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Sammanfattning 
Vi tenderar att spendera allt mer tid inomhus, vilket gör att vi konstant andas inomhusluft. I 
inomhusluft finns en mix av kemikalier från både luften utomhus som släpps in genom 
ventilationssystemen och från material och produkter vi använder inomhus. För att bibehålla 
god hälsa är det nödvändigt med en god kvalitet på inomhusluften, inte bara hemma utan 
också på jobbet. Vissa arbetsplatser löper större risk för dålig inomhusluft än andra, ett bra 
exempel är skönhetssalonger. Detta på grund av det stora antal produkter som används, varav 
alla har sin egen komplexa komposition av kemikalier.  
 
I denna studie mäts koncentrationerna av flyktiga organiska ämnen och aldehyder i 
inomhusluften på olika skönhetssalonger och ett gym. Tre olika skönhetssalonger deltog i 
studien; en hårsalong som använder sig av traditionella produkter, en hårsalong som använder 
ekologiska produkter och en nagelsalong. Gymmet används som en typ av referensanläggning 
där låga halter av flyktiga organiska ämnen och aldehyder väntas. Även utomhusluften mäts i 
centrala Örebro, och resultatet används för att kunna fastställa att de uppmätta ämnena har sitt 
ursprung i inomhusmiljön genom att beräkna indoor/outdoor ratio (I/O ratio).  
 
För att utvärdera riskerna de uppmätta koncentrationerna flyktiga organiska ämnen och 
aldehyder utgör, tillämpas ett nytt tillvägagångssätt där man använder kroniska gränsvärden 
för att beräkna hazard index (HI) och maximum cumulative ratio (MCR), samt svenska 
hygieniska gränsvärden. Alla ämnen i en mix har en så kallad hazard quotient (HQ) som 
beräknas genom att dividera den uppmätta koncentrationen av ämnet med dess gränsvärde. 
Alla ämnens HQ adderas och tillsammans utgör de HI. HI indikerar styrkan av mixens 
sammanvägda toxicitet och ett värde över 1 är oroväckande. MCR används för att identifiera 
om ett eller flera ämnen är ansvariga för den totala toxiciteten för mixen genom att dividera 
HI med den högsta uppmätta HQ i mixen. Resultaten visade låg risk för alla prover, förutom 
personburen provtagning i salong 3, där HI>1 och MCR>2, vilket betyder att oro finns för 
mixens kombinerade effekter och det orsakas av flera substanser.  
  



 
 

3 

Abstract 
People tend to spend more and more time indoors, constantly breathing indoor air. In indoor 
air there is a mixture of chemicals from both the outdoor air, which is let in through the 
ventilation systems, and from the materials and products that are used indoors. To maintain 
good health, good indoor air quality (IAQ) is essential, not only at home but also at work. 
Some workplaces are more prone to air contamination than others, beauty salons being a great 
example. This is simply because a large number of products are used, all with a complex 
composition of different substances.  
 
In this study, the concentrations of volatile organic compounds (VOCs) and aldehydes are 
measured in the air of different types of beauty salons and a gym. Three different types of 
beauty salons are included; one hair salon using traditional hair products, one hair salon using 
organic products and the third salon is a nail salon. The gym is included as a reference facility 
where low emissions of VOCs and aldehydes are expected. Also, a sample of the outdoor air 
in central Örebro is taken to be able to conclude that the indoor pollution is indeed from 
indoor sources, using indoor/outdoor ratio (I/O ratio). 
 
To evaluate the risk associated with the measured concentrations of VOCs and aldehydes a 
new approach using chronic limit values for calculation of hazard index (HI) and maximum 
cumulative ratio (MCR) is used as well as the Swedish occupational exposure limits. HI is 
calculated by adding all substances in the mixture’s hazard quotients (HQs), which is the 
measured concentration divided by the limit value. The HI is an indication of the strength of 
the toxicity of the mixture where a value above 1 is of concern, whereas MCR is used to 
identify if one or several substances are responsible for the total toxicity by dividing the HI by 
the maximum HQ in the mixture. The results showed a low risk for all sampling sites, except 
personal sampling in salon 3, where HI > 1 and MCR>2, which means concern for combined 
effect by several substances.  
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1. Introduction 
People tend to spend more and more time indoors, constantly breathing indoor air. They 
spend over 80% of their time indoors, doing things such as living, working and commuting. In 
addition, many people carry out their spare time interests indoors, doing everything from 
watching movies to baking and working out at the gym (Wang, Ang & Tade, 2007). Often 
indoor air is more polluted than the air outdoors (Guo, Lee, Chan & Li, 2004). Indoor air is a 
mixture of chemicals from both the outdoor air which is let in through the ventilation system, 
and from the materials and products that are used indoors. To maintain good health, good 
indoor air quality (IAQ) is essential, not only at home but also at work (de Brouwere et al., 
2014). Some workplaces are more prone to air contamination than others, and one particular 
type of business which is at high risk is the beauty salons. In a hair salon a large number of 
products are used continuously throughout the day, all with a complex composition of 
different substances (de Gennaro, G., de Gennaro, L., Mazzone, Porcelli & Tutino, 2014). 
Yet, there are no EU regulations for substances in indoor air, only guidelines set by the world 
health organization (WHO). This is simply due to an inadequate number of studies of the 
matter (Sarigiannis, Karakitsios, Gotti, Liakos & Katsoyiannis, 2011).  
 
In this study, the indoor air quality at two hair salons, one nail salon and a gym is studied, all 
situated in Örebro, Sweden. Also, outdoor air samples in the town center are taken for 
comparison, to be able to exclude that the pollution comes from outdoor sources. One of the 
hair salons are using traditional products for coloring and styling, whereas one is ecological, 
meaning that they specialize in using only organic products. The samples from the gym are 
taken at two different time points; when there are few people present, and when it is crowded. 
These samples are, just like the outdoor samples, used for comparison. The substances that are 
analyzed are volatile organic compounds (VOCs) and aldehydes, which are frequently found 
in beauty products and easily end up in the air. 

Objectives  
The overall aim of this work is to compile and evaluate reference values (RVs), limit values 
(LVs) and the combined risks of mixtures, for a set of VOCs and aldehydes found in indoor 
air. The concentrations of these substances are measured at beauty salons that are likely to be 
polluted, and the potential health risks will be assessed using a model adopted from de 
Brouwere et al. (2014), where the measured concentrations are compared to limit values to 
give an indication of the combined risks of substances, and if a single substance is responsible 
for most of the combined risks or if there are many substances that contribute. The measured 
concentrations are compared to chronic limit values collected from de Gennaro, 2014. The 
following objectives are addressed: 
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♦ Does concentrations of VOCs and aldehydes in indoor air differ from one type of 
beauty salon to another?  

♦ Can it be concluded that the pollution is from indoor sources rather than outdoor air let 
in through the ventilation system? 

♦ Will an ecological hair salon have lower concentrations of VOCs and aldehydes than a 
regular hair salon? 

♦ Is there a difference in concentration between the stationary and personal sampling at 
the different salons? 

♦ Are the concentrations lower at a gym than in beauty salons?  
♦ Does the air concentrations of VOC and aldehydes pose a risk to people working at the 

beauty salons or at the gym?  
 
