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Abstract Indoor air quality is an increasing concern; it
causes significant damage to health because it is
recycled in confined environments for extended periods
of time. Among the pollutants found in these environ-
ments, benzene, toluene, ethylbenzene, and xylenes
(BTEX) are known for their potential toxic, mutagenic,
and carcinogenic effects. This study monitored the
BTEX concentrations in paint, carpentry, and varnish
workplaces and evaluated the potential to cause adverse
health effects on workers in these environments. Twenty
samples were collected in workplaces, 20 samples were
collected outside the area, and eight samples were taken
of the products used. Samples were collected using
coconut shell cartridges, and chemical analyses were
performed by gas chromatography with mass spectrom-
etry. Toluene presented higher indoor concentrations
and indoor and outdoor ratios, indicating that the paint
and varnish workplaces had significant BTEX sources.
The highest benzene and toluene concentrations were
obtained from the paint workshop, and higher concen-
trations of ethylbenzene and xylenes were obtained in
the varnish workshop. The highest non-carcinogenic
risks were obtained for m + p-xylenes in the varnish
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work place, and the second highest non-carcinogenic
risk was also determined for the same workshop.
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Introduction

Indoor air quality is an increasing concern; indoor con-
centrations of many pollutants are often higher than
outdoor environments, and they can cause significant
damage to health due to the long period of time, which
people spend inside their homes, jobs, and recreation
(Guo et al. 2000; Klinmalee et al. 2009).

The most important chemical compounds in indoor
environments are volatile organic compounds (VOCs).
These have a vapor pressure greater than 0.14 mmHg at
25 °C ranging from 2 to 12 carbon atoms (Maroni et al.
1995; Sarigiannis et al. 2011). VOCs are well known by
the odor and toxic properties (Durmusoglu et al. 2010)
and play a significant role in ozone formation in the
troposphere and secondary aerosols. In indoor environ-
ments, VOCs have several emission sources such as
paints, solvents, adhesives, furnishings, clothing, build-
ing materials, and cleaning supplies (Guo et al. 2000;
Jones 1999; Guo et al. 2004; Lim et al. 2014).

Among the different VOCs commonly found in in-
doors environments can be highlight benzene, ethylben-
zene, toluene, and xylenes (BTEX), which have high
potential damage to human health (Ilgen et al. 2001).
BTEX are well known to be toxic, mutagenic, and/or
carcinogenic (Possanzini et al. 2002; Wilbur et al.
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2008). Benzene was associated with higher rates of
leukemia and tumors in the occupational workers. Stud-
ies suggest a link between benzene emitted by vehicles
with cancer incidence; chronic exposure to toluene and
xylenes have been associated with adverse effects on the
nervous system, liver, and kidney; chronic exposure to
ethylbenzene has been related to adverse effects on the
kidneys and respiratory system (Hinwood et al. 2007).

Air quality standards are used to evaluate the
pollutant concentrations inside workplaces, and
these standards are essential to maintaining occupa-
tional health. In these environments, indoor air
pollution is one of the leading causes of occupa-
tional diseases. In addition to work-related acci-
dents in industrial environments, prolonged expo-
sure to chemical pollutants from different sources is
a major factor in the deterioration of workers’
health (Gioda and Aquino Neto 2003; Farshad
et al. 2013).

The assessment of occupational exposure to
chemicals, mainly BTEX, is performed based on
the tolerance limits (TL), which are regulated in
Brazil by the Ministry of Work and Employment
through the Regulatory Standard (NR-15)—Activi-
ties and Unhealthy Operations (Ministry of Labor
and Employment (MTE) 1995a, b). This standard
defines TL as the concentration or maximum or
minimum intensity that is related to the nature and
duration of exposure to the agent at a level that will
not cause harm to a worker’s health during his or her
working life. Values are defined based on a working
period of 48 h per week.

