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Abstract

Workers are exposed to pollutants generated by hair salon activities, which may pose poten-
tial health risks. This study measured volatile organic compound (VOC) concentrations in
five hair salons using a high-sensitivity photoionization detector (PID) during daily work
shifts. The highest VOC concentration was observed in Hair Salon III (0.87 ± 0.57 ppm),
likely due to its high customer volume and the use of organic solvents during cleaning
procedures. VOC concentrations were higher on weekends than on weekdays. Workers’
exposure to VOCs was elevated during the morning and evening periods, possibly due
to inadequate ventilation and cleaning activities conducted at the beginning and end of
business hours. The variance structure indicated that indoor VOC concentrations were
primarily influenced by emission sources within the salons. Therefore, representative mon-
itoring should prioritize a range of salon types to adequately characterize the variability in
VOC exposure. Hair Salon III exhibited the highest exposure concentration (EC), hazard
quotient (HQ), and hazard index (HI), with values of 0.055, 0.018, and 0.047, respectively.
The health risk assessment indicated that workers in all five hair salons were not at signifi-
cant risk of non-carcinogenic health effects, as all HQ values were below the acceptable
threshold of 1.0.

Keywords: hair salon; health risk assessment; indoor air quality; VOCs

1. Introduction
Hair salons contain a variety of airborne chemical pollutants, particularly volatile

organic compounds (VOCs), gaseous pollutants, and particulate matter (PM), to which
workers are exposed daily. VOCs are organic chemicals that readily evaporate at room
temperature and are emitted from certain solids and liquids. They comprise a diverse
group of compounds, some of which may cause both short- and long-term adverse health
effects [1]. Previous studies have primarily focused on personal exposure to VOCs and
carbonyl compounds in indoor beauty salons [1–3]. The concentrations of many VOCs are
consistently higher indoors than outdoors [4,5]. VOCs are emitted from a wide variety
of products, and the total number of identified VOC compounds is estimated to be in
the thousands. Organic chemicals are widely used as ingredients in household products,
including paints, varnishes, shampoos, soaps, and waxes. In addition, many cleaning,
disinfecting, cosmetic, degreasing, and hobby products contain organic solvents that can
release VOCs into the indoor environment [6]. These products can release VOCs during
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use and, to a lesser extent, while in storage. Bangkok, the capital city of Thailand, is home
to numerous beauty and hair salons that contribute substantially to indoor VOC emissions
and are recognized as important sources of indoor air pollution [7,8]. Despite growing
concerns about air quality in these environments, VOC emission levels remain largely un-
known. This lack of data significantly hinders efforts to improve indoor air quality, promote
sustainability, and maintain a cleaner urban environment in major cities such as Bangkok.
Challenges associated with the analysis of indoor volatile organic compounds (VOCs)
include the high costs and considerable time required for comprehensive measurements,
limitations of analytical instruments that cannot immediately identify all compounds, and
measurement uncertainties caused by environmental factors. As urbanization and industri-
alization continue to expand in metropolitan areas, rising incomes and improved living
standards have increased the demand for services provided by beauty and hair salons.
Consequently, a growing number of individuals frequently visit these establishments and
may be exposed to indoor air pollutants. The expansion of the salon industry has also
increased the number of workers who may be vulnerable to the adverse health effects
associated with prolonged exposure to indoor air pollutants [9,10]. Salon workers are
particularly vulnerable to the adverse health effects associated with indoor air pollution.
Various hair care procedures, including hair washing and conditioning, hair coloring, dye-
ing, bleaching, chemical treatments, and hairstyling, can generate and release air pollutants
into the salon environment [5,11]. Hair salons and beauty parlors are recognized as po-
tential sources of various chemical pollutants. For example, nail polishes and acrylic nail
products may contain formaldehyde, toluene, and acetone; hair dyes and hair-straightening
products may contain ammonia and formaldehyde; and hairsprays may contain alcohols
and propylene glycol [12,13]. Monitoring volatile organic compounds (VOCs) in beauty
salons involves identifying potential emission sources, such as nail polishes and hair dyes,
and measuring VOC concentrations in indoor air. Air samples are typically collected using
sorbent tubes and analyzed by gas chromatography–mass spectrometry (GC–MS), which
enables the accurate identification and quantification of individual VOCs [12–14]. Indoor
air typically contains complex mixtures of hundreds of volatile organic compounds (VOCs).
The identification and quantification of individual VOC species require specialized and
expensive analytical techniques, such as gas chromatography–mass spectrometry (GC–
MS) [1,12]. Portable volatile organic compound (VOC) detectors provide a convenient and
practical means of monitoring indoor VOC concentrations. Among these, photoionization
detector (PID)-based instruments are widely used in occupational health and environmen-
tal monitoring. A PID operates by exposing gas molecules to ultraviolet (UV) radiation,
which ionizes compounds with ionization potentials lower than the energy of the UV
lamp. Moreover, photoionization detectors (PIDs) are widely used for total volatile or-
ganic compound (TVOC) monitoring because of their high sensitivity, rapid response, and
low detection limits. These instruments have been extensively applied in a wide range
of fields, including biogenic emission screening, indoor air quality assessment, marine
