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Abstract
Swimming pools and spas require a high hygiene level, and therefore constant cleaning. In this study, cleaning workers’ 
exposure to volatile organic compounds (VOCs), trichloramine (TCA), and particulate matter (PM) in the swimming pools 
and spas were evaluated. Also, statistical methods were employed to determine what activities affect the exposure to dis-
infection byproducts (DBPs). The study was conducted in 32 swimming pools and spas. The measurement locations were 
pool areas, bathrooms, and locker rooms, both during cleaning and opening hours. During the cleaning, the total volatile 
organic compound (TVOC) concentrations were low, on average 96, 251, and 91 µg/m3 for locker rooms, bathrooms, and 
pool areas, respectively. Similarly, during the opening hours, the TVOC concentrations were on average 78, 125, and 83 µg/
m3, for locker rooms, bathrooms, and pool areas, respectively. This is in line with previous studies investigating cleaning 
work in other environments. The most prevalent compounds during the cleaning were 2-(2-butoxyethoxy)ethanol (DEGBE), 
2-(2-ethoxyethoxy)ethanol (DEGEE), 2-butyl-1-octanol, trichloromethane (chloroform), decamethylcyclopentasiloxane (D5), 
and carbon tetrachloride. The most prevalent compounds during the opening hours were D5, D-limonene, carbon tetrachlo-
ride (bathrooms and pool areas), and trichloromethane (bathrooms and pool areas). The TCA concentrations during the 
cleaning in the bathrooms and pool areas were on average 60 and 67 µg/m3, respectively, and during the opening hours, 28 
and 122 µg/m3, respectively. The use of disinfectants was found to increase the TCA concentration in the bathrooms, while 
the other cleaning products did not. Even though the TCA concentrations were below the WHO’s guideline and the Finnish 
occupational exposure limit value of 500 µg/m3, the measured TCA levels were occasionally high enough to pose a risk of 
irritative symptoms. The PM concentrations were low, both in the real-time monitoring (aerodynamic diameter, Dae ≤ 15 µm) 
and inhalable dust samples (Dae ≤ 100 µm). Highest measured inhalable dust concentration was 350 µg/m3, well below the 
Finnish occupational limit value of 5,000 µg/m3 for organic inhalable dust.
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Introduction

The cleaning sector is globally a significant employer. For 
example, over 61,000, 4 million, and 2.3 million cleaning 
workers and janitors are employed in Finland, Europe, and 
the USA, respectively (Bureau of Labor Statistics; Euro-
pean Cleaning and Facilities Services Industry (EFCI); 

Official Statistics of Finland (OSF) 2019). Cleaning work is 
a necessity for a functioning society: public buildings such 
as malls, hospitals, schools, and universities are dependent 
on the cleaning work to keep them clean and tidy. Despite 
its importance, cleaning work is underpaid, underrated, and 
physically demanding; furthermore, cleaning workers are 
exposed to both chemicals and thermal conditions.

A study focusing on the health care sector found that the 
cleaning workers have a higher risk for a work-related injury 
than other workers in the sector (Alamgir and Yu 2008). 
In recent years, research regarding cleaning workers has 
focused on the prevalence of occupational asthma which is 
more prevalent among cleaning workers than in many other 
occupations (Folletti et al. 2017). Due to the nature of the 
tasks performed, cleaning workers are also susceptible to 
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dermal (Mirabelli et al. 2012; Bauer 2013) and ergonomic 
symptoms (Woods and Buckle 2006; Kumar and Kumar 
2008; Luz et al. 2017), such as contact dermatitis and mus-
culoskeletal disorders. Also, increased susceptibility to lung 
cancer has recently been associated with cleaning work in 
French and Belgian epidemiological studies (Atramont et al. 
2016; Van den Borre and Deboosere 2018). However, no 
explanation on what the cause could be has been given.

According to previous studies by Suleiman and Svend-
sen ( 2014,  2015), some cleaning workers do not possess 
sufficient knowledge about the possible health hazards of 
the cleaning products they use, even though safety data 
sheets (SDSs) may be available. The cleaning products 
can be roughly classified based on their pH into alkaline 
(mildly alkaline–highly alkaline), neutral, and acid (mildly 
acid–highly acid) (Suontamo 2004). Disinfecting cleaning 
products are usually alkaline; however, some acids are also 
used as disinfectants (Wolkoff et al. 1998). The compounds 
included in the cleaning products can be divided into active 
agents and additives (Wolkoff et al. 1998). The active agents 
include surfactants (tensides) that are used to lower the sur-
face tension of the water; complexing agents (or water sof-
teners) that bind metal ions, such as calcium; acids or bases 
to dissolve calcium and fatty substances, respectively, also 
used to control the pH of the cleaning product; disinfecting 
agents (especially in disinfecting products) that are used to 
destroy micro-organisms; and solvents to enhance dissolv-
ing of fatty substances (Wolkoff et al. 1998). The additives 
are usually preservatives, corrosion inhibitors, or fragrances 
(Wolkoff et al. 1998). Typical compounds found in the clean-
ing products include benzyl alcohol (solvent), glycol ethers 
(solvent), ethanolamines (complexing agents), and sodium 
hypochlorite (disinfectant) (Wolkoff et al. 1998; Nazaroff 
and Weschler 2004; Singer et al. 2006; Bello et al. 2009, 
2013; Wieslander and Norbäck 2010; Gerster et al. 2014b, 
a). It is important to note that many of these compounds 
can have adverse health effects and exposure can occur via 
different pathways. However, the common routes clean-
ing workers are exposed to cleaning products are via the 
skin or the respiratory tract. For example, ethanolamines 
are known skin sensitizers and are suspected to play a role 
in the development of occupational asthma (Savonius et al. 
1994; Lessmann et al. 2009), while all glycol ethers are 
considered irritants with some having hematological effects 
(Multigner et al. 2005; IARC Working Group 2006). Also, 
cleaning products can include compounds not specified in 
the SDSs, either because these compounds are not consid-
ered harmful or the proportion of these compounds is low 
(Bernstein 2002; Suleiman and Svendsen 2014). For these 
reasons, exposure assessment of cleaning workers to vola-
tile organic compounds (VOCs) is needed (Suleiman and 
Svendsen 2014).

Swimming pool and spa cleaners work in a substan-
tially different environment compared to those working 
in, for example, offices, schools, or daycare centers. Rela-
tive humidity and temperature are higher, especially in 
the pool area, bathrooms, and saunas than in the office 
environment. Also, swimming pools and spas require high 
hygiene in certain areas, especially in the bathrooms, toi-
lets, and pool areas, where disinfection of the floor sur-
faces and the pool water is needed (WHO 2006). There-
fore, the cleaning workers in the swimming pools and spas 
are exposed to numerous disinfection byproducts (DBPs) 
that are present in the indoor air of the pool areas. These 
include irritative compounds such as chloramines and tri-
halomethanes (THMs) and have been the subject of several 
previous studies (Caro and Gallego 2007; Zwiener et al. 
2007; Lee et al. 2009, 2010; Weaver et al. 2009; Richard-
son et al. 2010; Bessonneau et al. 2011; Schmalz et al. 
2011a; Hansen et al. 2012; Westerlund et al. 2015). DBPs 
are formed in the reactions of the disinfecting chemicals 
(often NaClO) and organic or inorganic impurities, origi-
nating for example from toiletries, sweat, and urine (Hery 
et al. 1995; Judd and Black 2000; Hsu et al. 2009; Hansen 
et al. 2012). Trichloramine (TCA, nitrogen trichloride) is 
the most irritative of the chloramines and it can cause eye 
and upper respiratory tract symptoms and is suspected to 
affect the development of asthma (Thickett et al. 2002; 
Jacobs et al. 2007; Weisel et al. 2009). Also, TCA’s for-
mation in water is most prominent at lower pH levels less 
than 8 (Hery et al. 1995), which the pool water typically 
is (WHO 2006). In addition, it is the most volatile of the 
chloramines (Barbot and Moulin 2008). In Finland, an 
8-h occupational exposure limit (OEL) value for TCA is 
500 µg/m3, which is the same as WHO’s guideline value 
(WHO 2006; Finnish Ministry of Social Affairs and Health 
2018). Due to the irritative qualities of the TCA, it has 
been recommended to set the OEL to 300 µg/m3 (Parrat 
et al. 2012). Trichloromethane (chloroform) is the most 
abundant of THMs in the indoor air of swimming pools 
where chlorine-based (usually NaClO) water sanitation is 
used (Cammann and Hübner 1995). Besides the environ-
mental factors, the use of different cleaning products in 
the swimming pool and spa environment is required, due 
to high hygiene demands in these facilities. These prod-
ucts include disinfectants, alkaline, acidic, and degreas-
ing agents that are often rotated based on the usage of 
the facility and to preserve the effectiveness of the disin-
fection. However, to our knowledge, no previous studies 
investigating the exposure of the cleaning workers occu-
pied in the swimming pools and spas exist. Even though 
cleaning workers do not spend as much time in the pool 
area compared to lifeguards, sports instructors, or some 
swimmers, they are nevertheless exposed to the DBPs and 
even higher thermal loads. Besides the DBPs released due 
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to the pool water sanitation, cleaning workers are exposed 
to the DBPs released due to the use of disinfectants in 
their tasks. Also, cleaning work is physically demanding, 
often including repetitive movements such as floor or wall 
brushing.