NR-15 lists the tolerance limits, which were
based on the publication of the American Confer-
ence of Governmental Industrial Hygienists—
ACGIH (2008). Note that this scientific association
annually promotes a review; however, the corre-
spondent Brazilian legislation remains unchanged
for many years. When an evaluated substance is
not listed in NR-15, the NR-9-Program for Environ-
mental Risk Prevention (MTE 1994) allows the
adoption of occupational exposure limit values
established by ACGIH.

A threshold limit value (TLV) refers to the con-
centrations of a substance in the air and represents
conditions under which it is believed that most
workers can be exposed repeatedly, for a lifetime
of work without adverse health effects (ACGIH
2008).
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Table 1 shows a comparison between the param-
eters of BTEX exposure limits in Brazil by the
ACGIH (2008) and other international organiza-
tions, such as the National Institute for Occupational
Safety and Health (NIOSH 2003) and the Occupa-
tional Safety and Health Administration (OSHA
2016).

Several studies evaluated BTEX human exposure
in occupational environments by combining the can-
cer risk calculations and adverse health effects
(Farshad et al. 2013; Tunsaringkarn et al. 2012;
Kumar et al. 2014). The characterization of human
exposure is a critical component of environmental
and occupational epidemiological studies (Weisel
2010), and it is an essential step in regulatory pro-
cesses (Guo et al. 2004).

The potential risks to public health that are relat-
ed to hazardous chemical exposure are severe, espe-
cially in developing countries, due to the shortage of
resources for the chemical industry, risk manage-
ment, and the growth in the production and use of
chemicals (Farshad et al. 2013). Some professions
are more at risk in terms of occupational health,
such as those dealing directly and daily with
chemicals, as in the case of artists and professionals
who work with paints, glues, and solvents, among
other BTEX sources (Sarigiannis et al. 2011). It is
fundamental to carry out studies on air quality in
these environments.

This study monitored BTEX concentrations in a
very common work environment in paint, carpentry,
and varnish workshops and evaluated the adverse
health effects on workers from these environments
due to exposure to these compounds. BTEX were

Table 1 Comparison of BTEX TWA exposure limits in Brazil
and USA regulatory agencies

Compound NR-15 ACGIH NIOSH OSHA
ppm

Benzene ND?* 10 0.1 1

Toluene 78 50 (skin) 100 200

Ethylbenzene 78 100 100 100

m + p-Xylenes 78 100 100 100

0-Xylene 78 100 100 100

ND undefined

#Without safe limit
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determined in indoor air of these environments and
also in the raw materials used.

Materials and methods
Study area

The carpentry, varnishing, and painting workplaces are
used as study environments to collect indoor air belong
to the preventive maintenance, corrective, and opera-
tional area from the Rio de Janeiro State University.

The workshops have natural ventilation through
small windows to external area and artificial ventilation
by fans. The rooms are equipped with wall hoods that
promote a mechanical exhaust. The lighting is made
artificially by fluorescent lamps.

Among the products used in the three workshops are
alcohol, solvent, wax, water, and oil-based paints, con-
tact glue, and turpentine. The exhaust equipment fre-
quently were not working, and the procedures adopted
are not correct in a occupational point of view, for
example, many used products were found uncapped
after use. As a reference, samples were collected from
the outside of the open environment workshops from a
distance of approximately 260 m and without the influ-
ence of the activities carried out in the workshops.
Table 2 summarizes the characteristics and activities
performed in the workshops.

Ten samples were collected from the main volatile
products used in the workplaces to determine the BTEX
concentrations by gas chromatography coupled to mass

Table 2 Physical characteristics and activities in the workshops

spectrometry (GC-MS). The solvents were conditioned
in capped amber vials and stored under —4 °C prior to
the analysis.

Twenty samples were collected inside each of the
three workshops, and 20 samples were collected
from the outdoor area. A total of 80 samples were
collected between the months of December 2014
and February 2015 between the hours of 8 AM
and 2 PM, which is a period of intensive work in
these workshops.

