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ABSTRACT 

Purpose Occurrence of airway irritation among indoor swimming pool personnel was investigated. 

The aim was to assess trichloramine exposure levels and exhaled nitric oxide in relation to the 

prevalence of airway symptoms in swimming pool facilities and to determine protein effects in the 

upper respiratory tract. 

Methods The presence of airway symptoms related to work were examined in 146 individuals 

working at 46 indoor swimming pool facilities. Levels of trichloramine, as well as exhaled nitric oxide, 

were measured in five facilities with high prevalence of airway irritation and four facilities with no 

airway irritation among the personnel. Nasal lavage fluid was collected and protein profiles were 

determined by a proteomic approach. 

Results 17 % of the swimming pool personnel reported airway symptoms related to work. The levels 

of trichloramine in the swimming pool facilities ranged from 0.04-0.36 mg/m3. There were no 

covariance between trichloramine levels, exhaled nitric oxide and prevalence of airway symptoms. 

Protein profiling of the nasal lavage fluid showed that, alpha-1-antitrypsin and lactoferrin, were 

significantly higher, and S100-A8 was significantly lower in swimming pool personnel.  

Conclusions This study confirms the occurrence of airway irritation among indoor swimming pool 

personnel. Our results indicate altered levels of innate immunity proteins in the upper airways that 

may pose as potential biomarkers. However, swimming pool facilities with high prevalence of airway 

irritation could not be explained by higher trichloramine exposure levels. Further studies are needed 

to clarify the environmental factors in indoor swimming pools that cause airway problems and affect 

the immune system. 

Key terms: innate immunity, occupational medicine, proteomics, upper respiratory tract. 
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INTRODUCTION 

Swimming is considered to have positive health effects and indoor swimming pools are popular 

recreation resorts worldwide. However, people frequently being in the environment often 

experience airway, eye or dermatological problems (WHO 2006; Nemery et al. 2002). Several studies 

have showed that personnel, like lifeguards and pool attendants, suffer from nasal and throat 

symptoms, often together with eye irritation (Massin et al. 1998; Demange et al. 2009; Dang et al. 

2010; Fantuzzi et al. 2010; Jacobs et al. 2007). There are also studies indicating that children 

frequently visiting indoor swimming pools have an increased risk to develop asthma and allergy 

(Bernard et al. 2005; Bernard et al. 2006), although the opposite has also been found (Font-Ribera et 

al. 2011). In light of these possible public health hazards associated to swimming pools, the World 

Health Organization (WHO) has provided guidelines for management, exposure monitoring and risk 

evaluation (WHO 2006). 

To avoid spread of infectious diseases among bathers, the water is disinfected and the most 

widespread method is by chlorination. However, when chlorine comes in contact with nitrogen 

containing substances in the water, such as urine, sweat and skin cells, irritating volatile by-products 

are formed, i.e. different forms of chloramine gases. One of these is trichloramine, which is easily 

evaporated and then enriched above the surface of the water (Weaver et al. 2009; Schmalz et al. 

2011). It is also predicted that crowded modern adventure bath with waterfalls, water slides and 

bubble pools could generate higher trichloramine levels in the air (Hery et al. 1995; Richardson et al. 

2010). There are still gaps in the knowledge about the health effects of trichloramine, but many 

studies suggests it as the most important cause for airway symptoms among employees and visitors 

(Massin et al. 1998; Jacobs et al. 2007; Levesque et al. 2006). In addition, trichloramine induced 

occupational asthma has been reported (Thickett et al. 2002). 

Some efforts have been made to establish biomarkers for airway effects after chlorinated swimming 

pool environment exposure. One candidate is fractional exhaled nitric oxide (NO), a marker of 
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inflammation, which has been found to be associated to pool attendance in children (Bernard et al. 