The present study aimed to investigate the exposure of 
cleaning workers to different chemical compounds (VOCs, 
trichloramine, and particulate matter) evaporating from the 
cleaning products and the DBPs from the swimming pool 
water, to evaluate how factors such as the age and size of the 
building, facility type (swimming pool, spa, or swimming 
pool with spa section), use of disinfectants and other clean-
ing products, and the number of visitors affect the clean-
ing workers’ exposure to DBPs. In addition to the chemical 
exposure, thermal comfort parameters were evaluated.

Materials and methods

Descriptions of the swimming pools, spas, 
and cleaning tasks

A total of 32 swimming pools and spas were included and 
one to six cleaning workers (total n: 93) per swimming pool 
or spa participated in the study. The average age and work 
experience of the workers were 45 and 6 years, respectively. 
Ninety-four percent of the workers were female. The swim-
ming pools and spas were in Central, Eastern, Southern, and 
Western Finland. The list of the swimming pools and their 
details are shown in Table 1.

Cleaning of the swimming pools and spas took place 
outside the opening hours of the facilities, usually in the 
morning between 5:00 and 12:00, or between 20:00 and 
3:00 in some facilities. Typically, the tasks performed by 
the cleaning workers included cleaning the floors and other 
surfaces (staircases, diving apparatuses, sauna benches, 
lockers) in the pool area, as well as bathrooms, saunas, and 
locker rooms. Usually, in the bathrooms, saunas, and pool 
areas, the cleaning product (disinfectant, alkaline, neutral, 
or acidic) was first spread on the surface by spraying with a 
foam sprayer connected to a hose. When cleaning floor sur-
faces, a single disc machine or hand-held brush was used to 
brush the cleaning product and rinsed off using either a hose 
or low- or high-pressure washer. Residual water was then 
swept from the surface with a floor squeegee. In some cases, 
the floor cleaning was done using a scrubber-drier machine. 
Considering the other surfaces (benches, seats, walls), the 
cleaning product was brushed with a hand-held brush and 
rinsed off either with a hose or low- or high-pressure washer. 
The locker room floors were typically cleaned using scrub-
ber-driers and vacuum cleaners. Wiping of lockers was done 
with damp wipes. All measurements were carried out dur-
ing the cleaning work (normal work shifts) and the normal 

use of the swimming pools and spas (opening hours). The 
opening hours samples were considered as background sam-
ples. The opening hours samples were collected 2 to 4 h 
after cleaning took place in the facilities where cleaning was 
performed in the morning. This depended on the usage and 
schedule of the facility. In the facilities where cleaning was 
done in the evening after the closing of the facility, the open-
ing hours samples were collected 1 to 3 h before the closing 
of the facility, or the following morning, which depended on 
the usage and schedule of the facility.

Cleaning products

In total, 31 different cleaning products were used by the 
cleaning workers; these consisted of 12 disinfecting, 13 alka-
line, 1 neutral, and 6 acidic cleaning products. Safety data 
sheets (SDS) were evaluated and the identified compounds 
and hazards are listed in Table 2.

Volatile organic compounds

The VOC samples were collected according to the ISO 
16000–6 standard, except for using a combination of Tenax 
TA (Markes International Ltd., Llantrisant, Wales, UK) and 
Chromosorb 106 (Sigma-Aldrich Corporation, St. Louis, 
MO, USA) adsorbent tubes (Tenax TA tube concatenated 
with Chromosorb 106 tube). This was done to ensure the 
collection of the chloroform, which has a low breakthrough 
volume, and is one of the main compounds in the indoor air 
of the pool area and can additionally be formed in the reac-
tions of the disinfectants and organic impurities (Kroupa 
et al. 2004; Li and Blatchley 2007; Zwiener et al. 2007; 
Odabasi 2008). The VOC samples were collected from the 
breathing zone of the cleaning workers if they agreed to it. 
In cases where the cleaning worker did not agree to personal 
sampling, a site in the vicinity of the worker (maximum dis-
tance of 3 m) at approximately 1.2–1.5 m height was chosen, 
and the samplers were moved along as the work progressed. 
Flow rate for the sampling varied from 0.07 to 0.12 L/min 
depending on the pumps (SKC AirChek 3000 and 222, SKC 
Inc., Eighty Four, PA, USA) and the tubes, while sampling 
times varied from 15 to 60 min. Sampling time depended on 
the length of the cleaning tasks performed, usually sampling 
time for cleaning tasks was 30 min. Sampling time for open-
ing hours samples was 60 min.

VOC samples were analyzed using a TD-GC-MS-system: 
thermal desorption device (Markes TD-100) connected to a 
gas chromatograph (Agilent 7890A, Agilent Technologies Inc., 
Santa Clara, CA, USA) equipped with a mass spectrometer 
(Agilent 5975C). Analyses were done in a SCAN mode. Agi-
lent HP-5MS column (50 m × 200 µm × 0.33 µm) was used. 
Thermal desorption (TD) temperatures and desorption times 
were 280 °C for 10 min and 180 °C for 10 min for Tenax TA 
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and Chromosorb 106, respectively. Gas chromatograph (GC) 
temperature program was 38 °C 4 min hold, 5 °C/min to 210 °C 
no hold, and 20 °C/min to 280 °C 6.5 min hold. Identification of 
the compounds was done with a mass spectral library (NIST02, 
National Institute of Standards and Technology, Gaithersburg, 
MD, USA), reference compounds (HC 48 Component Indoor 
Air Standard, Supelco Inc., Bellefonte, PA, USA), and retention 
times. The concentrations of the compounds were calculated as 
toluene equivalents using Eqs. 1 and 2. Toluene is used in the 
quantitation of single VOCs when standard compounds are not 
available, and TVOC (total volatile organic compounds) con-
centration is calculated using toluene equivalent (ISO 2004).

In Eqs. 1 and 2, mA is the mass of the compound, AA is the 
chromatogram peak area of the compound, bSt is the slope of 
the standard curve, ρA is the concentration of the compound, 
and VS is the volume of the sample. Chloroform concentra-
tion was calculated as a chloroform equivalent. The HC 48 
Component Indoor Air standard used in the quantitation con-
sisted of 48 compounds (including toluene and chloroform) 
each in a concentration of 1 ng/µL in a methanol solution. 
Correction factors for 2-(2-butoxyethoxy)ethanol (diethyl-
ene glycol butyl ether, DEGBE), (2-methoxymethylethoxy)
propanol (dipropylene glycol methyl ether, DPGME), and 
2-butoxyethanol (ethylene glycol butyl ether, EGBE) were 
evaluated in a previous study (Ruokolainen and Hyttinen 
2019), and they were 2.0, 1.6, and 2.0, respectively. Limit of 
detection (LOD) was evaluated for chloroform and toluene. 
With a sampling time of 60 min and sampling volume of 
0.12 L/min, the LOD for chloroform and toluene were 0.7 
and 0.4 µg/m3, respectively.

In total, 91 samples were collected during the cleaning 
work. One sample from each studied room was chosen per 
swimming pool or spa if only one cleaning product was used, 
and in some situations, two samples from the same room were 
chosen when different cleaning products were used (e.g., day 
1: disinfectant and day 2: acidic). The most common VOCs 
are shown in the “Results” section (Table 3). Criteria for these 
compounds were an average concentration equal to or above 
2 µg/m3, detection in at least 3 samples, and an MS-library 
identification quality of at least 80%. This was done due to a 
large number of compounds detected (1,000 +).

Trichloramine

Trichloramine was measured in 29 facilities. Samples were 
taken in the bathroom and the pool area. Samples were 

(1)mA =
AA

bSt

(2)�A =
mA

VS
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collected in the vicinity of the cleaning worker, at a height 
of approximately 1.2 m. In addition, sampling was con-
ducted in the same locations during the opening hours of 
the pools. Trichloramine samples were collected using Milli-
pore™ collectors (Merck KGaA, Darmstadt, Germany) with 
Na2CO3 + As2O3 impregnated filters and SKC 224 pumps 
with a flow rate of 2 L/min (+ / − 0.01 L/min), calibrated 
with mini-Buck calibrator M-5 (A.P. Buck Inc, Orlando, FL, 
USA). Sampling volumes were 86–596 L and 164–732 L 
during the cleaning and opening hours, respectively. Sam-
pling times were 43–298 min and 82–366 min, during the 
cleaning and opening hours, respectively. Samplers were 
prepared and analyzed at the Finnish Institute of Occupa-
tional Health by the method described previously by Hery 
et al. (1995). The limit of quantitation (LoQ) varied in the 
analyses between 3 and 10 µg/m3.

Statistical analysis

Statistical analysis was performed using the chloroform 
and TCA data. The association between cleaning prod-
uct type and chloroform as well as TCA was analyzed 
using unequal variances t-tests. Association of the TCA 
and chloroform on the facility type was analyzed using 
a general linear model (GLM) and Tukey’s test was used 
for pairwise post hoc comparisons. Equality of variances 
was confirmed using Levene’s test. The association of the 
TCA and chloroform on ozone treatment was analyzed 
with a t-test. The normality of distributions of the TCA 
and chloroform was confirmed visually and with the Sha-
piro–Wilk test in critical cases when the main test P-value 
was between 0.02 and 0.08. The correlation of TCA and 
chloroform with the year of building construction or latest 
renovation, pool area, and the yearly number of visitors 

was analyzed using Pearson’s correlation. The yearly num-
ber of visitors was used as a rough estimate for swimmer 
load as the actual number of the swimmers during the 
measurements was not available. The analyses were done 
using SAS 9.4 statistical software.

