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[. Introduction

The number of licensed nail technicians was gpproximately 3,500
in 2002, increasing every year, 7,300 in 2007 and gpproximately
tota 32,000 are working in business rlated to nail in 2008 in Korea
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(Korean Nail Association, 2008). Nail cosmetics indude a number
of different products such as adhesives, primers, nail palish, palish
removers, hardeners and severa sculpturing materiads (Schoon,
2000). They contain many toxic and potentially hazardous
ingredientsthat can cause adverse hedth effectsto nall techniciansa
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excessive exposure levels. According to previous studies, the
amount of airborne chemicals in nail salon were insignificant
compared to traditional industrial workplaces (Hiipakka and
Samimi, 1987; Almaguer and Blade, 1990; Decker and Beedey,
1992, G ¢ Istad e d, 2006), but nall technician were exposure to a
wide varigty of chemicd subgtances, in paticular, solvents. These
materidsrapidly evgporating are acetone, toluene, isopropyl acohal,
xylene, ethyl acetate and so on. These voldile organic solvents
(VOCs) can be formulated with a number of chemicals that
evaporate rapidly and can cause irritation to the eyes and respiratory
sysem. Application of atificid fingernail extensions, manicuring,
coloring and the other nail technician’ s work are now common
practice. Nail extendon products o frequently contain both VOCs
aswdl as acrylae products. Acrylate products can have alow odor
threshold that is associated with a pungent aroma (Massechuseits
Department of Public Hedlth, 1999).

Thetypicd nall sdonisasingleroom with anywhere from oneto
ten work sations or tables. The technician Stson one Sde of atable
facing adient onthe other Sdeandisa his (her) task. Consequently
the working procedures during nail treatment imply that the
chemicd products are used dose to the technician’ s breething zone.
In addition to that, exposure to mixtures of airborne chemicas may
afect nal technicians through multiple route of entry and may be
moretoxicto severd body systemsthan exposureto singlechemicd.

Under exposure to low leve of VOCs, some urinary biomarkers
may be not suiteble for evduaing exposure to arborne chemicas
due to less than biomarkers of daily food or drinking origin. For
ingtance, hippuric acid is not recommended as a biomarker for
toluene under toluene airborne concentration of below 30-50 ppm
(Foo et d, 1991; Kawal et d, 1994). In the resent study, urinary
toluene, not hippuric acid, can be regarded not only as biomarkers of
industrial exposure, but also as indicators of low level non-
occupationd indoor exposures (Wang et d, 2007). It needs to dlear
whether at low levels of exposure to some airborne chemicals,
particularly, acetone and toluene, acetone and metabolized hippuric
acid in urine would still be useful for the assessment of their
concentrationinar.

The a@ms of this sudy were 1) to invedtigate the occupationd
exposure to arborne solvents and formaldehyde in nail sdonsin
Koreaand 2) to meke dear whether relationships between airborne
acgtone and toluene a low concentrations and urinary acetone and
hippuric acid would be till ussful.

II. Materials and Methods

Subject nail salons

As Table 1 shown, atotd number of 9 sdons were sdlected in
Seoul (7 sdons) and Incheon (2 sdlons) inwhich most of nail sdons
were located in Korea. No attempt was made to sdect a random
sample Two to twelve nail technicianswork a each sdlon. Thefloor
area of sdons surveyed in this study ranged in Sze from 20.1 m2 to
165.6 m2. Seven salons were single room with a generd room
ventilator attached by a propdler fan and two sdons were open
gpacesin mart which did not need avertilaor.

Air sampling and analysis

Persond air sampling could not undertake due to technicians’
noncooperaion. Ingead of persona sampling, area sampling was
performed a the center of working table, as dose as posshle to the
bregthing zone of the nail technicians out of the way. Three samples
each materid were collected a each sdon. In other words, three
samplesfor solvents; three samplesfor methyl methecrylate (MMA)
and three samples for formaldehyde, tota nine samples were
smultaneoudy collectedinasdon.

