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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.



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
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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. 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.



LITERATURE REVIEW

MMA,CsHgO,, 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, C¢H100>, 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 CH; 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
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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,



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



(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 (Conde-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.



Table 1: Allergic contact dermatitis studies associated with EMA and MMA exposure

Study Study description MMA MMA EMA EMA
Concentration Results Concentration Results
Kanerva Patch test of 275 | 2% w/w 7.4 % of 271 | 2% wiw 7.4 % of 243
et al, patients with a petroleum tested petroleum tested
1997 history of
exposure to
(meth)acrylates
Condé- Patch test of a 10% in + after 48 hrs | 10% in + after 48 hrs
Salazar et | nail technician petroleum ++ after 96 petroleum + after 96 hrs
al, 1986 who presented hrs 20 controls —
with dermatitis 20 controls —
Condé- Patch test of 6 10% in Patient1 — 10% in Patient1 —
Salazar et | patients who petroleum Patient2 - petroleum Patient2 +
al, 1988 presented with Patient3 - Patient 3 ++
dermatitis and Patient4 + Patient 4 ++
also worked with Patient 5 ++ Patient5 +
acrylic sealants Patient 6 ++ Patient 6 ++
20 controls — 20 controls —
Kanerva Orthodontist 2% wiw 3+ 2% wiw 3+
et al, suspected of petroleum petroleum
1992 developing 3 indicates 3 indicates
occupational abundant abundant
pharyngitis. redness and redness and
Patch testing swelling swelling
revealed dermal
sensitivity to EMA
and MMA
Van der Guinea pig Varied GPMT = Varied GPMT =
Walle et sensitization to 20% - 30% of 10% of
al, 1982 (meth)acrylates animals animals
using the guinea sensitized sensitized
pig maximization
test (GPMT) FCAT = 25% FCAT = 33%
and/or the of animals of animals
Freund's sensitized sensitized
complete
adjuvant test
(FCAT)




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, 2008).



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. Piiril& 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), FEV, 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 (MEFss) and the MEFso/MEF ratio, p = 0.04 and p =
0.01 respectively. In this study, MEFso and MEFso/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
FEV: 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.
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Table 2: Occupational asthma studies associated with MMA exposure

Study

Study description

Study findings

Piirila et al, 1998

Goal of the study was to
report respiratory
hypersensitivity in dental
personnel to acrylates. Flow-
volume spirometry, skin-prick,
and inhalation challenge tests
were performed.

A dental nurse was symptomatic of
occupational asthma. Challenge test
with liquid MMA reduced Max FEV,
by 6% and PEF by 20%. Skin-prick
test was negative for MMA.

Marez et al, 1993

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.

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 MEFsq
and MEFso/MEF in the exposed
group, p=0.04 and p=0.01,
respectively.

Pickering et al, 1986

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. Flow-
volume spirometry was
subsequently performed

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. FEV; was
reduced 25% 13 hrs after the
challenge.

Lozewicz et al, 1985

Case report of a dental
assistant who mixed liquid
MMA with powdered poly-
MMA 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.”

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.

Jedrychowski, 1982

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.

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
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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 eight-
hour 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, 3" 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
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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.
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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

PBZ samples taken
for EMA

Strengths

Weaknesses

EMA concentration

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.

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

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

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. Self-
administered symptom
questionnaires completed by nail
techs and controls.

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

Range <0.1 to 17 ppm

Froines and
Garabrant,
1986

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.

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

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

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

Mean intermittent exposure for
EMA = 7.0 —18.0 ppm

Mean continuous exposure for
EMA =2.4-9.2 ppm

Almaguer and

NIOSH conducted a Health Hazard

3 short term

Qualitative evaluation

Lacked details regarding

7 min sample = 27.4 ppm

Blade, 1992 Evaluation (HHE) at the request of a Samples, 14 min of general ventilation numbers of clients seen 14 min sample = 16.9 ppm
nail salon owner. or less Some IEQ parameters Lacked long-term PBZ 37 min sample = 4 ppm*
measured samples
Active sampling media * Portion of sample was lost
Decker and NIOSH conducted a HHE at the One long-term Qualitative evaluation Lacked long-term PBZ PBZ sample = ND

Beasley, 1992

request of adjacent business owners
who noted a” terrible smell”
emanating from salon.

sample (321 mins)
during which five
clients were seen

of general ventilation
Active sampling media

samples

(LOD =1 ppm)
One Area sample = 7 ppm
(4.6 L air)
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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 post-
calibrated 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 WGO006, 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

Work with Fine Total
Site Nail Nail Prep Liquid L Time for
; . . Finish
Location  Technician (min) Monomer (Min) Procedure
(Min) (Min)
Salon 1 B NR 15 NR NA
Salon 2 TT™M 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

Work with |
. : . Liquid Fine Tota
Site Nail Nail Prep - Time for
; . - Monomer Finish
Location  Technician (min) - . Procedure
(Mln) (Min) ;
N=2 (Min)
A 26 17.5 17 60.5
Salon 1 B 8 6 14 28
D 5 11 15 31
Salon 2 TT™ 9 9 23 41

fAverage 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
_ Estimated Estimated Total time
Nail 4 of time 4 of time working
Technician Events Workingwith . working with with liquid
liquid/Event liquid/Event (Min)
(Min) (Min)
A 0 0 6 17.5 105
B 2 15 8 6 78
c’ 1 125 2 10.9 34.3
D* 1 125 6 11 78.5
TT™M 3 10 8 9 102

"Time spent working with liquid monomer for both procedures estimated from
averages of A-Dand TTM

*Time spent working with liquid monomer for full set estimated from averages
of Band 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.

29



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
Air flow with
Diffuser # door/window closed*

(cfm)

0 120

1 137

2 137

3 178

4 92

Total Supply (cfm) 664
Total Return 713

Volume(cfm)
*One door and one window

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 8-
hour 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

Sample Percent
. Nail Sample Sample P Difference Pre
Location - . ; ; ; Volume
Technician Designation Time (min) . and Post Pump
(Liters) Lo
Calibrations
A Al 190 7.670 4.0%
A2 198 7.478 6.7%
B B1 275 11.477 1.3%
B2 258 10.780 1.5%
Salon 1
C C1 206 8.721 5.5%
b D1 309 12.952 2.5%
D2 74 3.136 4.2%
TTM1 244 10.703 0.5%
Salon 2 TT™M
TTM2 217 9.508 0.7%
Table 9: Summary of personal exposures to MMA and EMA
First Sample Period Second Sample Period 8 - Hour TWA

Site Personal MMA EMA Time MMA EMA Time MMA EMA
Location ~ Sample (ppm) (ppm) (Min) (ppm) (ppm) (Min) (ppm) (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

Salon 1
C 0.70 31.00 206 NA NA NA 0.70 31.00
D 0.24 13.00 309 0.18 11.00 74 0.23 12.61
TT™ 2.90 0.036" 244 7.7 0.041" 217 5.16 0.04"

