solvent-exposed workers in other settings.
Although this study did not isolate EMA as the single cause for these health problems, it
highlights the need for further research.
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Table 3: Previous studies of nail technicians’ exposures to EMA
Study

Study description

Spencer et al,
1994

The Colorado Department of Health
requested NIOSH assist in the
evaluation and control of nail
technicians' exposures at a
cosmetology school. Examined
differences in exposures under
conditions utilizing a modified
manicure table with downdraft
ventilation or an unventilated
manicure table.

Hiipakka and
Samimi, 1987

In-depth study that measured
exposures of nail techs to organic
vapors and methacrylate dust.
Samples were collected in six
different nail salons. Selfadministered symptom
questionnaires completed by nail
techs and controls.
Eight nail salons and their employees
sampled for MMA, four of which were
also sampled for EMA. Both active
and passive sampling media were
used.

Froines and
Garabrant,
1986

PBZ samples taken
for EMA
10 short-term w/
unvent table
8 short-term w/
vent table
3 samples > 5 hours
w/ unvent table
3 samples > 5 hours
w/ vent table

Strengths

Weaknesses

EMA concentration

Established the
effectiveness of
modified ventilated
table
Included diagram of
facility and location
of manicure table
relative to exhaust
fan in wall
Active sampling media
used

Student nail techs
lacked experience
and were slower
Appeared only one set
of nails was being
applied at any one
time
General ventilation and
air changes per hour
were not measured

Short-term PBZ w/ unvent
table = 10.6 ppm GM
Short-term PBZ w/ vent
table = 0.8 ppm GM
PBZ > 5 hours w/ unvent
table = 7.0 – 12.8 ppm GM
PBZ > 5 hours w/ vent
table = 0.4 – 1.5 ppm GM

17 samples using
active sampling
media

Included evaluation of
nail techs’ symptom
prevalence
Revealed that regular
ventilated tables do
not produce enough
capture velocity to
reduce EMA exposure

Lacked details regarding
sampling times, number
of nail techs at each
salon, and number of
clients seen
General ventilation and
air changes per hour
were not measured

4.5 ± 4.6 ppm mean TWA

25 mean intermittent
samples for MMA
59 mean continuous
samples for MMA

Captured both EMA
and MMA exposure
Included direct reading
instrumentation for
est. continuous
methacrylate
exposure
Appeared all samples
taken were PBZ
samples

Lacked details regarding
sampling times, number
of nail techs at each
salon, and number of
clients seen
General ventilation and
air changes per hour
were not measured
Unclear when active or
passive sampling media
were used

Mean intermittent exposure for
MMA = 9.1 – 47.6 ppm
Mean continuous exposure for
MMA = 2.1 – 6.8 ppm

Qualitative evaluation
of general ventilation
Some IEQ parameters
measured
Active sampling media
Qualitative evaluation
of general ventilation
Active sampling media

Lacked details regarding
numbers of clients seen
Lacked long-term PBZ
samples

7 min sample = 27.4 ppm
14 min sample = 16.9 ppm
37 min sample = 4 ppm*

15 mean intermittent
samples for EMA
32 mean continuous
samples for EMA

Almaguer and
Blade, 1992

NIOSH conducted a Health Hazard
Evaluation (HHE) at the request of a
nail salon owner.

3 short term
Samples, 14 min
or less

Decker and
Beasley, 1992

NIOSH conducted a HHE at the
request of adjacent business owners
who noted a” terrible smell”
emanating from salon.

One long-term
sample (321 mins)
during which five
clients were seen
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Lacked long-term PBZ
samples

Range <0.1 to 17 ppm

Mean intermittent exposure for
EMA = 7.0 – 18.0 ppm
Mean continuous exposure for
EMA = 2.4 – 9.2 ppm

* Portion of sample was lost
PBZ sample = ND
(LOD = 1 ppm)
One Area sample = 7 ppm
(4.6 L air)