To evaluate the atmospheric BTEX concentration
in each of the areas, four air pumps (KNF UNMP
850KNDC) operated at 700 mL min ' for a period
of 3 h using double bed (100/50 mg) coconut shell
cartridges (SKC 226-01) according to the methodol-
ogies described in several works (Klinmalee et al.
2009; Rodrigues et al. 2007; Ras et al. 2010; Ward
et al. 2009; Dewangan et al. 2013; Martins et al.
2014; de Castro et al. 2015; Corréa et al. 2012a).

Sample extraction was performed with 1000 pL
of HPLC grade dichloromethane at —20 °C for
10 min in an ultrasonic bath (Martins et al. 2014;
Corréa et al. 2012a). Chemical analyses were per-
formed using a Varian 450GC coupled to a Varian
MS220 mass spectrometer with an HP 5 MS capil-
lary column (30 m, 0.32 mm, 0.25 pum) using
Heliumat 1.2 mL min~'. Samples were analyzed in
the liquid phase with a splitless injection of 1.0 puL
at 200 °C. The column temperature began at 40 °C
for 4 min, and it was heated at 10 °C min 'until
220 °C (Corréa et al. 2012a). The transfer line,
manifold, and ion trap were operated at 280, 50,

Workshop Characteristics Products Activities
Varnishing Total area 32 m? Varnish, alcohol, Wood and furniture surfaces
Window area 3.44 m? gasoline, turpentine, finishing, such as varnishing,
Height 3.50 m solvent, beeswax, lacquering, waxing, and coloring
carnauba wax, and
paraffin
Painting Total area 42 m> Turpentine, solvent, PVA Paint metal, wood, plastic, and other
Window area 4.60 m> paint, synthetic paint, materials, polishing and touch up
Height 3.50 m lacquer, and spackling painted surfaces and dry surfaces,
and prepare painting equipment
Carpentry Total area 175 m® Contact glue, solid wax, Build, restore, and assemble

Window area 18 m?
Height 3.50 m

turpentine, and solvent

wooden structures, such as wooden
pieces, cabinets, frames, packaging,
forms, slabs liners and dividers
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and 250°C, respectively, using 50 pA. Selective ion
monitoring operated using 78, 91, and 109 m/z as
principal ions.

The analysis of solvents was performed by headspace
technique placing 100 mg of each sample into a 10-mL
vial, which was sealed and stabilized at 70 °C for 15 min
at 500 rpm. Then, 1000 pL of the headspace was sam-
pled with a syringe at 70 °C, and analyses were per-
formed under the same conditions as for the liquid
extracts.

The analytical curves were performed using a stan-
dard mixture of 2000 mg L' of each BTEX sample in
methanol (Supelco 47993) in triplicate injections at the
following concentrations: 100, 200, 500, 1000, 2000,
4000, and 20,000 pg L', as well as a solvent blank. The
detection and quantification limit for all BTEX samples
were 12 and 35 ug L', respectively. The determination
coefficients for all BTEX samples were greater than
0.99.

Risks to human health

The workers’ health risks from exposure to BTEX in the
areas studied was assessed (Vilavert et al. 2012). Equa-
tion 1 was used to calculate the risk, as suggested by the
Risk Assessment Guidance for Superfund developed by
the U.S.EPA (1989).

 CAET.FEED

EC
AT

(1)
where CE is the exposure concentration (g m °), CA is
the contaminant concentration in the air (ug m ), ET is
exposure time (hours day '), FE is the frequency of
exposure (day year '), ED is the exposure duration
(years), and AT is the average time (lifetime in years x

365 days year ' x 24 h day ).

Using Eq. 2 and the EC value calculated for each
pollutant, the danger coefficient (HQ) was estimated and
was compared to the inhalation reference concentration
(RFC) with exposure concentration (EC) (U.S.EPA
1989):

EC
(Toxicity Value x 1000 ug mg(D)

HQ = (2)
where HQ is the danger coefficient, EC the exposure
concentration (g m ), and toxicity value (mg m ) is
the inhalation reference concentration (RFC). By calcu-
lation, it was possible to estimate the probability of not
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contracting cancer, using Eq. 3.
CR =1RU. EC (3)

where CR is the carcinogenic risk and IRU inhalation
risk unit.