This is a pilot study for continued research on the topic of air quality in hair salons. VOCs and 
aldehydes include several substances, commonly occurring in hair salons due to usage of 
products containing different solvents, perfumes and propellants. The result of this study is 
not a total risk assessment but an indicative evaluation of methods used for risk assessment. 

Background 

Indoor air 

Indoor air composition 
Unpolluted, dry air in the atmosphere consists of around 78 % nitrogen, 21 % oxygen and 1 % 
argon. Present are also carbon dioxide, neon, helium, methane, krypton, hydrogen, nitrous 
oxide and xenon. However, these are found in very small quantities (Brimblecomb, 1996). In 
indoor air, pollutants such as volatile organic compounds (VOCs) and carbonyls such as 
aldehydes are commonly found, also in very low quantities. VOCs are a class of organic 
substances with a boiling point of 50-260ºC. Common VOCs in indoor air are solvents such 
as benzene, toluene, xylenes and styrene (BTXS), and terpenes such as alpha-pinene and 
limonene, which are often used due to their strong fragrance. Acetaldehyde and formaldehyde 
are two of the most frequently occurring aldehydes in indoor air. The reason why all these 
substances are common in indoor air is partly because they are used in a great variety of 
materials and products indoors, but also because of their volatility (Sarigiannis et al., 2011).  

Health effects 
People suffering from poor IAQ can have diffusive symptoms such as headaches and irritated 
eyes. In many of these cases no substance in particularly high concentration can be found. 
Scientists have therefore come to believe that the symptoms occur due to the combined effects 
of two or more substances. Polluted indoor air can affect the respiratory system, both acutely 
in the form of irritation, and chronically. Some substances, VOCs among others, are believed 
to cause lung cancer. The nervous system can also be affected, and that is when symptoms 
such as headache, nausea, light-headedness, fatigue and depression are observed (Guo et al., 
2004).  
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Table 1. Examples of known sources and possible health effects of some VOCs and aldehydes found in air.  

Compound Source Health effects 
Isopropanol Hair dye, hair oil and colored 

lacquers(3) 
 

Methyl isobutyl 
ketone (MEK) 

Solvent in cosmetic products(3)  

1-methoxy-2-
propanol 

Ingredient in masks and hair 
creams(3) 

 

Terpenes Fragrance in cosmetic products(3) Potential allergens and 
irritants of the skin (4) 

Xylenes Solvent, cleaning agent, thinner for 
paint, in varnishes, shellac & 
removers(2) 

Labored breathing, eye 
irritation, mild neurological 
effects(2) 

Methyl 
methacrylate & 
ethyl methacrylate 

Glue used for overlay and extensions 
in nail salons(1) 

Allergies, irritation in skin 
and airways(1)  

(1) AFS 2014:43, 37 a-f §§, (2) Agency for Toxic Substances and Disease Registry (ATSDR) 
(2007), (3) de Gennaro et al. (2014), (4) Jansson, K. (2012) 

Evaluating health risks 

Chemical mixtures 
When assessing the health risks that are associated with chemical substances, the focus is 
mainly on the individual threat that each substance pose. The dose of which a chemical is 
toxic is thus determined based on the idea that different substances cannot interact in a way 
where the toxic effect of a substance is enhanced or inhibited in the presence of another. 
Evaluating the risk of every substance separately may lead to an underestimation of the risk, 
whilst considering all substances’ interactive risk can come closer to the true risk (Sarigiannis 
& Hansen, 2012).  
 
Assessing the health risks of chemical mixtures can be challenging and the methodologies of 
today are limited. One common approach is looking at the additive effects, either 
dose/concentration addition, or effect addition. To decide which type of addition to use you 
have to know each active substance’s mode and mechanism of action. However, it is a time 
consuming process which is often simplified by estimating the cumulative effect, using sort of 
a worst-case scenario, of course without being overly cautious (Sarigiannis & Hansen, 2012). 
 
Some substances interact in a way that is not additive, but synergistic. It means that simply 
adding their effects is not enough. The do not only work on the same mode of action, but they 
have the ability to increase the effect of another substance. If substance A and substance B are 
additive, the effect of these two in combination would be the sum of their added effects. If 
substance A and substance C are synergistic, their combined effect would be greater than their 
added effects. Only adding individual substances’ risks will give a lower total risk than 
considering the substances’ interactions with each other. There are also inhibitory substances, 
that work to inhibit, or decrease, the effect of another substance (Vägledning för tillämpning 
av föreskrifterna om kemiska arbetsmiljörisker, AFS 2014:43, samverkande effecter 8 §).  
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Hazard index 
The hazard index (HI) is one of many methods used for risk assessment and is defined as the 
sum of all hazard quotients (HQ) in a chemical mixture: 
 
HI= ∑HQ     (1) 
 
The hazard quotient involves measured concentrations (C) of several substances, which are 
compared to their specific limit value (LV):  
 
HQ=C/LV      (2) 
 
The limit value is sometimes also referred to as reference value or reference concentration. 
This method is based on either dose or effect addition, depending on how the limit values are 
determined. The more common type – effect addition – is used when the limit value for 
example indicate a concentration above which exposure may cause adverse health effects. The 
exposure time varies from acute exposure of a few minutes, to chronic exposure, depending 
on how the value is set. If dose addition were to be used, the limit values have to be derived 
under the same physiological conditions on the same target, e.g. the substances’ effects on the 
same enzyme under the same conditions.  
 
The hazard index is not a method to determine total health risk, but rather an indication of the 
substances’ combined risk. It is also a tool to evaluate which substances in a mixture that 
contribute the most to the risk. Two substances can have the same measured concentration but 
they have different limit values since their toxicity is not the same (Sarigiannis and Hansen, 
2012).  

Maximum cumulative ratio 
Application of the maximum cumulative ratio (MCR) is a way of assessing if a single 
substance is responsible for most of the cumulative exposure, the total exposure to several 
substances in a mixture, or if there are many substances that contribute. It is also a way of 
examining if a single substance assessment e.g. HI is enough or if further cumulative risk 
assessment is needed (de Brouwere et al., 2014). As described in de Brouwere et al. (2014), 
the MCR is calculated using the HI described above (equation 1) and the maximum HQ 
(maxHQ) (equation 2) found in the same mixture: 
 
MCR = HI/maxHQ    (3) 
 
According to de Brouwere et al., (2014) the mixtures are then divided into either one of the 
four groups presented in Table 2, based on HI and MCR, for guidance whether one or more 
substances are of concern. 
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Table 2. Mixture classification based on HI and MCR described by de Brouwere et al. (2014). 

Group I - Single substance 
concern maxHQ>1 

With a maxHQ>1 a single substance poses a risk 
for human health. There may be one or several 

substances in such a high concentration. A single 
substance assessment would have identified the 

risk. 

Group II - Low concern HI<1 Low concern for both single substances and their 
combined effects. 

Group IIIA - Concern for 
combined effect dominated 

by one substance 

MCR<2, 
HI>1, 

maxHQ<1 

Low concern for a single substance, concern for 
combined effects with a single substance 

contributing to much of the toxicity of the mixture. 
A single substance assessment would not have 

identified the risk, since maxHQ<1. 

Group IIIB - Concern for 
combined effect by several 

substances 

MCR>2, 
HI>1, 

maxHQ<1 

Low concern for a single substance, concern for 
combined effects with several substances 

contributing to the toxicity of the mixture. A single 
substance assessment would not have identified the 

risk, since maxHQ<1. 