Study Design
This research project was an industrial hygiene study of nail technicians’ exposures
to ethyl methacrylate and methyl methacrylate. The hypothesis of this research was that
nail technicians were exposed to measurable concentrations of one or both of these
chemicals; however, the research was not designed to assess the presence of any disease.
The design did provide actual concentrations of nail technicians’ personal exposures to
EMA and MMA on the day of sampling and under what conditions these exposures
occurred. This type of design was necessary since little information exists on these types
of exposures.
This research project was a pilot study designed to capture nail technicians’
exposures on a busy workday. Therefore, the nail salons’ nail technicians were sampled
on their historically busiest day of the week and arrangements were made to perform the
exposure assessment based on appointment schedules and past information.
Two nail salons served as study sites, including an Asian owned salon. Having an
Asian owned salon incorporated into the design was important because approximately 37
% of nail salons in the U.S. are Asian owned (EPA, 2006). Nail technicians employed by
these sites were asked to volunteer as research subjects. Six to eight volunteers were
expected from both sites. Only nail technicians who volunteer participated. Only nail
technicians who worked with artificial nails for more than half their shift were
considered. A University of South Florida Institutional Review Board (IRB) Application
for Initial Review was submitted and IRB requirements were subsequently waived.
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This research design had its limitations. The study design only provided a snapshot
of the data collected on that day. The information captured only applied to the conditions
encountered on the day the exposure assessment was performed. It does not apply to
other nail salons and it may not predict other nail technicians’ exposures. However, the
research design did provide needed information on nail technicians’ exposures to ethyl
methacrylate and/or methyl methacrylate and under what conditions they occurred. This
may provide important information for further assessment and research.
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METHODS
Task Analysis
A task analysis of the nail application process was performed at each study site.
Each nail technician was observed for at least one entire nail procedure for each type of
nail procedure that they performed. These observations were performed to assess the
time spent on each task of the artificial nail application process. Each nail technician was
also asked to record the numbers of procedures that they performed. These task analyses
were necessary for determining the proportion of time spent working with the liquid
related to the total time of the procedure.
Salon Lay-Out
The two participating nail salons’ interior lay-outs were drawn. The interior
dimensions of the salons were measured. Placements of all manicure tables were
measured from a wall to the mid-point of the table. All windows, exits, and locations of
HVAC vents and return(s) were also measured and recorded. Diagrams of the salons are
provided in Figures 1 and 2.
Ventilation Assessment
The nail salon’s HVAC system was assessed. An Alnor Balometer (APM 150,
Alnor, Skokie, Illinois), an instrument used to quantify air flow, was used to measure the
air flows through the HVAC system’s vents and returns. These air flow measurements
were used to determine the amount of air movement within the nail salon measured in
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supply air changes per hour. This measure was important in determining the time it takes
to recycle one volume of inside air. The HVAC system was also assessed for evidence of
outside air introduction.
Sampling Strategy
Research subjects were equipped with a Buck personal sampling pump (Basic-5,
A.P. Buck Inc., Orlando, Florida) and activated coconut shell charcoal sampling media
connected via Tygon tubing. The sampling apparatus was pre-calibrated and postcalibrated according to the OSHA protocol of ± 5% (OSHA, 2007). A factory calibrated
mini-Buck calibrator (M-5, A.P. Buck Inc., Orlando, Florida) was used for this purpose.
Nail technicians’ personal breathing zones were continuously sampled at an approximate
flow rate of 42 milliliters of air per minute (ml/min). Each personal sample was collected
over an approximate four hour period. Two samples per nail technician were collected
whenever it was possible. This flow rate and sample time should have yielded a
minimum mass of the chemicals that satisfies the minimum detection limit of the
analytical method, Wisconsin Occupational Health Laboratory (WOHL) Method WG006
which is based on OSHA Method 7 (See Appendix A). An area sample was collected at
an approximate flow rate of 40 ml/min over the entire day in each nail salon in the area
where the chemicals are stored. Additionally, an air sample was taken from a partially
full liquid monomer bottle supplied by each salon. The sampling media was inserted into
the one gallon bottle of the monomer and positioned approximately 3 inches from the
surface of the liquid. The air space above the liquid was sampled for 15 minutes at a
flow rate of 200 ml/min. These grab vapor samples from the one gallon bottles were
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collected to quantify the vapor mixture at high concentrations since the sampling media
would be nearly saturated. Appropriate sample blanks were also submitted for analyses.
All samples were packed on ice and shipped overnight to the WOHL for analyses.
Sample Analysis
Samples were analyzed according to WOHL Method WG006, which is a modified
version of the OSHA Method 7 protocols. The Wisconsin Occupational Health
Laboratory developed WG006 to accommodate a variety of organic solvents including
EMA and MMA. The method allowed for the sampling and analysis of both chemicals at
the same time. The method used SKC Anasorb CSC (catalog # 226-01) activated
coconut shell charcoal sampling media with a 20/40 mesh particle size to collect organic
vapors which were subsequently desorbed with carbon disulfide and analyzed by gas
chromatography with flame ionization detection. The analytes were separated by two
different analytical columns, a primary and confirming column, and quantified against
valid calibration curves.
WOHL Method WG006 was chosen after careful discussions with the WOHL’s
organic laboratory supervisor. The WOHL is an AIHA accredited laboratory and
recommended this method for a few reasons. First, the WOHL reported that they did not
get good recoveries of EMA from XAD-2 media using NIOSH Method 2537; although it
works well for MMA. Second, the WOHL uses WG006 (modified OSHA Method 7
protocol) for the analyses of EMA and MMA with good recoveries of the analytes. The
WOHL has provided documentation of multiple EMA/MMA spiked quality control
samples. See Appendix B for the Desorption/QC Development Spreadsheet. Third,
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WOHL Method WG006, OSHA Method 7, and the EMA specific OSHA Method
PV2100 are all virtually identical in all other aspects.
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RESULTS
Task Analysis
The task analysis was separated into three general steps: nail prep, work with liquid
monomer, and fine finish. The nail prep consisted of removing the old nail polish, filing,
trimming, and shaping the real nail, gluing the artificial nail extension on to the real nail,
trimming the nail extension to an appropriate length, and roughening and priming the
surface of the nail. The only difference between a full set and a fill-in was in this step,
because a fill-in did not require the artificial extensions. Interestingly, a Dremel-like tool
with a variable speed foot control was used in the roughening of the nail. The work with
liquid monomer step consisted of the time the nail technician spent forming the artificial
nail. The nail technician dipped a small brush into a small container of the liquid
monomer, then into a container of powdered polymer, and then applied the mixture to the
nail and formed it. During this step, the liquid container remained open the entire time
and the smell of the vapors was very noticeable. The openings of the containers were
approximately one and quarter inch in diameter. The fine finish step consisted of filing
and shaping the artificial nail some more and smoothing the surface of the nail. The
Dremel-like tool was also used in the fine finish. For the purpose of this analysis, the
fine finish step ended when the costumer was sent to wash the nail dust off their hands,
although the nails may have been painted after washing. These procedures were used at
both locations.
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Nail salon 1 had four nail technicians working on the day of sampling. Three of the
four nail technicians, nail tech A, B, and D, worked six or more hours. Nail technician C
worked approximately 4 hours and went home early. Nail salon 2 had two employees
who worked with artificial nails; however, arrangements were made so that only one of
them would perform the majority of artificial nail work on the day of sampling.
Therefore, only this nail technician served as a study subject. This nail technician
worked approximately nine hours on the day of sampling.
The results of the task analyses for the application of a full set of artificial nails are
reported in Table 4. For the purpose of this analysis, a procedure called a back-fill,
which is a major fill-in, was grouped in the full set category. This decision was made
because the time spent on each task and the amount of the liquid monomer used in a
back-fill was similar to a full set of artificial nails. Unfortunately, nail salon 1 performed
only four such procedures on the day of sampling and none of them was observed from
the beginning. Therefore, only the time spent working with the liquid monomer, 15
minutes, was captured in a task analysis of nail technician B at nail salon 1. Nail salon 2
performed three full set procedures. A task analysis of one procedure revealed that 14
minutes were spent on nail preparation, 10 minutes were spent working with the liquid
monomer, and 18 minutes were spent doing the fine finish. The percentage of time spent
working with the liquid monomer was 24 % of the total time of the procedure.
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Table 4: Task analysis for the application of a full set of artificial nails
Site
Location

