
1. Introduction 
Hair care products are used in the cosmetic industry to 
perform different tasks such as cleaning (shampoo and 
lotion), hairstyling (oils, gels, and hairsprays), and altering 
hair texture (dyes, relaxers, and bleach) (1). Studies have 
shown that hair spray products contain many volatile 
organic compounds (VOCs) that can react with other air 
pollutants to form secondary air pollutants such as ozone 
(2,3), formaldehyde (4,5), and hydroxyl radicals. These 
reactions lead to the formation of other potentially toxic 
air pollutants and pose significant risks to both human 
health and the environment (6). 

VOCs are emitted into the environment from either 
biogenic (natural) or anthropogenic (human activities) 
sources. Anthropogenic sources of VOCs in outdoor 
areas include flue gases from industrial processes, vehicle 
exhaust, daily life activities, and soil modifications in 
agricultural activities (7-10). Anthropogenic sources 
of VOCs indoors include detergents, cleaning supplies, 

waxes, solvents, cooking (11), personal care products (12-
16), carpeting, wallpaper, gypsum board, paint, and glue 
(17,18). Concentrations of VOCs in indoor environments 
may exceed the given threshold levels within a shorter 
interval than in outdoor environments due to unhealthy 
practices and poorly ventilated spaces (19,20). More 
attention should be paid to air pollutants from indoor 
sources because people tend to spend more than 80% 
of their time in enclosed environments, thus directly 
impacting human health (21). 

Short-term exposure to VOCs can cause irritation of 
the eyes and respiratory tract, visual disorders, dizziness, 
headaches, and transient memory loss (22). Long-term 
exposure can cause more severe health problems and 
diseases, such as nausea, fatigue, loss of coordination, 
damage to the kidneys, liver, and central nervous system, 
and lung cancer (13,23). VOCs have been identified 
as significant precursors to the formation of PM2.5 

in the environment (17), regional air pollution, and 
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Abstract
Hair spray products emit large amounts of volatile organic compounds (VOCs), which are 
harmful to human health and the environment. This study investigated the total volatile organic 
compound (TVOC) concentrations and associated health risks of popular hair spray products 
in Nigeria. The TVOC concentration was determined by simulating an indoor environment 
using a mannequin in an empty room to mimic a real-life scenario. Ten popular hair spray 
products used in Nigeria were sprayed on the mannequin, and the TVOC concentration was 
quantified using an Aeroqual Series 200 Monitor (S-200). The chronic daily intake (CDI) from 
inhalation, ingestion, and dermal sources was estimated. The hazard quotient associated with 
inhaling VOCs was also calculated using risk assessment models developed by the United States 
Environmental Protection Agency (USEPA). The mass generation rate of the hair sprays varied 
from 0.24 to 1.34 g/s. TVOC levels ranged from 67400 ± 15790 to 134900 ± 17420 μg/m3. The 
highest TVOC concentration was determined to be 134900 ± 17420 μg/m3 from hair sprays, 
with the highest mass generation rate observed in an air mousse. The risk assessment results 
showed that ingestion accounted for 73% and 66% of the total CDI in adults and children, 
respectively. The average hazard index for all exposure pathways from inhalation was obtained 
to be 2.19 × 105 and 1.57 × 104 for children and adults, respectively, which is unacceptable. 
These findings enlighten consumers and regulatory bodies on the concentration of VOCs emitted 
from hair spray products in enclosed spaces, as well as health risks, and help plan mitigation 
strategies.
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photochemical smog. VOCs such as methane are 20 times 
more likely to cause a greenhouse effect than carbon 
dioxide (7).  According to the World Health Organization 
(WHO), about 4.2 million deaths occur yearly due to 
ambient air pollution, out of which 3.8 million deaths are 
due to indoor air pollution (24).