 

Sampling methods 
As the purpose of the study is to assess the air quality at different businesses where the 
employees work 8 hour shifts, a sampling method fit to make a reasonable estimate of the air 
quality during that period is needed. This means that the technique used should only include 
sampling during operating hours. 
 
There are many different sampling techniques that can be used for this purpose. For example, 
passive sampling where the analytes are adsorbed by diffusion, active, where air is pumped 
through the sampler. There are advantages and disadvantages with both types. A third type, 
grab-sampling, also called whole sampling, can also been used. This is a simple technique 
where syringes, bags or other gas-tight containers are used to take a total air sample. It does 
not involve any type of adsorption which simplifies the injection of the sample later in the 
analysis, but the sample often needs to be pre-concentrated due to inadequate sensitivity. The 
levels of analyte that are expected to be found in this work are much too low for this 
technique. 
 
In active sampling the air is pumped into a cartridge where the analytes are adsorbed onto a 
sorbent. To determine the air volume that is to be pumped through the adsorbent, the 
concentrations of the analytes in the air has to be estimated. Adsorption of the analytes 
eliminates the need for a pre concentration step, but thermal or solvent desorption is needed 
before injection. Also, if the air volume needed is miscalculated it can lead to either that the 
adsorbent is saturated before finishing sampling, which makes it impossible to calculate the 
true concentration, or the analytes collected are in such low concentration that they cannot be 
quantified. Using a pump allows the sampling time to be relatively short, minutes to hours, 
compared to passive sampling where it can take days to months. Active sampling is 
advantageous in the sense that you can choose what type of activities to sample. Such 
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sampling is quick, but certain preparations are necessary, e.g. setting up pumps and making 
sure the flow rate is correct. By only measuring for a short period of the day some activities 
causing more/less pollution may or may not be sampled, and calculating a total for the entire 
day from collected data may be misleading.  
 
Passive sampling depends on diffusion of analytes onto a sorbent, which makes sampling time 
longer. It is more commonly used for outdoor sampling, although it can be used indoors as 
well. Just like active sampling, extraction of the analytes has to be performed before analysis. 
Passive sampling cannot be rushed in the same sense as active, and sampling may have to be 
performed during an entire work day, sometimes longer. This gives a more certain total 
exposure since the same activities are not performed throughout the day, but it is more time 
consuming and less specific in the sense of not being able to connect the concentrations of 
certain substances to certain activities.   
 
When the type of sampler is chosen the question comes to where to perform the sampling. 
During stationary sampling, the sampler is placed standing or hanging, immobile, somewhere 
in the room in the same height as the breathing apparatus. On the other hand, during personal 
sampling, the sampler is placed in the height of the breathing apparatus on a worker. The 
placement of the samplers is critical for comparison of the two methods used. The stationary 
sampler is supposed to be in a common area of the business, preferably near the middle of the 
room or near the reception area. It may be preferred when the aim is to show the overall 
pollution, whereas personal sampling is more specific and gives a more exact inhalation 
exposure. The carried sampler is more representative for what the workers are exposed to 
(Barro, Garcia-Jares & Llompart, 2012).  
 
In this study, active sampling is performed in favor of passive sampling at all sampling sites 
due to its efficiency. At each site, one stationary sampler is used, and at the three salons, an 
additional personal sampler is used. The reason for using both stationary and personal 
sampling at the salons being to compare the two methods, to determine which is better for 
future studies of indoor air in similar environments. 
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2. Materials and method 

Chemicals and materials 
The following chemicals, materials and instruments were used for analyzing VOCs: 
Decane and 2-ethylhexanol from Alta Aesar (Karlsruhe, GE), toluene and 3-methylpyridine 
from Ecoscientific (Gloucestershire, UK), 1,3,5-trimethylbenzenefrom Acros Organics (New 
Jersey, USA) 
Gas mixing equipment 
Flow meter  
SG5100 pumps from GSA Messgerätebau GmbH (Vellbrüggen, GE) 
ATD tube: Tenax® adsorbent (TA) in ATD tube. C1-AAXX-5003 from Markes International 
Ltd (Llantrisant, UK) 
ATD: Turbo Matrix 650 from PerkinElmer (Waltham, MA, USA) 
Agilent 7890B gas chromatograph from Agilent Technology (Santa Clara, CA, USA) 
Agilent 5977A mass spectrometer from Agilent Technology (Santa Clara, CA, USA) 
Column: DB-5MS UI, 60 m x 250 μm with 1,0 μm film from Agilent Technology (Santa 
Clara, CA, USA) 
 
The following chemicals, materials and instruments were used for analyzing aldehydes: 
Mobile phase: 

o MilliQ Water from Merck Millipor (Billerica, MA, USA) 
o Isopropanol, Acros Organics, (New Jersey, USA) 
o Acetonitrile, aldehyde free HPLC-grade S from Lab-scan (Sowinskiego, PL) 

Phosphoric acid 85% p.a. from Sharlau, Sharlab (Sentimenat, ES) 
Methanol HPLC-grade from OPTIMA, Fisher Scientific (Leics, UK) 
MEK (methyl ethyl ketone) 10 µg/mL from Merck (Darmstadt, GE) 
MIBK (methyl isobutyl ketone) from Acros Organics (New Jersey, USA) + reagent in 
acetonitrile  
Control sample of formaldehyde-DNPH solution from Technolab sorbent (Kungsbacka, SE) 
Control sample of carbonyl-DNPH mix 2 from Supleco (Bellafonte, PA, USA) 
Aldehyde-2,4-DNPH-hydrazone  
Stock containing the following substances in 100 mL HPLC-grade S acetonitrile (DNPH from 
Sigma-Aldrich (Steinheim, GE) formaldehyde from Sharlau, Sharlab (Sentimenat, ES) 
(Solution made in 1990s and information about all the aldehydes was lost). 
Total aldehyde concentration is 20 µg aldehyde/mL: 
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o 14,0 mg formaldehyde-2,4-DNPH-hydrazone 
o 10,2 mg acetaldehyde-2,4-DNPH-hydrazone 
o 8,2 mg acetone-2,4-DNPH-hydrazone 
o 8,4 mg acrolein-2,4-DNPH-hydrazone 
o 8,2 mg propanal-2,4-DNPH-hydrazone 
o 7,1 mg butenal(crotonaldehyde)-2,4-DNPH-hydrazone 
o 7,0 mg butanal-2,4-DNPH-hydrazone 
o 5,4 mg benzaldehyde-2,4-DNPH-hydrazone 
o 6,2 mg pentanal(valeraldehyde)-2,4-DNPH-hydrazone 
o 5,6 mg hexanal-2,4-DNPH-hydrazone 
o 5,2 mg heptanal-2,4-DNPH-hydrazone 
o 4,8 mg octanal(caprylaldehyde)-2,4-DNPH-hydrazone 
o 4,5 mg nonanal(pelargonaldehyd)-2,4-DNPH-hydrazone 
o 4,3 mg dekanal(caprinaldehyd)-2,4-DNPH-hydrazone 

Dispensors 
Measuring flasks 
Calibrated pipettes (10-100 µl and 100-1000 µl) 
Pasteurpipettes 
Vials (2 and 4 mL with caps) 
Rotary mixer 
Disposable syringes, 2 mL 
Filters, nylon, 0,22µm from Chromacol, Thermo Scientific (Rockwood, USA) 
Sep-pak XpoSure Plus Short Cartridge, 350 mg sorbent per cartridge, 500-1000µm particle 
size from Waters (Milford, MA, USA) 
Agilent HPLC-1100 system from Hewlett Packard (Hannover, GE) 
Precolumn: HyPurity C-18, 10 x 2,1 mm; 3 μm from Thermo Scientific (Leics, UK) 
Column: HyPurity C-18, 100 x 2,1 mm; 3μm from Thermo Scientific (Leics, UK) 
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Samples, sampling and sample handling 

Samples were collected from five different locations; one outdoor reference site, one regular 
hair salon, one ecological hair salon, one nail salon and one gym (at two different hours - high 
and low number of visitors). The salons are all situated in central Örebro, whereas the gym is 
located 2,5 km away from town center. 
 