Particulate matter

Particulate matter (PM) was collected gravimetrically using 
IOM samplers and cassettes (SKC), Millipore fluoropore or 
mixed cellulose filters (Merck), and SKC 224 pumps cali-
brated to 2 L/min (+ / − 0.01 L/min) with mini-Buck calibra-
tor M-5. Sampling times during the cleaning and opening 
hours varied between 30–180 and 110–1130 min, respec-
tively. Mixed cellulose (AAWP, nitrocellulose, pore size 
0.8 µm) filters (Merck) were used in the first seven sampling 
campaigns but were replaced by fluoropore (FALP02500, 
pore size 1 µm) filters in the later sampling campaigns as 
the water splashes from cleaning work caused some mixed 
cellulose filters to get wet and damaged. Samples were col-
lected from the breathing zone of the cleaning worker if the 
worker agreed to it. In cases where the cleaning worker did 
not agree to personal sampling, a site in the vicinity of the 
cleaning worker was chosen, and the samplers were moved 
as the work progressed. Samples were weighed (+ / − 2 µg 
accuracy) with a Mettler Toledo MX5 scale (Mettler-Toledo 
International Inc., Columbus, OH, USA). Before the weigh-
ing, filters were equilibrated in the weighing room for a 
minimum of 24 h. The conditions in the weighing room 
varied between 20–21 °C, 32–60%, and 98.3–103.2 kPa for 
temperature, relative humidity, and barometric pressure, 
respectively. Inhalable dust concentration was calculated 
using Eq. 3.

Table 2   List of hazard 
statements included in the safety 
data sheets (SDS) of cleaning 
agents used by the cleaning 
workers included in the study

Code Hazard statement Number of 
cleaning agents

Percentage of all 
observed cleaning 
agents

H290 May be corrosive to metals 14 45%
H314 Causes severe skin burns and eye damage 18 58%
H315 Causes skin irritation 4 13%
H318 Causes serious eye damage 7 23%
H319 Causes serious eye irritation 5 16%
H334 May cause allergy or asthma symptoms or breathing 

difficulties if inhaled
1 3%

H335 May cause respiratory irritation 1 3%
H400 Very toxic to aquatic life 6 19%
H410 Very toxic to aquatic life with long lasting effects 4 13%
H411 Toxic to aquatic life with long lasting effects 1 3%
H412 Harmful to aquatic life with long lasting effects 2 6%
EUH031 Contact with acids liberates toxic gas 2 6%
- No applicable hazard statements 3 10%
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In Eq. 3, cIOM is the concentration of inhalable dust, 
ΔmIOMfs is the mass of the IOM filter sample (weight 
difference of pre- and after measurement weighing), 
ΔmIOMf0 is the mass difference of the IOM blank filters 
before and after measurement (if more than one blank was 
weighed, the average difference was used), and VIOM is 
the volume of the IOM sample.

Real-time monitoring of the PM was done with an opti-
cal analyzer TSI DustTrak DRX (TSI Inc., Shoreview, 
MN, USA) in 18 facilities. The data logging interval for 
the analyzer was 30 s. Monitoring time varied between 
22 and 363 min, depending on the duration of the clean-
ing tasks. The optical analyzer was kept in the close sur-
roundings of the cleaning worker (within 5 m). A gravi-
metric correction was done to the optical measurements 
(Eq. 4), by weighing the filter of the analyzer. The filter 
diameter was 37 mm, and similarly to IOM measurements 
mixed cellulose (AAWP, pore size 0.8 µm) in the first 
sampling campaigns and fluoropore (FALP03700, pore 
size 1 µm) in the later sampling campaigns were used. 
Weighing of the filters was done using the same proce-
dure as IOM filters.

In Eqs. 4 and 5, cG is gravimetric concentration, mfs 
is the mass of the DRX filter sample (weight difference 
of the pre- and after measurement weighing), Δmf0 is the 
mass difference of the blank filter’s pre- and after meas-
urement weighing (if more than one blank filter, average 
of the weighing difference was used), VD is the volume of 
the DRX sample, cCorr is the corrected concentration, cD 
is the concentration single DRX time point, and cDAVG is 
the total average concentration of DRX sample.

Comfort conditions

Temperature and relative humidity measurements were 
done with a Vaisala HMI41/HMP42 device (Vaisala Oyj, 
Vantaa, Finland), Testo 435 (Testo SE & Co. KGaA, Len-
zkirch, Germany), and TSI IAQ-Calc. A thermographic 
camera Fluke Ti400 (Fluke Corporation, Everett, WA, 
USA) was used in some cases to evaluate the surface 
temperatures. This was mainly done in saunas during the 
cleaning, where warm surfaces were present.

(3)cIOM =
(ΔmIOMfs − ΔmIOMf0)

VIOM

(4)cG =
(Δmfs − Δmf0)

VD

(5)cCorr = cD ×
cDAVG

cG

Results

Cleaning products

Altogether 31 different cleaning products were used in 
the studied swimming pools and spas. In these cleaning 
products, 70 different compounds were reported in the 
SDS. The hazard statements reported in the SDSs of the 
cleaning products are presented in Table 2. Only three 
cleaning products had no hazard statements. However, 
multiple cleaning products could cause irritating or sen-
sitizing symptoms (H315, H318, H319, H334, H335) and 
the majority (58%) could cause severe skin burn and eye 
damage (H314), while two cleaning products had the pos-
sibility of releasing toxic gas if misused with other agents 
(EUH031).

Volatile organic compounds

Average TVOC concentrations were relatively low in most 
situations (Table 3). Concentrations during cleaning in the 
pool areas, bathrooms, and locker rooms were 90, 258, and 
96 µg/m3. In 43% of the cases, the TVOC concentration 
was below 100 µg/m3 and only in 15% of the cases the 
concentration was above 200 µg/m3. Table 3 presents the 
most common VOCs during the cleaning work, and their 
concentrations during the opening hours of these facili-
ties. In the table, compounds marked in italics are known 
Tenax TA degradation products (Clausen and Wolkoff 
1997; Klenø et al. 2002). Therefore, the indoor air con-
centrations of these compounds are likely lower.

The most common compound group related to clean-
ing was glycol ethers: 2-(2-butoxyethoxy)ethanol 
(diethylene glycol butyl ether, DEGBE), 2-(2-ethoxy-
ethoxy)ethanol (diethylene glycol ethyl ether, DEGEE), 
(2-methoxymethylethoxy)propanol (dipropylene glycol 
methyl ether, DPGME). The most abundant glycol ether 
was DEGBE, which had average concentrations of 10, 
76, and 27 µg/m3 in the pool area, bathroom, and locker 
room, respectively. During the use of alkaline and dis-
infecting cleaning products, several hydrocarbons with 
a poor identification were often present, including long 
branched aliphatic hydrocarbons and haloesters. Some 
of the compounds in that range might be acetates of the 
observed glycol ethers.

Chloroform levels during the cleaning in the locker 
rooms, bathrooms, and pool area were on average 12, 26, 
and 36 µg/m3, respectively. Other halogenated VOCs were 
also measured during the cleaning, and these included 
carbon tetrachloride, trichloroacetonitrile, trichloroni-
tromethane, and 1,1,1-trichloro-2-propanone. Outside of 



	 Air Quality, Atmosphere & Health

1 3

the chloroform and carbon tetrachloride, other halogen-
ated VOCs (e.g., brominated organic compounds) were 
detected only at trace levels. Both chloroform and carbon 
tetrachloride have been detected from products containing 
chlorine-based bleach (Odabasi 2008).

During the opening hours of the swimming pools and 
spas, the average TVOC concentrations in the locker rooms, 
bathrooms, and pool areas were 78, 125, and 81 µg/m3, 
respectively. The most typical compounds were eucalyp-
tol, decamethylcyclopentasiloxane (D5), and chloroform. 
The average concentrations of the chloroform in the locker 
rooms, bathrooms, and pool areas were on average 7, 18, and 
57 µg/m3, respectively.

Trichloramine

TCA concentrations during the cleaning in the pool areas 
and the bathrooms were on average 67 and 60 µg/m3, respec-
tively (see Fig. 1). Whereas during the opening hours of the 
swimming pools and spas, the TCA concentrations in the 
pool area and the bathroom were on average 122 and 28 µg/
m3, respectively. The highest TCA concentrations (130, 200, 
280 µg/m3) during the cleaning were measured in the bath-
rooms while cleaning with disinfectants. Whereas during the 
opening hours, the highest measured TCA concentration in 
the bathroom was 100 µg/m3. Refer to supplementary mate-
rial Table S1 for more detailed results. Thirteen samples 
(10.9% of total samples) were below the limit of quanti-
tation (BLoQ), eight of those were in the bathrooms dur-
ing the cleaning, five in the bathrooms during the opening 
hours of the buildings, and one in the pool area during the 
maintenance cleaning of the pool area (pools were drained 
of water).

Statistical analysis

The use of disinfectants during the cleaning work in 
the bathrooms increased the chloroform concentra-
tion slightly compared to the opening hours (3.92 ± SE 
9.72), whereas the use of the other cleaning products did 
not increase the chloroform concentration (− 6.41 ± SE 
5.13). However, the difference between the effect of the 

method was not statistically significant (unequal vari-
ances t-test: df = 25.23, t =  − 0.94, P = 0.36). In the pool 
area, the concentration of the chloroform was higher dur-
ing the opening hours than during the use of either dis-
infectants (− 18.56 ± SE 8.84) or other cleaning products 
(− 32.50 ± SE 17.37) while cleaning (unequal variances 
t-test: df = 18.1, t =  − 0.72, P = 0.48). The variance of the 
other cleaning products was significantly higher than that 
of the disinfectants (Levene’s test for equality of variances, 
F12, 16 = 2.96, P = 0.045).