hydrocarbon leak detection, and industrial environmental monitoring. However, PIDs
are generally limited to measuring total VOC concentrations and are not suitable for the
accurate identification and quantification of individual VOC species [15]. When VOC
molecules are ionized by ultraviolet (UV) radiation, the resulting ions generate an electrical
signal proportional to the VOC concentration in the air. In contrast, metal oxide semicon-
ductor (MOS/MOX) sensors are widely used for VOC detection based on changes in the
electrical resistance of a metal oxide sensing layer when VOC molecules interact with the
sensor surface. Owing to their compact design, low cost, and low power consumption,
MOS sensors are frequently incorporated into portable monitoring instruments and in-
door air quality (IAQ) monitoring systems [16]. Although MOS sensors are cost-effective
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and widely used for indoor air quality monitoring, they generally exhibit lower accuracy
than photoionization detector (PID)-based systems. In addition, their performance can
be significantly affected by environmental conditions, such as temperature and relative
humidity, as well as by cross-sensitivity to non-VOC gases, including carbon monoxide
(CO). Additionally, portable gas chromatography-mass spectrometry (portable GC-MS) is
an advanced analytical technology adapted from conventional laboratory-based GC-MS
systems for field applications [16,17]. Unlike PID- and MOS-based sensors, portable GC-MS
can separate, identify, and quantify individual VOC compounds with high accuracy. How-
ever, its relatively large size, operational complexity, and high cost may limit its widespread
application for routine indoor air quality monitoring. Another approach involves the use
of colorimetric detector tubes, which are semi-automated or manual sampling devices that
use a hand-operated pump to draw air through a glass tube containing chemical reagents.
Exposure to target VOCs produces a color change that can be used to estimate the concen-
tration of the compound. Although these detector tubes are relatively inexpensive and do
not require an external power supply, they are generally limited to the detection of specific
compounds and are not suitable for comprehensive VOC analysis [18]. Environmental
factors, including temperature, relative humidity, and ventilation rate, can significantly
influence indoor VOC concentrations. Previous studies have reported that hair salons
are often characterized by inadequate ventilation, which promotes the accumulation of
indoor air pollutants and may increase the risk of adverse health effects among workers
and customers [1]. Previous studies have indicated that hair salons are often inadequately
ventilated, allowing indoor air pollutants to accumulate and potentially leading to adverse
health effects. Furthermore, evidence suggests that elevated VOC concentrations in beauty
salons may adversely affect reproductive health, disrupt endocrine function, and impair
workers’ performance and productivity. Humans may be exposed to VOCs through both
inhalation and dermal absorption [19]. Exposure to VOCs, whether short-term or long-term,
has been associated with a variety of adverse health effects, including skin irritation, respi-
ratory diseases, reproductive disorders, musculoskeletal disorders, headaches, and nausea.
VOC concentrations in hair salons are influenced by several factors, including the types of
salon activities performed, exposure duration [20,21], ventilation conditions, and overall
indoor air quality [22,23]. Investigating VOCs in hair salons is essential for protecting
occupational health, preventing work-related illnesses, and ensuring the safety of both
workers and clients, as these environments are among the indoor settings with the highest
concentrations of volatile chemical compounds. Numerous studies worldwide have inves-
tigated the health risks associated with exposure to total VOCs (TVOCs) and have reported
a wide range of adverse health effects. However, in Thailand, relatively few studies have
quantified indoor VOC exposure, particularly in hair salons, where the use of chemical
products may pose significant health risks. This study aims to assess VOC concentrations
in hair salons using a photoionization detector (PID). As a preliminary investigation, it
seeks to characterize VOC levels in salon environments and provide baseline data for future
research. The findings are expected to contribute to the protection of workers’ health and
support evidence-based policy development and future health risk assessments.

2. Materials and Methods
The properties of the indoor environment and the selection of measurement points are

the most significant factors influencing indoor air quality. This section provides information
on the measurement points, measurement duration, and the devices used.
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2.1. Description of the Study Area

Indoor air pollution, specifically total volatile organic compounds (TVOCs), was
sampled in five voluntary hair salons located in Bangkok, the capital of Thailand. The
selected salons for this study were designated as Sites I, II, III, IV and V (Figure 1). Air
sampling was conducted from November 2024 through January 2025. The characteristics of
the studied sites are summarized in Table 1. Each hair salon differed in building type, room
size, ventilation system, air exchange rate, and the number of workers and customers. Air
sampling was conducted over the course of one week at each of the five sites, covering five
working days from 9:00 a.m. to 5:00 p.m., as well as the weekend during the same hours.
One sampling location was established in each salon. Area sampling was conducted over
seven consecutive days, with the sampler positioned near the hairdresser’s workstation.
Air samples were collected for 8 h per day during operating hours.

Table 1. Indoor environmental characteristics of hair salons.

Salon Work Area (m2) AC Unit *
(No.)

Fan
(No.) Air Purifier (No.) Worker (No.) Mixed-Use

Building (No.)