Table 3. List of collected samples. 

Site Business 
type Description of sampling site Number of 

customers Sample 

Salon 1 Hair salon, 
traditional 

Large rectangular room, 
around 80 m2. Fits several 

customers 
4 

Stationary 

Personal 

Salon 2 Hair salon, 
ecological 

Very small square room, 
around 15 m2. Fits one 

customer  
1 

Stationary 

Personal 

Salon 3 Nail salon 
Small rectangular room, 

around 45 m2. Fits several 
customers 

7 
Stationary 

Personal 

Gym low Gym 
Very large rectangular room, 
around 100 m2. Fits several 

customers 
1 Stationary 

Gym high Gym 
Very large rectangular room, 
around 100 m2. Fits several 

customers  
8-14 Stationary 

Outdoors Reference 
site 

Far away from large roads, at 
least 30 meters from smaller 

roads.  
- Stationary 

 
The pumps used were of the type GSA SG 5100. The flow rate 
was pre-set to 0.1 L/min for VOCs and 1.0 L/min for aldehydes 
using discarded samplers and a flowmeter. 
 
Two different types of samplers were used to separately collect 
VOCs and aldehydes. The Tenax samplers (Figure 2) for VOCs 
were conditioned prior to sampling to assure that no VOCs from 
previous samplings remained on the samplers.  
 
Two sampling methods were used at the three beauty salons, 
stationary sampling and personal sampling, both active using 
pumps. At the gym and outdoors, only stationary sampling was 
used. For the VOC-sampling, double tubes were used in a twin 
needle valve to ensure a result, since the extraction is exhaustive. 
The air was pumped through the samplers using at a pre-set flow 
rate of 0.1 L/min for VOCs and 1.0 L/min for aldehydes. Before 
starting, the flow rate was checked at the site of sampling. It was 

Figure 1. Aldehyde sampler:  
Sep-pak XpoSure Plus Short 
Cartridge, 350 mg sorbent per 
cartridge, 500-1000µm particle size. 
 

Figure 2. VOC-sampler: Tenax® 
adsorbent (TA) in ATD tube. C1-
AAXX-5003 



 
 

14 

also checked after the sampling period of one hour to see that it had not changed during 
sampling. The VOC-samplers were sealed with Swagelok caps and placed in their marked 
bags. Each bag also contained one field blank used to assure no contamination had occurred 
during any steps of the process, from conditioning to analysis. The blanks were kept in the 
bag during sampling, transport and storage. The bags were sealed with clamps at the site of 
sampling before transport. Information of the products that had been used during sampling 
was gathered. 
 
All bags were sealed at the site of sampling except the VOC-samples from salon 1 where 
clamps had not been brought. Instead, those bags were folded before transport in a tight 
pocket in a sealed backpack. They were sealed with clamps as soon as they arrived at the lab. 
All aldehyde samples were stored in the refrigerator at 5˚C, and the VOC-samples at room 
temperature (≈22˚C). The VOC-samples from salon 1 were mistakenly stored in the 
refrigerator the first 36 hours after sampling, which might cause moisture to enter the sampler 
and interfere with the analysis. However, no interference could be noted in this case. 
 
The carried sampling at salon 1 was paused for 20 minutes between applying the dye and 
rinsing, since the hairdresser was not working during that time. This does not affect the 
concentration of analyte observed since the total air volume pumped through the samplers was 
still the same since the total sampling time did not change. If the sampling time would have 
been altered, it would be necessary to compensate for that in the calculations. 

Extraction and analysis 

Standards 
Standard samples of VOCs were prepared by pumping a multi-standard (toluene, 2-
ethylhexanone, decane and trimethylbenzene) through conditioned samplers at a flow rate of 
approximately 50 mL/min for 2 min. To these standards, and all samples, an internal standard 
of 3-metyl pyridine was added at the same flow rate for 3 min. 
 
Concentrations of the aldehydes in the samples were estimated by using external standards 
and a calibration curve. To prepare the external standards a stock solution was used with the 
original concentration of 20 µg aldehyde/mL. For aldehydes no internal standard was added to 
the samplers prior to extraction.  

Automated thermal desorption-gas chromatography/mass spectrometry 
The VOCs adsorbed in the sampler were desorbed into the gas phase by heating the sorbent 
(Tenax TA®) to 275°C using automated thermal desorption (ATD) under a constant flow of 
desorption gas (helium). The analytes were then led through a heated transfer line to a “cold 
trap” where they were concentrated before injected into the gas chromatograph (GC). In the 
GC the analytes were carried through a column by a carrier gas, in this case the same gas as 
the desorption gas. The analytes interact with the stationary phase on the inner lining of the 
column and were separated according to polarity and size. The final step in the analysis was 
detection. In this case a mass spectrometer (MS) set on scan mode was used, where the 
analytes were ionized and detected by their mass to charge ratio. 
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High performance liquid chromatography/UV-Vis 
The aldehyde samplers contained 2,4-Dinitrophenylhydrazine (DNPH) impregnated silica 
which reacted with the aldehydes in the air and produced water and hydrazone, as can be seen 
in Figure 3 below. 

 
Figure 3. The reaction between DNPH and aldehydes to produce hydrazone and water. 

Before analysis the analytes were extracted as hydrazones from the silica in the samplers 
using acetonitrile. The DNPH that did not react with analytes were also detected during 
analysis. At least 50% of the reagent should be left to ensure that no analyte was let through 
the sampler without interacting. The hydrazones were injected into the High performance 
liquid chromatograph (HPLC) equipped with a reverse phase Thermo HyPurity C-18 column 
that is 100 x 2,1 mm with a particle size of 3μm. The column was non-polar and the mobile 
phase used was polar. It was composed of water, acetonitrile and isopropanol in a gradient. 
The analytes were separated according to polarity. The analytes were detected using a 
UV/Vis-detector set to 360 nm, which is the absorption maximum of hydrazones. 