Nail
Technician

Nail Prep
(min)

Work with
Liquid
Monomer
(Min)

Fine
Finish
(Min)

Total
Time for
Procedure
(Min)

Salon 1

B

NR

15

NR

NA

Salon 2

TTM

14

10

18

42

NR = Not recorded
NA = Not Applicable

The results of the task analyses for the fill-in of a previously applied set of artificial
nails are reported in Table 5. Nail salon 1 performed 22 such procedures. Nail
technicians A, B, and D were observed once from start to finish and once again during
the work with the liquid monomer. Therefore, the average of each technician’s time
spent working with the liquid monomer was used in the overall task analyses. A task
analysis of nail technician A revealed that 26 minutes were spent on nail prep, 17.5
minutes were spent working with the liquid monomer, and 17 minutes were spent on the
fine finish. The percentage of time spent working with the liquid monomer was 29 % of
the total time of the procedure. A task analysis of nail technician B revealed that eight
minutes were spent on nail prep, six minutes were spent working with the liquid
monomer, and 14 minutes were spent on the fine finish. The percentage of time spent
working with the liquid monomer was 21 % of the total time of the procedure. A task
analysis of nail technician D revealed that five minutes were spent on nail prep, eleven
minutes were spent working with the liquid monomer, and 15 minutes were spent on the
fine finish. The percentage of time spent working with the liquid monomer was 35 % of
the total time of the procedure.
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Table 5: Task analysis for a fill-in of artificial nails

Site
Location

Salon 1

Salon 2
†

Nail
Technician

Nail Prep
(min)

Work with
Liquid
Monomer
(Min)
†
N=2

A

26

17.5

17

60.5

B

8

6

14

28

D

5

11

15

31

TTM

9

9

23

41

Fine
Finish
(Min)

Total
Time for
Procedure
(Min)

Average of two observations

Nail salon 2 performed at least eight fill-in procedures. Task analyses of nail
technician TTM revealed that nine minutes were spent doing nail prep, nine minutes were
spent working with the liquid monomer, and 23 minutes were spent on the fine finish.
The percentage of time spent working with the liquid monomer was 22 % of the total
time of the procedure.
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Table 6: Estimate of the total time spent working with the liquid monomer
Full Set Procedure

Fill-In Procedure

# of
Events

Estimated
time
working with
liquid/Event
(Min)

Total time
working
with liquid
(Min)

0

6

17.5

105

2

15

8

6

78

C†

1

12.5

2

10.9

34.3

D‡

1

12.5

6

11

78.5

TTM

3

10

8

9

102

# of
Events

Estimated
time
working with
liquid/Event
(Min)

A

0

B

Nail
Technician

†

Time spent working with liquid monomer for both procedures estimated from
averages of A - D and TTM
‡
Time spent working with liquid monomer for full set estimated from averages
of B and TTM