Site I 40 1 1 no 1 no
Site II 40 1 1 1 4 no
Site III 40 1 no no 1 3
Site IV 36 1 1 no 2 3
Site V 40 1 1 no 1 no

Note: Data indicated as * AC: Air conditioner; No.: Number.

2.2. Volatile Organic Compound (VOCs) Measurement

VOCs were measured using MiniRAE instrument (equipped with a planar, dual
channel PID detector (a Continuous real-time measurements were conducted using a
photoionization detector (PID), Model: MiniRAE 3000+, RAE Systems, Honeywell Inc.,
Sunnyvale, CA, USA)). The MiniRAE is widely employed by industrial hygienists and
HazMat teams to rapidly detect toxic gases, investigate leaks, and monitor air quality
over a wide dynamic range. The PID was equipped with a 10.6 eV lamp and had a
sampling flow rate of 0.5 L/min [24], with a resolution of 0.1 ppm in the detected range of
0–15,000 ppm [25]. VOC concentrations were recorded every 30 min over a period of seven
consecutive days, from 9:00 a.m. to 5:00 p.m. [26]. Calibration of the MiniRAE 3000+ for
volatile organic compound (VOC) detection requires zero gas (clean air or zero-grade air),
span gas (typically isobutylene at a known concentration, e.g., 100 ppm), a gas regulator,
and a calibration adapter or Tedlar bag [26]. Once these components are prepared, the
MiniRAE 3000+ should be turned on by pressing and holding the power button until
the display screen illuminates. Allow the unit to warm up for 5–10 min, especially if the
lamp has not been used recently. Ensure that the external filter is attached to the inlet
probe to prevent moisture and dust from damaging the sensor. Next, enter Calibration
Mode by pressing and holding the [MODE/Power] button and the [N/-] (No) button
simultaneously to access the programming mode. When prompted, enter the password,
which is typically 0000 by default. Use the [Y/+] and [N/-] buttons to enter the password,
and then press the middle [MODE] button to confirm. The unit will display the setup
menus. Navigate to the “Calib. Menu” and press [Y/+] to select it. Then, proceed to Zero
(Fresh Air) Calibration and select “Zero Calibrate.” Ensure that the instrument is located in
a clean, fresh-air environment that is completely free of background VOCs. Press [Y/+] to
begin the calibration process. The instrument will perform a countdown and update its
internal settings. The calibration is complete when the display shows 0.0 ppm [26]. Next,
perform the Span Calibration. After completing the zero calibration, press [Y/+] when the
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menu prompts you to perform a “Span Calibration.” The display will show the current
span gas and concentration (e.g., isobutylene at 100 ppm). If necessary, adjust the gas type
or concentration to match your calibration cylinder using the [Y/+] (Yes) and [N/-] (No)
buttons. Connect the regulator to the span gas cylinder and attach the tubing to the probe
tip of the MiniRAE 3000+ (or connect a Tedlar bag filled with the calibration gas). Open the
regulator valve or release the gas from the Tedlar bag to allow the calibration gas to flow
into the instrument. Press [Y/+] to start the span calibration. The instrument will detect
the calibration gas and begin a countdown while updating its calibration settings. Once the
process is complete, the display will indicate that the span calibration has been successfully
completed and will show the calibrated gas concentration. TThen, perform a Bump Test.
Leave the span gas connected for a few moments after the span calibration to conduct
a quick bump test and verify that the instrument reading is close to the expected span
gas concentration. After confirming the response, disconnect the span gas. The reading
displayed on the screen should gradually decrease and return to approximately 0.0 ppm
as the remaining gas is cleared from the sensor. Exit the calibration menu and return the
instrument to the standard measurement mode. The correction factor (CF) for isobutylene
on a MiniRAE 3000+ calibrated with isobutylene gas is 1.0. Therefore, the displayed
concentration is equivalent to the actual isobutylene concentration, and no correction factor
adjustment is required [26]. Calibration was conducted at the company’s laboratory prior
to field measurements. The MiniRAE300+ is a portable Photoionization Detector (PID),
it is built-in separation column or programmed injection system. For spot sampling or
direct gas injection using the MiniRAE 3000+ portable handheld VOC monitor, a gas-tight
syringe (Honeywell Inc., Sunnyvale, CA, USA) was used to inject 50–100 mL of the gas
sample for correction factor estimation. This injection volume was sufficient to displace
the ambient air and completely fill the instrument’s sampling path, thereby ensuring
accurate measurements. The MiniRAE 3000+ was operated within its specified operating
temperature range of −20 ◦C to 50 ◦C [26]. The air sampling instruments were set up as
shown in Figure 1, and the layout of sampling points for the five hair salon sites is illustrated
in Figure 1. At Site I, the salon operates without air conditioning (A), while Sites II(B), III(C),
IV(D), and V(E) are air-conditioned. The site characteristics are summarized in Table 1. All
sampling points were located near the emission sources and at least 1 m away from the walls.
A digital thermometer was used to measure temperature and relative humidity (AS847,
Smart Sensor, Neonics Ltd., Dongguan City, China P.C). The thermometer-hygrometer can
display environmental parameters around the sensor using several convenient functions,
including ambient temperature and relative humidity. The AS847 is a 3-in-1 instrument
for measuring temperature, humidity, and thermocouple-based temperature. It has a
measurement range of −10 to 50 ◦C (probe) and supports K-type thermocouples. The
K-type thermocouple temperature measurement range is −20 to 1000 ◦C, with an accuracy
of ±1 ◦C. An anemometer was used to measure air velocity (RS PRO DT-8880, CEM Ltd.,
Shenzhen, China). It is a professional, high-quality hot-wire thermal anemometer designed
to simultaneously measure low air velocity, volumetric airflow, and air temperature. The
air velocity measurement range is 0.1–25.0 m/s, with an accuracy of ±5% ±0.1 m/s and a
resolution of 0.01 m/s. Both the thermometer and anemometer were calibrated in a certified
calibration laboratory prior to use.
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Figure 1. Schematic layout of the hair salon used in this study. (A): site I; (B): site II; (C): site III;
(D): site IV and (E): site V.
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2.3. Data Analysis