Calculations 
The concentration of the different VOCs was calculated in toluene equivalents using the 
formula in equation 4; 
 

�𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(µg) × � 𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
�� �𝐴𝐴𝐴𝐴𝐴𝐴 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(𝑣𝑣3)  × �𝑥𝑥 𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡𝑠𝑠𝑖𝑖𝑠𝑠 𝑖𝑖𝑖𝑖 𝐼𝐼𝑆𝑆𝑆𝑆

𝑥𝑥 𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖 𝐼𝐼𝑆𝑆𝑆𝑆
���      (4) 

 
where Masstoluene is the mass of toluene in µg, Areasample is the area of the analyte in the 
sample, AreaIS in sample is the area of the internal standard in the sample, Air volume is the total 
air volume pumped through the sampler, Areatoluene in STD is the area of toluene in the standard 
samples and AreaIS in STD is the area of the internal standard in the standard samples. 
The concentration of 2-ethyl hexanol was calculated based on the signal of the m/z 70 in the 
GC-peak of that substance in the standard solution, using the formula in equation 5 
 

�𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀2−𝑡𝑡𝑡𝑡ℎ𝑦𝑦𝑡𝑡ℎ𝑡𝑡𝑥𝑥𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡(µg) × �𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴 𝑚𝑚/𝑧𝑧 70𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
�� �𝐴𝐴𝐴𝐴𝐴𝐴 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣(𝑣𝑣3)  × �𝑥𝑥 𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴 𝑚𝑚/𝑧𝑧 70𝑡𝑡𝑡𝑡𝑠𝑠𝑡𝑡𝑠𝑠𝑖𝑖𝑠𝑠 𝑖𝑖𝑖𝑖 𝐼𝐼𝑆𝑆𝑆𝑆

𝑥𝑥 𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴𝐼𝐼𝐼𝐼 𝑖𝑖𝑖𝑖 𝐼𝐼𝑆𝑆𝑆𝑆
���     (5)  

 
where Mass2-ethylhexanol is the mass of 2-ethylhexanol in µg, Area m/z 70sample is the area of 
peak m/z 70 in the sample and Area m/z 70toluene in STD is the area of peak m/z 70 in the 
standard samples. 
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Equations for calculation of HQ, HI and MRC can be seen in equation 1-3 at page 7. 

Quality Assurance/Quality Control 
Internal standard was used for the VOC analysis. Field blank for VOCs and instrument blank 
for aldehydes were run with each batch of samples. Double tubes for VOC sampling were 
used at each sampling site to guarantee a result, since the extraction is exhaustive.  
 
The analytical method used is developed and validated by AMM at Örebro university 
hospital. The relative standard deviation (RSD) for VOC analysis is 10 %. The laboratory 
where this study was conducted is taking part in proficiency tests for both methods to ensure 
reliable results. Using reference samples is complicated when sampling air, thus, no reference 
samples were used to control reliability of the method during this work. No replicates were 
run due to limited time by the analytical instruments. Control samples were run to ensure that 
the results were within the evaluated range. 
 
In both the VOC and aldehyde samples, the blanks were corrected for. The VOC blanks 
contained siloxane contamination from the analytical instrument, which is common according 
to one of the staff working in the lab. An average concentration of siloxanes in the blanks was 
subtracted from the TVOC. The aldehyde blank contained acetone and benzaldehyde. 
However, benzaldehyde was only found in the outdoor sample, but in a lower concentration 
than in the blank.  
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3. Results  

Results from analysis 
The total concentration of aldehydes and VOCs (TVOC) respectively from the different 
sampling sites are shown in Figure 4.  
 

 
Figure 4. Total concentration of VOCs and aldehydes for each sampling site. The total aldehyde concentration in salon 3 
stationary sampling is a “greater than” value due to saturation of the aldehyde sampler.  
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The measured concentrations of individual VOCs and aldehydes, and their corresponding 
limit values, for all sampling sites can be seen in Table 4-12. Reporting level for VOCs is 3 
µg/m3, the level used by the laboratory, set by previous validation studies. Some substances 
with concentrations close to 3 µg/m3 were included as well, these are written as <3. 
 
Table 4. Measured concentrations of VOCs and aldehydes in indoor air using stationary sampling at salon 1, together with 
the limit values of the detected substances in indoor air.  

Salon 1 stationary 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

 

VOCs 

Isopropanol 6 7000 7000 350000 
Pentane 12  1000 1800000 

2-butanone (MEK) 11 5000 5000  
Propylene glycol 10    

Methylisobutylketone 
(MIBK) 8   100000 

Toluene 35 5000 260 192000 
2-butoxyethanol <3  1600 50000 

N-butyl-1-butamine 13    
2,2,4,6,6-

pentamethylheptane 7    

Diethyl carbitol 
(Diethylene glycol 

diethyl ether) 
56 

   

2-phenoxyethanol 10    
Tetradecane 8    
1-dodecanol 5    

Isopropyl myristate 4    
Terpenes 200  450 150000 

Siloxanes, silicones and 
silanes 510    

Xylenes 7 100 100 221000 

Aldehydes 

Formaldehyde 13  100 370 
Acetaldehyde 20  140 25000 

Acetone 90   600000 
Crotonaldehyde 4,0    

Butanal 37    
Pentanal 2,1    
Hexanal 3,5  650  
Octanal 3,6    
Nonanal 4,4    
Decanal 3,2    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
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Table 5. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at salon 1, together with the 
limit values of the detected substances in indoor air. 

Salon 1 personal 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

VOCs 

Isopropanol 6 7000 7000 350000 
Pentane 8  1000 1800000 

2-butanone (MEK) 9 5000 5000  
Propylene glycol 28    

Methylisobutylketone 
(MIBK) 8   100000 

Toluene 38 5000 260 192000 
N-butyl-1-butamine 5    

2,2,4,6,6-
pentamethylheptane <3    

2-ethyl hexanol 8    
Diethyl carbitol 

(Diethylene glycol 
diethyl ether) 

54 
  80000 

2-phenoxyethanol 15    
4-(1,1-dimethylethyl)-

cyclohexanol 22    

Diethyl ether 5   900000 
1-dodecanol 9    

1,1-oxybisoctane 6    
Isopropyl myristate 6    

Terpenes 240  450 150000 
Siloxanes, silicones and 

silanes 320    

Xylenes 7 100 100 221000 

Aldehydes 

Formaldehyde 15  100 370 
Crotonaldehyde 4,1    

Butanal 31    
Pentanal 4,3    
Hexanal 4,7  650  
Nonanal 5,3    
Decanal 9,0    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
  



 
 

20 

 
Table 6. Measured concentrations of VOCs and aldehydes in indoor air using stationary sampling at salon 2, together with 
the limit values of the detected substances in indoor air. 

Salon 2 stationary 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

VOCs 

Isopropanol 4 7000 7000 350000 
1-butanol 4  920  

Propylene glycol 8    
Toluene 3 5000 260 192000 

Diethyl phtalate 12    
Terpenes 35  450 150000 

Siloxanes, silicones 
and silanes 

9    

Aldehydes 

Formaldehyde 7,7  100 370 
Acetaldehyde 9,5  140 25000 

Acetone 61   600000 
Nonanal 2,8    
Decanal 1,3    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
 
Table 7. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at salon 2, together with the 
limit values of the detected substances in indoor air. 

Salon 2 personal 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

 

1-butanol <3  920  
Propylene glycol 6    

Siloxanes, silicones and 
silanes 10    

2-phenoxyethanol 4    
Undetermined alcohol 6    

Diethyl phtalate 8   3000 
Terpenes  35  450 150000 

Aldehydes 

Formaldehyde 8,2  100 370 
Acetaldehyde 8,9  140 25000 

Acetone 35   600000 
Nonanal 2,5    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al.  (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
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Table 8. Measured concentrations of VOCs and aldehydes in indoor air using stationary sampling at salon 3, together with 
the limit values of the detected substances in indoor air. The acetone collected by the VOC sampler was not included in the 
TVOC, since the method is not adapted for that substance. 