An estimate of each nail technician’s time spent working with the liquid monomer
was calculated, see Table 6. The calculations were based on the sum of total numbers of
each procedure times the estimated amount of time spent working with the liquid
monomer for that procedure, respectively. Since nail technician C was not observed
during either procedure, the time spent working with the liquid monomer was estimated
from the averages of nail technicians A, B, D, and TTM for each procedure, respectively.
Since nail technician D was not observed for a full set procedure, the time spent working
with the liquid monomer for this procedure was estimated from the averages of B and
TTM since they were the only nail technicians who were actually observed performing
this procedure. Nail technician A spent an estimated 105 minutes working with the liquid
monomer during the sampling periods. Nail technician B spent an estimated 78 minutes
working with the liquid monomer during the sampling periods. Nail technician C spent
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an estimated 34.3 minutes working with the liquid monomer during the sampling period.
Nail technician D spent an estimated 78.5 minutes working with the liquid monomer
during the sampling periods. Nail technician TTM spent an estimated 102 minutes
working with the liquid monomer during the sampling periods.
The work practices of the nail technicians varied considerably. At nail salon 1, it
was common for the nail technicians to eat and drink at their manicure tables whereas
this practice was not observed at salon 2. None of the salon 1 nail technicians used latex
gloves to guard against direct chemical contact with the skin; however, the salon 2 nail
technicians did. At both sites, nail debris was observed flying while clipping the nails
and using the Dremel-like tool and air-borne dust was generated during the filing process.
At nail salon 1, nail technician B used proper protective eye wear while nail technician A
relied on corrective lenses; nail technicians C and D did not use eye protection. Nail
technicians A and D did use dust masks; however, the masks did not appear to be very
tight fitting. The salon 2 nail technicians did use dust masks and appeared to use them
correctly; however, they did not wear protective eyewear.
Salon Lay-Out
Figure 1 shows the detailed interior lay-out of nail salon 1. This salon was 23 feet
wide, 36.8 feet long, and 7.9 feet high, and the internal volume of the salon was 6686.6
cubic feet. This salon had one air handler. Five supply diffusers and one return were
noted. No evidence of outside air introduction into the HVAC system was observed.
The salon had one window located in the bathroom, which does not appear in the
drawing, and one door. Four manicure tables were used for the purpose of applying
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artificial nails. On the day of sampling, all four tables were used, labeled A, B, C, and D.
Manicure tables A and B had local exhaust ventilation. Each nail technician worked at
their respectively labeled manicure table.
Figure 2 shows the interior lay-out of nail salon 2. This salon was 31.6 feet wide,
34.7 feet long, and 8.3 feet high, and the internal volume of the salon was 9101.1 cubic
feet. The salon’s owner stated that this salon had two separate air handlers. Ten supply
diffusers and three returns were noted. No evidence of outside air introduction into the
HVAC system was observed. This salon had one window located in the back corner and
one door. Three manicure tables were used for applying artificial nails, and none of these
tables had local exhaust ventilation. On the day of sampling, only two of the tables were
used, labeled M and MN. Nail technician TTM worked at the tables labeled M
interchangeably. The table labeled N represents the location of area sample TTN.
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Figure 1: Interior lay-out of nail salon 1 (Not to Scale)
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Figure 2: Interior lay-out of nail salon 2 (Not to Scale)
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Ventilation Assessment
The HVAC systems were evaluated for the total volume of air supplied and total air
returned to the units. The air flows were measured in cubic feet per minute and taken
with the doors and windows open and with them closed. This evaluation took place one
week prior to the exposure assessment which was necessary to minimize the
inconveniences imposed had this evaluation taken place on the day of the exposure
assessment. Nail salon 1 operated their HVAC system with the doors and window closed
on the day of sampling. Table 7 shows the different air volumes measured through the
individual supply diffusers and the return, as well as the total supply volume. Based on
the internal volume of the salon and the total volume of the air supplied by the HVAC,
the calculated supplied air changes per hour (ACH) were six ACH with the door and the
window closed. Nail salon 2 did not operate their HVAC systems but instead opened the
window and the door to provide natural ventilation. Details regarding the air volumes
and the supply ACH of both salons with the doors and windows open and with them
closed are included in Appendix C.
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Table 7: Ventilation assessment for nail
salon 1

Diffuser #

Air flow with
door/window closed*
(cfm)

0

120

1

137

2

137

3

178

4

92

Total Supply (cfm)
Total Return
Volume(cfm)
*One door and one window

664
713

Analytical Results
Personal and area sampling were performed at nail salon 1 on Friday, February 2,
2007. The temperature and relative humidity inside this nail salon were 20.2 ° C and
60.5 %, respectively. Personal and area sampling were performed at nail salon 2 on
Saturday, February 3, 2007. The temperature and relative humidity inside this nail salon
were 23.4 ° C and 52.9 %, respectively. These two days were reported to be their busiest
days of the week based on past information from the salons’ owners.
Detectable levels of both EMA and MMA were measured in both nail salons.
Information regarding personal sample designation, sample times, sample volumes, and
calibration information appears in Table 8 and Appendix D. A summary of the personal
sample results and 8-hour time weighted averages (TWA) appears in Table 9. The 8hour TWA was calculated under the conservative assumption that the exposure during the
unsampled time was similar to the sampled time.
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Table 8: Summary of personal sample and calibration information
Location

Nail
Technician
A
B

Salon 1
C
D

Salon 2

Sample
Designation

Sample
Time (min)