VOC concentrations were calculated based on the daily average of five measurement
sampling points. All data were averaged at 8-h intervals. Statistical analysis was performed
using SPSS version 28. The relationship between VOCs distribution during the hair coloring
process was tested using the nonparametric Mann-Whitney U Test.

2.4. Health Risk Assessment

The health risk of VOCs was evaluated based on the indoor air environment for non-
carcinogenic risk, considering only the inhalation exposure pathway. The exposure concentra-
tion (ECinh) in the risk assessment was calculated using the following Equation (1) [27].

EC(inh) =
C × ET × EF × ED

AT
(1)

where C is concentrations of TVOCs as measured; ET is the exposure time as 8 h/day from
the measured; EF is the exposure frequency as 250 days/year; ED is the exposure duration
at 25 years for non-carcinogenic substances (U.S. EPA 2013); AT is the average time (for
non-carcinogen AT = ED × 365 days × 24 h/day) [27].

The Risk characterization of non-carcinogenic was calculated based on the Hazard
Quotient (HQ) using Equation (2) [4].

HQ =
EC
R f c

(2)

where RfC is the reference concentration of TVOC using standard in Kuwait, Malaysia,
and Singapore standard indoor concentration at 3 ppm [4], a TVOC concentration below
3.0 mg/m3 (approximately 1–3 ppm, depending on the composition and molecular weight
of the VOC mixture) has been suggested as an acceptable indoor air quality guideline.
Hazard index (HI) means the sum of more than one hazard quotient for multiple substances,
multiple exposure. pathways, or both. The Hazard Index is calculated separately for
chronic, subchronic, and shorter duration exposures as the sum of the hazard quotients
using Equation (3) [28,29].

HI = ∑i
1 HQ (3)

HI, value less than or equal to 1 indicates that the exposure is not likely to result in
adverse non-carcinogenic effects. In the case of HI, value greater than 1, however, does
not necessarily suggest a likelihood of adverse health effects but still potentially caused
risk [30,31].

3. Results
3.1. Site Characteristic

In the present study, the average area of the surveyed hair salons was approximately
40 × 40 m2. The number of workers per salon ranged from 2 to 4, while the number of
clients served per salon ranged from 18 to 32. The average relative humidity (RH) and
temperature were 46.9% and 24.53 ◦C, respectively. Moreover, the ventilation systems
were inadequate in all selected salons. In all salons except one, the windows remained
closed throughout working hours to maintain the cooling efficiency of the air-conditioning
units (Table 1). The sizes of the hair salons were generally similar, with only Salon IV
being slightly smaller than the others. The highest number of workers was observed at
Salon II, which employed four workers. The surveyed hair salons also varied in their
facilities. Some provided workspaces only, while others offered both workspaces and
on-site accommodation for employees, as observed in Salons III and IV. The number of
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customers at each salon is presented in Table 2. Among the surveyed salons, Salon III
recorded the highest number of customers during the study period.

Table 2. The number of customers for each site.

Salon Mon. Tue. Wed. Thur. Fri. Sat. Sun. Total

Site I 4 2 0 1 3 3 5 18
Site II 4 3 2 2 3 2 4 20
Site III 5 3 4 3 6 5 6 32
Site IV 3 4 3 4 5 5 4 28
Site V 2 4 2 4 2 4 3 21