Salon 3 stationary 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

VOCs 

Acetone 21   600000 
1-methoxy-2-propanol 13 2000 2000 190000 
Methyl methacrylate 310  700 200000 

Toluene 51 5000 260 192000 
Butyl acetate 72   500000 

Siloxanes 33    
Terpenes  14  450 150000 
Xylenes 5 100 100 221000 

Aldehydes 

Formaldehyde 8   370 
Acetaldehyde 3,6   45000 

Acetone 1600   600000 
Nonanal 1,4    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
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Table 9. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at salon 3, together with the 
limit values of the detected substances in indoor air. No exact concentration of aldehydes can be stated since the aldehyde 
sampler was saturated. The concentrations detected are therefore presented as a “greater than” (>) value.  

Salon 3 personal 

Compound 
group Compound(s) Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

VOCs 

Acetone 17   600000 
Isopropyl acetate 4    

1-methoxy-2-propanol 18 2000 2000 190000 
Methyl methacrylate 490  700 200000 

Toluene 170 5000 5000 192000 
Ethyl ester methacrylic 

acid 
5   250000 

N,N,4-trimethylaniline 7    
Butyl acetate 170   500000 
Tetradecane 4   350000 
Siloxanes 240    
Terpenes 23  450 150000 
Xylenes 17 100 100 221000 

Aldehydes 

Formaldehyde >20   370 
Acetaldehyde >5,3   45000 

Acetone >3300   600000 
Nonanal >2,6    
Decanal >1,7    

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
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Table 10. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at a gym during off-peak 
hours with a low number of customers present, together with the limit values of the detected substances in indoor air. (1) de 
Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & Ramirez et al. (2012), (3) AFS 2015:7. 

 

Table 11. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at a gym during peak 
hours with a high number of customers present, together with the limit values of the detected substances in indoor air. 

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7  

Gym low 

Compound 
group 

Compound(s) 
Concentration 

(µg/m3) 

Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

 
VOCs Siloxane 13    

Aldehydes 
Formaldehyde 2,1  100 370 

Acetone 7,2   600000 

Gym high 
Compound 

group 
Compound(s) Concentration 

(µg/m3) 
Chronic 
Limit 
values 

(µg/m3) 
(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h 
Limit 
values 

(µg/m3) 
(3) 

 
VOCs Ethyl acetate 4    

Terpenes <3  450 150000 
Siloxane 7    

Aldehydes Formaldehyde 2,6  100 370 
Acetone 23   600000 
Nonanal 1,3    
Decanal  2,1    
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Table 12. Measured concentrations of VOCs and aldehydes in indoor air using personal sampling at a gym during off-peak 
hours with a low number of customers, together with the limit values of the detected substances in indoor air. 

Outdoors in Örebro town center 
Compound 

group 
Compound(s) Concentration 

(µg/m3) 
Chronic 

Limit values 
(µg/m3) 

(1) 

Chronic 
Limit 
values 

(µg/m3) 
(2) 

8 h Limit 
values 

(µg/m3) 
(3) 

VOCs Toluene 5 5000 260 192000 
Aldehydes Formaldehyde 1,6  100 370 

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
 
Table 13. Calculated HI and MCR for all salon samples, using limit values from several sources. The values that are in bold 
signifies a HI close to or over 1, indicating concern for the mixture. Depending on the MCR those samples are placed in 
either group IIIA or IIIB. 

Salon HI 1 
(1) 

HI 2 
(2) 

HI 3 
(3) 

MCR 1 
(1) 

MCR 2 
(2) 

MCR 3 
(3) 

Salon 1 
stationary 

0,080 
 

0,93 
 

0,038 
 

1,1 
 

2,1 
 

1,1 
 

Salon 1 
personal 

0,010 
 

0,92 
 

0,044 
 

1,3 
 

1,7 
 

1,1 
 

Salon 2 
stationary 

0,0006 
 

0,24 
 

0,025 
 

1,0 
 

3,1 
 

1,2 
 

Salon 2 
personal 

0 
 

0,30 
 

0,026 
 

0 3,7 
 

1,2 
 

Salon 3 
stationary 

0,067 
 

0,83 
 

0,027 
 

1,3 
 

4,2 
 

1,2 
 

Salon 3 
personal 

0,043 
 

1,8 
 

0,063 
 

1,3 
 

2,6 
 

1,2 
 

(1) de Gennaro et al. (2014), (2) de Gennaro et al. (2014), de Brouwere et al. (2014) & 
Ramirez et al. (2012), (3) AFS 2015:7 
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4. Discussion  

VOCs and aldehydes in indoor air 
A total of 39 substances were analyzed for at the different sites, 29 VOCs and 10 aldehydes. 
The gym accounted for the lowest number of substances, only six, with siloxane and acetone 
being the ones with the highest concentrations. In salon 1, 29 substances were found, in salon 
2 there were 13 substances and in salon 3, 15 substances. Salon 1 had a higher TVOC than 
total aldehyde concentration, whereas in salon 3 it was the other way around. This can easily 
be explained by the high concentration of acetone in salon 3 which is discussed later. Salon 2 
showed different results depending on the sampler. TVOC was similar to the total 
concentration of aldehydes for stationary sampling, while personal sampling had a much 
higher TVOC than total aldehyde, see Figure 4. These differences are mostly explained by the 
terpene and acetone concentrations varying a great deal between the two methods. Those two 
analytes seem to originate from different sources in the room, resulting in different 
concentrations.   
 
The three salons that took part in the study all specialize in different types of work which 
affects what compounds that are present in the indoor air. The nail salon uses solvents, glues 
and polishes, the hair salons does not. The two hair salons use the same type of products: 
shampoo, colorants, and styling products, but the ingredients are vastly different in the 
products of a traditional hair salon compared to an ecological hair salon. 
 
Traditional hair salons use products with a lot of different substances in them, but none with 
especially high concentrations. Ecological hair products are usually simpler products with 
fewer ingredients, but still in low concentrations. Nail salons however use very simple 
products with only one or a few ingredients. As a solvent, 100% acetone is used, and 
extensions are created with either gel or acrylates. The concentrations of these that end up in 
the air is therefore very high compared to the substances that are found in the highest amounts 
in hair salons. 
 
All three salons had regular ventilation systems, but salon 3 also had carbon filters at each 
work station. This may effect differences seen between the two sampling methods and in the 
results as a whole.  
 

Salon 1 
There was a clear difference in air composition between all sites. Salon 1 (traditional hair 
salon) had relatively low concentrations of each substance (Table 4-5), but they also had the 
largest number of substances present in the air, leading to a high TVOC and total aldehyde 
relative to some of the other samples that showed higher concentrations of individual 
substances. The TVOC for stationary sampling was 680 µg/m3 and for personal sampling it 
was 830 µg/m3. In salon 1, the reason for the relatively high TVOC does not lie in a specific 
product, but in the great number of products that are used. The salon was also quite large with 
several customers present which might contribute to the large variation in substances, since 
different treatments were done on different customers.  
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Salon 2   
Salon 2 (ecological hair salon) had low concentrations and a low number of substances. The 
TVOC was only 72 µg/m3 and 124 µg/m3, and the total aldehyde was 82 µg/m3 and 54 µg/m3 
for stationary and personal sampling, respectively. Still, the concentrations and number of 
substances were not the only differences between salon 1 and 2. The composition of 
substances was hugely different. This was not expected, since salon 2 was very small, a single 
room with one customer at a time. This means no contribution of substances to the air from 
other work stations, so differences in air composition between the two sampling methods is 
not as easily explained. The fact that the salon can only hold one customer at a time might 
however explain the low amount of aldehydes and VOCs present.  