Sample
Volume
(Liters)

A1

190

7.670

Percent
Difference Pre
and Post Pump
Calibrations
4.0%

A2

198

7.478

6.7%

B1

275

11.477

1.3%

B2

258

10.780

1.5%

C1

206

8.721

5.5%

D1

309

12.952

2.5%

D2

74

3.136

4.2%

TTM1

244

10.703

0.5%

TTM2

217

9.508

0.7%

TTM

Table 9: Summary of personal exposures to MMA and EMA
First Sample Period
Site
Location

Second Sample Period

8 - Hour TWA

Personal
Sample

MMA
(ppm)

EMA
(ppm)

Time
(Min)

MMA
(ppm)

EMA
(ppm)

Time
(Min)

MMA
(ppm)

EMA
(ppm)

A

0.13

6.40

190

0.17

10.00

198

0.15

8.24

B

0.15

8.60

275

0.15

9.90

285

0.15

9.26

C

0.70

31.00

206

NA

NA

NA

0.70

31.00

D

0.24

13.00

309

0.18

11.00

TTM

2.90

†

0.036

244

TTN*

2.60

0.033†

291

Salon 1

Salon 2

74

0.23

12.61

7.7

†

0.041

217

5.16

0.04†

5.3

0.044†

218

3.76

0.04†

* Indicates an area sample taken in the vicinity of the personal breathing zone
†
Less than or equal to. The analyte was detected but at a level too low to accurately quantify.