2005) and airway responsiveness in lifeguards (Demange et al. 2009). In addition, a few protein 

biomarkers have been assessed in swimmers. Thus, increased serum levels of surfactant proteins (SP-

A and SP-B) have been found after swimming in chlorinated pools (Carbonnelle et al. 2002) and 

associated to pool attendance in children (Bernard et al. 2005). Furthermore, increased serum levels 

of Clara cell secretory protein 16 (CC16) have been suggested as a short-term marker after swimming 

in chlorinated pools (Font-Ribera et al. 2010), although other results indicates CC16 being a marker of 

exercise rather than exposure to chlorinated irritants (Carbonnelle et al. 2002). Both SP-A/SP-B and 

CC16 are typical airway proteins and increased levels in serum are believed to reflect increased 

epithelial permeability, e.g. caused by exposure to irritants. In contrast to these studies, no similar 

efforts have been made to investigate protein changes in airway samples in connection to irritant 

exposure at indoor swimming pool facilities. In this respect, nasal lavage is a sampling technique that 

can be used to measure inflammatory states in the upper respiratory tract. Nasal lavage fluid (NLF) is 

especially useful in occupational exposure studies, since it is easily collected and non-invasive for the 

subjects participating (Norback and Wieslander 2002). We have previously analyzed NLF to detect 

protein changes in smokers (Ghafouri et al. 2002) and to identify protein biomarkers after exposure 

to irritating epoxy chemicals (Lindahl et al. 2004).  

In this study we investigated the occurrence of airway symptoms among personnel working at 46 

Swedish indoor swimming pool facilities. The exposure to trichloramine and exhaled NO were then 

assessed in employees at 5 swimming pool facilities with high prevalence of airway irritation and 4 

facilities without cases of airway irritation. Finally, NLF were collected from a group of exposed 

subjects and analyzed with a proteomic approach to detect protein pattern changes that may pose 

new potential biomarkers. 
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SUBJECTS AND METHODS 

Chemicals 

TEMED, 40 % acrylamide solution, 2 % bis-acrylamide solution, Tween 20 and ammonium persulfate 

were obtained from Bio-Rad Laboratories (Hercules, CA, USA). Iodocetamide, DTT, sodium dodecyl 

sulfate (SDS), CHAPS, 2,5-dihydroxybenzoic acid, acetonitrile and trifluoroacetic acid were all 

purchased from Sigma-Aldrich (St. Louis, MI, USA). IPG buffer pH 3-10 NL, IPGs NL 3-10, and dry strip 

cover fluid were acquired from GE Healthcare and porcine trypsin was from Promega (Madison, WI, 

USA). The calibration mixture for peptide mass fingerprinting; des-Arg1-bradykinin, angiotensin I, 

Glu1-fibrinopeptide B, neurotensin, adrenocorticotropic hormone (ACTH, clip 1-17), ACTH (clip 18-

39), ACTH (clip7-38) with masses: 904.4681, 1296.6853, 1570.6774, 1672.9175, 2093.0867, 

2465.1989, 3657.9294, respectively, were purchased from Applied Biosystems (Foster  City, CA, USA). 

 

Study design 

A cross-sectional descriptive study of indoor swimming pool facilities in the south-east healthcare 

region of Sweden was performed.  The study was approved by the local ethical board (Dnr: M64-07) 

and written consent was obtained from all participants. Originally, 46 public indoor swimming pool 

facilities were visited. The study comprised different types of facilities such as adventure baths and 

rehabilitation baths as well as regular swimming pools. The employees (n=146, 58 men and 88 

women) were interviewed regarding work environment and health status, including airway 

symptoms related to work. All subjects included in the study were full-time employees. From the 

interview result, 9 facilities were selected, based on highest (5 facilities) and lowest (4 facilities) 

prevalence of self-stated airway symptoms, for further investigations. Air levels of trichloramine 

were measured in the facilities and NO assessed in exhaled breath from all full-time employees 

(n=39). These individuals also answered a questionnaire regarding; duration of employment at 
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indoor swimming pool facilities, last work period in days, specific job assignment at the work place, 

prevalence of airway symptoms related to work and, if applicable, description of symptoms etc. 