Salon 2
TTN* 2.60 0.033" 201 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. Inthis 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 TTNL1 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
TTNZ2 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 8-
hour 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 OELSs 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:
e 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 A: OSHA Method 7

hrganic Vapors Page 1 of 10

U.S. Department of Labor
Occupational Safety 8 Health Administration

— WAL
e

e www.osha.gov 15 MyoSHA  Search &g Advanced Search | A-2 Index

fety & Henlth Topice > Sampling & Analvtical Methods = indew > Oroanic Vapors

&
Organic Vapors
{See section 4)
lethod no.: o7
tatrlx: Adr
ISHA PELS: Section 4
rocedure: Coliection on charcoal, extraction with an organic solvent, end analysts by gas
chromatography with flame tonization detector,
ecommended alr volume
nd sample rate: Section 4
‘Latus of method: This method has been bsed extensively in the OSHA Salt Lake Technical Center, With
slight modification, this method Is a generalized version of validsted NIOSH
rmethodology.
Xate: May 1879 By: Organic Methods Evaluation Branch
ast Update: May 2000 By: Methods Development Team

Methods Development Team
Industrial Hygiene Chemistry Division
OSHA Salt Lake Technlcal Center
Salt Lake Clty, UT B4L15-1B02

. General Discussion

1.1 Backaground

Background Information on the analytes may be obtained from a number of sources such as NIOSH
Critetla Docurmnents, chemical dictionaries and Industrial hygiene manuals. Solverts are used for
degreasing, for dry cleaning, and In the manufacture of many materlals ranging from paints, varnishes,
shellacs, and lacquers to rubber and synthetic resins. When not belng used as solvents, they may function
as fuels or act 25 chemical intermediates with or without regard to their abllity to put materials into
solution. Toxic effects of the analytes vary with many acting as Irritants or causing narcosks, and some
having more hazardous effects,

1.2 Statistical parameters

1.2.1 Eech analyte included in this general procedure has & validated NIOSH rmethod, {Ref,
21} andfor a validated OSHA method. One of the NIGSH validation requirements is that the

wtpe/fwrww . osha govidts/sltc/methodsforganic/org 00 F/org007 html 3/16/2007
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results obtalned be within £25% of the true values at the 95% confidence level at the air
concantration equal to the OSHA standard. Although the OSHA evaluation precedure differs
from that of NIOSH, the same validation reguirements are used,

1.2.2 Refer to the validated MIOSH methods, (Ref, 5.1) for detalled information on Individual
Enalybes,

1.3 Advantages

1.3.1 The sampling device s small, portable, and involves no liquids.

1.3.2 The analysis is by a guick instrumental method.

1.3.3 Interferenceas can be elimingted by altering chromatographic conditions in most cases.
1.3.4 The method allows simultaneous analysis of two or more analytes.

1.4 Disadvantages

1.4.1 The alr volume sampled is imited by the capacity of the charcoal tubes, Exceeding the
capachy of the charcoal tube results in ioss of sample. The adsorptive capacity iz decreased
by high humidity.

1.4.2 The methed is limited by the reproducibility of the pressure drop across the tubes. The
pressure drop affects the flow rate causing the air volume to be Imprecize.

1.4.3 The analyst must work with toxic solvents,
1.4.4 When many components are present, elimination of interferences becomes difficult.
.. Sampling Procedure

2.1 Apparatus

2.1.1 A ceilbrated personal sampling pump whose flow can be determined within £5% at the
recommended flow rate with the sampling device attached,

2.1.2 Charcoal tubes: Glass tubes with both ends flame sealed, 7 cm long with 2 6-mm c.d.
and 4-mm t.d., containing two sections of 20/40 mesh activated charcoal separated by a 2-
mim portion of urethane foam. The activated charcoa! is prepared from coconut shells and is
fired at 600°C prior to packing. The adsorbing section contalns 100 mg of charceal, the
beckup section 50 mg. Ad=ram portion of urethane foam i placed between the outlet end of
the tube and the backup section. A plug of sllyiated glass wool is placed in front of the

absorbing section. The pressure drop across the tube must be jess than 1 in, of mercury at a
flow rate of 1 Limin.

2.1.3 Certain analytes requlre petroleum base charcoal instead of coconut base charcoal. This

requirement s specified in Section 4.
2.2 Reagents
None required in sempling procedure.

2.3 Technigue

2.3.1 Immediately before sampling, break the ends of the tube to provide an opening at least

ittp:/www.osha.govidts/site/methods/organic/org007/org007 himl
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ona-half the internal diameter of the tube (2 mm),

2.3.2 Tne smaller section of charcoal is used as & backup and should be positioned nearest
the sampling pump.

2.3.3 The charecal tube should be placed vertically during sampling to minimize channaling.

2.3.4 Air being sampled should not be pessed through any hose or tublrg before entering the
charcoal tube.

2.3.5 Do not exceed the recommended sir volume,

2.3.8 The charcoal tubes should be capped with the supplied plastic caps iImmediately after
sampling. Under no circumstances should rubber caps be used. ‘

2.3.7 One tube should be handled in the same mannser as the sampie tube (break, seal and
rangport} except that no air 15 sampled throvgh this tube. This tube should be tabeied as a
blank.

2.3.B Capped charcoal tubes should be wrapped end to end with official QSHA seals. They
should be packed tightly and padded before they are shipped to minimize tube breakage
during shipping.

2.3.9 For certain analytes where migration on the charcoal is a8 significant problem, it may be
requested thet two charcoal tubes be used in serles in order that preakthrough may be
distinguished from migration. These tubes must be separated and Indlvidually capped and
sealed before shipping.

2.4 Breakthrough
Ereakthrough data is presented on each analyte in Its respective valldated MIOSH methed (Ref. 5.4).

2.5 Extraction efficlency !

2.5.1 The back end of a charceal tube |s opened and the backup portion of activated charcoal
is removed, leaving the frent 100-mg portion of acthvated charcoal Intact in the tube, The
activated charcoal must be of the same iot as that In the tubes used to coilect the samples. A
known amount of analyte is injectad directly into the activated charcosl with 8 microfiter
syringe 2nd the tube Is capped.

2.5.2 Six tubes at each of three concentration levels {05, 1, and 2 times the standard) are
prepared by adding an amount of analyte equivalent to that present In & recommended air
sample at the selected level. The tubes are allowed to stand at least overnight to assure
complete adsorption of the analyte onte the charcoal. These tubes are referred to ac the
samples, A paraliel blank tube should be trested in the same manner except that no analyte
iz added to It, The sampie and blank tubes are extracted and analyzed |n exactly the sama
manner as the sampling tube described in Section 3.

2.5.3 The extraction efficiency (£g) equals the average welght in milligrams recovered from
the tube dividad by the weight in miligrams added to the tube, or

M,
A
Mg
where:  Eg Is extraction efficiency
wip/fwww. osha. govidissho/method sforgenic/org 00 7/org00 7 hitmt 31652007
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Mp Is mass recoversd
Mg is mass splked

2.5.4 If there is a significent change in extraction efficlency over the range of joadings
studied, a plotted curve of Eg versus mass recovered must be used to correct for adsorption
losues.

2.5.5 If there is no significant change in £p over the range studied, reconfirmations need only
be carred out at one Ioading in the middie of the range.

2.6 Recommended air volume and sample rate
See Sactiop 4. for recommended air volume and sampling rate.

2.7 Interferences

2.7.1 It iz pmportant to be aware of other components in the atmosphere which may interfers
with the collection of the anaivte.