However, use of the disinfectants during the cleaning 
work increased the concentration of the TCA statistically 
significantly in the bathrooms compared to the opening 
hours (48.68 ± SE 22.14), whereas during the use of the 
other cleaning products the TCA concentration was lower 
than during the opening hours (− 12.39 ± SE 5.07) (une-
qual variances t-test: df = 14.36, t =  − 2.69, P = 0.017). 
The variance of the disinfectants was significantly greater 
than that of the other cleaning products (Levene’s test for 
equality of variances, F13, 13 = 19.10, P < 0.0001). Like the 
chloroform, the TCA concentration in the pool area was 
higher during the opening hours than during the cleaning 
work for both the disinfectants (− 45.43 ± SE 22.50) and 
the other cleaning products (− 53.41 ± SE 17.92) (equal 
variances t-test: df = 28, t =  − 0.28, P = 0.78). The vari-
ances between the disinfectants and the other cleaning 
products were equal (Levene’s test for equality of vari-
ances, F13, 15 = 1.38, P = 0.55).

The chloroform and the TCA concentrations during the 
opening hours were compared to see if either could predict 
the concentration of the other. No correlation between the 
chloroform and the TCA concentrations was found (N = 29, 
Spearman’s rho = 0.191, P = 0.322).

Concentrations of the TCA differed between facil-
ity types; however, the difference was marginally non-
significant (mean ± 95% CI, swimming pools (type 1): 
88.8 ± 46.0 µg/m3; swimming pools with spa sections (type 
2): 173.3 ± 55.2 µg/m3; spas (type 3): 97.9 ± 62.6 µg/m3; 
F2, 26 = 3.19, P = 0.0575). In pairwise comparisons, “facil-
ity type 1” differed from “facility type 2,” but the differ-
ence was marginally non-significant (Tukey’s P = 0.057). 
The concentrations of the chloroform did not differ 

Fig. 1   Trichloramine con-
centrations and their standard 
deviations in the pool area (left) 
and bathrooms (right) during 
the cleaning with disinfect-
ants and other cleaning agents 
(others), and the concentration 
of the TCA during the opening 
hours of the swimming pool 
(background)
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among facility types (type 1: 49.6 ± 26.9 µg/m3; type 2: 
67.0 ± 30.4 µg/m3; type 3: 76.4 ± 38.1 µg/m3; F2, 29 = 0.79, 
P = 0.46).

The concentrations of the chloroform did not differ 
between facilities with water ozonation and with no ozo-
nation (ozonation: 79.3 ± SE 20.7 µg/m3; no ozonation: 
44.9 ± SE 6.4 µg/m3; unequal-variances t-test: df = 11.91, 
t = 1.58, P = 0.14). However, concentrations of the TCA 
differed between facilities with pool water ozonation and 
without ozonation, being higher in facilities with ozona-
tion (ozonation: 168.3 ± SE 33.0 µg/m3; no ozonation: 
99.4 ± SE 16.2  µg/m3; equal variances t-test: df = 24, 
t = 2.08, P = 0.048).

The concentrations of the chloroform and TCA did not 
correlate with the year of construction or the most recent 
major renovation (chloroform: N = 32, r = 0.184, P = 0.31; 
TCA: N = 29, r = 0.192, P = 0.32), or yearly number of 
visitors (chloroform: N = 32, r = 0.036, P = 0.85; TCA: 
N = 28, r = 0.248, P = 0.20). The concentration of the 
chloroform did not correlate with the pool water surface 
area, but the concentration of the TCA did so (chloro-
form: N = 29, r = 0.222, P = 0.25; TCA: N = 26, r = 0.427, 
P = 0.030; Fig. 2).

Particulate matter

The inhalable PM concentrations were low. The highest con-
centration measured from the breathing zone of the cleaning 
worker was 0.35 mg/m3. It was measured during a morning 
shift that included the cleaning of locker rooms, bathrooms, 
and pool area. The real-time monitoring yielded similar 
results to the IOM measurements, although it is worth not-
ing that the location of the monitors was up to 5 m from the 
cleaning workers so that they could perform their work and 
protect the devices from splashing water. This may under-
estimate the exposure of the worker. The average PM15 
(aerodynamic diameter, Dae < 15 µm) concentration during 
cleaning in the swimming pools and the spas was 0.021 mg/
m3 (range 0.001–0.088 mg/m3, SD 0.021 mg/m3). During 
the wiping of dust from the top and inside of the lockers, the 
PM concentration increases momentarily. In total, 6 peaks of 
greater than 0.500 mg/m3 were observed; the highest meas-
ured single peak concentration was 4.690 mg/m3. Wiping 
of the lockers takes usually 5 to 10 min; therefore, these 
exposures are relatively short in their duration.

Comfort conditions

Average temperatures during the cleaning in the locker 
rooms, bathrooms, saunas, and pool areas are presented in 
Fig. 3. Refer to supplementary material Table S2 for more 
detailed results. The average temperature in the saunas dur-
ing the cleaning was 31 °C (ranged from 23 to 45 °C). In the 
saunas, the surface temperature was often higher than the 
air temperature. Figure 4 presents a thermographic camera 
photograph of a sauna bench surface temperature just before 
the cleaning. In the pool area, the temperature needs to be 
2 °C above the water temperature to reduce the evapora-
tion of the water. Besides this requirement, high tempera-
ture is needed for customers’ thermal comfort. This can be 
seen from the higher temperatures in the spas than in the 
swimming pools. The average temperatures in the pool area, 
bathrooms, and locker rooms were 28 °C, 27 °C, and 25 °C, 
respectively. The relative humidity is affected by the tem-
perature, weather conditions and the season outside, usage, 

Fig. 2   Linear regression of trichloramine concentration and pool sur-
face area

Fig. 3   Average temperature 
(left) and relative humidity 
(right) with standard deviations 
in locker rooms, bathrooms, and 
saunas during the cleaning
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and the pool type (whirlpool baths, and the cleaning methods 
applied). Average relative humidity in the pool areas, bath-
rooms, saunas, and locker rooms was 53%, 51%, 48%, and 
35%, respectively.

Discussion

The cleaning products used in the cleaning of the swim-
ming pool and spa environments were often sensitizing 
and the majority (58%) had the possibility of causing skin 
burns or eye damage. Only 10% of the products had no 
applicable hazard statements. Therefore, the use of proper 
personal protective equipment (PPE), including shoes and 
gloves, is essential to prevent dermal exposure to the clean-
ing products and to decrease the detrimental effects of wet 
work (Jungbauer et al. 2004). Furthermore, the nature of the 
cleaning work performed in the swimming pools and spas 
is often wet, even more so than in other public buildings. 
Wet work has been established as the major cause of contact 
dermatitis in the cleaning industry (Jungbauer et al. 2004), 
further warranting the use of PPE. Also, cleaning workers 
should familiarize themselves with the SDSs of the used 
cleaning products and safe work practices to avoid possible 
harm caused by the misuse of the product or improper work 
practices. However, this may not always be the case. Dingle 
et al. (2002) investigated the use of cleaning products in 
homes and noted that over 30% of the respondents never read 
the cleaning product labels. The usage of PPE varied sig-
nificantly between the cleaning workers. In a few cases, the 
cleaning workers used motorized respirators while working 

with disinfecting products. The use of respirators should be 
considered more often, especially when working with disin-
fecting products. However, it can increase the exhaustiveness 
of the thermal load due to the high temperature and humidity 
in the working areas. During the measurements, the clean-
ing workers were often observed wearing sandals and not 
wearing gloves, even when handling products containing 
hazardous chemicals.

In the swimming pool and spa environments, the expo-
sure of cleaning workers to the VOCs was relatively low. 
DEGBE was the most common compound related to clean-
ing, typically in the situations where alkaline cleaning prod-
ucts were used. DEGBE can penetrate through skin and can 
cause skin irritation and contact dermatitis (Berlin et al. 
1995; Nielsen et al. 1998; Gijsbers et al. 2004). This makes 
the use of protective gloves and shoes essential. Berlin et al. 
(1995) reported a case of a woman having hypersensitivity 
towards DEGBE, causing burning and erythema of facial 
skin, and irritation of upper airways and eyes. Nielsen et al. 
(1998) recommended 9 mg/m3 indoor air quality guideline 
for DEGBE which is vastly higher than the highest measured 
DEGBE concentration during the cleaning (correction fac-
tor applied concentration 0.8 mg/m3). The Finnish OEL for 
DEGBE is 64 mg/m3. Of the other glycol ethers, EGBE and 
DPGME have Finnish OELs of 98 and 310 mg/m3 which are 
likewise vastly higher than the highest measured EGBE and 
DPGME concentrations during the cleaning (correction fac-
tor applied concentrations 0.0 and 0.2 mg/m3 for EGBE and 
DPGME, respectively). D5 was one of the main compounds 
both during the normal use and the cleaning of the facilities. 
D5 is widely used in personal care and hygiene products as 

Fig. 4   Thermographic camera 
image of sauna benches just 
before cleaning. Air temperature 
in the sauna was 45 °C
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well as in cleaning products, building materials (especially 
sealants), and even as a food additive (Horii and Kannan 
2008; Wang et al. 2009; Rücker and Kümmerer 2015; Tang 
et al. 2015). However, in cases where the cleaning worker 
did not allow personal sampling, the VOC sampling was 
conducted in the vicinity of the cleaning worker which may 
underestimate the actual exposure of the worker. Also, the 
use of toluene equivalent in the calculation of the single 
compound concentrations underestimates the actual concen-
tration of especially polar compounds, such as aldehydes 
(Hyttinen 2007). However, the use of toluene equivalent 
is a common practice, when reference compounds are not 
available, also TVOC concentration is always calculated as 
a toluene equivalent (ISO 2004). Furthermore, as the results 
are compared to the samples collected during the opening 
hours, instead of a situation where there is no activity pre-
sent in the facilities, it is possible that some emissions from 
the cleaning products are not noticed (e.g., the concentration 
is higher or close to the same during the opening hours).