Three facilities were then selected for more detailed studies of the employees regarding 

trichloramine exposure levels and upper airway protein composition. These facilities were chosen 

based on the presence of personnel with airway symptoms and being facilities with different type of 

characteristics. Facility I (about 700 visitors/day) was an adventure bath with a total water surface 

area of 700 m2 consisting of one exercise pool (separate ventilating system), one bubble pool and an 

adventure pool with waves and a water slide. Facility II (about 300 visitors/day) contained an exercise 

pool and a shallow pool with a total area of 700 m2 and facility III (about 300 visitors/day) contained 

one exercise pool and one bubble pool with a total water surface area of 400 m2. To look for airway 

biomarkers NLF was collected from the personnel, five with reported airway symptoms (three 

females and two males, 28-56 years, median 41 year) and five without (two females and three males, 

26-51 years, median 40 years). Exhaled NO was once again determined together with a 

supplementary questionnaire regarding health status. Inclusion criterion was working in a swimming 

pool facility with exposure to the pool environment. Exclusion criteria were current smoker and 

diagnosed asthma before beginning of work in swimming pool and atopy. None of the individuals 

subjected to NLF had developed asthma during their employment. In addition, five healthy non-

smoking controls (three females and two males, 25-50 years, median 35 years), not working at an 

indoor swimming pool facility, were included and examined in the same way. Two subjects were 

excluded from the analyses (one control and one of the swimming pool personnel) as they suffered 

from common cold at the time of NO determination and nasal lavage.  

 

Trichloramine measurement 

Trichloramine was measured in the facilities using sodium carbonate and arsenic trioxide 

impregnated filters coupled to AirCheck 2000 air sampling pump (SKC Inc., PA, USA) with a flow rate 
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of 1 l/min (Hery et al. 1998). The samples were analyzed by ion specific electrode at the unit of 

Occupational and environmental medicine, Umeå University, Sweden. A Teflon filter was mounted in 

front of the impregnated filter that was coupled to the pump to avoid contamination from water 

droplets and mist during analysis. Measurements were performed for three hours at three different 

locations in each building and 1.3 m above floor level. 

 

Sample collection and preparations 

Samples were taken at site during winter at times with high visitor load. NLF was collected by 

introducing 15 ml of 0.9 % saline solution to the nasal cavity by a catheter and maintained there for 5 

minutes before recovered. Mucous and cells were immediately removed by centrifugation (700 rcf) 

and samples were then kept on ice during transport to lab (4 h) where they were divided in aliquots 

and stored in -70° C.  Protein concentrations were determined according to Bradford (Bradford 

1976). Exhaled NO was measured with NIOX Mino (Aerocrine, Solna, Sweden). The test was 

performed according to the manufacturer’s instruction at a flow rate of 50 ml/s. To prevent 

contamination of the sample with nasal air subjects exhaled against a positive counter pressure of 

1013 hPa and through a filter to avoid mucous to enter the measurement device. A reference value 

between 5-25 ppb was considered normal (Taylor et al. 2006). 

 

Multiplex assay 

Cytokines was measured in NLF using a Luminex 100TM instrument (Luminex, TX, USA) and Star 

Station software (Applied Cytometry, UK). A human cytokine 10-plex antibody bead kit (Invitrogen, 

CA, USA) for assessment of granulocyte macrophage-colony stimulating factor, interferon-γ, 

interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 and tumor necrosis factor-α in plasma or tissue 
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culture supernatants, was used. Cytokine content in the samples was analyzed according to 

manufacturer’s instructions.  