Over the years, studies have focused on identifying high 
pollutant-emitting activity and health risk assessment, 
which provided a suitable control measure (11). The 
exposure to VOCs from air fresheners and insecticides 
was reported to exceed the statutory limit set by WHO 
and USEPA (2, 25). A TVOC concentration of 200-600 µg/
m3 was defined as the comfort range, 200–3000 µg/m3 as 
the multifactorial exposure range which is considered to 
be a health hazard, 3000–25 000 µg/m3 as the discomfort 
range that could bring strong discomfort to inhabitants 
of indoor environment, and a concentration greater than 
25000 µg/m3 as the toxic range. High concentrations of 
formaldehyde, acetaldehyde, acetone, methylene chloride, 
benzene, ethylbenzene, and xylene have been reported 
to be emitted from hair care products (15,26-28). Kaikiti 
(29) reported a high concentration of VOCs in beauty 
salons. The relationship between TVOCs and secondary 
organic aerosol formation was established by Asif (30). 
High TVOC concentrations in indoor environments like 
schools (4,31), laboratories (32), and residential places 
(33) have been reported in Nigeria. An unacceptable 
hazard index and cancer risk have been reported from 
cooking with charcoal stoves (11).

To address these challenges, developed countries enforce 
strict regulations to regulate the VOCs. Environmental 
regulations have called for a 90% reduction in emissions 
of 189 pollutants over the next years in the United States, 
where VOCs are expected to occupy about 70% of those 
pollutants (34). However, there is limited information on 
the exposure levels and health risks associated with using 
hair sprays in Nigeria. The exposure levels and health risks 
of VOCs emitted from popular hair spray products were 
investigated in this study.

2. Materials and Methods
2.1. Determination of Mass Generation Rate
Ten popular hair sprays often used in Nigerian beauty 
shops were chosen for this study. The volume and some 
of the listed ingredients are presented in Table 1. The 
hair spray cans were weighed using a balance before and 
after spraying (2). The spray time was determined using 
a stopwatch. Spray time for pressurized spray cans was 
defined as the time for spray activation, and each hair 
spray was sprayed for 5 seconds.

0 1           
s

M MgMass generationrate
s t

−  = 
 

			  (1)

Where, M0 is the mass before spraying M1 is the mass 
after spraying, and ts is the spraying time (5 seconds).

2.2. Total Volatile Organic Compounds (VOCs) Sampling 
Protocol
The VOC sampling was carried out in an empty room (4.32 
m × 3.30 m × 3.54 m) of the Environmental Engineering 
Laboratory of the Department of Chemical Engineering 
(8.4859°N, 4.6746°), University of Ilorin, Nigeria. The 
room had a tiled floor, a slabbed roof, a sliding window with 
three panes, one door, and mechanical ventilation sources 
such as a fan and an air conditioning unit. The room had 
an average relative humidity of 70%, a temperature of 30.0 
°C, and an air exchange rate of 8.6 h⁻¹. The air exchange rate 
was estimated using the mathematical relation proposed 
by the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) (35,36). A 
preliminary sampling was performed both inside and 
outside the room to check that there were no other sources 
of VOCs. The room was thoroughly pre-cleaned, and the 
background concentrations of VOCs were subtracted from 
the measured concentration. The TVOC concentration 
was determined using a method described by Adeniran et 
al (11) with slight modification. The TVOC concentration 
was measured in triplicate using an Aeroqual Series 200 
Monitor (model S-200, resolution 1 ppm) manufactured 
by Aeroqual Limited, New Zealand. This portable air 

Table 1. Description of Hair Spray Samples

Sample ID Filling Volume (mL)
Mass generation Rate 

(g/s)
Use Category Some Listed Ingredients

SP01 220 0.78 Towards a person Nil

SP02 275 1.34 Towards a person Refined olive oil, olibanum, AH

SP03 450 0.61 Towards a person Mineral oil, vitamins B5, perfume, dimethyl ether

SP04 237 0.74 Towards a person Propylene, glycol, aqua glycerin, alicyclic acid, menthol