Nail sdons were sampled for solvents, methyl methecrylate and
formaldehyde with the use of sampling and analytical methods
similar to those recommended by NIOSH (NIOSH, 2007).
Sampling of solvents was performed using sampling pumps (Gilian,
modd 17 G9, USA) atached with charcod tubes Before and after
sampling the pumps were cdibrated using an dectronic cdibrator
(Gilian, modd Gilibrator, USA). The ssampling time varied 90 to 120
minutes at a flow rate of 10 to 50 milliliters per minute. After
sampling the tubeswere Sored on dry ice until andysis Air samples
for methyl methacrylate were collected on XAD-2 (400 mg/200mg)
tubes & aflow rateof 10to 50 milliliters per minute. Sampling times
ranged 90 to 120 minutes. Sampling for formaldehyde was
undertaken using sampling pumps with impingers containing an
aqueous 1% sodium bisulfite (NaHSOs) solution. The sampling was
performed 120 minutesa aflow rate of 50 mi/min.

The determination of solvents were accomplished using gas
chromatograph (Shimadzu, modd GC 2010F, Japan) equipped with
FID detector. The injection and detection temperature were 230°C,
250°C, respectively. The column was a DB-WAX (60 m X 0.25
mm D, 0.25 ym film thickness). The GC oven temperature program
for the GC sysem was 40°C for 2 minutes, 3°C fmn up to 65°C, 2
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minutes a 65, 21.5C,mmn up to 95°C, 2 minutes a& 95°C. The
flow rate of carrier ges was totd 69.3 mL/min (151.2 kPa) and the
injection volumewas 1 #L with dit ratio 50:1. The determination of
methyl methecrylate was smilar to the andysis of solvents using the
gas chromatograph equipped with FID detector. The injection and
detection temperature were 250°C. The flow rate of carrier ges was
tota 46.3 mL/min (139.2 kPa). Sodium hisulfite solutions were
andyzed for formadehyde by reection with chromotropic acid and
subsequent visible absorption pectrometry (Camspec, model 5600,
UK) in accordance with NIOSH Method No. 3500(NIOSH, 2007).

Limitation of sampling
For more precise determination of individua exposureto airborne

chemicas persond sampling is to be preferred to area sampling,
however, the former was not undertaken due to technicians’
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rgection to sample. Even if sampling time ranged 90 minutesto 120
minutes, it was assumed that average concentration of the remaining
time being not sampled should be the same average concentration of
timesampled.

Sampling and analysis for urinary acetone and
hippuric acid

As Table 1 shown, atotd number of 20 technicians (exposed
group) participated in biologica monitoring voluntarily. 21 femdes
were selected as control group in condderation of age, smoking,
living area, chronic ethanal intake and jobs unrelated to nail working
process. Spot urine samples were collected with paper cups from 1
hour before to right after working in accordance with ACGIH
documentation (ACGIH, 2009). Ten milliliters of urine samples
were transferred to 22 mL glass vias capped with slicone-free

Table 1. General characteristics of nail salons in the study

No. of technicians

Sze . L Average Typeof Yea of
WXL XH (m) (I_\IO' oftailnlqa‘g)anapa|rg|n dients'day workplace opening
biologica monitoring)

A 34X59%x25 21) 18 Singleroom 2005
B 6.6x115X26 12(3) 70 Singleroom 1995
C 39%6.8x25 42 23 Sngleroom 2004
D 43X78%25 6(1) 43 Sngleroom 2006
E 45x11.0X29 7(2) 40 Singleroom 2004
F 9.2X180%3.0 703 40 Singleroom 2002
G 6.0x11.0%x20 8(4) 80 Sngleroom 2000
H 50x68x%30 43) 28 Openinmart 2007
I 45X75X30 42 2 Openinmart 2007

Table 2. GC/MS conditions of urinary hippuric acid analysis

Parameter Conditions
colum HP-5M$S (Crosslinked 5% phenyl methyl slicon),
Carier 30mM X 02mmI.D. X 0.25mFET
Hea LOmL/min

E/;;et;; 1300C (1 min) —2500C (5 min)

i golit mode (1:10)
Injector Temp. 2500C.
Trander line

2700C
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plugs and refrigerated a 4°C. The andysis was performed within a
few days after collection. For urinary hipurric acid analysis,
extraction was carried out by adding 2 ml of ethyl actateand 05N
HCl, and the samples were mixed for 20 minutes, centrifuged at
1500 rpmfor 4 min and the ethyl acetate layer trandferred to tapered
test tubes. Samples were evaporated to dryness and add 1 mL of
derivatization reagent, then reactivated in a heating block & 60°C for
45 minutes. After cooling to room temperature, reaction mixturewas
added 2 mL of didtilled water and 1 mL of chloroform, centrifuged
a 3000 rpm for 4 min. Extracted chloroform layer was used for
andayzing hippuric acid. Urinary hippuric add was determined by a
GC/MS (Agilent, model HP-6390/5973N, USA) in accordance with
previous andytical methods (de Carvalho e d, 1991; Cho et d,
1995). The ion source was operated in the dectron ionization mode
(El; 70 eV, 230 C). Full-scan mass spectra (m/z 40-400) were
recorded for andyte identification. Table 2 shows the operating
parametersand conditions of determination for urinary hippuric acid.