2.7.2 High relative humidity may significantly affect the collection of some analytes.

2.8 Safety precautions

2.8.1 Care must be taken when opening the sealed ends of charcoal tubes to avold cuts to
the hands,

2.8.2 Sofety glassss shouwld be worn when opening the sealed ends of charcoal tubes to avold
injury to the eyes from glass splinters.

h. Analytical procedure
3.1 Apparatus

3.1.1 Gag chrometograph egulpped with flame lonlzation detector,

3.1.2 Columns. A variety of columns are sultable. Two good selections are a8 60-m = 0.32 mm
DE-1 capitiary column with 1m df or 8 60-m x 0L.32 mm DB-Wax capiliary column with 1 pm
df. Similar columns from other manufactures are acceptable,

3.1.2 A sultable method of measuring peak areas, such as an electronic Integrator or data
system,

3.1.4 Two-milllliter vials with elther screw-on or crimp-on caps which contain PTFE-lined
sEPTA.

3.1.5 Microllter syringes; one-microllter for GC injections and 10-pl for standard preparation,
or other sulteble sizes, '

3.1.6 Plpets for dispensing extracting solvent {ES). A Glanco 1-mL reagent dispenser is
adequate and convenient.

3.L.7 Volumetric Flasks, Five=milllillter and other convenient slzes,

3.1.8 Glass tubing cutter,

attp: /e osha. gov/dts/she/methods/organic/org (07 for g007 hitml 3/16/2007
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3.2 Reagents

3.2.1 Chromatographic quality extracting soivent (ES). Although carbon disulfide Is commenty
used as the ES, certain analytes can be more effectively extracted with the use of alternate
solvents or solvent solutions. These alternate ESs are listed In Chemical Sampling Information
located at bttpy/fwww osha goy and are normally used when the single analyte is requested
or when the requested analytes are known to be effectively extracted with that ES. Whean
analysls for @ number of analytes requiring different extracting solutions is requested, the
preferred ES will usuglly be carbon disulfide.

3.2.2 analyte standard, reagent grade.

3.2.3 Internal standard, (optional) resgent grade. p-Cymene and n-hexylbenzene are suitable
interna! standards for many solvents, ‘

3.2.4 Chrometographic quality halium, nitrogen, hydrogen, and air.
3.3 Standart preparation

3.3.1 Prepare analyie standard at a concentration of 1 pl of analyte per millliiter of ES by
adding 5 pL of analyte to a B-ml volumetric flask partially filled with ES. Fill the volumetric
flask to the mark and invert 3 or 4 times for proper mixing. Cther size volumetric flasks may
afso be used to prepare the 1 plfmb analyte standards. At leest two standards at 1 pl/mi are
prepared. Standards must be used the day they are prepared. In some cases, analbyte
standards in concentrations other than 1 plyml may be more suftable, especially with
analytes that have axtremely high or low DSHA stendands,

3.3.2 Injection of standards is accomplished with @ 1-pL or other sultable syringe. The syringe

is rinsed thoroughly in carbon disulfide between standards. Injector septa should be checked
for wear daily.

3.2.3 Injaction sizes other than 1-pL and injection by means of 2 gas chromatograph
atitosampler are acceptable In most cases.

2.4 Preparation of samples

3.4.1 The status of the seals on each charcoal tube is noted and recorded a5 Intact, broken, - -
or none, : :

2.4.4 The field identification number, the laberetory identification number and signature of
the industrial hyaglenist on each sample seal are checked with those on the sample
identification shests,

3.4.3 The seal Is rernoved and the charceal tube is opened with a giass tubing cutter at the
end contalning the larger portlon of charcoal, The front and back sections of charcoal are

transferred to separate 2-mb capped vials. The giass wool plug and the small wad of urethane
foam separating the two sections of charcoal are discarded,

3.4.4 The charcoal lot number is noted in order that the proper extraction efficiency is vsed in
later calculations,

3.4.5 Gas chromatography parameters are set as recommended In the instruments manual.
Qven temperature and column are varied until an optimum chromatogram is produced by the
anelyte standard.

3.4.6 Once the internal standard has been verified as not interfering with other peaks in the
chromatogram, the samples are extracted, One milllliter of ES is dispensed into sach sampie

tipsfiweww.osha.gov/dis/slte/methods/organic/org00 Vorgd07 himt S 3ef2007

55



Appendix A (Continued)

irganic Vapors Page 6 of 10

wvial, The vial is immediately sealed. Each vial 5 swirled periodically to incraase the rate of
extraction, Twenty to thirty minutes is typical for the extraction process.

3.5 Analysis

3.5.1 The data processor can be calibrated o provide results directly in units of mass. With 2
few of the analytes an additional similar correction may be necessary due to exiraction
efficiencies that change with concentration. The linear nature of the flame lonlzation detector
allows the use of a point calibration, but the bracketing of samples with analytical standards
is @ good practice, The calcuiation of the equivalent alr concentration for an analytical
standard is detailed in Section 3.7.1.

3.5.2 Sample Injection is accomplished with 2 1-pb or other suitable syringe. The syringe Is
rinsed thoroughly in carbon disulfide between semples. Injector septe should be checked for
wear perjodically. Injection by means of a gas chromatograph autosampler Is acceptable.

3,5.3 Bracket the samples with analytical standards if detected concentretions are sbove the
PEL.

2.5.4 Whean the identity of 3 suspected analyte psak ts in question, It should be confirmed by
GCIME, GC/IR, or by retention time on at teast two GC columns containing different packing

material. The identity of the analyte should be considered suspect when detected
concentrations are above the PEL

3.6 Interferences

Interferences to the analytical method will in most ceses appear as poor resolution of the anatyte peak
from other components, This maey be overcome by prudent selection of a more sultable chromatographic
condition or column.

2.7 Calculations

3.7.1 An equivalent air concentration for analytical standards (s used to callbrate the data
processor such that analytical results are obtained directly In rmass, ma.

W= Vg xd

where: W is weight of analyte in pg
Vg is volurne of analyte in pL

d |5 density of analyte in po/ub

VW

M VE

where: C,, is air concentration reported to IH
Vpe 15 molar volume at 25°C and 760 mmHMg, 24.46 L/mol

W s weight of analyte
M_ s motecular welght of the analyte

¥ s air volume sampled
Ep Is extraction efficiency

wpe/fwrww. osha.gov/dis/slie'methods/organic/org 00 7/org 007 htmt 3N6/2007
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Appendix A (Continued)
Jrgenic Vapaors Page 7 of 10
3.7.2 The followtng example Is the calculation for toluene:

W= B67 pg = 1 pL » BET ug/ul

{2445 Lfmol }(BET pg)

Cy = 23.73 ppin =
{92.15 g/mol}{ 10 L){0.97)

‘The calculations should be considered an example only, and various pararmetars confirmed
before used in actusl analysis.

3.8 Safety precautions

3.8.1 Care must be taken when opening charcoal tubes to avold cuts & the hands.
3.8.2 Safety glasses must be worn throughout the analytical procedure.
3.8.3 Work Invalving solvents open to the atmosphers must be performed in a hood.

3.9 Reporting results

3.9.1 When results uncorrected for air volume are graater then 10 ppm, three significant
digits will be reported. For results below 10 ppm, the chemist will use his judgment, but in no
cases report more than three significant diglits,

3.9.2 The estimated detection limit based on the lowest mass per sample injected a5 a
standard.

3.9.3 All concentration levels down to the detection limit are reported.

3.9.4 If the concentration of analyte found on the back section of the charcoal tube iz equal to
or greater than 25% of the concentration found on the front section, the charcoal tube is
considered to be seturated and reported as such on the analyst workehest.