Results and discussion

Figure 1 shows the results for the BTEX in the four
workplaces evaluated. The highest concentrations for
benzene and toluene which were observed in paint
workshop were 3.6 and 788.3 pg m?, respectively. For
ethylbenzene and m + p-xylenes, the highest concentra-
tions found in the varnish workshop were 284.0, 484.6,
and 265.9 ug m>. The high standard deviations are
explained by the different activities undertaken, the
several emission sources, and the manner that each
worker used the products. The high number of samples
is considered to be representative for evaluating the
workers’ exposure. The lower standard deviation was
found for benzene in the three other workshops, indicat-
ing that the solvents used are not significant sources of
benzene. For outdoor samples, the standard deviation
obtained for each of BTEX samples indicates that there
is a single source, which is likely vehicular emission
from tailpipe and evaporative emissions because the
testing site is a large parking lot.

In the three workshops evaluated, toluene was the
most abundant compound, representing 43, 49, and
69 % for varnish, paint, and carpentry workshops, re-
spectively. In the external environment, ethylbenzene
and toluene were the most representative BTEX values,
with 32 % of each.

Benzene concentrations were close to those found in
different studies (Corréa et al. 2012a; Corréa and Arbilla
2007), except for samples collected in landfill areas
(Durmusoglu et al. 2010; Corréa et al. 2012b). The
highest BTEX concentrations at the landfill area
exceeded the maximum value obtained in the three
workshops.

The correlation between BTEX values showed char-
acteristic profiles. Benzene only had high correlation
(>0.70) in the paint workshop, with correlations of
0.86 and 0.87 with m + p-xylenes and o-xylene, respec-
tively. The benzene-toluene correlation was low in all
sites. Compounds that showed correlations greater than
0.85 were ethylbenzene and xylenes in all three
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Fig. 1 Summary of BTEX concentrations in each evaluated workplace

workshops, indicating that each sample came from the
same source. Toluene only showed a high relationship
with ethylbenzene and xylenes in the carpentry work-
shop; this relationship was possibly due to the use of
contact adhesive, which is the only product that is
exclusively used in carpentry.

Table 3 shows the ratio of BTEX concentrations
obtained in the indoor and outdoor environments. For
benzene, the higher ratio was obtained in the paint
workshop. The highest TEX ratios were found at var-
nish and paint workshops, where all BTEX concentra-
tions were also higher. The high values for the indoor/
outdoor ratio indicate the existence of significant inter-
nal sources of these compounds.

According to Guo et al. (2004), the ratio value be-
tween the indoor (I) and outdoor sources (O) is a deter-
mining factor for the identification of BTEX sources,
and it is a better parameter than absolute concentrations.
If I/O> 1, there must be indoor sources of pollution
(Massolo et al. 2010; Yoon et al. 2011), and a detailed
investigation must be done to prevent workers’
exposure.

In comparison to the study by Guo et al. (2004),
which was performed in different environments such

[ at

LT -

benzene toluene ethyl benzene m+p-xylenes o-xylene

0,1

as offices, homes, schools, shopping malls, and restau-
rants in Hong Kong, i.e., places where the vehicular air
pollution was a significant source of VOCs, the values
found in this study were higher, probably due to the use
of organic solvents in the workshops emitting BTEX.

The values of I/O obtained by Vilavert et al. (2012)
were higher than 400, establishing a positive correlation
for indoor-outdoor BTEX concentrations, making the
existence of significant occupational exposure levels
within the installation evident.