The method for determining urinery credtinine was derived froma
previoudy reported method (Clark and Thompson, 1949) and was
used to correct the urinary metabolite concentration for urinary
dilution by expressing the results as the amount of metabolite
excreted per gram of credtinine. For urinary acetone 2 mL of urine
was mixed with 5 L of internd sandard (1,2-dichloroethane), and
andyzed by the same system which was used to determine hippuric
add.

Survey of nail technicians’ symptom prevalence

Aside from the measurement of airborne chemicals and
biomarkers, survey of nall technicians’ symptom prevadence was
conducted. Self-administrated questionnaire designed to dlicit
symptoms that could be caused by exposure to ar contaminants
generated during working related to nail was to digributed to 300
nail technicians by mall. After questionnaires were completed, they
were returned to the author by mail. Findly atotal number of 242
nail technicians responded to questions

Statistical analysis

All data obtained were subjected to datistica andyses with the
Statisticd Andysis System (SAS Inditute, Inc., North Caraling,
USA) computer program, including Smple destriptive andysis and
corrdation analysis between technicians (exposed group) and control
group.

When assessing exposure to mixtures of organic solvents with
samilar toxicologicd effect, their combined effect, rather then that of
either individually, should be given primary consideration.
According to ACGIH (ACGIH, 2009), the combined exposure is
represented by the additive effect calculated by means of the
formula

C Cl C'.' Cﬁ
E a3

If the sum exceeds unity, the threshold limit of the mixture should
be consdered as being exceaded (where C1 indicates the obsarved
amaspheric concentration and T1 is the corresponding occupetiona
expoaurelimit). Airborne solventswere evaluated with thismethod.

III. Results and Discussion
Concentration of airborne solvents

In Table 3 airborne solvents measured are listed. Two of 27
samples for arborne solvents were damaged to some extent and
excluded from data, and then atotal number of 25 samplesin nine
sdonswerefinaly counted to be measured for airborne solvents.

Table 3 shows that the solvents most frequently present in all
samples were acetone, toluene, measured in 100% of samples,
respectively, and methyl methacrylate, isopropyl acohol were
measured in 92%, respectively, coming in second. The solvent
appearing in the highest concentration as well as mog frequently
present in dl samples was acetone, being geometric mean (GM) of
846 ppm and geometric gandard deviations (GSD) of 5.36, whichis
thought to be the reason that acetone was mogt widely used in
removing manicure. The solvent present frequently but being & the
lowest level was methyl methacrylate (MMA) (GM: 0.04 ppm).
Thiswas dmost in accordance with the previous result (G ¢ Itad et
d, 2006), dthough GM in this study differed from arithmetic meen
(AM) in gatitica cdculation. The smal amount of MMA detected
may be explained by impurity in nall artificia products. Teble 3ds
displaysthet dl of GMs of arborne solvents are very low compared
to Korean OEL s (K oreen minigtry of labor, 2009) aswel asACGIH
TLVs (ACGIH, 2009). The magnitude of GSDs suggests that wide
vaidions in the levels of arborme chemica contaminants could be
expected during working process rdated to nall. For example, GSD
of acetone was 5.36 and the levels ranged from 167.78 ppm to 0.45
ppm. The reason that GSDs of cyclohexanone, o-Xyleng, MIBK
and TCE ranged from 1.04 to 1.80, being relaively low, was dueto
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Table 3. Airborne concentrations and the corresponding Korean OELs and ACGIH TLVs in ppm

Koreen ACGIH .
No. of No. of Concertrationsin ppm
Parameter OELs  TLVs
Sdons  Samples ,