3.8.5 The presence of significant peaks caused by unrequested components in the sample Is
noted on the analyst worksheet and they are identified and quantitated if possibie.

3.9.6 All dats processor print-outs and chart recorder chromatograms are filed in & central file
atcording to laboratory sample Identiflcation number.

3.9.7 Analytical data and results are checked by a fellow chemist before the completed
analyst worksheets are given to the team leader.

1. Analytes
‘he following table contains those analytes which can be analyzed by this procedure, Standard size charcoa! tubes

ontalning coconut base charcoal are used unless speclfied otherwise In the table. Listed PELS are 8-h time weighted
werages unless denoted as & celling concentration with & "{C)", before the PEL value. Before taking samples, the
1EHA Chemical Sampling Information

fi at http:/fwww.ocha.gov showld be consulted for additional and mere detalisd
rnformation,
Table 4,
Recommended Sampling Parameters for Analytes Covered by This Procedure,
ipcffwwrw. osha. govidis/shic/methods/organic/orgD07/org007 hitml 37162007
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Irganic Vapors Page 8 of 10
max
PEL air vol rate NIOSH
ANALYTE {ppm} (L)  (L/min} Method
Altyl alcohol 2 1o 0.2 1402
Ayt chioride 1 48 0.2 1000
n-Amyl acetate 100 10 0.2 1450
sec-Amyl acetate 125 10 0.2 1450
genzyl chioride 1 10 0.2 1003
Bromoform 0.5 0 0.2 1003
Buty! acetate 150 10 0.2 1450
sec-Butyl acetste 200 in 0.2 1450
tert-Buty| acetate 200 i 0.2 1450
Bubyl alcnhol 100 i0 0.2 1401
sec-Butyl aloshol 150 10 0.2 1401
tert-Butyl alcohof 100 i 0.2 1400
r-Butyl alyeidyl ether (BGE) 50 in 0.2 1616
p-tert-Butyitoluena 10 24 0.2 1501
Camphor 2 mg/m> 24 0.2 l301
Carbon tetrachioride 10 15 0.2 1003
Chiorobenzene {monochlorobenzene) 75 10 0.2 1003
Chiorobromemethane 200 5 0.2 1003
Curneneg 50 io 0.2 1501
Cyclohexana 300 5 0.2 1500
Cyclohexanol 50 ip 0.2 1402
Cyciohexene 300 5 0.2 1500
Diacetone alcohol (4-hydroxy-4-mathyl-2- 50 10 0.2 1402
pentanone)
o-Dichiorobenzene (Y50 3 0.2 1003
p-Dichlorobenzene 75 0.05 1003
1,1-Dichloroethane 100 10 0.2
1,2-Dichlorosthylene 200 3 0.2 1003
Dichloroethyl ethar (cy1s 1s 1.0 1004
1,1=-Dichioro-1-nitroethane ** {Cyio 15 1.0 1601
Difluerodibromomethane(F-12-B2)* 104 10 0.2 01z
Diisobuty! ketone 50 10 0.2 1300
Dioxane (disthyvlene dioxide) 100 10 .2 1602
Epichlaeotydrin ] 20 0.2 Lo
Ethyl acetste 400 & 0.2 1457
tip:/fwww.osha.govidis'shie/methods/organic/orgd07/ orghoT . htmi 371672007
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Appendix A (Continued)

Mganic Vapors Page 9 of 10
Ethyl sec-amyl ketone (5-rmethyl-3-heptanone) 25 25 0.2 1301
Ethyl bromide 200 & 0.2 1011
Ethyi butyl ketone {3-heptanone) 50 25 0.2 1301
Ethylane chiorohydrin®* 5 35 0.2 2513
Ethy! ether 400 3 0.2 1610
Ethyi formate 100 10 0.2 1452
Glycldol (2,3-epoxy-1-propancl} 50 S0 1.0 1608
n-Heptane 500 4 0.2 1500
Hexachlorpathane 1 10 0.2 1003
n-Hexane 500 4 0.2 1500
2-Hexanone [MBK) 100 10 0.2 1300
sec-Hexyl acetate 50 10 0.2 1450
Isoamy| acetate 100 i 0.2 1450
Isoamyl alcohol 00 10 0.2 1402
Isobuty! acetate 150 10 0.2 1450
Isobuty! alcohol 100 10 02 1401
laophorone®* 25 1z 0.2 2508
Isopropyl acetate 250 ] 0.2 1454
Isopropyl ether Eale] 3 0.05 1618
Isopropyl glycidyl ether 50 plle 3 02 1620
Mesttyl oxide 25 25 0.2 130%
Mathy! acetate 200 7 0.2 1458
Methylal {dimethoxymethane) 1000 2 0.2 161t
Methyl-(rn-amylketone 100 25 0.2 130t
Mathyicydohexane 500 4 0.2 1500
Methyl isobutyl carbinol 25 10 0.2 1402
e-Methyl styrene (cyio0 3 0.2 1501
Octane 500 4 0.1 1500
Pentane 1000 2 0.05 1500
2-Pentanone 200 10 0.05 1300
Phenyl giycidyl ether 10 S0 0.1 161%
n-Propyl acetate 200 10 0.2 1450
Propyl alcohol 200 10 0.2 1401
Propylene dichloride 75 i0 0.2 1013
n-Propy] nitrate** 25 ] 0.1 5227
1,1,1,2-TFetrachioro-2, 2-difluoroethane 500 2 0.035 1016
1,1,2, 2-Tetrachioro-1, 2-difluoroethane 500 p 0.035 1016
11,2, 2-Tetrachlorpethane®* 5 10 0.2 1018

ittp:ffararw osha.gov/dis/shte/methods/or ganic/org007/org007 bitml Jlefanir
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drganic Vapors
Tetrahydrofuran 200 5 0.z
Tetramethy| succlnonitrile 0.5 48 0.2
1,2, 3-Trichioropropene 50 ] 02
Vinyl tolusne 100 24 0.2

1609
S155
o3

*Use two charcosl tubes in series for sampling.
**jge petroleum base charcoal for sampling.

- References

Page 10 of 10

5.1 "NIOSH Manual of Anatytical Methods”®, ed, 4 Vol. 1-3 Natlonal Institute of Occupational Safety and

Health, U.S, Government Printing Office, Washington, D.C. {1298)

&) Back to Top Wy, osha.aev werw.dol.gov
Contact Us | Freedom of Information Act | Customer Survey
Privacy and Security Staternent | Disclaimers

rccupational Safety & Health administration
‘00 Constitution Avenue, NW
Vashington, DC 20210
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Appendix B: Desorption/QC development spreadsheet
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Appendix B (continued)

62

Methyl methacrylate on Charcoal desorbed in CS2
g s i A forand Rl Splk& T Lo B !
Sm;.cma 4| Comments 1 °:Subgiance ") Amount ugmh i ; 2t
Aldrich Tot ety
BINS310 PU methacniste on :

120305 51800 Chargosl 1872 1681 100.5% 5312006
Addirich ot Methy! - ol gk
BIO5310 PY  methacndste on :

120308 5M EDD Chareoal 2808 2836 101.0% 5312008
Akdkich lot Methi CoERER S TEE MR
BIOS210 PU methacniste on

120307 S a0 Charcoal S35 g6 B7.8% BIET2006
Aldrish lot Wethyl ' ' e
BIOS310 P mathaendate on

120308 51800 Chargeal F744 3610.7, BE.4%, GETI2006
Aldkich ot Methyl PR o W i het
BKIS310 PU  methacndate on

120208 SMEOD Charcesl gag 60 103.2%.; &630/2008
Al kot Mty irin § e S
BlO5310 PU methacndate on !

120310 51 &00 Charcoal 2808 2880 T102.8% &E02006.