The measured TCA concentrations were similar to those 
of recent studies investigating the indoor air quality in indoor 
swimming pools (Fornander et al. 2013; Westerlund et al. 
2015). Measured TCA concentrations were below the Finn-
ish OEL and WHO’s guideline value (500 µg/m3) (WHO 
2006; Finnish Ministry of Social Affairs and Health 2018). 
However, previous studies have shown that TCA can irri-
tate airways and eyes, even in concentrations below 300 µg/
m3 (Parrat et al. 2012; Fornander et al. 2013). Also, in a 
study investigating occupational TCA and THM exposure 
in rehabilitation swimming pools (Westerlund et al. 2019), 
a significant increase in ocular symptoms was observed in 
TCA concentrations above 20 µg/m3. The use of disinfect-
ants was found to increase the TCA concentrations during 
the cleaning of bathrooms, likely due to similar reactions as 
in the pool water (Hery et al. 1995; Judd and Black 2000). 
Thus, in some cases, the use of disinfecting chemicals may 
result in irritative symptoms. It is worth noting that the com-
bination of the TCA and THMs (and the other VOCs) can 
enhance the irritative effects in the lower TCA concentra-
tions (Schmalz et al. 2011b). Furthermore, the background 
samples were collected during the opening hours of the 
pools, which can mask the increase of the TCA released 
during the cleaning of the pool area; however, higher venti-
lation rates in the pool areas help to dilute the TCA released 
during the use of disinfecting cleaning products. Also, the 
sampling of the TCA was performed in the vicinity of the 
cleaning worker, which may underestimate the actual TCA 
exposure. Chloroform concentrations did not correlate with 
those of the TCA, and this can be due to the different impu-
rities causing the formation of these compounds. Also, the 
sampling time of the TCA was considerably longer than that 
of the VOCs (including chloroform), so there is a chance that 
the possible change in the number of swimmers during the 

sampling might have affected the concentration of either of 
the DBPs measured. Similarly, a previous study by Wester-
lund et al. (2019) showed no correlation between TCA and 
THM concentrations. Showering before entering the pool 
is a common practice in Finnish swimming pools and spas, 
which affects the formation of some DBPs, mainly those that 
are formed in the reaction of organic impurities from cos-
metics, etc. However, this only affects compounds formed 
with sweat and disinfectants only at the beginning of the 
swimming activity.

Similar to previous studies done by Bello et al. (2009) 
and Gerster et al. (2014a), cleaning workers were exposed 
to multiple irritative compounds at low concentrations. 
Furthermore, previous studies have associated repeated 
exposure to low concentrations of irritants with respiratory 
symptoms, including occupational asthma (Burge 2010; 
Labrecque 2012; Tarlo and Lemiere 2014). Although etha-
nolamines were not measured in the present study, they are 
widely used in cleaning products (Bello et al. 2009; Gerster 
et al. 2014b). They are irritants and are connected to the 
development of asthma (Savonius et al. 1994; Bello et al. 
2009; Mäkelä et al. 2011).

Continuous working time spent in the pool area varies 
depending on the task and the size of the pool area, usually 
ranging from 15 min to 2 h. During the opening hours of 
the swimming pools, the cleaning workers performed rou-
tine checks in the pool area, bathrooms, and locker rooms, 
usually once every 2 h. Each of these checks lasted around 
20 min. The duration of cleaning workers’ exposure to the 
TCA and THMs is usually shorter than that of lifeguards and 
sports instructors, who regularly spend the whole workday 
in the pool area. However, the cleaning workers in the swim-
ming pools and spas are exposed to the TCA daily, which is 
attributed to their use of disinfectants containing hypochlo-
rite and the evaporation of the TCA from pool water. By 
contrast, in other environments, the cleaning workers are 
exposed to the TCA mainly during the use of the hypochlo-
rite-containing disinfectants.

The statistical analysis of the TCA and chloroform con-
centrations during the opening hours yielded interesting 
results. The pool water ozone treatment and the pool water 
surface area both seem to affect the concentration of the 
TCA and not that of the chloroform. The pool water ozona-
tion seems to increase the TCA concentration as does the 
increased pool water surface area.

The PM exposure of the cleaning workers was low, and 
it occurred mostly during the cleaning of the locker rooms 
while wiping the surfaces and vacuuming the floor. These 
tasks were usually short. Only a few peaks of high dust con-
centration were observed in the real-time monitoring, and 
these were related to the cleaning of the locker rooms. It 
should be noted, however, that the monitor was not posi-
tioned in the breathing zone of the worker and it is possible 
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that this underestimates the exposure. The concentrations 
of the inhalable dust were well below Finnish OEL values, 
which are 5 and 10 mg/m3, for inhalable organic and inor-
ganic dust respectively (Finnish Ministry of Social Affairs 
and Health 2018). However, PM sampling was done in the 
vicinity of the cleaning workers when the worker did not 
allow for personal sampling; it is possible that these results 
slightly underestimate the exposure to the PM. Also, real-
time monitoring was always performed in the vicinity of the 
cleaning worker.

Comfort conditions in the swimming pools and spas are 
challenging for the cleaning workers. The high temperature 
and humidity in the pool area, bathrooms, and saunas, com-
bined with the physical demands and often hectic pace of 
the cleaning work as well as dermal and inhalation exposure 
to chemicals, all contribute to the work-related straining. 
In Finland, cleaning workers in the swimming pools and 
spas regularly clean saunas that have air temperatures above 
30 °C and surfaces that are even warmer. Stoves of the sau-
nas are heated the whole day, usually from 6:00 to 22:00, and 
the temperature in the sauna is typically 60–80 °C. A good 
practice is to open the doors of the saunas after the heating 
has been switched off to enhance the cooling of the sauna 
and its surfaces, as it takes several hours. The cleaning of 
the saunas took place usually in the morning before the stove 
had been turned back on. Nevertheless, the temperature of 
the sauna was above 30 °C. In some places, the saunas were 
cleaned soon after the stove had been switched off when the 
sauna and its surfaces were still hot. The time required for 
the cleaning of one sauna was typically 10–30 min, depend-
ing on the cleaning tasks performed and the design and size 
of the sauna.

Ramsey et al. (1983) found that working outside the com-
fort temperature range (17–23 °C) decreased the safety of 
the work, due to changes in the working manners. This was 
observed both below and above the optimum temperature 
range. Cleaning workers in the spas and swimming pools 
regularly spend multiple hours a day above the comfort 
temperature zone doing physical work. Depending on the 
cleaning task, cleaning workers work for prolonged periods 
at elevated temperatures without a break. This may increase 
the chance to take unnecessary risks, for example, while 
cleaning diving apparatuses or other areas presenting the 
risk of falling or slipping.

Conclusion

The majority of the cleaning products used by the clean-
ing workers in the swimming pools and spas can irritate 
skin and eyes or cause severe skin burns, eye damage, 
asthma symptoms, or breathing difficulties, which war-
rants using proper protective equipment. However, the 

VOC exposure of cleaning workers was relatively low. 
Although, while using chlorine-containing disinfectants in 
the bathrooms, exposure to elevated levels of chloroform 
and TCA occurred, which was evident in the statistical 
analysis. TCA concentrations during the cleaning can be 
high enough to cause irritative symptoms. Furthermore, 
cleaning workers perform their work regularly at elevated 
temperatures, especially while cleaning the saunas, bath-
rooms, and pool area, where most of the VOC and TCA 
exposure occurs. The statistical analysis indicated that 
the pool water ozonation increases the TCA concentra-
tions in the indoor air of the studied facilities, and the 
pool water surface area positively correlates with the TCA 
concentration.

Supplementary information

Table  S1. Trichloramine (TCA) concentration during 
the opening hours and cleaning of the swimming pools. 
Where smaller than symbol is present the concentration 
was below the current quantitation limit. (SP = Swim-
ming pool, NM = Not measured, <  = below limit of 
quantitation).

Facility Facility 
type

Pool area Pool area 
(clean-
ing)

Bath-
room

Bathroom 
(cleaning)

(µg/m3) (µg/m3) (µg/m3) (µg/m3)

1 SP/Spa 100 21D 26 280D

2 SP/Spa 210 200AL 10  < 6AL

3 SP/Spa 160 74D 4 14D

4 Spa 41 49D/61AC 39 25D/8AC

6 SP/Spa 110 67D  < 3 12AC

7 Spa 110 89D 22 130D

8 SP/Spa 330¤ 73AL 100 65AL/130D

9 Spa 63 7D 14  < 10AL

10 SP/Spa 250 88D 7 32D

11 Spa 21 50AL 10 9AL

12 Spa 150 160D 32 56D

13 SP/Spa 55 37AL 18 45D

14 Spa 190 36AL 69 6AL

15 Spa 110 76PC/AL 5  < 4PC/AL

17 SP/Spa 65 25AL 10  < 9AL

18 SP/Spa 280 100AL 6 9AL

19 SP 120  < 3AL* 79 NM
21 SP 130 110AL 51 NM
22 SP 290 100 22  < 7
23 SP 45 17D 2  < 5D

24 SP 28 50D 25 14AL

25 SP 15 9AC  < 4  < 8AC
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Facility Facility 
type

Pool area Pool area 
(clean-
ing)

Bath-
room

Bathroom 
(cleaning)

(µg/m3) (µg/m3) (µg/m3) (µg/m3)

26 SP 130 96D 9  < 3D

27 SP 34 40D 14 20D

28 SP 46 44AL  < 4 6AL

29 SP 76 160D 13 220D

30 SP 82 65+  < 3  < 6
31 SP 140 34+ 7 NM
32 SP 18 10PC  < 6  < 8D

Ddesinfectant, ALalkaline solution, ACacidic solution, PCcleaning 
with pressure washer, ¤sampler capacity exceeded *pools drained 
of water, +maintenance, no cleaning

Table S2. Temperature and relative humidity of all facili-
ties during the cleaning in different areas.