(TWA)  (TWA) GM GSD Med Max Min
Acetone 9 25 500 500 846 536 6.88 167.78 045
Toluene 9 25 50 20 039 195 045 140 013
Methyl Methecrylate (MMA) 9 23 50 50 004 203 0.05 012 0.01
Isopropyl Alcohol 9 23 200 200 057 219 039 367 017
Ethyl Acetate 8 18 400 400 044 253 041 254 021
n-Butyl Acetate 7 19 150 150 050 216 042 174 0.16
n-Pentane 7 19 600 600 098 350 087 754 022
n-Hexane 5 13 50 50 059 291 0.38 542 0.19
n-Heptane 3 7 400 400 074 208 0.72 171 0.29
Cydohexanone 1 3 25 20 023 108 023 024 021
o-Xylene 1 3 100 100 014 104 014 015 013
MIBK 1 3 50 50 0.36 180 027 0.70 024
TCE 1 3 50 10 0.17 125 0.16 022 013

=010 =013
Formadehyde 9 27 05 03 0.06 201 007 021 0.01
=012

OM: geometric mean, GSD: geometric standard deviation

the smal number of samples detected. If the contaminants were
detected in as many as samples of the other contaminants, the
vaiations of those would be very wide pectrum as those of the
others. The results that arborne solvents were detected & very low
levels compared to the corresponding Korean OELs or ACGIH
TLVs and the variaions of them were of very wide spectrum
accorded with the previous studies related to cosmetic shops
(Hiipakka and Samimi, 1987; Almaguer and Blade, 1990; Decker
and Beadey, 1992; Gj ¢ Isad & d, 2006, Hollund BE and Moen,
1998). Overdl solvents were evauated with the addictive effects
usng GM vaue of each solvent. Overdl arborne solvents exposad
were very low to be no more than 10% of Korea corresponding
OELs 13%0f ACGIH TLVs

The result implies thet the leve of arborne solvents found in nail
sdonisvery low, asamatter of fact, evenif it would be expected to
very high because mogt of dl technicians complain smelling of
solvents, inadequete ventilation and bregthing dose to nail products

€lC.

Mog nail enamels contain less then 0.0015% formadehyde. This
amount comes from an ingredient called toluene sulfonamide
formaldehyde (TSF) resin (Schoon, 2000). Exposure to
forma dehyde can occur through inhdation or skin absorption. The
effects associated with formadehyde exposure are irritation of the
mucous membranes of the eye and respiratory tract, and dlergic
sengitization of the skin (NIOSH, 1977). Formaldehyde was
detected in dl samples, but was a the very low level of GM 0.06
ppm, compared to Korean OEL of 0.5 ppm. In other words, theraio
of meesured level to OEL was 0.12. This founding indicates thet
occupationa exposure to formaldehyde in nail salon could be
expected to beinggnificant.

Biological monitoring

Table 4 shows general characterigtics of 20 nail technicians
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Table 4. General characteristics of exposed group (N=20)

Yer Working

Sex Age
worked hour/day
Femde 303+54 6636 106+14

Table 5. Comparison of urinary acetone between exposed group and control group
Exposad group (nail technicians)

Sheds Control group
Average , Airborne )
) Urinary acetone Urinary acetone
No. Age Yearsworked working acgtone (ppm) Age
hourslday (mglL) (mglL)
1 2 6 9 127 262 28 097
2 25 4 12 107 25838 24 183
3 43 15 12 157 2588 42 0.80
4 24 7 10 239 25.83 24 167
5 27 3 n 082 373 21 11
6 2 3 n 109 373 2 196
7 2 5 12 137 6.9 21 103
8 A 10 12 355 78 A 167
9 28 3 12 242 68.67 21 398
10 3 9 9 1523 68.67 3 087
n 3H 1 12 157 68.67 38 176
12 41 14 12 377 13761 41 213
13 A 7 10 358 13761 36 127
14 3 7 10 135 13761 32 115
15 28 4 10 280 13761 21 254
16 26 3 n 091 87 20 0.68
17 3 6 10 121 87 38 0.77
18 28 4 12 104 87 20 102
19 24 5 8 095 048 20 123
20 23 5 087 048 20 0.68
20 081
AM £SD 393723 446415280 142+0.79
P-vdue=0.156

(exposed group) participating in biological monitoring. All of exposurelevel in air ranged 0.48 to 137.61 ppm was 393 mg/L (+
participentswere femele, & ageof 30.3 = 54, working career of 6.6 7.23mylL) bdow ACGIH BE! of 50 mg/L (ACGIH, 2009), while
* 36yearsand averageworking hour adgy of 106 = 1.4 hours the meen for control group wes 142 mg/L (0.79 mglL). There