In the study by Jung et al. (Jung et al. 2010) that was
conducted in the neighborhood of an airport, BTEX I/O
ratios above 1 were found, which were mainly for
toluene due to chemical products used for cleaning.
According to Jung et al. (2010), the ratio of benzene
and toluene has been widely used as an emission source
indicator. The presence of benzene is assigned to vehic-
ular emissions, while the presence of toluene is also
allocated to vehicular emissions from tailpipe and evap-
orative emissions. Generally, several authors that high-
light the origin of these compounds in the atmosphere
use the toluene and benzene (T/B) ratios. Values of T/B
above 4 indicate predominant sources of evaporative
emissions and similar solvents (Bravo et al. 2002;
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Table 3 1/0 BTEX ratios for the

workshops Indoor/outdoor ratio
Workshops Benzene Toluene Ethylbenzene m + p-Xylenes 0-Xylene
Paint 2.6 20.6 7.0 22,6 6.8
Carpentry 1.9 7.7 1.0 3.6 1.1
Varnishing 1.6 29.5 9.4 48.6 13.6

Chan et al. 2002). The T/B values were 81.73, 41.42,
and 190.49 for paint, carpentry, and varnish workshops,
respectively, indicating that there was a significant con-
tribution by the products used.

Chemical analysis of the products used
in the workplaces

Table 4 presents the concentrations found for the
raw materials used in each workshop, and Table 5
shows the chemical composition of the raw mate-
rial used. Samples 1 to 4 presented higher TEX
concentrations, and these raw materials are the
most commonly used in the paint and varnishing
workshops. This finding is indicative of a positive
correlation with the results found previously. Ben-
zene was not found in the raw material, indicating
that the I/O ratios are correct.

Human health risks
The carcinogenic and non-cancer risks due to con-

tinuous BTEX exposure were assessed from the
benzene results for each of workplace. Table 6

presents the average, maximum, and minimum
risks for the three studied workshop types. The
carcinogenic risk for the varnish workshop was
2.58 x 10", This value was lower than that found
by Vilavert et al. (2012), who studied locations
near an organic waste treatment plant, as well as
the value found by Dutta et al. (2009) in a bus
station near roads and houses; however, the value
was higher than the carcinogenic risk calculated in
a landfill by Palmiotto et al. (2014).

For the varnish workshops, the higher non-
carcinogenic risks for the m + p-xylenes and o-xylene
were 0.088 and 0.048, respectively. Toluene is the most
abundant BTEX in the three evaluated workshops, and
it had the highest non-carcinogenic risk in the paint
workshop.

According to LaGrega et al. (1994), the carcino-
genic risk can be considered indifferent when it is less
than 1.00 x 10°°, but it is considered significant when
it is greater than 1.00 x 10 (Rodrics et al. 1987); the
non-carcinogenic risk can be considered indifferent
when it is equal to 1.0 (LaGrega et al. 1994).

When comparing non-carcinogenic risk values, it can
be observed that values were below 1.0 in all

Table 4 BTEX values found in

the raw materials used in the Sample  Raw materials Toluene  Ethylbenzene  m+p-Xylenes  o-Xylene
workplaces ugmg'

1 Surface 0.552 0.173 0.416 0.340

2 Paint and solvent 0.324 0.092 0.246 0.217

3 Nitrocellulose paint 1.080 0479 0.976 0.911

4 Solvent 3.909 2.883 1.922 4.071

5 Acrylic water-based paint ~ 0.003 0.003 0.007 0.005

6 PVA water-based paint 0.001 0.001 0.004 0.003

7 Synthetic paint 0.012 0.067 0.148 0.124

8 Maritime varnish 0.002 0.018 0.043 0.037
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Table 5 Chemical composition of the raw materials

Raw materials

Chemical composition

Surface
Nitrocellulose paint

Acrylic water-based paint
PVA paint

Solvent

Synthetic paint

Paint with solvent
Maritime varnish

Epoxy resin and aliphatic polyamines
Alkyd resins and nitrocellulose

Alkyd resin, organic and inorganic pigments, dryers,
additives, and aliphatic solvent with a small part of aromatics