SP05 400 0.24 Towards a person acrylate copolymer, butane, perfume, vitamin B5

SP06 237 0.41 Towards a person Shea butter

SP07 473 0.29 Towards a person SDA-40 alcohol, Ethylester copolymer, lanolin, aminomethyl propanol

SP08 473 0.28 Towards a person Polyquaternlum-11, polydidione, alcohol, fragrance

SP09 300 0.26 Towards a person AQUA, isobutene, propane, butane, polysorbate

SP10 450 0.88 Towards a person Alcohol denat, Butane, propane, amino methyl propanol
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quality monitor measures gaseous pollutants (CO, NO₂, 
SO₂, NH₃, VOCs, and O₃) using sensors and switchable 
cartridge heads attached to the monitor base. The 
mannequin was positioned on a table, as illustrated in Fig. 
1, and hairspray was sprayed for 5 seconds with a VOCs 
gas sensor mounted 1.5 m above the ground, representing 
the human breathing zone (2,37). The zero calibration 
was performed prior to the measurement in accordance 
with the manufacturer’s protocol. The TVOC sampler was 
placed 40 cm above the spray nozzle or receptor. To limit 
pollutant loss, all windows and doors were closed and left 
undisturbed, and height was measured continuously for 
one hour.

2.3. Health Risk Assessment
The potential health risk of VOCs emitted from ten (10) 
hair sprays on human health was estimated using the risk 
assessment models developed by USEPA (USEPA, 2001). 
The models were used to estimate the non-carcinogenic 
risk through exposure pathways such as inhalation, 
ingestion, and dermal exposure. The non-carcinogenic 
risk of the polycyclic aromatic hydrocarbons was assessed 
using the hazard quotient, computed from the average 
daily dose (38). The chronic daily intake (CDI) values of 
the VOCs for children and adults in  in the three exposure 
pathways of ingestion (CDIing), inhalation (CDIinh), and 
dermal contact (CDIderma) were estimated using equations 
2, 3, and 4, respectively (39-42). The exposure risk factors 
and parameters for health risk assessment are presented 
in Table 2.

6   IngR  EF  ED 10
BW  ATing

CCDI −× × ×
= ×

×
 			  (2)

 C  InhR  EF  ED 
PEF  BW  ATinhCDI × × ×

=
× ×

 			   (3)

6C  ESA  SAF  DAF  EF  ED  10
BW  ATdermCDI −× × × × ×

= ×
×

 	 (4)

Where, Cing is the concentration of ingested VOCs, Cinh is the 
concentration of inhaled VOCs, Cderm is the concentration 

from dermal contact, IngR is the ingestion rate, EF is the 
exposure frequency, ED is the exposure duration, BW is 
body weight, AT is the average exposure time, ESA is the 
exposed skin area, SAF is the skin adherence factor, and 
DAF is the dermal adsorption factor. Table 2 summarizes 
the data used to estimate the health risk.
The non-carcinogenic risk of the VOCs for inhalation was 
calculated using the hazard index (HI) equations 5 (51-
53).

i
i

CDIHI
RfD

∑
= 					     (5)

Where i represents either inhalation, ingestion, or 
dermal exposure pathway, CDI is Chronic Daily Intake, 
and RfD is the homologous reference dose. In this study, 
the reference dose was 32.73 µg/m3 (48), the average 
reference dose of individual VOCs commonly found 
in salons where these hair sprays are used continuously. 
A CDI value of lower than the reference dose indicates 
that there would not be any adverse health effects, and 
a CDI value of higher than the RfD indicates that the 
exposure pathway will likely cause adverse human health 
effects. When HI > 1, there is a possibility that the non-
carcinogenic risk is significant, but when H I > 1, it 
shows an insignificant non-carcinogenic risk (48). The 
international threshold limits permitted by the USEPA 
were employed for regulatory purposes.