 

Immunoblotting  

NLF proteins (5 µg) were separated by one-dimensional SDS polyacrylamide gel electrophoresis (5-20 

%) on Mini-Protean II electrophoresis Cell (Bio-Rad Laboratories, CA, USA). The samples was first run 

on 100 V, 60 mA for one hour and then elevated to 200 V, 60 mA until finished and transferred to a 

PVDF membrane using Mini-Trans blot cell (Bio-Rad Laboratories, CA, USA). The membranes were 

blocked in 5 % non-fat dried milk in tris-buffered saline, pursued by primary antibody; 0.1 µg/ml, 

short palate lung and nasal epithelial clone 1 (SPLUNC1), goat anti-human polyclonal IgG or 0.1 

µg/ml, uteroglobin (Clara cell protein), rat anti-human monoclonal IgG (R&D Systems, MN, USA), in 2 

% non-fat dry milk in tris-buffered saline with Tween20. After incubation with HRP conjugated 

secondary antibodies (sheep anti-goat IgG antibody, Sigma, MI, USA or rabbit anti-rat IgG antibody, 

Abcam, United Kingdom) SPLUNC1 or Clara cell protein were detected by chemiluminescence and 

visualized on AGFA X-ray film.  

 

Two dimensional gel electrophoresis 

2-DE was performed as described in detail earlier (Ghafouri et al. 2006) on a horizontal 2-DE setup 

(IPGphor and Multiphor, GE Healthcare). In short, samples were desalted, lyophilized and resolved in 

2-DE urea sample solution according to Görg (Gorg et al. 2000) and stored in -70° until use. Samples 

containing 50 µg proteins from each subject were applied by in-gel rehydration for 12 h using low 

voltage (30 V) in pH 3-10 non-linear immobiline pH gradient gels (GE Healthcare, UK).  The proteins 

were additionally focused to 38 000 VHrs at a maximum voltage of 8000 V.  After the first dimension, 

the gels were either used immediately or stored at -70° C. The second dimension was performed in 
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gradient home cast gels on GelBond PAG film (0.5*180*245 mm, T: 11-18 %, C: 1.5 %, 33-0 % 

glycerol) running at 30 mA for about 20 h. The gels were then silver stained according to Shevchenko 

(Shevchenko et al. 1996). 

 

Image analysis 

To visualize both X-ray films and 2DE-gels a cooled CCD (Charged-Coupled Device) camera digitizing 

at 1340x1040 pixels resolution (Fluor-S Multi-Imager, Bio-Rad Laboratories, CA, USA) was used. X-ray 

films from immunoblotting were further analyzed by Quantity One Version 4.6.9 and grayscale 

images from 2-DE gels were processed in PDQuest Version 8.0.1 (Bio-Rad Laboratories, CA, USA). The 

proteins were quantified according to optical densities, presented as percentage of total density in 

gel image. 

 

Identification of proteins with mass spectrometry 

Proteins spots were excised out of the gel, destained with 30 mM potassium ferricyanide/50 mM 

sodium thiosulfate, according to Gharahdaghi et al (Gharahdaghi et al. 1999), followed first by 

incubation with 200 mM ammonium bicarbonate and then with 100 % acetonitrile to dehydrate the 

gel. Trypsin (10 mg/ml Sequencing Grade Modified, Promega, WI, USA) was added to the samples, 

incubated over night in 37° C and then dried in speed-vac. The peptides were reconstituted in 0.1 % 

trifluoroacetic acid and mixed 1:1 with matrix (2,5-dihydroxybenzoic acid, 0.02 mg/ml) as described 

previously (Ghafouri et al. 2007). The sample was applied onto the target plate (V700666 REV.C, 

Applied Biosystems) and the peptide masses were acquired using a matrix-assisted laser desorption 

ionization-time of flight mass spectrometry (MALDI-TOF MS, Voyager-DE PRO, Applied Biosystems, 

Foster City, CA, USA) using a 337 nm N2 laser, delayed extraction, positive ionization, operated in 

reflector mode and instrument settings as defined earlier (Ghafouri et al. 2007). Spectra in the mass 
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range from 700 to 3600 m/z were collected from 400 laser pulses/sample with close external mass 

calibration with a standard peptide mixture and internal calibration using known trypsin autolysis 

peaks (m/z 842.5100, 2211.1046). Acquired spectra were processed in Data ExplorerTM Version 4.0 

and the result were analyzed using Protein Prospector v.5.6.2, MS-Fit search in Swiss-Prot or NCBI 

databases. Restriction for all searches were placed on species (human), mass tolerance (± 50 ppm), 

cystein modification by carbamidomethylation and maximum missed cleavages by trypsin to one. 