3.2. Characteristics of VOC Levels in Selected Hair Salons

The indoor concentrations of volatile organic compounds (VOCs) were measured
during working hours, and the mean values are presented in Table 3. The average
VOC concentrations in Hair Salons I, II, III, IV, and V were 0.12 ± 0.18, 0.02 ± 0.05,
0.87 ± 0.57, 0.32 ± 0.36, and 0.16 ± 0.19 ppm, respectively. The average 8-h VOC concen-
trations measured over five consecutive working days are shown in Figure 2. Hair Salons
I, III, and IV exhibited higher VOC concentrations than Hair Salons II and V. Notably,
the elevated VOC concentrations observed in Hair Salons I, III, and IV (Table 3) were
likely associated with higher customer volumes and the extensive use of organic solvent-
containing products during hair washing, hair treatments, shampooing, conditioning, hair
coloring, hairstyling, dyeing, and bleaching procedures. During periods of intensive salon
activities, the average VOC concentrations were higher than those measured under normal
operating conditions across all surveyed salons. At Site III, the VOC concentration was
3.97 ± 1.98 ppm on weekends, compared with 2.15 ± 0.43 ppm on weekdays, indicating
substantially higher VOC levels during periods of increased salon activity. In contrast,
Hair Salon II exhibited the lowest indoor VOC concentrations among the surveyed salons.
Although VOC concentrations tended to be higher on weekends than on weekdays across
all selected salons, the difference was not statistically significant (p = 0.108). Furthermore,
VOC concentrations were evaluated at two different time periods: weekdays and weekends.
In general, higher VOC concentrations were observed during weekends, which may be
attributable to increased customer traffic and more frequent use of hair care and cosmetic
products. The mean values were calculated and are presented in Table 4. In all salons,
the mean VOC concentrations showed no statistically significant difference (p = 0.108).
However, VOC concentrations were comparatively higher during weekends than on work-
ing days across all selected salons. An outlier indicating an unusually high concentration
was observed at certain time points, as shown in Figure 3. During hair coloring, dyeing,
bleaching, and hairstyling processes, the average VOC concentrations in Hair Salons I, II,
III, IV, and V were 0.56 ± 0.28, 0.12 ± 0.16, 3.97 ± 1.98, 0.67 ± 0.33, and 0.32 ± 0.16 ppm,
respectively (Table 4). These values are relatively high, as illustrated in Figure 3. This
finding reflects a clear relationship between salon activities and indoor VOC levels, with
hair coloring identified as the major contributing source. Overall, Hair Salon III exhibited
higher VOC concentrations than the other four salons; however, the difference was not
statistically significant (p = 0.108, Mann–Whitney U test). Indoor volatile pollutant levels
at Hair Salon Site II were lower than those at all other sites, likely due to the use of air
conditioning, fans, and air purifiers, which enhanced air circulation and helped dilute
indoor pollutants, as shown in Figure 2. At Hair Salon Site I, VOC levels on Monday,
Wednesday, and Thursday exhibited a similar temporal trend, as illustrated in Figure 2.
Notably, VOC concentrations were lower on Wednesday, which coincided with reduced
hair coloring activity. At Hair Salon Site IV, the average VOC concentration profiles from
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Wednesday to Friday were relatively consistent, as shown in Figure 2. However, elevated
VOC levels were observed on both Wednesday and Thursday. At Hair Salon Site V, only a
small amount of hair coloring involving organic solvents was performed, similar to Site IV,
resulting in significantly lower VOC levels compared with Hair Salon Site III, as shown in
Figure 2.

Table 3. Mean daily concentrations of volatile organic compounds (VOCs) in selected hair salons (ppm).

Sampling Date Salon I Salon II Salon III Salon IV Salon V

Mon. 0.03 ± 0.04 0.02 ± 0.06 0.55 ± 0.63 0.04 ± 0.07 0.11 ± 0.14
Tue. 0.11 ± 0.22 0.00 ± 0.00 0.17 ± 0.16 0.31 ± 0.47 0.29 ± 0.32
Wed. 0.00 ± 0.00 0.00 ± 0.00 0.66 ± 0.60 0.19 ± 0.40 0.04 ± 0.11
Thur. 0.01 ± 0.04 0.00 ± 0.00 0.17 ± 0.13 0.49 ± 0.45 0.35 ± 0.30
Fri. 0.13 ± 0.32 0.00 ± 0.00 0.60 ± 0.41 0.52 ± 0.56 0.00 ± 0.01
Sat. 0.24 ± 0.24 0.00 ± 0.00 2.39 ± 1.19 0.26 ± 0.26 0.14 ± 0.19
Sun. 0.32 ± 0.42 0.12 ± 0.32 1.58 ± 0.89 0.41 ± 0.33 0.18 ± 0.27

Average 0.12 ± 0.18 0.02 ± 0.05 0.87 ± 0.57 0.32 ± 0.36 0.16 ± 0.19

 

Figure 2. Comparison of mean daily concentrations of volatile organic compounds (VOCs) in selected
hair salons (ppm).

Table 4. Average of volatile organic compounds (VOC) for weekday and weekend in selected hair salons.

Hair Salon Measurement VOCs (ppm)

Salon I
Weekday 0.28 ± 0.06
Weekend 0.56 ± 0.05

Salon II
Weekday 0.02 ± 0.01
Weekend 0.12 ± 0.08

Salon III
Weekday 2.15 ± 0.24
Weekend 3.97 ± 0.57

Salon IV
Weekday 1.55 ± 0.20
Weekend 0.67 ± 0.11

Salon V
Weekday 0.82 ± 0.15
Weekend 0.32 ± 0.03
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Figure 3. Comparison of total concentrations of volatile organic compounds (VOCs) for weekday
and weekend in selected hair salons.