Facil-
ity

Sauna Pool area Bathroom Locker room

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

1 - - 28 54 27 71 25 44
2 34 42 28 67 25 60 24 27
3 36 20 29 41 29 33 25 35
4 34 30 32 51 29 59 25 39
5 26 59 26 70 28 67 24 57
6 23 55 28/25 64/42 22 34 23 20
7 33 74 31 43 31 52 29 47
8 28 92 29 62 28 73 28 65
9 26 53 24 29 - - 26 26
10 26 55 32/27 36/53 26 39 - -
11 - - 34 46 28 38 26 19
12 29 47 29 61 29 70 27 30
13 - - 30 52 29 42 24 41
14 40 34 27 60 28 72 26 41
15 45 92 26 55 32 33 25 23
16 32 15 29 44 23 40 22 23
17 28 60 31/28 51/35 27 48 24 20
18 39 28 30 51 29 44 26 62
19 28 79 28 58 26 42 - -
20 - - 27 57 25 67 - -
21 45 25 25 56 34 40 23 47
22 28 17 30 31 27 21 24 32
23 - - 27 34 26 46 - -
24 29 54 25 41 25 55 23 61
25 - - 28 27 25 26 24 18
26 33 70 23 63 24 68 23 40
27 28 75 27 58 28 67 27 52
28 30 58 27 50 27 47 27 41
29 30 73 28 61 29 68 25 20
30 29 67 26 36 24 41 21 9
31 - - 23 65 26 18 24 15

Facil-
ity

Sauna Pool area Bathroom Locker room

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

T 
(°C)

RH 
(%)

32 - - 24 48 23 21 22 17
If two values are given, then the first one is from the spa area and 

the second is from the swimming pool area

Funding.

This research was funded by The Finnish Work Environ-
ment Fund (grant number: 116130), and cities of Iisalmi, 
Jyväskylä, and Jämsä.

Data availability.

The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11869-​021-​01138-z.

Acknowledgements  The authors would like to thank The Finnish Work 
Environment Fund, and cities of Iisalmi, Jyväskylä, and Jämsä for pro-
viding funding for the research. We are grateful for PhD Jacob Mensah-
Attipoe for language review. We would like to thank Timo Laaja from 
Finnish Institute of Occupational Health for the trichloramine analyses.

Funding  Open access funding provided by University of East-
ern Finland (UEF) including Kuopio University Hospital. 
Työsuojelurahasto,116130,Marko Hyttinen

Declarations 

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

https://doi.org/10.1007/s11869-021-01138-z
http://creativecommons.org/licenses/by/4.0/


	 Air Quality, Atmosphere & Health

1 3

References

Alamgir H, Yu S (2008) Epidemiology of occupational injury among 
cleaners in the healthcare sector. Occup Med (chic Ill) 58:393–
399. https://​doi.​org/​10.​1093/​occmed/​kqn028

Atramont A, Guida F, Mattei F et al (2016) Professional cleaning activ-
ities and lung cancer risk among women: results from the ICARE 
Study. J Occup Environ Med 58:610–616. https://​doi.​org/​10.​1097/​
JOM.​00000​00000​000722

Barbot E, Moulin P (2008) Swimming pool water treatment by ultra-
filtration-adsorption process. J Memb Sci 314:50–57. https://​doi.​
org/​10.​1016/j.​memsci.​2008.​01.​033

Bauer A (2013) Contact dermatitis in the cleaning industry. Curr Opin 
Allergy Clin Immunol 13:521–524. https://​doi.​org/​10.​1097/​ACI.​
0b013​e3283​64ec21

Bello A, Quinn MM, Perry MJ, Milton DK (2009) Characterization 
of occupational exposures to cleaning products used for com-
mon cleaning tasks-a pilot study of hospital cleaners. Environ 
Heal A Glob Access Sci Source 8:1–11. https://​doi.​org/​10.​1186/​
1476-​069X-8-​11

Bello A, Quinn MM, Milton DK, Perry MJ (2013) Determinants of 
exposure to 2-butoxyethanol from cleaning tasks: a quasi-exper-
imental study. Ann Occup Hyg 57:125–135. https://​doi.​org/​10.​
1093/​annhyg/​mes054

Berlin K, Johanson G, Lindberg M (1995) Hypersensitivity to 
2-(2-butoxyethoxy) ethanol. Contact Dermatitis 32:54

Bernstein JA (2002) Material safety data sheets: are they reliable in 
identifying human hazards? J Allergy Clin Immunol 110:35–38. 
https://​doi.​org/​10.​1067/​mai.​2002.​124891

Bessonneau V, Derbez M, Clément M, Thomas O (2011) Determinants 
of chlorination by-products in indoor swimming pools. Int J Hyg 
Environ Health 215:76–85. https://​doi.​org/​10.​1016/j.​ijheh.​2011.​
07.​009

Bureau of Labor Statistics Janitors and Building Cleaners. In: Occup. 
Outlook Handb. https://​www.​bls.​gov/​ooh/​build​ing-​and-​groun​ds-​
clean​ing/​janit​ors-​and-​build​ing-​clean​ers.​htm. Accessed 4 Jan 2019

Burge PS (2010) Recent developments in occupational asthma. Swiss 
Med Wkly 140:128–132. https://​doi.​org/​10.​1093/​oxfor​djour​nals.​
bmb.​a0725​36

Cammann K, Hübner K (1995) Trihalomethane concentrations in 
swimmers’ and bath attendants’ blood and urine after swimming 
or working in indoor swimming pools. Arch Environ Heal an Int 
J 50:61–65

Caro J, Gallego M (2007) Assessment of exposure of workers and 
swimmers to trihalomethanes in an indoor swimming pool. Envi-
ron Sci Technol 41:4793–4798. https://​doi.​org/​10.​1021/​es070​084c

Clausen PA, Wolkoff P (1997) Degradation products of Tenax TA 
formed during sampling and thermal desorption analysis: indi-
cators of reactive species indoors. Atmos Environ 31:715–725. 
https://​doi.​org/​10.​1016/​S1352-​2310(96)​00230-0

da Luz EMF, de Magnago TSB, S, Greco PBT, et al (2017) Prevalence 
and factors associated with musculoskeletal pain in hospital clean-
ing workers. Texto Context - Enferm 26:1–10. https://​doi.​org/​10.​
1590/​0104-​07072​01700​08700​16

Dingle P, Tan R, Maynard A (2002) Health effects , attitudes and per-
ceptions towards cleaning chemicals. In: Indoor Air. pp 98–103

European Cleaning and Facilities Services Industry (EFCI) THE 
EUROPEAN CLEANING AND FACILITY SERVICES INDUS-
TRY. https://​www.​efci.​eu/. Accessed 5 Feb 2019

Finnish Ministry of Social Affairs and Health (2018) HTP values 2018: 
Concentrations known to be harmful (text in Finnish). Finnish 
Ministry of Social Affairs and Health, Helsinki, Finland

Folletti I, Siracusa A, Paolocci G (2017) Update on asthma and clean-
ing agents. Curr Opin Allergy Clin Immunol 17:90–95. https://​
doi.​org/​10.​1097/​ACI.​00000​00000​000349

Fornander L, Ghafouri B, Lindahl M, Graff P (2013) Airway irritation 
among indoor swimming pool personnel: trichloramine expo-
sure, exhaled NO and protein profiling of nasal lavage fluids. Int 
Arch Occup Environ Health 86:571–580. https://​doi.​org/​10.​1007/​
s00420-​012-​0790-4

Gerster FM, Hopf NB, Wild PP, Vernez D (2014a) Airborne exposures 
to monoethanolamine, glycol ethers, and benzyl alcohol during 
professional cleaning: a pilot study. Ann Occup Hyg 58:846–859. 
https://​doi.​org/​10.​1093/​annhyg/​meu028

Gerster FM, Vernez D, Wild PP, Hopf NB (2014b) Hazardous sub-
stances in frequently used professional cleaning products. Int J 
Occup Environ Health 20:46–60. https://​doi.​org/​10.​1179/​20493​
96713Y.​00000​00052

Gijsbers JHJ, Tielemans E, Brouwer DH, Van Hemmen JJ (2004) Der-
mal exposure during filling, loading and brushing with products 
containing 2-(2-butoxyethoxy)ethanol. Ann Occup Hyg 48:219–
227. https://​doi.​org/​10.​1093/​annhyg/​meh008

Hansen KMS, Willach S, Antoniou MG et al (2012) Effect of pH on the 
formation of disinfection byproducts in swimming pool water - is 
less THM better? Water Res 46:6399–6409. https://​doi.​org/​10.​
1016/j.​watres.​2012.​09.​008