‘Aldrighifot Meth o T mmmm—m———
BIDE3I0 PL  mathacn/date on

120371 518700 Charcoal arad 3725 B8.5%: THA/2006.
Aldrich it Methyl '

BIOE310 PU methacryete on

120312 5MEOD Charcoal 1872, 1647 88.7% THA2008
Aldvich It Methyl . LSl TR
BIOZ310 PU methacndate on

120313 5100 ~ Charcoal 1872 1851 BE.8% BE4/2006
Aldirich bat et '

BIOS310 PL methacrylate on

120314 8ME0D Charcoal 2a0e 2745 87.8% BR24/2008
Addirich lot Methyl R ; v e e
BIOES10 PU methacndate on

120315 51 E/00 Charoosl =1 e7F  10L.E%  BR24S2008
Aldrich kot Wit ) e
BIOE310 PL) methacrylate on

120316 81800 Charcoal 1872 1887 100.8% B/24/2008
Aldrigh bt Methid o o o e
BIDE310 P methacrylate on .

120317 21800 Gharpoal ZB08 2305 B9.2% 1117/2005
Aldrich It Mty et WIS IR
BIDS310 P methacniate on

120318 SMEDD Charcoal iraa 3B BE.B% 11/17/2006
Addirich lot Methyl . il el
Bl05310 FU methacrydate on

120818 811800 Chraresal 536 o728 103.9% 2132007
Abdrich ot Methyl - .

BIOS310 PLI  mathacniate on :

120320 51800 Charcosal a4 37764 100.9% 2M32007
Aidrich Ik Mty ! . =1 .
BIOS310 FU mathacrylate on :

120521 BMEOD Chartoal 1872 18531 88.0%. 2152007,
Ajdrich lot Mt .
BIOS310 P methacrylate on

120322 51800 Charcnsl Eﬁ"44 sy EH.U"#_&- 2M 62007
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Appendix B (Continued)

des.s 3,29,0F data sot ot 2000

Desorption/QC Development Spreadsheet

[Subaanca; Ettyl methacrylats AR alysIs dare; B23 - 3003

10 Ei15 Analyst: ATH

CAS Murribet a7-63-2 Instrurment (FR LoF

MIE E115 Desorplion solenl; | Corbon disulf

Stwdy Type: Dpsorplion Sequenceldata fes:  [PBmarda; 04

Prop daie: ADR003 Colemn: Bupeleowax

Prepared by: oF GG samples: 02025, 26

Metebook Fabeenoe Baok 2385 p_ 68

Densily; . |mitugiw

Stanomrd (g, ol Abdrich; iof Gl 0B410 BU

Crafe (received,opened): |51 82000

Y SHC SCT bof 2000 In ingection vials

Standards

Lraa
Saninen | 1 R { red)
Eik 2TASENG AZISE-0d d¥ablorph g BB eatat3 1 manld

Samples
Sarnple pYen=— Area AT Feren Correcied
urmibes AppTedfugh 1 Recovemnd Aacovery Fesulls
BaDE - 1 .48 o 000 0.000 0.000
Z20E-2 (1] 4] 0.000 0000 0.000
Z2DE-3 0.88 0 .000 0.000 0.000
Z20E-4 0,96 4] 0000 0000 0,000
20E-5 1.9 1282 0428 22 801 38,700
Z2E-8 18 1276 D428 22,306 J6.E54
S2E-T 13.8 25573 B.561 62.038 84501
32E-8 138 258M B.EET B2.597 25,606
320E-9 275 SEGEE 18804 58,740 100.BEE
E20E - 10 275 56471 18,632 E8.478 100513
H20E - 11 28] 165486 56.189 80,217 98,278
20E - 12 68.8 186705 a6.582 BB 100004
A20E - 13 137.6 3ATTTA T12.840 81,861 101313
3A20E - 14 187.6 334476 111,840 81,081 100323
J20E - 45 206.3 401873 164082 70,586 BE. 423
Z20E - 18 2063 AQLdL 164 B85 TO8ES BESTT
B20E - 17 2781 BE420B Z1B.164 TH.3D3 BE. 148
Z20E - 18 2751 B56807 20695 TELBED BB 83T
I20E - 13 458.5 1058728 353082 700 BE. 302
J20E - 20 458.5 1083508 369,325 THEDG BT.832
320E - 21 w7 2EE2203  TE1.080 B1.904 101,388
I20E - 22 240 22EEYB0D YEL.OSE BE.984 102718
320E - 23 1834 45BETD1  1533.564 BE.E1R 103488
0E - 24 1534 ABE1DE0  1544.355 B4 207 104217

[Azans BO.TEZ 3
Sd= 1.881 18,
Ve
Conclusions:

Crati wirs wsed 1o 581 4 desorpbon cunve of

fina| msulsrecoveredd-0.0D0TOTT recovere d” recovered |+ LOD2SE recovered D, G2ES)

Page
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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
Diffuser # | Door/Window Door/Window Door/Window Door/Window
Open Closed Open Closed

(cfm) (cfm) (cfm) (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 NA NA 160 150

Total Supply | 563 664 1825 1789
(cfm)
Return

Volume 735 713 1497 1480
(cfm)

ACH 5.9 6.0 12.0 11.8

* One door and one window
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Appendix D: Pump calibration information

Location/Site Nail salon 1
Method WOHL WG006 WOHL WG006 WOHL WG006
Pump Info AP Buck - A AP Buck - B AP Buck - C
WOHL Lot # 2000 2000 2000
Tube # 1676418010 1676418 1676418824
Sample ID Al B1 C1
Pre-cal Post-Cal Pre-cal Post-Cal Pre-cal Post-Cal
- 1024 1334 1033 1508 1042 1408
R [ 00412 | 00403 | 00422 | 00415 | 00412 | 0.0433
0.0410 0.0392 0.0419 0.0415 0.0413 0.0435
0.0413 0.0392 0.0419 0.0414 0.0410 0.0437
Average L/min 0.0412 0.0396 0.0420 0.0415 0.0412 0.0435
Percent
Difference 4.0 1.3 -5.5
AVERAGE L/min 0.0404 0.0417 0.0423
Total Sample 190 275 206
Time (min)
Tieifel Ag_;’ GlmE 7.670 11.477 8.721
Location/Site Nail Salon 1
Method WOHL WG006 WOHL WG006 WOHL WG006
Pump Info AP Buck - D AP Buck - E AP Buck - A
WOHL Lot # 2000 2000 2000
Tube # 1676418009 1676418013 1676418819
Area E1
Sample ID D1 (chem storage) A2
Pre-cal Post-Cal Pre-cal Post-Cal Pre-cal Post-Cal
. . 1155 1704 1213 1938 1435 1753
Calibration Date
02/02/07 0.0425 0.0419 0.0399 0.0400 0.0391 0.0365
0.0423 0.0411 0.0397 0.0403 0.0391 0.0366
0.0425 0.0412 0.0396 0.0397 0.0389 0.0364
Average L/min 0.0424 0.0414 0.0397 0.0400 0.0390 0.0365
Percent
BTy ae 2.5 -0.7 6.7
AVERAGE L/min 0.0419 0.0399 0.0378
Total Sample 309 445 198
Time (min)
VeIl i B 12.952 17.741 7.478