Salon 3 
Salon 3 (nail salon) had an even greater difference in air composition. The number of 
substances was in between that of salon 1 and 2, but a few specific substances were found in 
very high concentrations. However, the exact concentrations of aldehydes for stationary 
sampling in salon 3 cannot be stated. The analysis showed that less than 50% of the DNPH 
originally found in the stationary aldehyde was left after sampling. It indicates that the 
sampler was saturated during sampling, but the time at which it occurred is unknown. This is 
a great source of error and it means that the concentrations can only be given as a “greater 
than” value. The aldehyde concentrations in Table 9 are consequently underestimates of the 
true values. This is also true for the total aldehyde concentration in Figure 4. The personal 
sampler was not saturated, even though the DNPH left in the sampler after sampling was 
almost down to 50%. 
 
The high level of acetone (3300 µg/m3) is very likely what caused the personal aldehyde 
sampler in salon 3 to become saturated. Yet, this sample was included in the study despite 
being saturated, since the importance lay not in the concentrations themselves, but in 
evaluating the air composition as a whole. It is likely that these concentrations are higher in 
reality and that some substances present in the air were not monitored, but with the time frame 
of the project being what it was no new samples could be taken.  

Gym & outdoor reference samples 
Both the gym and the outdoor samples worked as reference samples, the outdoor samples to 
calculate the indoor/outdoor ratio (I/O ratio) which is discussed below, and the gym samples 
for comparison with an indoor environment with low levels of aldehydes and VOCs. The 
TVOC and total aldehyde concentration measured outdoors was the lowest of all sampling 
sites, which can be seen in Table 4. The gym had slightly higher concentrations for both 
sampling methods, but the levels were very low despite the number of visitors.  

Indoor/Outdoor ratio 
As a method of verifying that the substances detected in the indoor air are indeed from indoor 
sources, I/O ratio was used. One sample taken in central Örebro was assumed to be 
representative for the outdoor air outside all sampling sites, the reason being simply practical, 
as the number of samples had to be limited. The study showed that very little of the 
contaminants found indoors originated from the outdoor air. This means that the main source 
of contamination is materials and products used in the salon/gym. Only two substances in 
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outdoor air were found in concentrations high enough to be quantified using the above 
described methods – toluene and formaldehyde. These two substances were used to calculate 
the indoor-outdoor ratio (I/O). An I/O ratio close to or below 1 indicates that the source is 
most likely outdoors and the substance has found its way indoors through the ventilation 
system. None of the sampling sites had an I/O ratio ≤ 1 for either of the two substances so it 
can be concluded that none of the compounds in the indoor air had an outdoor source. It is 
possible that indoor sources of VOCs and aldehydes contributes to the pollution in outdoor air 
through the ventilation systems. Still, outdoor samples were not taken at each beauty salon 
which makes it hard to determine if that was the case in this study. 

Stationary sampling versus personal sampling 

Comparability of the methods 
When comparing stationary sampling and personal sampling, some differences could be noted 
for each sampling site, but not many. Salon 1 had very much the same substances detected for 
both sampling methods, and in very similar concentrations. The substances that differed were 
generally higher in concentration for personal sampling for all salons. In the case of salon 1 
the differences are so small that stationary and personal sampling are comparable. The 
stationary sampler for salon 1 was placed in the middle of the room, which was rectangular, 
near the reception area. The personal sampler was carried by a person from the staff who had 
their work station in the far end of the room. The substances that were not picked up by the 
personal sampler but by the stationary in the middle of the room probably came from another 
member of the staff who was using other product on another client. The size and shape of a 
room seem to affect the air composition in different areas.  
 
Salon 2 had slightly more variation in the substances when comparing stationary and personal 
sampling, mostly in the VOCs. In this salon, the two samplers were closer together, since the 
room was small and the working station was close to the center. This opposes the conclusion 
drawn above where a large room might cause differences in the air depending on where the 
samples are collected. However, the differences between the personal and the stationary 
samplers might be explained by the generally low concentrations found at salon 2. The low 
concentrations could result in that a substance emitted from a product used by the staff that 
could be adsorbed by the personal sampler in such a high concentration that it could be 
quantified, could not reach the stationary sampler in a high enough concentration. Some of the 
substances picked up by the stationary sampler might come from another source in the room. 
The acetone levels measured by the stationary sampler, 61 µg/m3, were higher than in the 
personal sampler, showing 35 µg/m3. This might indicate that the source of acetone is not a 
product used on the client, but something else present in the room. 
 
When it comes to salon 3, the differences in composition of substances between personal 
sampling and stationary sampling were larger than for salon 1. Salon 3 also had some 
differences in concentrations when the results from the two sampling methods are compared, 
especially for acetone, where personal sampling showed >3300 µg/m3 and stationary 
sampling showed 1600 µg/m3. The reason for the differences in composition is very likely the 
same as for salon 1, where the stationary sampler may pick up substances used by a person in 
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the staff working in another part of the salon who is not wearing the personal sampler. The 
carbon filters used for ventilation at the work stations may have contributed to the differences 
seen between the two sampling methods.  

Preferred method for hair salons 
Stationary sampling is practical and gives a good overlook of the air quality in hair salons. 
Nevertheless, there are differences between the two sampling methods, both in concentrations 
and in the composition of substances. Stationary sampling is easier to perform and demands 
less effort from the businesses taking part in the study, but it might compromise with the 
quality of the study. In the majority of the sampling sites the concentrations were higher using 
personal sampling, and since the personal samplers are placed in the same level as the 
respiratory system the results are very useful when performing a health risk assessment.  
From the results of this study it seems like personal sampling is preferable, especially where 
the products used have high concentrations of a certain substance.  

Health risk assessment 

Hazard index 
In order to estimate the health risks associated with the measured levels of VOCs and 
aldehydes the hazard index and the maximum cumulative ratio was calculated based on 
different limit values. As can be seen in Table 4-12, the limit values vary depending on source 
and type. There are two types of limit values that have been used during this study: chronic 
limit values and 8 hour limit values. The chronic limit values have been collected from three 
articles investigating indoor air and the risks of combined exposure: de Gennaro et al. (2014), 
de Brouwere et al. (2014) & Ramirez et al. (2012). The 8 hour limit values were collected 
from AFS 2015:7. 
 