The 50-100 most abundant peaks were used for database searches and identification of proteins with 

peptide mass fingerprinting.  

 

Statistical determinations 

As statistical method non-parametric test, Mann-Whitney U test, was used. A p-value <0.05 was 

considered statistical significant. Data are presented as mean ± standard deviation if not stated 

otherwise. PASW Statistics 18 was used as statistical program. Correlation was calculated with non-

parametric Spearman’s rho. 
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RESULTS 

Survey 

The survey of the personnel in 46 swimming pool facilities showed the occurrence of a wide range of 

symptoms related to work, mostly connected to the airways. Types of health problems found from 

the interviews and questionnaires were dry and mucus cough, hoarse throat, nasal obstruction, 

dryness and irritation of the eyes, rhinitis, chloracne, eczema, fatigue and headache. 25 of the 146 

subjects (17 %) reported airway symptoms related to work. Of these, 5 were technicians and 20 bath 

attendants. There were no significant difference between men and women. The prevalence of airway 

symptoms was relative high, 31 %, among personnel employed 1-3 years, declined to 6 % in the 

group with 4-7 years employment and then increased to 22 % in those that had worked more than 

seven years in swimming pool facilities. In a majority of the swimming pools (32/46) the employees 

did not report any work-related airway symptoms. Instead, most of the cases of airway irritation 

were found in a relative small number of facilities. Thus, 64 % of the subjects with airway symptoms 

(16/25) worked at 6 of the 46 swimming pools. Five of these facilities with high prevalence of airway 

irritation (13 of 20 employees) and 4 facilities without any reported airway symptoms among the 

personnel (0 of 19 employees) were selected for trichloramine and NO measurements. The 

questionnaire of these 39 employees confirmed the results of the initial interviews.  

 

Trichloramine levels  

Measured trichloramine in the 9 facilities were on average 0.20 mg/m3 and ranged from 0.04 to 0.36 

mg/m3 (table 1). The mean levels were slightly higher in adventure baths (0.23 mg/m3, n=3) 

compared with regular swimming pool facilities (0.19 mg/m3, n=6). No correlation was found 

between trichloramine levels and the prevalence of airway symptoms. The mean trichloramine level 

were 0.16 mg/m3 (n=5, range 0.04-0.23 mg/m3) in the facilities with relative high prevalence of 
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airway symptoms compared to 0.26 mg/m3 (n=4, range 0.17-0.36 mg/m3) in facilities without airway 

symptoms among the personnel. Additional measurements made in three of these facilities in 

connection with the collection of nasal lavages showed similar levels as the first measurements.  

 

NO  

Exhaled NO in the 39 subjects working at 9 facilities was 15 +/- 13 ppb. No covariance between NO 

and the prevalence of airway symptoms or type of facility was found (table 1).  Analogously, NO in 

subjects with airway irritation was not significant different from individuals without symptoms; 16 

+/- 17 and 13 +/- 6 ppb, respectively.  NO measured in the 13 subjects subjected to nasal lavage were 

17 +/- 8 ppb and no significant differences were found between personnel with airway symptoms, 

personnel without airway symptoms and controls.  

 

Nasal lavage fluid analyses 

NLF from 13 individuals; four controls, and nine subjects working at indoor swimming pools as 

described in table 2, were analyzed. The protein concentration was 75 ± 25 µg/ml. Of the 10 

cytokines measured all, except interleukin 8, were below detection limit (3-15 pg/ml). The level of IL-

8 was 439 ± 167 pg/ml. In addition, the endotoxin binding protein SPLUNC1 and Clara cell secretory 

protein (CC16) were assessed by immunoblotting. The results showed no significant differences in 

protein concentration, IL-8, SPLUNC1 or CC16 between personnel and controls or between subjects 

with airway symptoms compared to subjects without airway symptoms. 