(L)
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Appendix D (Continued)

Location/Site Nail salon 1
Method WOHL WGO006 WOHL WG006
Pump Info AP Buck - B AP Buck - D
WOHL Lot # 2000 2000
Tube # 1676418011 1676418826
Sample 1D B2 D2
Pre-cal Post-Cal Pre-cal Post-Cal
Calibration Dat 1512 1930 1709 1823
alibration Date
02/02/07 0.0415 0.0425 0.0419 0.0431
0.0415 0.0421 0.0414 0.0433
0.0414 0.0417 0.0412 0.0434
Average L/min 0.0415 0.0421 0.0415 0.0433
Percent
Difference -1.5 4.2
AVERAGE L/min 0.0418 0.0424
To_tal Sample 258 74
Time (min)
Vet Ag_;’ ellmme 10.780 3.136
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Appendix D (Continued)

Location/Site Nail Salon 2
Method WOHL WGO006 WOHL WG006 WOHL WG006
Pump Info AP Buck - E AP Buck - D AP Buck - B
WOHL Lot # 2000 2000 2000
Tube # 1676418012 1676418016 1676418818
TTP1 TTN1
Sl (area chem storage) TTM1 (attached to Light)
Pre-cal Post-Cal Pre-cal Post-Cal Pre-cal Post-Cal
i . 1019 1817 1012 1416 0930 1421
el 'g;?gglr(‘)?ate 0.0398 0.0390 0.0439 0.0440 0.0400 0.0405
0.0401 0.0392 0.0437 0.0443 0.0396 0.0402
0.0400 0.0390 0.0437 0.0436 0.0396 0.0407
Average L/min 0.0400 0.0391 0.0438 0.0440 0.0397 0.0405
Percent
Difference 2.3 0.5 -1.8
AVERAGE L/min 0.0395 0.0439 0.0401
Total Sample 478 244 291
Time (min)
Vel AEB’ e 18.889 10.703 11.669
Location/Site Nail Salon 2
Method WOHL WGO006 WOHL WGO006
Pump Info AP Buck - D AP Buck - B
WOHL Lot # 2000 2000
Tube # 1676418015 1676418823
TTN2
Sample D TTM2 (attached to light)
Pre-cal Post-Cal Pre-cal Post-Cal
Calibration Dat 1421 1758 1430 1808
alibration Date
02/03/07 0.0440 0.0434 0.0398 0.0398
0.0443 0.0437 0.0399 0.0395
0.0436 0.0439 0.0398 0.0398
Average L/min 0.0440 0.0437 0.0398 0.0397
Percent
Difference 0.7 0.3
AVERAGE L/min 0.0438 0.0398
Total Sample 217 218
Time (min)
Total Air Volume 9508 8.669

(L)
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Appendix E: Analytical Laboratory Reports and COCs

: M Fackages:
. PO, Bow 7995 2001 Agreutture Dr.
. Wisconsin Occupational e
Heafih Laboratory Phone: (B00) 4460400 Faw: (£00) 2246215

Wisconsin 5tate Laboratory of Hygiene University of Wisconsin
Analytical Laboratory Report
ADAM MARTY Company Number: 30672
FROJ
Date Collected: 222007
Date Recsived: 2162007
Date of Analysis: 2132007
Diate Reportad: 22042007

Reviewer:

STEVE STREBEL, Orgarie Supervicar
seifimail sih wise edu
WOHL wees only verified, secured electronic signatures on reports.
These signatures are s valid 2 ofginal hendwritten signatures.
If you have any questions regarding this report plense fesl fres to contact the
laboratory via email (as listed above) or via telephone at §00-4458-0403

Repor T 056584 Page | of §
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Appendix E (Continued)

Mzl Packages:
B0, B TEGE 2 Aegriculiure De.
Midisan, W1 SESTOT-TEEE  Madison, Wi EST1R
P (B60) 4460405 Fa: (BOK) Z2a-621

Wisconsin State Laboratory of Hygiene . University of Wisconsin
Analytical Results
FIELD NUMEBER DESCRIFTION ATR VOLUME
1250485 scT 7.670 liters
Al
Ethyl Methacrylate 230 pg/sample 30 mgSm? E.4 ppm
Hethyl Methacrylate 3.8% pg/rample 0.5l my =t b.13 ppm

COMMENTE: 580 ug, 75 ag/m3, and 32 ppm of Acetone and 150 ug, 6.1 =g =3, and 2.5 ppm of

IIS-H-i-E;ﬁ - sCT 11477 liters

Bl
Ethyl Methasrylate 460 pglEample 40 =g /m? E.E ppm
Hathyl Hathacrylate 6.9 pg/mampla G. 60 ngfm 0.15 ppm

COMMENTE: 740 ug, 64 mg/m3, and 27 ppm of Acetone and 240 ug, 21 mg/m?. and 2.9 ppm of
Ethyl hlcchel prosect in sample $125046E. o

izsn-tszf SCT 721 liters

Ci
Ethyl Methasrylate 1300 pg/fesample 140 mg/=* 21 ppm
Makbhyl Methaorylate 25 po/eample 2.8 mg/m* 0.70 ppm

COMMENTE: 650 ug, 74 mo/m3, and 31 ppm of Acetone and 220 ug, 26 mg/m3, and 14 ppm of
Ethyl lcohol precent in cmeple §1250487.

1250488 5CT . 10,780 Iters
B2

Eihyl Hethaarylate 500 po/aample 46 ng/=" 5.5 ppm

Mathyrl Methassriatbe £.7 pg/sample D61 myte? 9.15 ppm

COMMENTS: 700 ug, €5 mg/m3, and 27 ppm of Acetone and 210 ug, 19 =g/m3, and 10 ppm of

1250489 3T 12,952 liters
m

Ethyl Hethaorylate TED pg/sample 58 mg/m* 13 ppm

Methyl Methacrylate 13 pa/ermple 0.908 mg/m* 0.24 ppm

COMMENTS: 1000 og, 78 mg/m3, and 33 ppm of Rostone and 250 ng, 1% mg/m3, and 10 prm of
_____________ Ethyl alco}_:_n}_gre:ml: in pample §L2E0485.

1250490 SCT 3.136 liters

n2
Bthyl Methaccylate 180 pg/eample 48 mg/m® 11 ppm
Kothyl Methoeorylate 2.3 pyleasple 0.3 mgfm? 0.1E ppm

COMMENTS: 210 ug, 67 =g/m3, and 2B ppm of Acetone and 54 ug, 30 mg/m3, and 16 ppm of

Repor ID: 9056584 Page 2 of §
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Appendix E (Continued)

Dt Packages:
: - F.0. Box 7996 2601 Agrimusure: Dr,
Wisconsin Occupational Bhzdigon, WISSTOT-7006  Madison, W1 53718
Health Laboratory Phone: (B00}446-0402 ks (B0K8) Za-6213
Wisconsin State Laboratory of Hygiene University of Wisconsin
LAD NUNIER Analytical Results
FIELD NUMBER DESCRIFTION ATR VOLUNME
1250491 scT TATE liters
A2
Ethyl Methacrylate 350 pg/sample 47 mg/n? 0.9 pp=
Hethyl Nethacrvlate E.2 pg/sample 0. 70 mgSm? 0.17 ppm

COMMERTS: 630 wy, 85 mg/m3, and 36 ppm of Acetone and 140 vg, 18 mg/ms, and 10 ppa of
... Eteyl hlcohel present in sample ¥1250481.