One area sample was set up in the vicinity of the chemical storage area of nail salon
1. In this case it was a small room, not shown on the salon diagram, where towels were
also washed. The door to this room remained open during the sample period. The
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sample period lasted from 12:13 PM until 7:38 PM for a total sample time of 445 minutes
at a flow rate of 39.9 ml/min. This area sample, sample E1, yielded a concentration of
7.5 ppm for EMA and 0.14 for MMA. Analysis of a three liter sample of the vapors from
the liquid monomer bottle supplied by this salon yielded a concentration of 5300 ppm of
EMA and 100 ppm of MMA (see Sampling Strategy). However, these values should be
considered approximate values since the EMA concentration was above the upper
calibration standard of the analytical method and both samples contained analytes on the
back-up section of the charcoal tube. A sample blank submitted with the nail salon 1
samples was reported below the detection limits for both chemicals. No air was sampled
through this sample blank. A copy of the WOHL Analytical Laboratory Report for the
nail salon 1 samples appears in Appendix E.
An area sample was attached to the light of manicure table MN at nail salon 2. This
area sample was positioned directly over the work space and approximately one and a
half feet from nail technician TTM’s face. Two area samples were collected at this table.
The first area sample, sample TTN1, was collected from 9:30 AM until 2:21 PM for a
total time of 291 minutes at a flow rate of 40.1 ml/min. Sample TTN1 yielded a
concentration of 2.6 ppm of MMA and approximately 0.03 ppm of EMA. The later value
was only approximate because the analyte was detected but at a level too low to be
accurately quantified. The second area sample, sample TTN2, was taken from 2:30 PM
until 6:08 PM for a total time of 218 minutes at a flow rate of 39.8 ml/min. Sample
TTN2 yielded a concentration of 5.3 ppm of MMA and approximately 0.04 ppm of
EMA. The later value was considered approximate for the same reason as described
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above. The TWA for these area samples, based on the time sampled, were 3.8 ppm
MMA and approximately 0.04 ppm EMA.
One area sample was set up in the vicinity of the chemical storage area of nail salon
2. In this case it was a room, not shown on the salon diagram, that also contained a
refrigerator and a bed. The door to this room remained closed during the sample period.
The sample period lasted from 10:19 AM until 6:17 PM for a total sample time of 478
minutes at a flow rate of 39.5 ml/min. This area sample, sample TTP1, yielded a
concentration of 1.1 for MMA and 0.03 ppm for EMA. Analysis of a three liter sample
of the vapors from the liquid monomer bottle supplied by this salon yielded a
concentration of 5400 ppm of MMA and 4.1 ppm of EMA (see Sampling Strategy).
These values should be considered approximate values since the MMA concentration was
above the upper calibration standard of the analytical method and both samples contained
analytes on the back-up section of the charcoal tube. A sample blank submitted with the
nail salon 2 samples was reported below the detection limits for both chemicals. No air
was sampled through this sample blank. A copy of the WOHL Analytical Laboratory
Report for the nail salon 2 samples also appears in Appendix E.
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DISCUSSION AND CONCLUSIONS
The purpose of this study was to characterize nail technicians’ exposures to ethyl
methacrylate (EMA) and methyl methacrylate (MMA). The literature was reviewed for
information regarding occupational exposure to these chemicals, the associated health
effects, and more specifically, for information on nail technicians’ exposure to these
chemicals. This review indicated that allergic contact dermatitis and occupational asthma
may be associated with chronic exposure to these chemicals. The review also indicated
that nail technicians’ exposures to these chemicals have not been well characterized.
This study sought to quantitatively evaluate nail technicians’ personal exposure to
EMA and/or MMA vapors and describe the conditions under which the exposures
occurred. The breathing zones of nail technicians were sampled over the course of a
workday. Additionally, a task analysis was performed to determine the total number of
clients seen by each nail technician, the time spent with one client, the percentage of time
spent working with the liquid monomer, and the approximate time each nail technician
spent working with the liquid monomer during the sampling periods. The interiors of
two different nail salons were described in detail in relation to where the artificial nail
processes took place. The HVAC systems were assessed to determine the number of
supply air changes per hour that could have been provided on the day of sampling with
the doors and windows open and then closed. This study captured personal exposures to
both chemicals and was successful in determining how and under what conditions these
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exposures occurred. This information was necessary for a complete understanding of the
personal exposures.
Discussion
The analytical results reported in this study appear consistent with what other studies
have reported. One aspect that made this study unique was the fact that the majority of
samples collected were personal. Another important aspect of this study was the
completeness of the exposure assessment. Also, this study attempted to use an Asian
owned nail salon and was successful in doing so. This was important because a large
number of nail salons in the U.S. are Asian owned.
Detectable levels of EMA and MMA were found in air samples of nail technicians’
personal breathing zones taken at the nail salon 1 site. Nail technicians at this site were
mainly exposed to EMA. Personal exposures ranged from 8.2 – 31.0 ppm EMA as an 8hour TWA. A number of variables, such as the time spent with a client, the time spent
working with the liquid monomer, presence of local exhaust ventilation, and proximity to
HVAC diffusers, likely contributed to the differences in personal exposures seen between
nail technicians. Nail technician A was the owner of this nail salon and her total time
spent performing a fill-in procedure was about twice the time that the other two nail
technicians, who were task analyzed, spent on this same procedure. She conversed
extensively with her clients because she likely had developed a rapport with them over
time. At the same time, her workers may have worked faster so as to make more money.
Interestingly, although the total time spent on this procedure was quite different, the
percentage of time spent working with the liquid monomer was similar between nail
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technicians at this site, approximately one-quarter to one-third of the total time of the
procedure. In fact, the percentage of time working with the liquid was similar between
both procedures and both sites.
It was noted in the results section that manicure tables A and B at this salon were
equipped with local exhaust ventilation. This ventilation was not assessed for its
effectiveness; however, both were operational. Nail technician A worked closely over
the local exhaust and nail debris and dust were observed being captured. Nail technician
B however did not work as closely over the local exhaust with little debris observed
being picked up by the exhaust system. Initially, it was expected that there would be a
larger difference between nail technician A and B’s personal exposures, 8.2 ppm and 9.3
ppm, respectively. This initial expectation was based not only on the behavior of nail
debris and nail dust entering the local exhaust but also on the fact that extensive nail dust
was collected on nail technician B’s sampling tube holder bypass. This was not observed
on nail technician A’s tube holder. There did, however, seem to be a difference in these
individuals’ exposures when compared to nail technicians C and D, who did not have
local exhaust provisions. Nail technician C had an 8-hour TWA, based on an
approximate three and a half hour sample time, of 31 ppm of EMA and nail technician D
had a 12.6 ppm 8-hour TWA for EMA. It may be possible that the local exhaust
ventilation played a role in reducing nail technician A and B’s exposure.
Nail technician C at the salon 1 site who had an EMA exposure of 31 ppm had her
sample collected over a period of 206 minutes. She performed only one full set and two
fill-in procedures; yet her exposure was almost three times higher than the next highest
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personal exposure at this salon. It may be possible that this measured exposure was in
fact their personal exposure from their job; however, work practices that were not
observed could have likely played a role in this higher exposure. Another possible
explanation for this result was that the personal sample was tampered with, but no
evidence of this was observed.
Detectable levels of EMA and MMA were measured at nail salon 2. Personal air
sampling of one nail technician and an area sample set up in the vicinity of his personal
breathing zone indicated that MMA was the main chemical exposure at this nail salon.
Nail technician TTM’s 8-hour TWA indicated a personal exposure to 5.2 ppm MMA and
the area samples, TTN1 and TTN2, yielded a TWA concentration of 3.8 ppm MMA. The
area sample was likely lower because the nail technician did not work solely at that
particular manicure table. The results from the grab vapor sample and the personal and
area samples clearly suggested that MMA was being used in this nail salon despite the
FDA’s ban on its use in nail products. This result was particularly surprising since the
bottle that the grab vapor sample was taken from was labeled “No MMA.”
Nail salon 1 operated its HVAC unit during the exposure assessment and the door
and window were closed. This was not the case at nail salon 2. The door and window
were open and the HVAC system was not used. A strong cross-draft through the salon
was noted throughout the day. Nail salon 2 had lower personal exposures to MMA
compared to the levels of EMA found at nail salon 1. It is possible that natural
ventilation played a role in lowering the concentrations of airborne chemicals at nail
salon 2, especially since MMA has a higher vapor pressure and more chemical vapors
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should have been generated. Hiipakka and Samimi (1987) also suggested that natural
ventilation could help reduce airborne chemical exposures in nail technicians.
The HVAC systems were evaluated at both sites; however, this information was only
relevant to nail salon 1 where the HVAC was in operation. Both evaluations are included
in Appendix C. Nail salon 1’s HVAC provided six supply air changes per hour (ACH)
with the door and window closed. There are no recommended air change rates provided
by Burton for nail salons or beauty shops (Burton, 1995). If the light factory operations
category for typical air change rates is applied to salon operations, six supply ACH
seemed like a reasonable amount and possibly within the lower ranges of the
recommendation (Burton, 1995). The American Society of Heating, Refrigerating, and
Air-Conditioning Engineers recommends 25 cubic feet per minute of outside air per
person be introduced into a beauty shop (ASHRAE, 2001). It was not clear if this
recommendation was met. It was initially thought that diffuser locations and the air
flows through them might influence the exposure; however, it was impossible to deduce
how that interaction might have occurred.
The exposures that occurred at nail salon 1 may more closely resemble nail
technicians’ personal exposures in the Tampa Bay area. Most of the year it is hot and
humid here and it is likely that most small businesses, like nail salons, would keep their
doors and windows closed and operate their HVAC systems to keep the indoor
environment comfortable. It is also likely that most nail salons would be using EMA
since MMA has been banned for nail use. Although personal exposures to these
chemicals are highly variable, it is likely that personal exposures would be low. The
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United States does not have any Occupational Exposure Limits (OELs) for EMA. If the
Occupational Safety and Health Administration’s Permissible Exposure Level for MMA,
which is 100 ppm for an 8-hour TWA, is applied to EMA, the exposures obtained in this
study are much less than half of this value. If the American Conference of Governmental
Industrial Hygienist’s Threshold Limit Value for MMA, which is 50 ppm for an 8-hour
TWA, is also applied to EMA, only nail technician B’s exposure would have exceeded
the action level, which is one-half the TLV. Interestingly though, some of the exposures
obtained from nail salon 1 would have exceeded the OELs that some other nations, such
as the Netherlands, Sweden, and the former Soviet Union, have recommended or
established.
The nail technicians at salon 1 were not observed using gloves to protect against
chemical contact with the skin. It was therefore likely some chemical contact with the
skin could have occurred; although, this was not actually observed. Because direct skin
contact has been associated with the development of allergic contact dermatitis (ACD),
the possibility of these workers developing ACD exists. NIOSH does not recommend the
use of latex gloves for this application because of the potential for chemical permeation;
however, the recommended gloves made of polyvinyl alcohol or laminates of plastic
films would probably not be appropriate due to the limitations in dexterity that these
materials would impose (NIOSH, 2005).
Conclusion
Detectable levels of ethyl methacrylate and methyl methacrylate were both measured
at two Tampa Bay area nail salons. Personal exposures ranged <1 – 31 ppm of EMA and
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<1 – 5.2 ppm MMA. These levels were below any U.S. occupational exposure level in
place or suggested. Local exhaust ventilation seemed to make a difference in reducing
personal exposure levels. The type of general ventilation, whether HVAC use or natural,
used in the salon also seemed to make a difference in exposure levels. Natural ventilation
seemed to dilute the concentrations of airborne chemicals in the salon by the introduction
of outside air.
The analytical results strongly suggested that MMA was being used at nail salon 2.
A manufacture’s bottle of liquid monomer stated that it contained “NO MMA.” The
possibility therefore exists that MMA substitution is occurring in some nail salons despite
a ban on its use.
Task analyses of the different nail procedures resulted in considerable differences in
the time it took different nail technicians to perform a procedure; however, the percentage
of time spent working with the liquid monomer was similar between nail technicians and
nail procedures. The time spent working with the liquid monomer varied between 20 –
35 % of the total procedure.
Recommendations for Future Research
Based on the findings from this study, the following recommendations for future research
are provided. These include:
•