Hery M, Hecht G, Gerber JM et al (1995) Exposure to chloramines 
in the atmosphere of indoor swimming pools. Ann Occup Hyg 
39:427–439. https://​doi.​org/​10.​1093/​annhyg/​39.4.​427

Horii Y, Kannan K (2008) Survey of organosilicone compounds, 
including cyclic and linear siloxanes, in personal-care and 
household products. Arch Environ Contam Toxicol 55:701–710. 
https://​doi.​org/​10.​1007/​s00244-​008-​9172-z

Hsu HT, Chen MJ, Lin CH et  al (2009) Chloroform in indoor 
swimming-pool air: monitoring and modeling coupled with 
the effects of environmental conditions and occupant activi-
ties. Water Res 43:3693–3704. https://​doi.​org/​10.​1016/j.​watres.​
2009.​05.​032

Hyttinen M (2007) The formation of organic compounds and subse-
quent emissions from ventilation filters. University of Kuopio

IARC Working Group (2006) Glycol ethers. In: IARC monographs 
on the evaluation of carcinogenic risks to humans. Volume 88: 
formaldehyde , 2-butoxyethanol and 1-tert-butoxypropan-2-ol. 
International Agency for Research on Cancer, Lyon, France, pp 
327–438

ISO (2004) Part 6: Determination of volatile organic compounds in 
indoor and test chamber air by active sampling on Tenax TA sorb-
ent, thermal desorption and gas chromatography using MS/FID. 
In: ISO 16000–6. International Organization for Standardization, 
Swizerland, p 25

Jacobs JH, Spaan S, van Rooy GBGJ et al (2007) Exposure to trichlo-
ramine and respiratory symptoms in indoor swimming pool work-
ers. Eur Respir J 29:690–698. https://​doi.​org/​10.​1183/​09031​936.​
00024​706

Judd SJ, Black SH (2000) Disinfection by-product formation in swim-
ming pool waters: a simple mass balance. Water Res 34:1611–
1619. https://​doi.​org/​10.​1016/​S0043-​1354(99)​00316-4

Jungbauer FHW, Van Der Harst JJ, Schuttelaar ML et al (2004) Charac-
teristics of wet work in the cleaning industry. Contact Dermatitis 
51:131–134

Klenø JG, Wolkoff P, Clausen PA et al (2002) Degradation of the adsor-
bent tenax TA by nitrogen oxides, ozone, hydrogen peroxide, OH 
radical, and limonene oxidation products. Environ Sci Technol 
36:4121–4126. https://​doi.​org/​10.​1021/​es025​680f

Kroupa A, Dewulf J, Van Langenhove H, Víden I (2004) Break-
through characteristics of volatile organic compounds in the -10 
to +170°C temperature range on Tenax TA determined by micro-
trap technology. J Chromatogr A 1038:215–223. https://​doi.​org/​
10.​1016/j.​chroma.​2004.​03.​035

https://doi.org/10.1093/occmed/kqn028
https://doi.org/10.1097/JOM.0000000000000722
https://doi.org/10.1097/JOM.0000000000000722
https://doi.org/10.1016/j.memsci.2008.01.033
https://doi.org/10.1016/j.memsci.2008.01.033
https://doi.org/10.1097/ACI.0b013e328364ec21
https://doi.org/10.1097/ACI.0b013e328364ec21
https://doi.org/10.1186/1476-069X-8-11
https://doi.org/10.1186/1476-069X-8-11
https://doi.org/10.1093/annhyg/mes054
https://doi.org/10.1093/annhyg/mes054
https://doi.org/10.1067/mai.2002.124891
https://doi.org/10.1016/j.ijheh.2011.07.009
https://doi.org/10.1016/j.ijheh.2011.07.009
https://www.bls.gov/ooh/building-and-grounds-cleaning/janitors-and-building-cleaners.htm
https://www.bls.gov/ooh/building-and-grounds-cleaning/janitors-and-building-cleaners.htm
https://doi.org/10.1093/oxfordjournals.bmb.a072536
https://doi.org/10.1093/oxfordjournals.bmb.a072536
https://doi.org/10.1021/es070084c
https://doi.org/10.1016/S1352-2310(96)00230-0
https://doi.org/10.1590/0104-07072017000870016
https://doi.org/10.1590/0104-07072017000870016
https://www.efci.eu/
https://doi.org/10.1097/ACI.0000000000000349
https://doi.org/10.1097/ACI.0000000000000349
https://doi.org/10.1007/s00420-012-0790-4
https://doi.org/10.1007/s00420-012-0790-4
https://doi.org/10.1093/annhyg/meu028
https://doi.org/10.1179/2049396713Y.0000000052
https://doi.org/10.1179/2049396713Y.0000000052
https://doi.org/10.1093/annhyg/meh008
https://doi.org/10.1016/j.watres.2012.09.008
https://doi.org/10.1016/j.watres.2012.09.008
https://doi.org/10.1093/annhyg/39.4.427
https://doi.org/10.1007/s00244-008-9172-z
https://doi.org/10.1016/j.watres.2009.05.032
https://doi.org/10.1016/j.watres.2009.05.032
https://doi.org/10.1183/09031936.00024706
https://doi.org/10.1183/09031936.00024706
https://doi.org/10.1016/S0043-1354(99)00316-4
https://doi.org/10.1021/es025680f
https://doi.org/10.1016/j.chroma.2004.03.035
https://doi.org/10.1016/j.chroma.2004.03.035


Air Quality, Atmosphere & Health	

1 3

Kumar R, Kumar S (2008) Musculoskeletal risk factors in clean-
ing occupation-a literature review. Int J Ind Ergon 38:158–170. 
https://​doi.​org/​10.​1016/j.​ergon.​2006.​04.​004

Labrecque M (2012) Irritant-induced asthma. Curr Opin Allergy Clin 
Immunol 12:140–144. https://​doi.​org/​10.​1097/​ACI.​0b013​e3283​
5143b8

Lee J, Ha KT, Zoh KD (2009) Characteristics of trihalomethane (THM) 
production and associated health risk assessment in swimming 
pool waters treated with different disinfection methods. Sci Total 
Environ 407:1990–1997. https://​doi.​org/​10.​1016/j.​scito​tenv.​2008.​
11.​021

Lee J, Jun MJ, Lee MH et al (2010) Production of various disinfection 
byproducts in indoor swimming pool waters treated with differ-
ent disinfection methods. Int J Hyg Environ Health 213:465–474. 
https://​doi.​org/​10.​1016/j.​ijheh.​2010.​09.​005

Lessmann H, Uter W, Schnuch A, Geier J (2009) Skin sensitizing prop-
erties of the ethanolamines mono-, di-, and triethanolamine. Data 
analysis of a multicentre surveillance network (IVDK) and review 
of the literature. Contact Dermatitis 60:243–255. https://​doi.​org/​
10.​1111/j.​1600-​0536.​2009.​01506.x

Li J, Blatchley ER (2007) Volatile disinfection byproduct formation 
resulting from chlorination of organic - nitrogen procursors in 
swimming pools. Environ Sci Technol 41:6732–6739

Mäkelä R, Kauppi P, Suuronen K et al (2011) Occupational asthma in 
professional cleaning work: a clinical study. Occup Med (chic Ill) 
61:121–126. https://​doi.​org/​10.​1093/​occmed/​kqq192

Mirabelli MC, Vizcaya D, Margarit AM et al (2012) Occupational 
risk factors for hand dermatitis among professional cleaners in 
Spain. Contact Dermatitis 66:188–196. https://​doi.​org/​10.​1111/j.​
1600-​0536.​2011.​02023.x

Multigner L, Catala M, Cordier S et al (2005) The INSERM expert 
review on glycol ethers: findings and recommendations. Toxicol 
Lett 156:29–37. https://​doi.​org/​10.​1016/j.​toxlet.​2003.​12.​077

Nazaroff WW, Weschler CJ (2004) Cleaning products and air fresheners: 
exposure to primary and secondary air pollutants. Atmos Environ 
38:2841–2865. https://​doi.​org/​10.​1016/j.​atmos​env.​2004.​02.​040

Nielsen GD, Hansen LF, Nexo BA, Poulsen OM (1998) Indoor Air 
Guideline Levels for 2-ethoxyethanol, 2-(2-ethoxyethoxy)ethanol, 
2-(2-butoxyethoxy)ethanol and 1-methoxy-2-propanol. Indoor Air 
8:37–54

Odabasi M (2008) Halogenated volatile organic compounds from the 
use of chlorine-bleach-containing household products. Environ 
Sci Technol 42:1445–1451. https://​doi.​org/​10.​1021/​es702​355u

Official Statistics of Finland (OSF) (2019) 014 -- Employed persons 
aged 15 to 74 by occupation (Classification of Occupations 2010) 
and sex. In: Labor force Surv. http://​pxnet2.​stat.​fi/​PXWeb/​sq/​
b008f​bb6-​8bd4-​4153-​b3c9-​0255d​f1b4f​fb. Accessed 26 Feb 2019

Parrat J, Donzé G, Iseli C et al (2012) Assessment of occupational and 
public exposure to trichloramine in swiss indoor swimming pools: 
a proposal for an occupational exposure limit. Ann Occup Hyg 
56:264–277. https://​doi.​org/​10.​1093/​annhyg/​mer125

Ramsey JD, Burford CL, Beshir MY, Jensen RC (1983) Effects of 
workplace thermal conditions on safe work behavior. J Safety Res 
14:105–114