In this study the main focus is on chronic limit values described in de Gennaro et al. (2014), 
since chronic limit values are usually set lower than 8 hour limit values. It appears 8 hour 
limit values are not sensitive enough to assess health risks that comes with working in beauty 
salons. The number of limit values from de Gennaro et al. (2014) that matched with the 
substances found in this study was very limited, and despite being set much lower than the 8 
hour limit values retrieved from AFS 2015:7, the resulting HI and MCR was almost the same 
for several salons. An example being for salon 3, personal sampling, where the HI using limit 
values from de Gennaro et al. (2014) was 0,043, and the HI using AFS 2015:7 was 0,063. 
Looking at individual substances when comparing chronic and 8 hour limit values, the 
differences are great. One extreme example is for xylenes. The chronic limit value is set to 
100 µg/m3 (de Gennaro et al., 2014), whereas the 8 hour limit value is 221000 µg/m3 (AFS 
2015:7). The reason why the HIs were still similar when comparing chronic and 8 hour limit 
values in this case is that there were many more substances that matched the substances in this 
study in AFS 2015:7, so even if those limit values were hundreds of times higher than the 
chronic limit values, the great number HQs that could be added resulted in an unexpectedly 
high HI. With this being said, the HI was still very low, far below 1 for all sampling sites, see 
Table 13.   
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It was clear that 8 hour limit values were not sensitive enough to detect any risk, neither for 
single substances nor cumulative risk assessment. In an attempt to see if any of the salons had 
a HI above 1 using chronic limit values, two more sources were used to fill out the gaps in the 
list: de Brouwere et al. (2014) and Ramirez et al. (2012). Still, not quite half of the substances 
detected had a corresponding limit value in any of the sources. Despite this, salon 3 got a HI 
of 1,8 for personal sampling. Stationary sampling in salon 3 was also close to a HI of 1 and so 
was both samplings in salon 1. It is possible that these salons and also salon 2 would have 
gotten a HI over 1 if chronic limit values for all substances would have been available. This 
indicates an elevated health risk for the mixtures and further investigation is needed.  

Maximum cumulative ratio 
The MCR was applied, and for personal sampling salon 3 with a HI of 1,8, the MCR was 2,6. 
These results put the mixture in group 3b, concern for combined effects by several substances 
(Table 2). A certain substance, acetone, was found in a very high concentration (1600 & 
>3300µg/m3) in salon 3 which might have put the sample in group 3a, concern for combined 
effect dominated by one substance, if a chronic limit value would have been found for 
acetone. However, acetone is not the substance with highest concern in salon 3. The 
concentration of formaldehyde (20 & 8 µg/m3) in salon 3 is much lower than that of acetone, 
yet, the HQ of formaldehyde is almost ten times that of acetone (using AFS 2015:7 limit 
values). This is explained by the fact that the limit value of formaldehyde is barely a thousand 
of that of acetone. 
 
All samples other than personal sampling from salon 3 fell into group 2 according to the 
model described by de Brouwere et al. (2014). Group 2 means low concern for both single 
substances and their combined effects. This might be because there is no risk, but it could also 
be that many limit values were missing. More studies need to be performed regarding indoor 
air quality in workplaces like beauty salons. To confirm the observations made in this study, 
and to further investigate the possible risks accompanied by working in a beauty salon, a 
larger study is needed, where a larger number of salons are taking part. 

Other studies 
One larger study performed recently is presented in de Gennaro et al. (2014). In that study 
twelve hair salons in Italy participated in that study during one week, and the results were 
evaluated using total hazard risk indicator (THRI), which is equivalent to the HI described by 
de Brouwere et al. (2014) which has been used in this text. When comparing the results of this 
study with the results in de Gennaro et al. (2014), they have many substances in common. 
However, all salons in that study had a higher daily average TVOC than salon 2, even the 
ecological hair salon that took part in that study, HS4. That ecological hair salon had the 
lowest TVOC out of the twelve at 278,85 µg/m3, and the highest TVOC was at 3078,68 
µg/m3. In contrast, the TVOC in this study ranged between 72-1300 µg/m3 for the salons. This 
resulted in a much lower HI/THRI in this study compared to de Gennaro et al. (2014), where 
all except two salons had a HI/THRI above 1.  
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5. Conclusions 
There was a great difference in concentration and composition of substances between the gym 
and the beauty salons. The gym that worked as a type of reference indoor environment had 
very few aldehydes and VOCs present in the air, as can be seen in Figure 4. The TVOC and 
total aldehyde concentration was the lowest of all sampling sites, except the outdoor sample. 
The indoor air levels in the gym were very low despite the number of visitors.  
 
A great variation in concentration and number of substances present in the air was seen for the 
three beauty salons. Salon 1, the traditional hair salon, had the highest number of substances 
but in relatively low concentrations, compared to for example salon 3, the nail salon, which 
had the highest total aldehyde concentration and TVOC, despite having a lower number of 
substances than salon 1. Salon 2, the ecological salon, had the lowest number of substances 
and total concentration of both aldehydes and VOCs of the salons. It can be concluded that 
having a small salon with one customer at a time and simply using organic products decreases 
the amount of aldehydes and VOCs in the indoor air, which limits the cumulative exposure 
risk. However, how much the concentrations are affected by the fact that it is a small salon 
compared to using organic products instead of traditional cannot be stated. More research is 
needed on the matter.  
 
Levels of VOCs and aldehydes in outdoor air were low. Only toluene and formaldehyde were 
detected and it could be confirmed using the I/O ratio that the pollution found indoors was 
actually from indoor sources, since the ratio was over 1 for all substances detected at the 
outdoor reference site. Indoor sources of VOCs and aldehydes may have contributed to the 
pollution in outdoor air since the I/O ratio was over 1. 
 
Differences could be noted between the two sampling methods, stationary and personal 
sampling. How they differed varied from salon to salon. Salon 1 had low differences in both 
composition and concentrations and where they differed, personal sampling had a generally 
higher concentration. The difference in composition was larger for salon 2 and 3. Salon 3 
hade quite large differences in concentration, where the concentration of acetone was 1600 
µg/m3 for stationary sampling and >3300µg/m3 for personal sampling. Since personal 
sampling generally showed higher concentrations, it would be the method giving the most 
valuable result for health risk assessments in beauty salons.  
 
As the HI and MCR was calculated, it became clear that the 8 hour limit values set in AFS 
2015:7 were not sensitive enough to perform a health risk assessment, instead chronic limit 
values could be used. Still, the number of chronic limit values available are not enough to 
perform a total health risk assessment. By using chronic limit values collected from several 
sources, limit values for almost half of the measured substances were found, and personal 
sampling for salon 3 got a HI of 1,8. The MCR was calculated to be 2,6 which placed the 
sample in group 3b, concern for combined effects by several substances (Table 2), since HI>1 
and MCR>2. If chronic limit values would have been available for acetone or formaldehyde, 
it is possible that the sample had been placed in group 3a instead, where the concern is for 
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combined effects dominated by one substance. The other samples were all placed in group 2, 
low concern, since the maxHQ<1, HI<1 and MCR<2. If it is because of the lack of chronic 
limit values or simply because there is no risk associated with the measured levels is hard to 
say.  
 
When comparing the VOC results of this study with other studies such as de Gennaro et al. 
(2014), the concentrations found are quite low, but, in that study, 100% of the 19 quantified 
substances had a corresponding limit value. Once again, it is hard to determine if the low HIs 
and MCRs seen here is a result of low risk or lack of information needed.  
 
It could be concluded that more research is needed to fully understand the air composition and 
the possible adverse health effects working in a beauty salon could have. The concentrations 
found in salon 3 are large enough for further risk assessment to be of interest, and since limit 
values were not found for all substances, the risks in the other salons might be 
underestimated.  
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