Water solution, acrylic resin, vinyl ether, charges, cellulose ester,
polyether, oil, organic solvents, and pigment

Aromatic hydrocarbons, glycol ethers, alcohols, and ketones

Alkyd resin, inorganic and organic pigments, dryer, additives,
and aliphatic solvent with a small part of aromatics

Mixture of solvent and paints

Resin, pigments, additives, and solvent

workshops, indicating that there was no non-
carcinogenic risk. In the case of carcinogenic risk, the
mean values ranged from 9.19x 1077 and 5.7 x 107,
and the carcinogenic potential also was considered in-
different. Maximum values were just above 1.00 x 10~°
and may be considered more expressive. Table 6 shows
the carcinogenic and non-carcinogenic risks of BTEX
exposure in the workshops.

The approach used here was the only possible due to
the data set obtained in these workplaces. A more robust
methodology is detailed in the works of Sarigiannis and
Gotti (2008), Sarigiannis et al. (2009), and Karakitsios
etal. (2013). They developed a methodology for assess-
ment the determinants that comprise the overall leuke-
mia risk due to benzene exposure and how these are
affected by the other pollutants. An integrated modeling

Table 6 Carcinogenic and non-carcinogenic risks to BTEX exposure for the workplaces

Carcinogenic risk

BTEX Non-carcinogenic risk
Average Maximum
Paint
Benzene 3.93x 107 1.01x 1072
Toluene 1.93x107° 135x1072
Ethylbenzene 3.53x107° 2.04x1072
m + p-Xylenes 412%1072 2.00x10°"
0-Xylene 241x107° 1.19x 107"
Carpentry
Benzene 291x107° 649 x 107
Toluene 7.23x107 6.96x 107
Ethylbenzene 507x107* 251x107
m + p-Xylenes 6.63x107 501 %1072
o0-Xylene 3.87x107° 242x1072
Varnish
Benzene 244107 4.64x107°
Toluene 2.77%1073 6.17x107
Ethylbenzene 479%1073 243%1072
m + p-Xylenes 8.84x 1072 4.15% 107"
o-Xylene 482%107 228x107"

Minimum

1.02x1073
9.88x107°
120x10°*
125%1073

543x107*

1.97x10*
1.50x 107
468x107°
8.97x107°
245%x107°

1.10x 1073
1.05x 107
334x107*
357x107°

1.71x 1073

Average

9.19x 1077

6.80x 1077

Maximum

237%10°°

152x10°°

1.09%10°

Minimum

238x1077

462x10°8

2.58x 1077
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environment was constructed with several variables,
such as traffic emissions, dispersion models, human
exposure models, and a coupled internal dose/biology-
based dose-response risk assessment model, in order to
assess the benzene-imposed leukemia risk, as much as
the impact of traffic fleet renewal and smoking banning
to these levels. This may result in lower or greater
toxicity of mixtures than what would be expected by
summing the toxicity of individual chemicals.

Conclusions

In all of the workshops evaluated, toluene concentrations
were higher. The samples showed a high standard deviation,
indicating that different work routines are critical to the
evaluation; thus, a high sample number was necessary to
obtain a confidence value. I/O ratios indicated that paint and
varnish workshops have higher BTEX concentrations.

The highest concentrations of benzene and toluene
were obtained in the paint workshop, and higher con-
centrations of ethylbenzene, m + p-xylenes, and o-
xylene were obtained in the varnish workshop. The
raw materials with the highest TEX concentrations were
those used in the painting and varnish workshops.

The first and second non-carcinogenic risks were
obtained for the varnish workshop for m + p-xylenes.
The carcinogenic risk average value and all non-
carcinogenic values can be considered indifferent for
all workplaces. The maximum carcinogenic risk values
can be considered expressive.

Some suggestions to enhance air quality and mini-
mize health effects in the workplaces evaluated are as
follows: increase the ambient and local ventilation, sub-
stitute solvent-based products with water-based prod-
ucts, and establish routines for maintaining the closure
of the containers after use.
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