Protein profiles of the NLF were determined with 2-DE.  The analyses showed three proteins, 

identified by mass spectrometry, differently expressed in the swimming pool personnel compared to 

controls (figure 1). As shown in figure 2, alpha-1-antitrypsin and lactoferrin was significantly higher 
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while protein S100-A8 (calgranulin A) was significantly lower in swimming pool personnel than 

controls. In exposed subjects vs. controls, the distribution was: 0.08 % (0.05-0.22) vs. 0.03 % (0.01-

0.08) for alpha-1-antitrypsin; 4.54 % (3.39-6.16) vs. 3.08 % (2.24-4.49) for lactoferrin; and 0.09 % 

(0.01-0.21) vs. 0.20 % (0.11-0.33) for S100-A8, respectively (median and range, p<0.05). In all three 

proteins the changes were most pronounced in the subjects with airway symptoms (figure 2). In 

accordance with the western blot analyses, neither SPLUNC1 nor CC16 were significantly different in 

the swimming pool personnel. However, as shown in figure 3, a negative correlation between 

exhaled NO and SPLUNC1 was found (p=0.001, r2-0.796). 
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DISCUSSION 

This study show that almost one fifth (17 %) of indoor swimming pool personnel has airway 

symptoms related to work. The subjects reported different symptoms of mucosal irritation such as 

cough, hoarse throat, nasal obstruction, rhinitis and dryness of the eyes that became worse during 

work periods but improved during spare time.  Most of the affected subjects (20 out of 25) had 

worked more than 3 years in the profession. However, the prevalence of airway irritation were 

relatively high (31 %) among those that had worked 3 years or less, showing that there is a 

considerable risk of developing airway irritation also after relative short time of employment. 

Actually, the prevalence was lower (6 %) in the group with 4-7 years of employment and then 

increased to 22 % in the group that worked more than 7 years. This  might indicate that sensitive 

individuals leave the profession at an early stage, not an uncommon phenomenon (healthy worker 

effect) among workers exposed to airway irritants (Ernst et al. 1989; Li and Sung 1999). 

Interestingly, most of the personnel with airway symptoms (64 %) work at 6 of the 46 indoor 

swimming pools included in the first part of the study, indicating some decisive environmental 

factors present in these facilities. The main cause of airway irritation related to swimming pools is 

believed to be exposure to trichloramine (Massin et al. 1998; Dang et al. 2010). It is also likely that 

the levels of trichloramine are related to factors such as number of visitors, ventilation, water 

temperature, the size of the pools and type of pools. These factors were therefore considered and 

trichloramine were measured in facilities with high prevalence of airway irritation and compared to 

the levels in facilities without airway irritation among the personnel. To ensure that the trichloramine 

levels in the buildings were representative for time points with potential high exposure, 

measurements were undertaken during hours with the highest load of visitors and at different sites 

around the pools. The results, however, did not show that facilities with high prevalence of airway 

irritation had higher levels of trichloramine than facilities with low prevalence of airway symptoms, 

nor could we find any connection between trichloramine levels/airway symptoms/exhaled NO and 
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size/type of pools. It should be emphasized that we in this study compared trichloramine levels in the 

swimming pools containing most cases of airway irritation with facilities without reported airway 

problems. So, although we did not measure trichloramine levels in all of the 46 facilities from the 

health survey it is unlikely that such measurements would reveal any connection between 

trichloramine levels and airway irritation in this study. However, it is important to point out that 

most of the affected subjects had worked for many years and we cannot exclude the possibility that 

the exposure to trichloramine could have been greater in the past. 

In general, the levels of trichloramine found in this study (about 0.2 mg/m3 in the 9 facilities) are 

relative low compared to several other studies, which have shown levels about 0.5 mg/m3 (Dang et 

al. 2010; Jacobs et al. 2007; Thickett et al. 2002). Almost all of the facilities in this study had 

trichloramine levels below the recommended WHO-threshold value of 0.3 mg/m3 (WHO 2006). Only 

in one facility the exposure level (0.36 mg/m3) was above the WHO guidelines. Notably, at this facility 

the personnel did not report any airway symptoms. Concerning type of swimming pool, adventure 

baths are believed to generate higher trichloramine levels (Bernard et al. 2006). In this study we 

found slightly higher levels in adventure baths compared to regular pools, but there was no 

significant difference. However, it should be noted that the two highest mean trichloramine levels 

were found in two adventure baths and that the peak values (0,35-0,57 mg/m3) were measured at 

the adventure parts in these facilities. 