3. Results and Discussion
3.1. Mass Generation Rate of Hair Sprays
The TVOC emission levels per unit time of 10 hair spray 
products (SP01-SP10) were determined using their mass 
generation rates. As demonstrated in Table 1, the mass 
generation rate for the hair spray samples tested ranged 
from 0.24 to 1.34 g/s. SP03, a hair mousse with a high VOC 
content, had a maximum mass generation rate of 1.34 g/s. 
The minimum mass generation rate was 0.24 g/s in SP05, 
a water-based spray. The mean aerosol mass generation 

Fig. 1. TVOCs Sampling

Table 2. Exposure Factors for Health Risk Assessment

Exposure Factors Adults Children Reference

Ingestion rate (mg/day) 100 200 (45, 46)

Exposed skin area, SA (cm2) 5700 2800 (45, 47)

Skin adherence factor, AFsoil (mg/cm2) 0.07 0.2 (45, 48)

Exposure frequency, EF (days/year) 300 300 (48, 49)

Exposure duration, ED (year) 60 6 (45)

Body weight, BW (kg) 60 18 (26, 50)

Averaging time, AT (days) 18000 1800 (51)

Dermal adsorption fraction (DAF) 0.13 0.13 (45, 48)

Inhalation rate (m3/day) 20 10 (52)

Particulate emission factor (m3/kg) 1.36 x 109 1.36 x 109 (45)

C ingestion (mg/kg/day) 7.3 7.3 (53)

C inhalation (mg/kg/day) 3.8 3.85 (53)

C dermal (mg/kg/day) 25 25 (53)
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rate was 0.58 ± 0.36 g/s. The results were similar to those 
reported by other previous studies (2). The amount of 
particles generated also depends on the nature of the 
spray, nozzle characteristics, and chamber shape (37).

3.2. TVOC Concentration in an Indoor Environment
The 1-hour mean TVOC concentrations in the 
selected hair spray products ranged between 67 400 
and 1 349 000 µg/m³, which are depicted in Fig. 2. The 
average air temperature and relative humidity were 
29 °C and 70%, respectively. TVOC concentrations 
exceeded the limits set by the NESREA (1900 μg/m) 
and the Federal Ministry of Environment (1600 μg/m) 
by up to 1349 times, far surpassing the standard 
set by the WHO (10 μg/m3) (54). The mean TVOC 
concentration of the investigated sprays varied as follows: 
SP09 < SP01 < SP02 < SP04 < SP10 < SP05 < SP06 < SP07 
< SP08 < SP03, which can be attributed to the disparity 
in the ingredients used in the production of the spray 
products and the mass generation rate. The concentrations 
of the VOCs emitted from all the spray products were in 
the hazardous range (2,20), posing risks to human health 
and the environment. The result is higher than what was 
reported by Hao (55). The 1-hour concentration range 
reported by Adeniran (2) for hair sprays (49919.02–
560996.98 μg/m³) is consistent with the findings of this 
study. High concentrations of VOCs were also reported by 
Rahman and Kim using the GC/MS analysis (56). In the 
environment, TVOC concentration serves as precursors 
to secondary organic aerosols, which play a significant 
role in the formation of PM2.5 (57) and contribute to ozone 
formation. 

This study investigated only one of the products (hair 
spray products) used in beauty salons. The use of these 
products is characterized by the dispersion of VOCs 
not only in close proximity to the user but also in the 
immediate surroundings of the user (58). A worst-
case scenario could be triggered if two or more of those 
products are used simultaneously. The worst-case scenario 

is used in combination. The results indicate that hair spray 
products are among the major sources of VOCs in indoor 
environments, which is consistent with that of consumer 
products identified in the investigations by van Winkle 
and Scheff (59) and Lin et al (9). Long-term exposure to 
these VOCs over time can cause skin irritation, respiratory 
disorders, reproductive issues, adverse genotoxic effects 
(60), and even cancer in the individuals occupying 
areas where the products are often used (61). Therefore, 
effective control measures such as proper ventilation are 
needed to reduce the levels of these pollutants in indoor 
environments.