1250492 BCT §7.741 liters
EL

Ethyl Metbacrylate 620 pgSre=ple 5 mg/m* 7.5 pp=

Mathyl Methacorylate 10.0 pg/sasple 0. 56 my/mY 0.14 rpm

COMMEMTS : 770 ug, 43 mg/m3, and 18 ppm of hoetone and 230 ug, 13 mg/n3, end 6.7 ppm of
.. Ethyl Rleckol present in sample #1550492.

1250493 BCT 0120 Hters
Fi

Ethyl Methacrylate WD <D.80 pg/seample ND «<£.7 Bg/m* R <l.4 ppm

Methyl Methazrylate ¥D <2.0 pg/eample HD <17 mySm* Fp <4.1 ppm
1250494 BCT YO0 ers
G1

Rehyl Mathaocylate 74000 pgfsample 25000 mgimd E300 ppm

Mathy! Hethacrylate 1300 g/ eample 430 mylmt 160 pp=

COMMERTS: The Ethyl Methacrylate reported for sample §1250454 was greater than the
upper calibration standard, therefore, these resulte should be comeidered to
be approximate values. 36% and 23% of the Hethyl Methacrylate and Bthyl
Methaerylate, respectively, reported for sample #1250454 were detected oa the

______ back-up section of the tube.

Dispheyved values on report have been rounded; however all calonlationt ars performed wsing raw, unrounded intermediate results.
Pleage contsct the labosatory if vou have any questions regarding our result caleulation or rounding, Al samples were received by the
labosstory in acceptable condition unless otherwise noted.

WD = Mone Detested, Resulie are less than the method detection limit

ReportID: 9056584 Page 3 of 5
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Appendix E (Continued)

kst Packagas:

PO Baox THEE 261 Agricultune Dr.
Madison, Wi S3TOT-TO8E  Madkson, W1 B3TE
Fiofes: (B00) 446-0400 Faoc {508) 224-6213

Wisconsin State Laboratory of Hygiene University of Wisconsin
Analytical Methodology

GENERAL SOLVENTS:

These eamplez are analysed using WOHL method WE008, which is based on the
method, OSHA 7.

The collecticon mediaz ls a SMALL (5CT) (5KC 226-01), LARGE (LCT} (SKC 226-09),
JUMEBS (JOT) (22E-16) or JUMBOZ (226-16-02) Activeted Charcoal tube.

Front and back sections of the tube are separaztely descrbed in 1 ml
for SMALL tubes, 3 ml for LARCE tubez, § ml for JMBES tubes, or 10 ml for
JUMBOZ tubes of Carbon Diswlfide for 30 minutes prior to analysie.

The samples are run on a Hewlett-Packard Gas Chromatograph eguipped
with an FID. The Frimary and Confirming columng were chosen Erom the
following:

Carbopack O Jf0.1% SP-1000

Valel 10GM Capillary

HP-5 Capillary

Bupeleowax-10 Capillary

EPB-624 capillary

Samples may also have been confirmed cm & Model 5572 Hewlett-Packard
Ges Chromatograph Mass-Selective Detector containing a Hukol Capillary.

Reporting Limites are specifiec for sach substance.
Resulte are not blank corrected unleze noted in raport.

REPORTING LIMITS:

Thie teble contains the WOHL determined reporting limits for the compounds
specified in this report. These numbers are based on the historical
etetistical data for m particular amalyte or are based on WOHL determined

values,

Analyte Reporting Limit

Ethyl Methacrylate on SCT 1.8 pg/esmple

Mzthyl Methacrylste on SCT 2 pgfsample
Repost [D: 2056584 Page 4 of 5

72



Appendix E (Continued)

it Fackages:

PO Box T35 2601 Agricuthane Dr.
hsdinon, Wi EATOT-TARE  Madison, Wi 53718
Phane: (B00) 445-0403 Fan: (G508} 224-£213

University of Wisconsin

Wisconsin State Laboratory of Hygiene

Analytical Quality Control

Laboratory prepared quality control (30) samples were analyzed along with the samples incloded in the analytical reporl. The analysis
resulis for these QO samples are listed beloar.

Instroment Used for Analvsis Gas Chromatograph with FID

Laboratory Control Sample: 120319

€ Sample Media: SCT lot 2000 charcoal Arceptable
Analvte Target Value Recovery (%) Recovery (%) EassFail
tethyl methacrylae oo Charcoal 936 ppfsemple 103.9 £2-118 PASS

Laboratory Control Sample: 120320

0 Samale Media: SCT 1ot 2000 charcoal Acceptable
Amnalyie Y alue Recovery (%) Recovery (%) Pass/Fail
Methy] methaceylate on Charceal 3744 pgfsample 1002 BZ-118 PASSE

The sccepiable range for an anzlye is based oo the standard deviation of each analyte, which hes been detsrmined from statistical
evahuation of the historical performance of the azsay. The accepitle range ncludes up to 3 sandard devistions, so & result witdn 3
stapdard deviations i considered 1o have passed the QC requitements, A result outside of the secepiable raope is considered 1o heve
fziled QC and may indicate the direction of possible bias for the semples included o the analytics] report, The analytes wsed for QC
determination will not always be the same anslytes that appsar in the ssmples for the report, however they are represeatative of the
compounds found in the samples and indicative of overall assay parfommancs,

T

End of Analytical Report
The rezalts in this report apply only to the samples, specifically listed above, tested at the Wisconsin Qccupational Health Laboratory .
Tkiz report iz not to be reprodwced except in full.

Report I 9056584 PageSof 5
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Appendix E (Continued)

Mall; Packnppe:
. @H L Heam L:bfxatbnr e ::ﬁ::::ggsmr,m rﬂ:iﬂ:nhs:r?;

Phone; (S00) 4460403 Faac [50) 224-6213

Wisconsin State Laboratory of Hygiene . University of Wisconsin
Analytical Laboratory Report
Febr“l!y 20, 2007 RepoctH  SO5G3ES
ADAM MARTY Compény Number: 30672
FROJ
Date Collected: 2132007
Date Received: 2R2007
Date of Analysis: 232007
Date Reported: 242002007

Analyst: 7'.‘2;;2‘ ,:(if %’l
AmCERER, Qo [

Reviewer:
STEVE STREBEL, Organic Supervisor
ssfmail sl wisc.cds
WOHL uses only verified, secured electronic signatiures on reports.
These signatures are as valid zs original handwritten signatures.
I you have any questions regarding this report please feel free to contact the
laboratory via email (as listed above) or via telephone at 800-446-0403

Fepor [Dn 0056585 Pege | of 4
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Appendix E (Continued)

Haalh Packages:

Py, B THIE 2601 Agricutiure D,
Madison, W B3T07-7986  Madison, W1 53718
Phone: (800 446-0403 Fa: (BOB) 234-86213

Wisconsin State Laboeratory of Hygiene " University of Wisconsin
LAE NUMBER Analytical Results
FIELD NUMBER © DESCRIFTION ATR VOLUME
1250478 scT I8.8E0 liters
TTF1

Behyl Methacrylate 2.3 pgfsample 012 ma/m 0.026 ppo

Methyl Hethacrylate 28 pg/sample 4.7 mg/md 1.1 ppm

COMMENTS: 180 ug, 5.4 mg/m3, and 3.9 pp= of Acetcme present in sample FLIEH4TE. Traces
of Bthyl Aecetate, Methyl Ethyl Eetcme (MEE), Isopropyl Aleohol, Teluene,
Bukyl Roetete (n-), Butyl Alcohol (m-), Limonene, Dichlorcbenmszeme (p-}, &nd
_ Tetrahydrofuran present in all samples.