Richardson SD, DeMarini DM, Kogevinas M et al (2010) What’s in the 
pool? A comprehensive identification of disinfection by-products 
and assessment of mutagenicity of chlorinated and brominated 
swimming pool water. Environ Health Perspect 118:1523–1530. 
https://​doi.​org/​10.​1289/​ehp.​10019​65

Rücker C, Kümmerer K (2015) Environmental chemistry of organosi-
loxanes. Chem Rev 115:466–524. https://​doi.​org/​10.​1021/​cr500​
319v

Ruokolainen J, Hyttinen M (2019) Cleaning workers’ exposure to vola-
tile organic compounds and particulate matter during floor polish 
removal and reapplication. J Occup Environ Hyg 16:685–693. 
https://​doi.​org/​10.​1080/​15459​624.​2019.​16469​15

Savonius B, Keskinen H, Tuppurainen M, Kanerva L (1994) Occu-
pational asthma caused by ethanolamines. Allergy 49:877–881

Schmalz C, Frimmel FH, Zwiener C (2011a) Trichloramine in swim-
ming pools - formation and mass transfer. Water Res 45:2681–
2690. https://​doi.​org/​10.​1016/j.​watres.​2011.​02.​024

Schmalz C, Wunderlich HG, Heinze R et al (2011b) Application of an 
optimized system for the well-defined exposure of human lung 
cells to trichloramine and indoor pool air. J Water Health 9:586–
596. https://​doi.​org/​10.​2166/​wh.​2011.​144

Singer BC, Destaillats H, Hodgson AT, Nazaroff WW (2006) Clean-
ing products and air fresheners: emissions and resulting concen-
trations of glycol ethers and terpenoids. Indoor Air 16:179–191. 
https://​doi.​org/​10.​1111/j.​1600-​0668.​2005.​00414.x

Suleiman AM, Svendsen K (2014) Are safety data sheets for clean-
ing products used in Norway a factor contributing to the risk of 
workers exposure to chemicals? Int J Occup Med Environ Health 
27:840–853. https://​doi.​org/​10.​2478/​s13382-​014-​0302-8

Suleiman AM, Svendsen KVH (2015) Effectuality of cleaning work-
ers’ training and cleaning enterprises’ chemical health hazard risk 
profiling. Saf Health Work 6:345–352. https://​doi.​org/​10.​1016/j.​
shaw.​2015.​10.​003

Suontamo T (2004) Development of a test method for evaluating the 
cleaning efficiency of hard-surface cleaning agents. Jyväskylä

Tang X, Misztal PK, Nazaroff WW, Goldstein AH (2015) Siloxanes 
are the most abundant volatile organic compound emitted from 
engineering students in a classroom. Environ Sci Technol Lett 
2:303–307. https://​doi.​org/​10.​1021/​acs.​estle​tt.​5b002​56

Tarlo SM, Lemiere C (2014) Occupational asthma. N Engl J Med 
370:640–649

Thickett KM, McCoach JS, Gerber JM et al (2002) Occupational 
asthma caused by chloramines in indoor swimming-pool air. Eur 
Respir J 19:827–832. https://​doi.​org/​10.​1183/​09031​936.​02.​00232​
802

University of Jyväskylä LIPAS / Swimming pools. https://​uimah​allit.​
lipas.​fi/#/​uimah​allip​ortaa​li/​hallit. Accessed 17 Apr 2019

Van den Borre L, Deboosere P (2018) Health risks in the cleaning 
industry: a Belgian census-linked mortality study (1991–2011). 
Int Arch Occup Environ Health 91:13–21. https://​doi.​org/​10.​1007/​
s00420-​017-​1252-9

Wang R, Moody RP, Koniecki D, Zhu J (2009) Low molecular weight 
cyclic volatile methylsiloxanes in cosmetic products sold in Can-
ada: implication for dermal exposure. Environ Int 35:900–904. 
https://​doi.​org/​10.​1016/j.​envint.​2009.​03.​009

Weaver WA, Li J, Wen Y et al (2009) Volatile disinfection by-product 
analysis from chlorinated indoor swimming pools. Water Res 
43:3308–3318. https://​doi.​org/​10.​1016/j.​watres.​2009.​04.​035

Weisel C, Richardson S, Nemery B et al (2009) Childhood asthma and 
environmental exposures at swimming pools: state of the science 
and research recommendations. Env Heal Perspect 117:500–507

Westerlund J, Graff P, Bryngelsson IL et al (2015) Occupational expo-
sure to trichloramine and trihalomethanes in Swedish indoor 
swimming pools: evaluation of personal and stationary moni-
toring. Ann Occup Hyg 59:1074–1084. https://​doi.​org/​10.​1093/​
annhyg/​mev045

Westerlund J, Bryngelsson IL, Löfstedt H et al (2019) Occupational 
exposure to trichloramine and trihalomethanes: adverse health 
effects among personnel in habilitation and rehabilitation swim-
ming pools. J Occup Environ Hyg 16:78–88. https://​doi.​org/​10.​
1080/​15459​624.​2018.​15368​25

WHO (2006) Volume 2, Swimming pools and similar environments, 
Guidelines. World Health Organization, Geneva, Switzerland

Wieslander G, Norbäck D (2010) A field study on clinical signs and 
symptoms in cleaners at floor polish removal and application in 
a Swedish hospital. Int Arch Occup Environ Health 83:585–591. 
https://​doi.​org/​10.​1007/​s00420-​010-​0531-5

https://doi.org/10.1016/j.ergon.2006.04.004
https://doi.org/10.1097/ACI.0b013e32835143b8
https://doi.org/10.1097/ACI.0b013e32835143b8
https://doi.org/10.1016/j.scitotenv.2008.11.021
https://doi.org/10.1016/j.scitotenv.2008.11.021
https://doi.org/10.1016/j.ijheh.2010.09.005
https://doi.org/10.1111/j.1600-0536.2009.01506.x
https://doi.org/10.1111/j.1600-0536.2009.01506.x
https://doi.org/10.1093/occmed/kqq192
https://doi.org/10.1111/j.1600-0536.2011.02023.x
https://doi.org/10.1111/j.1600-0536.2011.02023.x
https://doi.org/10.1016/j.toxlet.2003.12.077
https://doi.org/10.1016/j.atmosenv.2004.02.040
https://doi.org/10.1021/es702355u
http://pxnet2.stat.fi/PXWeb/sq/b008fbb6-8bd4-4153-b3c9-0255df1b4ffb
http://pxnet2.stat.fi/PXWeb/sq/b008fbb6-8bd4-4153-b3c9-0255df1b4ffb
https://doi.org/10.1093/annhyg/mer125
https://doi.org/10.1289/ehp.1001965
https://doi.org/10.1021/cr500319v
https://doi.org/10.1021/cr500319v
https://doi.org/10.1080/15459624.2019.1646915
https://doi.org/10.1016/j.watres.2011.02.024
https://doi.org/10.2166/wh.2011.144
https://doi.org/10.1111/j.1600-0668.2005.00414.x
https://doi.org/10.2478/s13382-014-0302-8
https://doi.org/10.1016/j.shaw.2015.10.003
https://doi.org/10.1016/j.shaw.2015.10.003
https://doi.org/10.1021/acs.estlett.5b00256
https://doi.org/10.1183/09031936.02.00232802
https://doi.org/10.1183/09031936.02.00232802
https://uimahallit.lipas.fi/#/uimahalliportaali/hallit
https://uimahallit.lipas.fi/#/uimahalliportaali/hallit
https://doi.org/10.1007/s00420-017-1252-9
https://doi.org/10.1007/s00420-017-1252-9
https://doi.org/10.1016/j.envint.2009.03.009
https://doi.org/10.1016/j.watres.2009.04.035
https://doi.org/10.1093/annhyg/mev045
https://doi.org/10.1093/annhyg/mev045
https://doi.org/10.1080/15459624.2018.1536825
https://doi.org/10.1080/15459624.2018.1536825
https://doi.org/10.1007/s00420-010-0531-5


	 Air Quality, Atmosphere & Health

1 3

Wolkoff P, Schneider T, Kildesø J et al (1998) Risk in cleaning: chemi-
cal and physical exposure. Sci Total Environ 215:135–156. https://​
doi.​org/​10.​1016/​S0048-​9697(98)​00110-7

Woods V, Buckle P (2006) Musculoskeletal ill health amongst clean-
ers and recommendations for work organisational change. Int J 
Ind Ergon 36:61–72. https://​doi.​org/​10.​1016/j.​ergon.​2005.​08.​001

Zwiener C, Richardson SD, De Marini DM et al (2007) Drowning in 
disinfection byproducts? Assessing swimming pool water. Envi-
ron Sci Technol 41:363–372. https://​doi.​org/​10.​1021/​es062​367v

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S0048-9697(98)00110-7
https://doi.org/10.1016/S0048-9697(98)00110-7
https://doi.org/10.1016/j.ergon.2005.08.001
https://doi.org/10.1021/es062367v

	Exposure of cleaning workers to chemical agents and physical conditions in swimming pools and spas
	Abstract
	Introduction
	Materials and methods
	Descriptions of the swimming pools, spas, and cleaning tasks
	Cleaning products
	Volatile organic compounds
	Trichloramine
	Statistical analysis
	Particulate matter
	Comfort conditions

	Results
	Cleaning products
	Volatile organic compounds
	Trichloramine
	Statistical analysis
	Particulate matter
	Comfort conditions

	Discussion
	Conclusion
	Supplementary information
	Funding.
	Data availability.
	Acknowledgements 
	References