Exhaled NO is today frequently used to assess airway inflammation and has even become a tool for 

asthma diagnosis (Taylor et al. 2006). In a study of lifeguards working at indoor swimming pool 

facilities increased exhaled NO was found to be associated with airway hyperresponsiveness 

(Demange et al. 2009). Furthermore, in children, elevated exhaled NO, defined as >30 ppb, has been 

found to be associated with chlorinated pool attendance (Bernard et al. 2005). In contrast, most 

individuals (35 of 39) in our study had NO levels within the normal range for healthy subjects (5-25 
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ppb) and we could not find any connection between exhaled NO and airway symptoms or type of 

swimming pool facility. One subject of 39 was asthmatic and had a NO level of 70 ppb. 

The proteomic analyses revealed three significant changes in the protein distribution patterns of NLF 

from indoor swimming pool personnel; more of alpha-1-antitrypsin and lactoferrin and less of 

protein S100-A8, proteins that are all involved in innate immunity. Notably, these protein effects 

were most pronounced in the subjects with airway irritation. Alpha-1-antitrypsin is a protease 

inhibitor important for airway tissue protection by inhibition of elastase from neutrophils during 

infectious and inflammatory states. The protein is expressed as different isoforms depending on 

glycosylation and the presence of negatively charged sialyl groups (Packer et al. 1998). Interestingly, 

we found increased levels of the most acidic, i.e. most glycosylated, isoform. This is in agreement 

with previous studies showing specific up-regulation of this isoform in NLF from smokers (Ghafouri et 

al. 2002) and patients with allergic rhinitis (Ghafouri et al. 2006). Other studies has showed increased 

levels of alpha-1-antitrypsin in bronchoalveolar lavage fluid (BALF) in coal miners with 

pneumoconiosis (Vallyathan et al. 2000), as well as in people nonoccupationally exposed to asbestos 

(Archimandriti et al. 2009). Lactoferrin is a protein with diverse effects, but is mostly recognized as 

having antimicrobial properties. It works through two main functions; binding up free iron and 

thereby depriving the bacteria its nutrients or by causing lysis by attaching to surfaces of fungi, 

viruses, parasites and bacteria (Garcia-Montoya et al. 2011). Increased levels of lactoferrin has 

previously been found in BALF from asthmatics (van de Graaf et al. 1991). Finally, protein S100-A8 is 

an abundant protein in neutrophils and found in high levels as a heterodimer with S100-A9 

(calprotectin) in extracellular fluids during inflammation. The protein has antimicrobial activity and 

S100-A8 is an endogenous ligand to Toll-like receptor 4 that enhance LPS-induced production of 

cytokines (Vogl et al. 2007). In contrast, anti-inflammatory roles of S100-A8, through e.g. radical 

scavenging and zinc-binding, have also been proposed (Goyette and Geczy 2010). 



17 
 

The proteomic approach used is a non-biased study design that allows simultaneous assessment of 

hundreds of proteins in biological samples in the same analysis. This has proven useful for initial 

toxicological hypothesis generating studies in occupational medicine (Lindahl et al. 2004; Wetmore 

and Merrick 2004). However, it is important to point out that the proteins identified in this pilot 

study, of a small group of swimming pool personnel, must be considered possible candidate 

biomarkers that need more extended studies using immunological assays.  