3.3. Health Risk Assessment
The relative contributions of the three exposure pathways 
(ingestion, dermal absorption, and inhalation) to the total 
CDI are elucidated in Fig. 3. The ingestion was the main 
exposure pathway, accounting for 73.27% and 63.81% of 
the total CDI in adults and children, respectively, followed 
by dermal absorption, accounting for 26.67% and 34.14% 
of the total CDI in adults and children, respectively. On the 
other hand, inhalation contributed very little to the overall 
results (0.05%) for both groups. The dermal absorption 
rate was higher in children than in adults because of their 
higher surface-area-to-body-weight ratio, but ingestion 
remains the primary route in both adults and children. 
These findings underscore the importance of controlling 
ingestion and dermal exposure to reduce the overall CDI.
The HI due to the exposure to the VOCs emitted from 
hair spray products was evaluated. The HI ranged from 
3.12 × 104 to 6.25 × 104 and 2227.86 to 44590.35 for 
children and adults, respectively, as shown in Table 3. The 
difference in the values of these health risk factors can be 
attributed to variations in the formulation of hair spray 
products. Higher HI values were obtained for children 
which could be as a result of higher ingestion rate, 
higher levels of exposure to environmental contaminants 
relative to their body size, and their growing organs and 
immune systems, making children more vulnerable to the 
damaging effects of toxins and resulting in a higher risk of 
unfavourable health consequences even at lower exposure 
levels (62). 
The data and method provided by the USEPA indicate 
that a HI greater than 1 (HI > 1) represents a high and 
unacceptable non-carcinogenic risk, while an HI of lower 
than 1 (HI < 1) indicates an acceptable non-carcinogenic 
risk. The hazard quotient values obtained in this study 
were all above 1, indicating a potential risk associated with 
exposure to VOCs. However, the HI values were lower 
than what was reported for the health risks associated 
with exposure to VOCs in beauty salons in other studies 
(48). This could be due to the synergistic effect of hair 
sprays and other VOC-rich products commonly used in 
salons. It can be deduced that people exposed to VOCs 
tend to be more prone to many health risks. For instance, 
hairdressers are at high risk of adverse health outcomes Fig. 2. 1-hour Mean TVOC Concentration in an Indoor Environment
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due to exposure to hair care products (shampoo, hair 
sprays, relaxers) (4).
To reduce the risks associated with exposure to VOCs, 
policymakers such as WHO, National Agency for Food 
and Drug Administration and Control, and National 
Environmental Standards and Regulations Enforcement 
Agency should enforce stricter regulations on ingredient 
disclosure and statutory limit for VOCs, ensuring that 
they follow safety standards. Manufacturers should be 
encouraged to formulate alternatives with low TVOC 
concentrations, and public health campaigns should be 
carried out to create awareness among consumers and 
salon workers about protective measures and proper 
ventilation. Additionally, improved ventilation guidelines 
should be provided for salons and further research should 
be carried out on long-term exposure effects are essential. 
However, due to the unavailability of reference dose data 
for human exposure to emitted VOCs through ingestion 
and dermal pathways, this study focused solely on 
inhalation risks, highlighting the need for comprehensive 
data collection to enable a more holistic health risk 
assessment in the future.

4. Conclusion 
The TVOC concentration in popular hair spray products 

used in Nigeria was assessed in this study. The TVOC 
concentrations ranged between 67 400 and 1 349 000 µg/
m³, exceeding the statutory limits set by regulatory bodies 
such as NESREA and USEPA. Ingestion had the highest 
contribution to CDI (73.27% for adults and 63.81% for 
children) when compared to inhalation and ingestion. The 
mean values of hazard index for all exposure pathways 
were above accepted levels for both children and adults. 
Findings from this study offer valuable insights about the 
risks associated with using hair spray products, particularly 
in frequent users and those with respiratory issues. 
Effective measures such as replacing hair spray products 
with water-based products with fewer VOCs and proper 
ventilation should be ensured to reduce the concentration 
of VOCs in indoor environments. Regulatory bodies can 
use these results to create an awareness of the exposure 
levels and effects of the pollutants on users.
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