Table 5 shows the results for comparison of acetones in urine was alittle difference in mean values between two groups, but not
between exposed group and control group. The mean urinary significant difference satistically, which may be explained by the
acetone level for 20 nail technicians in nail salons where the
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Table 6. Comparison of urinary hippuric acid between exposed group and control group

Exposad group (nail technicians)

, Control group
Subjects _
, — Airborne
Averz.age Urinary hl ppuric llee Urinary aoetone
No. Age Yearsworked working add (oom) A (mgl)
hourdday (/g Credtinine)
1 2 6 9 016 018 28 022
2 25 4 12 016 060 24 008
3 43 15 12 047 0.60 42 027
4 24 7 10 025 0.60 24 046
5 27 3 n 021 033 21 0.09
6 29 3 n 050 033 2 034
7 29 5 12 015 030 21 026
8 A 10 12 031 049 A 033
9 28 3 12 041 0.66 21 020
10 3 9 9 046 0.66 3 046
n 3 12 12 046 0.66 3 021
12 411 14 v 092 121 41 0.07
13 A 7 10 029 121 36 032
14 3 7 10 054 121 R 029
15 28 4 10 016 121 21 035
16 26 3 n 046 058 20 005
17 3 6 10 0.66 058 3 019
18 28 4 12 041 058 20 018
19 24 5 8 022 014 20 028
20 23 5 8 017 014 20 018
20 017
AM £ D 037020 061035 024+ 01
P-vdue=0.014*
followings; 1) wide variation for exposad group (SD: 7.23mg/L), 2) meanvaue).

limited samples; 3) short half-life of acetone of about 4 hoursin urine
(Wigeeus et d, 1981). The another explanation is that because
acdtone is formed in the organism as a product of fat metabolism,
that is, endogenous product, urinary acetone level in non-
occupationaly exposad subjects is nat alittle (Lauwerys and Hodt,
2001). In a gudy those was 0.842 mg/L (range: 0.13 to 9.35 mg/L)
(Wang et d, 1994). It was noted that urinary acetone concentrations
for subject no.12 to 15 exposed at the highest airborne acetone
concentration of 137.67 ppm ranged from 31.77 mg/L (the highest
levd indl samples) to relatively low level of 1.35 mg/L (morethan

Hippuric add is anormd congtituent of urine, originating mainly
from food containing benzoic acid or benzoates (Lauwerys and
Hoet, 2001). The back ground urinary hippuric acid concentrations
in contral groups were 041 (range: 0.01 to 0.8) g/g credtinine for
Philipino subjects, 0.39 (range: 0.02 to 0.43) g/g crestinine for
Jpanese aubjects (Villanueva et d, 1994). In Table 6 the mean and
dandard deviation of urinery hippuric acids in contral group were
0.24 = 0.11 g/g credtinine and those in exposed group were 0.37 £
0.20 g/g creatinine (ACGIH BEI = 1.6 g/g creatinine), and
dgnificant difference between two groups was found (P < 0.05).
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Table 7. Correlations between urinary acetone, hippuric acid and age, year worked, working hour a day of

technicians (N=20) and airborne concentrations

Urinary acetone Urinary hippuric acid
—_
Workers , (O/g arectnine)
Corrdation .
. P-vdue Cosfficient (1) P-vdue
Codfficient (1)

Age (year) 051 0.021* 0.66 0.001**
Year worked 054 0013 050 0.026*
Working hour/day on 0645 030 0.206
Airborne concentration (ppm) 049 0.030* 045 0.048*

Compared to the results of the sudy previoudy sated22), dl of
exposed group and control group were dightly low, but itisnot easy
to explain the cause in this study. The meen airborne concentration
of toluenein thisstudy was 0.61 ppm (GM: 0.39 ppm) and very high
compared to the mean vaues of 0.033 ppm in new gpatments (Jang
e d, 2004) , 0012 ppmin house (Kim et d, 2006) in Korea. Evenif
expoaure to airborne toluene for control group was not messured in
the present study, control group was probably expected to be
exposed to more or less the above mentioned concentrations.
Nevertheless, that the difference of the means of urinary hippuric
acids between exposed group and contral group wias dight (about
1.5 times) may be explained that hippuric acid is excreted
endogenoudly in addition of toluene-derived hippuric acid.