In addition to trichloramine, microbial growth in the damp pool environment with release of pro-

inflammatory bacterial products such as endotoxins has been suggested as a cause of airway 

symptoms (Dang et al. 2010). We have previously identified a novel endotoxin-binding protein, 

SPLUNC1 (also known as BPI fold-containing family A member 1), in the upper airways as a possible 

biomarker for environmental-induced airway irritation (Ghafouri et al. 2002; Ghafouri et al. 2006; 

Ghafouri et al. 2004). In this study we found a negative correlation between SPLUNC1 in NLF and 

exhaled nitric oxide. Together with the altered levels of three proteins involved in innate immunity 

responses towards bacteria makes it possible to speculate that besides the chlorination of the pools 

also microbial growth may be a factor causing the airway symptoms of the swimming pool personnel. 

In summary, in this study we found that 17 % of the indoor swimming pool personnel reported 

airway irritation related to work. Furthermore, altered distribution of three innate immunity 

proteins, protein S100-A8, lactoferrin and alpha-1-antitrypsin, were found in NLF from employees at 

the facilities. Although subjects with airway irritation were overrepresented in a few swimming pool 

facilities we did not find higher trichloramine levels at these facilities. This suggests that factors other 

than trichloramine might contribute to the experienced airway problems. Further studies are needed 

to clarify if exposure to trichloramines or microbial products, such as endotoxins, may be related to 

the effects and if the identified proteins may be used as biomarkers for airway irritation among 

indoor swimming pool personnel.  
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LEGENDS TO FIGURES 

 

 

Figure 1. Protein changes in nasal lavage fluids from subjects working at indoor swimming pool 

facilities. Proteins were separated with 2-DE and visualized with silver staining. An example of a 

whole 2-DE protein pattern is shown in the upper left corner. The proteins were separated according 

to size from top to bottom (250-5 kDa) and according to pI from left to right (3-10).  
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Figure 2. Distribution of alpha-1-antitrypsin (A), protein S100-A8 (B) and lactoferrin (C) in nasal lavage 

fluids from healthy controls and personnel working at indoor swimming pool facilities, with or 

without airway symptoms. The proteins were measured as optical density after 2-DE. The results are 

presented as % of total density in gel image, with median, interquartile range and max/min-values. 

*= p<0.05. 
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Figure 3. Correlation between exhaled NO and the amounts of SPLUNC1 in nasal lavage fluid 

(p=0.001, R2 -0.796). 
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Table 1. Trichloramine levels in nine indoor swimming pool facilities, and exhaled  

NO levels and prevalence of airway irritation among the personnel.  

Swimming pool 

facility 

Trichloramine 

mean (±SD) 

(mg/m3) 

Exhaled NO 

mean (±SD) 

(ppb) 

Number of subjects 

(airway irritation/total) 

adventure bath 0.36 (0.18) 17 (10) 0/4 

adventure bath 0.28 (0.11) 14 (5) 0/5 

regular pool 0.23 (0.03) 11 (5) 2/2 

regular pool 0.22 (0.04) 12 (6) 0/5 

regular pool 0.20 (0.08) 22 (15) 2/3 

regular pool 0.20 (0.06) 6 (1) 5/6 

regular pool 0.17 (0.03) 10 (5) 0/5 

regular pool 0.13 (0.03) 43 (38) 2/2 

adventure bath 0.04 (0.03) 17 (13) 2/7 

Total:       (9) 0.20 (0.09) 15 (13) 13/39 
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Table 2. Demographics of examined indoor swimming pool personnel subjected to nasal lavage.  

Subject Sex Age Airway symptom Employment 

in years 

Type of  

employment 

Facility 

1 F 44 nasal obstruction, 

cough, dryness in 

throat, hoarse throat 

19 (25*) bath attendant I 

2 F 28 cough 1 swimming instructor, 

lifeguard 

I 

3 F 51 cough 7 reception, cleaner II 

4 M 56 cough 1 (27*) swimming coach III 

5 M 41 nasal obstruction 3 technician II 

6 M 50 none 7 technician I 

7 F 40 none 17 bath attendant II 

8 M 51 none 28 bath attendant II 

9 F 26 none 1 swimming instructor, 

lifeguard 

I 

*Total years of employment in the sector. 
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