3.3. Temperature and Relative Humidity

Indoor air temperature and relative humidity are important parameters for assessing
occupant well-being and thermal comfort. The average indoor temperature recorded was
24.53 ◦C, with a range of 23.4–25.3 ◦C, while the average relative humidity was 60.7%,
ranging from 44.4% to 72.8%. Both the average indoor air temperature and relative humidity
(Table 5) were within the ASHRAE-recommended thermal comfort limits of 27 ◦C and
65%, respectively [32,33]. However, Site III showed that the average relative humidity
frequently exceeded the recommended value during the study period. The correlation
coefficient between indoor temperature and relative humidity was found to be −0.69
(p < 0.05), indicating a significant negative correlation; as temperature increased, relative
humidity decreased. Hair salons or beauty salons are often strongly influenced by climate
conditions, ventilation, and chemical usage. These findings are consistent with previous
studies reporting gas and particulate matter concentrations in indoor classrooms of a
university building [34]. Additionally, the measured indoor and outdoor wind speeds were
0.05 m/s and 0.20 m/s, respectively.

Table 5. Mean daily of temperature and relative humidity in selected hair salons.

Hair Salon Temp. (◦C) RH (%)

Salon I 24.5 ± 0.77 60.0 ± 0.38
Salon II 24.4 ± 0.73 44.4 ± 0.53
Salon III 23.4 ± 1.33 72.8 ± 2.49
Salon IV 25.3 ± 0.49 62.0 ± 4.04
Salon V 25.0 ± 0.50 64.3 ± 2.06
Average 24.53 ± 0.26 60.7 ± 1.51

3.4. Health Risk Exposure of TVOC

VOC exposure concentrations were calculated from the measurement data presented
in Table 3. Health risk assessment was conducted using a reference concentration (RfC)
of 3 ppm based on Asian standards [35]. This health risk assessment should be regarded
as a preliminary screening based solely on total volatile organic compound (TVOC) con-
centrations. It does not represent a comprehensive health risk assessment because it does
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not account for the concentrations and toxicities of individual VOC species. A VOC con-
centration below 3.0 mg/m3 (approximately 1–3 ppm, depending on the composition
and molecular weight of the VOC mixture) is considered an acceptable indoor air quality
guideline. Exposure concentrations (EC) were used to estimate non-carcinogenic risk.
The average EC values ranged from 0.001–0.007 for Hair Salon I, 0.001–0.003 for Hair
Salon II, 0.004–0.055 for Hair Salon III, 0.001–0.012 for Hair Salon IV, and 0.001–0.008 for
Hair Salon V. Among all sites, Hair Salon III showed the highest exposure levels over the
7-day monitoring period (Table 6). Non-carcinogenic risk was further evaluated using the
hazard quotient (HQ) and hazard index (HI) (Figure 4). The HI is defined as the cumulative
non-carcinogenic risk from VOC exposure, where values below 1 indicate no significant
risk of adverse health effects, whereas values above 1 suggest potential non-carcinogenic
effects [28,36,37]. In this study, HQ and HI values remained below 1 across all salons and
all sampling days, indicating no significant non-carcinogenic risk. Specifically, HI values
ranged from 0.002 to 0.047, confirming a negligible level of risk (Tables 6 and 7). Although
all calculated risk values were below the threshold of concern, Hair Salon III consistently ex-
hibited higher EC, HQ, and HI values compared with the other salons, suggesting relatively
greater exposure under higher activity conditions [36]. Previous studies have reported that
the most common VOCs detected in beauty salons include toluene, xylene, esters, ethyl
acetate, and acetone, which are widely used as solvents in various beauty products [38],
as well as carbonyl compounds [1]. Among these compounds, acetone, benzaldehyde,
and toluene have been reported to exhibit relatively high hazard quotient (HQ) values. In
the present study, it was not possible to estimate the exposure concentration (EC), hazard
quotient (HQ), and hazard index (HI) for individual VOC species because only total VOC
(TVOC) concentrations were measured. Therefore, the health risk assessment presented
in this study should be considered a preliminary screening-level assessment rather than a
comprehensive evaluation of individual VOC-related health risks. In addition, the limited
number of hair salons included in this study may have affected the representativeness
of the results. Despite these limitations, the findings provide preliminary information
on VOC exposure in hair salons and highlight the need for further research involving a
larger number of salons and the identification of individual VOC species to enable a more
comprehensive health risk assessment.

 

Figure 4. Comparison of Hazard Index (HI) in selected hair salons.
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Table 6. Exposure concentrations (EC) of selected hair salons.

Sampling Date Salon I Salon II Salon III Salon IV Salon V

Mon. 0.001 0.001 0.013 0.001 0.003
Tue. 0.002 0.000 0.004 0.007 0.007
Wed. 0.000 0.000 0.015 0.004 0.001
Thur. 0.000 0.000 0.004 0.011 0.008
Fri. 0.003 0.000 0.014 0.012 0.000
Sat. 0.006 0.000 0.055 0.006 0.003
Sun. 0.007 0.003 0.036 0.009 0.004

Average 0.003 0.001 0.020 0.007 0.004
SD * 0.022 0.001 0.019 0.004 0.003

Note: * Standard deviation (SD).