1250479 aCT 10703 Heers
TIMI
Ethyl Methaorylate exl.B pgfsample cwl. 1T mglm* ol 036 ppm
Methyl Hethacrylate 130 pg/sasple 1z mg/m* 2.9 ppm

COMMENTE: 120 mg, 11 =g/md, and £.§ pps of Acetons presect im sample W1250478.

1250480 SCT 084 Titers
TT1
Ethyl Methoorylotse D =0.80 pg/oample HD <. E ngfm? WD =2.0 ppm
Memthyl Methaczylabe ¥O =2.0 pglsomple KD <24 =gfm? Eo <E. B ppm
1250481 &CT IL669 liters
TTN1
Ethyl Hethaprylate «ol.B pgfeample =, 15 =y fm? =w.033 ppm
Methyl Methaorylate 120 pg/eanple 1l mg/m* 2.6 pp=

COMMEWTE: 150 ug, 13 mg fm3, and 5.6 ppm of Acoetone present in sample #1250481.

1250482 8CT 9,508 liters
TIM2
Ethyl Methacrylate <=l.8 pgfsample wal, L9 my/m? ecll, 01 ppm
Mothyl Hethasrylate 200 ag/sample 32 =mg/m? 7.7 ppm

COMMENTS: 130 ug, 14 my/m3, and 5.6 ppm of Acetone present in gsmple FL250482.

1250483 5CT B.600 liwess
TTNZ
Ethyl Methacrylate el.f poSsample cwul.21 mgfm? e=0. G4 ppm
Hathyl Methsorylate 190 po/Rample 22 mg/fmt 5.2 pp=

COMMENTE = 150 ug, 17 mg/m3, and 7.3 ppm qt Aoatone present in sample #1250483.

Beport 1D 9056585 Poge 2 of 4
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Appendix E (Continued)

Iall: Pachagas:

PO, Box THIE 2801 Agricutters Dr,
Madizon, Wi 53707-7085 Madisen, Wi 52718
Phone: (B00) 446-D603 Fene: (BOB) 2246213

Wisconsin State Laboratory of Hygiene University of Wisconsin

LAT NIMERE Analytical Results
FIELD NUMEBER DESCRIFTION AIR VOLUME
1250484 8CT 3019 liters
TTR:

Ethyl Methacrylats B8 pg/cample 15 mefm? £.1 ppm

Methyl Hethacryleta EE0C00 pg/semple 22000 mg et 5400 ppm

COMMENTE: The Methyl Methacrylate reported for sample #12504B4 wag greater tham the
upper calibratiom standard, therefore, these results shewld be conziderad to
be approximate values., 35% of both Methyl Methservlate and Ethyl
Methacrylate reported for sample #1150464 were detected on the back-up
gection of the tube.

Diisplayed values on report have been rounded; however all caloulations sre perfarmed wsing raw, wmrounded intermediate rasulie.
Please contact fhe lshorstory if you have any questions regarding cur result caleufation or mouading. All snmples were recaived by the
tahoratory in acceptable condition unless otherwise noted.

WD = None Detecied. Results are lese thap the method detection Hmit
<= Less Than of Equal To. The analyte was detected bat af a Jevel too Jow to be acourntely quentitated. The acmal amount is
less than or equal 1o (he reported value,

Analytical Methodology

GENERAL SOLVENTS:
These samples are analyzed using WOBRL method WEO0E, which is based on the
method, O5HR 7.

The cocllection media is a SMALL (BCT) (EKC 226-01), LARGE (LCT) (5KC 226-09),
JUMEG (JCT) (226-16) or JUMBOD2 (226-16-03) Activated Charcoal tube.

Front and back sections of the tube are separately desorbed in 2 ml
for SMALL tubes, 3 ml for LARGE tubes, 5 ml for JUMBO tubes, or 10 mi for
JUMEDZ tubes of Carbom Disulfide for 30 minutes prior te analveis,

The samples are run on a Hewlett-Packard Gas Chromatograph eguipped
with an FID. The Primary and Confirming columms wers chosen from the
following:

Carbopack © S0.1% SP-1000

Volol 108M Capillary

Hp-5 Capillary

Supeloowax-10 Capillary

SFB~E24 cepillary

Samples may alse have been comfirmed on a Model 5972 Hewlett-Packard
Gas Chromatograph Mage-Selective Detector containing a Hukel Capiliary.

Reporting Limits are specific for each substance.

Results are not blank corrected unless noted in report.

Report IIx POS65ES Fape 3 of 4
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Appendix E (Continued)

Mailz Packapes

F.0. Box 7OE8 250 Agreeuiiure De,
Madisan, W1 BITOT-TEME  Madison, Wi 53718
Phoner (B00) 445-0403 Fax: (0B Z24-6213

WisconsiE BEHEEShiran ol Hygiens University of Wisconsin

Thie table contains the WOHL determined reporting limits for the compounds
specified in this report. These numbers are based on the historical
statietical data for a particular amalyte or are based on WOHL determined

valuas.

Anslvte Eeporting Limic
Ethyl Methacrylate on BCT 1.6 pg/sample
Methyl Meathasrylate on 80T 2 _p,gf:qqp]_:

Analytical Quality Control

Lubaratory prepared quality control (QC) semples were analyzed along with the sumples insluded in the nralytical report. The asalysis
remlis for theee QT samples are hsted below.

Insrument Used for Analysis:  Gar Chromatograph with FID

Laboratory Control Sample: 120319

Q0 Sample Media: 3CT ot 2000 charcoal Acceptable
Analvie . Target Value i Recovery (%) Pass/Fail
Methyl methacrylate oo Charcoal 936 pp/sample 103.9 B2- 118 PASS

Laberatory Control Sample: 120320

OO Bampie Media: SCT lot 2000 charcoal Acceptable
Analvte Target Value ECOV " Recovery (%) Pass/Fal
Wlethy! methacrylate on Charcoal 3744 ppizample 1009 §2-118 PASS

The acceptable range for an analyle is bused on the standard devistion of each analyie, which has been determined from statistics]
evaluation of the historical performance of the assay. The cceptzble range includes up to 3 standerd devistions, so  result within 3
stanctard deviations s considered w lave passed the QC requirements. A result sutside of the accepiabls range i considered 1o have
fariled QC and may indicate the direction of possitle biss for the smples incleded in the analytical report. The analytes usad for QC
determiration will not shwmys be the same asalytes that sppear in the samples for the report, however they are representative of the
compounds found in the samples and ndicathve of overall assay performance.

End of Analytical Report
The resulis in this report spply only to the sarples, specifically listed shove, tested at the Wisconsin Qecupational Healih Lahoratory .
Thi report # not o be reproduced except in fall,
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