Expand the study and select a more representative sample of nail salons in the
community to better characterize personal exposure levels of EMA and/or
MMA in the Tampa Bay area.
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•

Expand the time frame to include more personal monitoring of nail
technicians at the same sites on different days.

•

Conduct a cross-sectional epidemiological study that uses surveys designed to
measure current health problems and personal sampling to assess the
exposure.

•

Conduct a prospective epidemiological study, with physiological measures, to
determine what, if any, long-term health effects occur to chronic, low level
exposures to EMA and MMA.

•

Conduct inhalation challenge testing, coupled with spirometry and other
physiological measures, of volunteer nail technicians to assess the extent of
airway reactivity in this population of workers.

•

Sample all nail salons in the city to determine the frequency of use of MMA.
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Appendix C: Ventilation assessments for both nail salons
Table 9: Ventilation assessment for both nail salons*
Nail Salon 1

Nail Salon 2

Door/Window

Door/Window

Door/Window

Door/Window

Open
(cfm)

Closed
(cfm)

Open
(cfm)

Closed
(cfm)

0

118

120

184

177

1

140

137

197

200

2

135

137

168

164

3

176

178

197

199

4

94

92

178

167

5

NA

NA

175

171

6

NA

NA

182

181

7

NA

NA

197

200

8

NA

NA

187

180

9
Total Supply
(cfm)
Return
Volume
(cfm)
ACH

NA

NA

160

150

663

664

1825

1789

735

713

1497

1480

5.9

6.0

12.0

11.8

Diffuser #

* One door and one window
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Appendix D: Pump calibration information
Location/Site
Method
Pump Info
WOHL Lot #
Tube #
Sample ID