Table 7. Hazard Quotient (HQ) of selected hair salons.

Sampling Date Salon I Salon II Salon III Salon IV Salon V

Mon. 0.000 0.001 0.004 0.001 0.001
Tue. 0.001 0.000 0.001 0.002 0.002
Wed. 0.000 0.000 0.005 0.001 0.001
Thur. 0.000 0.000 0.001 0.004 0.003
Fri. 0.001 0.000 0.005 0.004 0.000
Sat. 0.002 0.000 0.018 0.002 0.001
Sun. 0.002 0.001 0.012 0.003 0.001

Average 0.001 0.000 0.007 0.002 0.001
SD * 0.001 0.000 0.006 0.001 0.001

Note: * Standard deviation (SD).

4. Discussion
Hair salon workers are exposed to total volatile organic compounds (TVOCs) as part

of their occupational activities. These exposures arise from the chemicals and organic
solvents present in various hair treatment and cosmetic products. Such substances have
been associated with a range of adverse health effects, from acute irritation of the skin,
eyes, and mucous membranes to more severe and potentially irreversible outcomes, in-
cluding respiratory disorders and increased cancer-related risks associated with long-term
exposure. Previous studies have reported that the major VOCs detected in hair salons
include aromatic compounds such as toluene and xylene; esters and ketones, including
ethyl acetate and acetone, which are commonly used as solvents in beauty products; and
terpenes, such as pinene, limonene, camphor, and menthol, which contribute characteristic
odors and may possess specific chemical and biological properties [1,35,38]. The study
was conducted in five hair salons, each representing a different salon setting. Exposure
monitoring was performed using a MiniRAE 3000+ photoionization detector (PID) to
measure VOC concentrations generated during hair treatment procedures. Two exposure
scenarios were evaluated to characterize workers’ inhalation exposure during typical salon
activities. Scenario I represented hair treatment and spray procedures conducted on week-
days, whereas Scenario II represented the same procedures conducted on weekends. These
scenarios were selected to capture potential differences in worker exposure associated with
variations in customer volume, service frequency, and product use patterns. The highest
VOC concentrations were observed during weekends, likely due to increased customer
traffic and the more frequent use of hair treatment products and organic solvent-containing
materials. The health risk assessment equations were applied to evaluate the toxicity of
VOC exposure, and the results indicated a negligible non-carcinogenic risk. Previous
studies have reported VOC concentrations in hair salons during both working hours and
non-working hours. In one study, VOC measurements were conducted in four hair salons
using a portable Aeroqual Series 500 monitor (Aeroqual Ltd., Auckland, New Zealand).
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The reported VOC concentrations ranged from 1.00 to 3.48 ppm. The relative humidity
ranged from 43.43% to 56.58%, while the temperature ranged from 16.0 to 22.0 ◦C [39]. The
VOC concentrations reported in that study were higher than those observed in the present
study, indicating greater occupational exposure among the surveyed salon workers.