Correlations between urinary acetone, hippuric
acid and other factors

Table 7 shows corrdaions of urinary acetone and hippuric add
with other factors. In the case of urinary acetone, it was found to be
correlated with age, year worked and arborne concentration (P <
0.05). With the toxicokinetics of acetone that acetone in urine
declines with an apparent half-life of about 4 hours (Wang e 4,
1994), the resuilt thet urinary acetone was corrdlated with age and
year worked is not clear to explain the reason. In workers with
occupationa exposure to large amount of acetone concentration,
urinary acetone concentration was found to be strong correlated with
acetone concentration in ar (Wang et d, 1994; Rujino et d, 1992) .
According to the previous Sudy with 28 workersin afactory where
the exposure leve varied between 0.1 and 45 ppm & rdatively low
level (Kawal et d, 1990), the correlation coefficient between acetone
in ar and acetone concentration in urine was strongly 0.90. This
dudy reveded that corrdation between acetone exposure leve and
urinary acetone was found even if very weak (r: 0.49). Weak

correlaion may be caused by limited number of samples (N: 20).
But as Table 5 shown, there was no clear distinction between
exposed subjects and control group. Consequently the result
indicates that relationships between airborne acetone at low
concentrationsand urinary acetonewould be under.

Urinary hippuric acid was dso corrdlated with age, year worked
and airborne concentration (P < 0.05). Similarly to acetonein urineg,
the result that hippuric acid was corrdated with age, year worked is
not easy to interpret the meaning in view of the toxicokinetc
characterigtics of rapid excretion (Lauwerys and Hoet, 2001).
According to the previous sudy with workers exposed to less than
16 ppm toluene, no significant correlation was found between
toluene in air and hippuric acid excretion (Kawai et d, 1990).
Another sudy suggested that urinary hippuric acid should be no
longer considered the method of choicefor the biological monitoring
of exposure to toluene because of the large interindiividudl variation
in the background leve (LX & d, 1993). In this sudy, very wesk
correlation (r: 0.45) between arborne toluene and urinary hippuric
acid excretion was found. As Table 6 shown, the excretion of
hippuric acid for exposed group was only dightly above the
background leve for control group, even if significant difference
was found, which was smilar to the result of the previous study
(Tardif et d, 1998). After dl the andysis of this sudy and previous
dudies, authorssuggest thet urinary hippuric adid excretion would be
inedequate biomarker a low level of exposureto arbornetoluene

Clinical symptom prevalence

As for the clinical symptom prevaence of 242 respondents,
Fgure 1 shows that the mogt frequently effect experienced by nall
technicians was eyeirritation, which dl nail technicians was dways
experienced during working. Next to that, congestion (94.2%),
headaches (94.2%) and dry skin (90.1%) were followed. Some
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technicians responded that they experienced even dlergy (76.9%),
irregular mengruation (71.1%) and anorexia (64.5%). Because if-
reporting questionnaire was used, response rate was likely to be
overesimated, but it is noted that a large number of technicians
clearly clinically suffer from vaporous solvents and other
contaminants during working. To prevent from dlinica symptom
during working, the ventilated table recommended by NIOSH
should be provided and industrid practice to lower their exposure to
airborne chemicdsbe necessary (NIOSH, 1977).

IV. Conclusions

A tota number of 13 arborne solvents were measured in the
dudy, but each concentration of solvent was far below both Koreen
OELsand ACGIH TLVs. When evauated with the addictive effects
usng GM vaue of each solvent, overdl airborne solvents exposad
were no more than 10% of Korean OELS, 13% of ACGIH TLVs
Concentrations of urinary acetone and urinary hippuric acid were
weekly correlated with those of airborne concentrations (corrdation
coefficients of 0.49 and 045, respectively). Neverthdess, urinary
acetone concentration for exposed group was no significant
difference from those for control group, and concentration of
hippuric acid for exposed was only dightly above those for contral
group. After reviewing the results of the previous sudies and this
study, in conclusion, authors suggest that urinary acetone and
hippuric acid excretion & low leve of arborne exposed would be

Vorniting | %(192)
Sleeping difficulty I 5%(190

Eye initation

Figure 1. Self-reported symptoms experienced
every work (multiple responses available).

inedequate biomarkers Even if nail technicianswere exposad to low
leve of arborne chemicds, they dill complained alarge number of

PReel 371 5 stk el thek A 49 gt a4l BUEE 61

cdinica symptoms. Therefore, a specid measure to prevent from
clinica symptoms, for example, NIOSH' s ventilated table and
indugtrid practice (NIOSH, 1977), should betakenindl sdons
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