Calibration Date
02/02/07

Average L/min
Percent
Difference
AVERAGE L/min

Nail salon 1
WOHL WG006
AP Buck - B
2000
1676418
B1

WOHL WG006
AP Buck - A
2000
1676418010
A1

WOHL WG006
AP Buck - C
2000
1676418824
C1

Pre-cal
1024

Post-Cal
1334

Pre-cal
1033

Post-Cal
1508

Pre-cal
1042

Post-Cal
1408

0.0412
0.0410
0.0413
0.0412

0.0403
0.0392
0.0392
0.0396

0.0422
0.0419
0.0419
0.0420

0.0415
0.0415
0.0414
0.0415

0.0412
0.0413
0.0410
0.0412

0.0433
0.0435
0.0437
0.0435

4.0

1.3

-5.5

0.0404

0.0417

0.0423

Total Sample
Time (min)

190

275

206

Total Air Volume
(L)

7.670

11.477

8.721

Location/Site
Method
Pump Info
WOHL Lot #
Tube #

WOHL WG006
AP Buck - D
2000
1676418009

Sample ID

D1

Calibration Date
02/02/07

Average L/min
Percent
Difference
AVERAGE L/min

Pre-cal
1155

Post-Cal
1704

0.0425
0.0423
0.0425
0.0424

0.0419
0.0411
0.0412
0.0414

Nail Salon 1
WOHL WG006
AP Buck - E
2000
1676418013
Area E1
(chem storage)
Pre-cal
Post-Cal
1213
1938

Pre-cal
1435

Post-Cal
1753

0.0399
0.0397
0.0396
0.0397

0.0391
0.0391
0.0389
0.0390

0.0365
0.0366
0.0364
0.0365

0.0400
0.0403
0.0397
0.0400

WOHL WG006
AP Buck - A
2000
1676418819
A2

2.5

-0.7

6.7

0.0419

0.0399

0.0378

Total Sample
Time (min)

309

445

198

Total Air Volume
(L)

12.952

17.741

7.478

66

Appendix D (Continued)
Location/Site
Method
Pump Info
WOHL Lot #
Tube #
Sample ID

Calibration Date
02/02/07

Average L/min
Percent
Difference
AVERAGE L/min

Nail salon 1
WOHL WG006
WOHL WG006
AP Buck - B
AP Buck - D
2000
2000
1676418011
1676418826
B2
D2
Pre-cal
1512

Post-Cal
1930

Pre-cal
1709

Post-Cal
1823

0.0415
0.0415
0.0414
0.0415

0.0425
0.0421
0.0417
0.0421

0.0419
0.0414
0.0412
0.0415

0.0431
0.0433
0.0434
0.0433

-1.5

-4.2

0.0418

0.0424

Total Sample
Time (min)

258

74

Total Air Volume
(L)

10.780

3.136
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Appendix D (Continued)
Location/Site
Method
Pump Info
WOHL Lot #
Tube #
Sample ID

Calibration Date
02/03/07
Average L/min
Percent
Difference
AVERAGE L/min

Nail Salon 2
WOHL WG006
AP Buck - D
2000
1676418016

WOHL WG006
AP Buck - E
2000
1676418012
TTP1
(area chem storage)
Pre-cal
1019
0.0398
0.0401
0.0400
0.0400

Post-Cal
1817
0.0390
0.0392
0.0390
0.0391

TTM1
Pre-cal
1012
0.0439
0.0437
0.0437
0.0438

Post-Cal
1416
0.0440
0.0443
0.0436
0.0440

WOHL WG006
AP Buck - B
2000
1676418818
TTN1
(attached to Light)
Pre-cal
0930
0.0400
0.0396
0.0396
0.0397

Post-Cal
1421
0.0405
0.0402
0.0407
0.0405

2.3

-0.5

-1.8

0.0395

0.0439

0.0401

Total Sample
Time (min)

478

244

291

Total Air Volume
(L)

18.889

10.703

11.669

Location/Site
Method
Pump Info
WOHL Lot #
Tube #
Sample ID

Calibration Date
02/03/07
Average L/min
Percent
Difference
AVERAGE L/min

Nail Salon 2
WOHL WG006
WOHL WG006
AP Buck - D
AP Buck - B
2000
2000
1676418015
1676418823
TTM2
Pre-cal
1421
0.0440
0.0443
0.0436
0.0440

Post-Cal
1758
0.0434
0.0437
0.0439
0.0437

TTN2
(attached to light)
Pre-cal
1430
0.0398
0.0399
0.0398
0.0398

Post-Cal
1808
0.0398
0.0395
0.0398
0.0397

0.7

0.3

0.0438

0.0398

Total Sample
Time (min)

217

218

Total Air Volume
(L)

9.508

8.669
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Appendix E: Analytical Laboratory Reports and COCs
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Appendix E (Continued)
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Appendix E (Continued)
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Appendix E (Continued)
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Appendix E (Continued)
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Appendix E (Continued)

74

Appendix E (Continued)
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Appendix E (Continued)
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Appendix E (Continued)
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Appendix E (Continued)
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80