A study conducted in South Korea reported that VOC concentrations in hair salons
were higher during working hours than before working hours. The measured VOC concen-
trations ranged from 0.54 to 4.10 ppm, which were higher than those observed in the present
study [40]. The elevated VOC concentrations were likely attributable to the types and quan-
tities of products used during salon activities. Previous studies have suggested that VOC
levels in hair salons are influenced primarily by the nature of the products used, whereas
factors such as customer area per person and ventilation play a less significant role in
determining indoor VOC concentrations [1]. Moreover, other studies have reported higher
indoor pollutant concentrations on weekends than on weekdays. This variation is primarily
attributable to the types of treatments performed, as certain salon procedures may generate
greater emissions of VOCs and other indoor pollutants [1,41]. The average weekday TVOC
concentration was reported as 0.109 ppm, whereas the average weekend concentration was
0.141 ppm [36]. These findings are consistent with the results of the present study, which
also demonstrated higher VOC concentrations during weekends than on weekdays. The
relationship between VOC concentrations and factors such as the number of services, air
conditioning, and salon area is influenced by multiple variables, including ventilation effi-
ciency, cleaning practices, and product usage. Larger salons may accommodate ventilation
systems or air purifiers that help reduce VOC concentrations, whereas poorly ventilated or
highly occupied salons are likely to exhibit higher BTEX levels, increasing exposure risks
for workers and customers [4,22,39]. The relationship between VOC concentrations and
factors such as the number of services performed, air-conditioning use, and salon area is
influenced by multiple variables, including ventilation efficiency, cleaning practices, and
product usage. Larger salons may be equipped with more effective ventilation systems or
air purifiers that help reduce VOC concentrations. In contrast, poorly ventilated or highly
occupied salons are more likely to exhibit elevated VOC concentrations, thereby increasing
exposure risks for both workers and customers [4,39]. A study of VOCs in hair salons in
China reported elevated levels of potentially carcinogenic compounds, including benzene
and xylene, particularly during peak customer visits, especially in areas with insufficient
ventilation. This finding aligns with observations at Site III in the present study, which
likely experienced inadequate ventilation. Additionally, the use of highly concentrated
products may have contributed to the elevated VOC levels observed in this site [27,28].
Ventilation has a significant effect on indoor pollutant toxicity levels. Mechanical ventila-
tion (e.g., HVAC systems with outdoor air supply) is generally more effective and faster at
reducing TVOC concentrations compared to natural ventilation (e.g., opening windows) or
no ventilation [42,43]. These findings provide practical guidance for salon management
and occupational health professionals to reduce chemical exposure and improve worker
safety. Studies of nail and beauty salons in Romania have shown that factors influencing
VOC levels include the types of chemical products used, the characteristics of the service
area, and the efficiency of the ventilation system. These findings are consistent with the
results of the present study, which indicated that Sites I and II exhibited the lowest VOC
concentrations, likely due to effective ventilation and/or the use of products with lower
VOC content [44–46]. The findings of the present study can be used as a basis for reducing
technicians’ exposure to toxic aldehydes in hair salons. This study represents a preliminary
investigation of volatile organic compounds (VOCs) in hair salons and the potential health
risks associated with occupational VOC exposure. At present, many studies conducted in
Thai beauty salons employ low-cost sensors or PID-based devices for VOC measurements.
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However, careful consideration must be given to the suitability of these measurement
devices when establishing standard values or conducting exposure surveillance. The
analysis of specific VOCs at low concentrations should be performed using GC-FID (Gas
Chromatography–Flame Ionization Detection) or GC-MS (Gas Chromatography–Mass
Spectrometry), as these methods provide more accurate and reliable measurements. These
analytical techniques offer sensitive detection and reliable quantification of carcinogenic
VOCs at trace levels, whereas photoionization detectors (PIDs) are generally not suitable
for the accurate identification and quantification of individual VOC species. However,
several limitations should be acknowledged. Second, the limited number of participating
salons may restrict the representativeness of the findings. Therefore, future studies should
include a larger number of salons and employ analytical methods capable of identifying
specific VOC compounds to enable a more comprehensive health risk assessment. Despite
these limitations, the findings provide valuable baseline information on VOC exposure in
hair salon environments and may contribute to the development of occupational health
policies and preventive measures. To reduce VOC exposure, policies for hair salons should
promote transparent disclosure of product ingredients, establish minimum indoor ventila-
tion requirements, and encourage the use of appropriate personal protective equipment
(PPE). In addition, hair salons should be recognized as occupational indoor environments
requiring regular air quality management. Measures such as reducing the use of high-VOC
products, improving ventilation systems, and implementing routine indoor air quality
monitoring could help minimize VOC exposure and protect the health of both workers
and customers.

5. Conclusions
Volatile organic compounds (VOCs) are commonly present in beauty salon products,

including hair sprays, nail polishes, and various organic solvents. Exposure to these
compounds has been associated with adverse health effects, such as respiratory irritation,
headaches, nausea, and dizziness. In this study, the mean daily VOC concentrations
measured in Hair Salons I–V were 0.12 ± 0.10, 0.02 ± 0.04, 0.875 ± 0.80, 0.316 ± 0.10, and
0.159 ± 0.10 ppm, respectively. Among the surveyed salons, Hair Salon III exhibited the
highest VOC concentration. In addition, VOC concentrations were generally higher on
weekends than on weekdays, which may be attributed to increased use of salon products,
a greater frequency of chemical treatments, and inadequate ventilation. These findings
suggest that salon activities and ventilation conditions play important roles in influencing
indoor VOC concentrations. Overall, Site III exhibited a higher average VOC concentration
than the other study sites. Nevertheless, the hazard quotient (HQ) and hazard index (HI)
values for all salons were below 1.0 (HQ < 1 and HI < 1), indicating that the estimated
exposure levels did not exceed the reference thresholds for non-carcinogenic health risks.
These findings suggest that, under the current operating conditions, VOC exposure in the
assessed salons is unlikely to result in significant non-carcinogenic adverse health effects
among workers. However, continued monitoring and the implementation of appropriate
ventilation and exposure-control measures are recommended to maintain a safe indoor
working environment. This preliminary study provides baseline information on VOC
concentrations in hair salons and contributes to a better understanding of indoor air quality
in salon environments. The findings indicate that VOCs are present in hair salons and may
pose potential health risks to workers due to prolonged occupational exposure. Although
the photoionization detector (PID) used in this study has several limitations, including its
inability to identify individual VOC salons and its sensitivity to environmental conditions,
it remains a useful tool for screening and monitoring total volatile organic compound
(TVOC) concentrations. We would like to emphasize that this study represents only a
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preliminary screening-level assessment based on TVOC measurements. The results of this
study can serve as a foundation for future investigations, support occupational health
protection for salon workers, and provide scientific evidence for the development of health
standards and building regulations related to hair salon environments.
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