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A B S T R A C T

Background: Chlorine by-products may irritate the eyes, nose, skin and airways of swimmers and may cause
chronic airway inflammation.
Objective: To assess the salutary effects on swimmers health of a new method of water disinfection.
Methods: Recreational (n=320) and competitive swimmers (n=53) participated in the study. The first part of
the study (Phase A) was carried out while using the current standard method. The second part (Phase B) began
8 weeks after the new method had been introduced. Total oxidants in air and chlorine species in water were
assessed by standard methods. All swimmers completed a questionnaire on health complaints. Exhaled breath
condensate (EBC) was used to monitor the levels of leukotriene B4 (LTB4) and cysteinyl leukotrienes (CysLTs)
in airway from competitive swimmers.
Results: The new system resulted in a 75% and 39% reduction in the concentration of total oxidants and of
nitrogen trichloride respectively in the air of the swimming pool. With the new system recreational swimmers
experienced fewer symptoms of cough and irritation of the eyes, nose and skin. A decrease in eye irritation
symptoms was also noted by competitive swimmers. The baseline concentration of CysLTs in EBC decreased
significantly in Phase B with respect to Phase A.
Conclusions: The new method markedly reduced the levels of irritant oxidant substances in the pool
atmosphere that resulted in a reduction of eye, nose, skin and cough complaints in recreational swimmers,
and eye irritation in competitive swimmers. It was also associated with reduced CysLT levels in the airways of
competitive swimmers.

1. Introduction

Disinfection is mandatory for swimming pools. Chlorine is cur-
rently the main product used to disinfect the water of indoor swimming
pools. It is usually added to water as a sodium hypochlorite solution
(NaClO), while an acid is also added to balance the increasing pH
(basification) due to the OH− groups provided by NaClO. The acid
compound is dosed to maintain pH at an appropriate value (pH=7.3)
(Gomà and Guisasola, 2010). Hydrochloric acid (HCl) is commonly
used with this purpose, however carbon dioxide (CO2) which becomes
carbonic acid, is an alternative option with several benefits due to its
weaker acid activity (Gomà and Guisasola, 2010). One of these benefits
is the significant reduction of the total oxidants (TO) concentration in
the air of the indoor swimming pool (Gomà and Guisasola, 2010). CO2

also offers an interesting advantage which is the suppression of the risk
of accidental mixing of HCl and NaClO resulting in chloride gas
formation (Gomà and Guisasola, 2010).

The presence of substances with oxidant capacity has been mainly
studied in the pool water (Teo et al., 2015). Although it is assumed that
most of them will be later released into the air of pools, only
chloramines, particularly nitrogen trichloride (NCl3) are usually mea-
sured in the atmosphere of swimming pools (World Health
Organization, 2006; Jacobs et al., 2007; Carbonnelle et al., 2002;
Levesque et al., 2006; Thickett et al., 2002). Based on Thickett et al.
study (Thickett et al., 2002) the irritant effects reported by swimming
pool attendees have been mostly attributed to chloramines, particularly
to NCl3. However, NCl3 may represent only 20% of the TO present in
the pool air a finding that supports the notion that other oxidant
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species should also be present in the pool atmosphere, such as chlorine
gas (Cl2), a well known irritant substance, which can also be found in
the air of indoor swimming pools at an even higher concentration than
NCl3 (Martin et al., 2009; Fernandez-Luna et al., 2013).

The idea that exercise and sport are beneficial for health is widely
accepted. Swimming is generally considered to be a healthy sport
activity for both children and adults. However, various recent studies
suggest that recreational swimmers, and especially competitive swim-
mers, training in chlorinated indoor pools, suffer from higher than
expected frequency of ocular, skin and upper and lower airway
symptoms (Fernandez-Luna et al., 2016). The pool atmosphere has
also detrimental effects on the health of lifeguards (Jacobs et al., 2007;
Massin et al., 1998). A short-term exposure to a swimming pool
environment is sufficient to induce significant alterations in lung
permeability (Jacobs et al., 2007). Competitive swimmers can have
airway inflammation, epithelial damage and remodelling similar to that
seen in the airways of asthma patients (Bougault et al., 2009, 2012;
Pedersen et al., 2008; Seys et al., 2015).

Oxidants appear to be responsible for ocular, skin and respiratory
symptoms frequently referred by subjects attending indoor pools
(Carbonnelle et al., 2002; Fernandez-Luna et al., 2013). Prolonged
exposure to oxidants in the ambient air of the pool significantly
correlates with nasal and lower airway symptoms in lifeguards and
other pool attendees (Jacobs et al., 2007; Massin et al., 1998).

Various methods have been used to assess the physiopathological
mechanisms underlying the respiratory damage detected in swimmers.
Intensive training in competitive swimmers resulted in an increase of
sputum interleukin1 beta (IL-1B), interleukin 6 (IL-6) and tumoral
necrosis factor (TNF) mRNA (Seys et al., 2015). Lung surfactant
proteins, such as Club cell secretory protein (CC16), have been used
as a marker to detect permeability changes in the lung epithelium in
swimmers (Levesque et al., 2006; Bougault et al., 2009; Seys et al.,
2015). Baseline CC16 levels have been found significantly higher in
competitive swimmers compared to controls (Seys et al., 2015).
However, the use of CC16 levels as marker of epithelial damage caused
by chlorinated by products is limited by the fact that exercise by itself
can increase CC16 levels to the same extent in swimmers practising in
both chlorinated and non-chlorinated pools (Levesque et al., 2006).
Exercise (Nanson et al., 2001) and hyperventilation (Romberg et al.,
2011; Kippelen et al., 2013), a normal physiological response to any
physical exercise, can also increase the release of CC16 in serum
(Romberg et al., 2011) and urine (Kippelen et al., 2013; Helenius et al.,
1998). A decrease of serum CC16 levels has also been described in
indoor athletes (no swimmers) after intensive exercise (Seys et al.,
2015).

The study of the characteristics of airway inflammation in compe-
titive swimmers using induced sputum cytology has demonstrated that
sputum from competitive swimmers contain a higher percentage of
eosinophils and neutrophils than sputum from healthy subjects (Seys
et al., 2015; Helenius et al., 1998). A recent study using bronchial
biopsies reported an increased presence of eosinophils and mast cells
in the airway mucosa of swimmers, associated to goblet cell hyperplasia
and increased collagen expression and tenascin deposition (Bougault
et al., 2012).

Neutrophils, eosinophils and mast cells can generate numerous
pro-inflammatory substances. Among them leukotriene B4 (LTB4) is
mainly released by neutrophils while cysteinyl leukotrienes (Cys-LTs)
are preferentially produced by eosinophils and mast cells (Montuschi
et al., 2014). LTB4 and CysLTs can be detected and measured in airway
secretions and have been used as markers of neutrophilic and
eosinophilic inflammation respectively (Montuschi et al., 2014).

The demonstration of inflammation in the airways of swimmers had
led to the notion that preventive strategies are needed to protect the
health of people attending indoor pools either for recreational or
competitive purposes. It is generally accepted that new and safe
methods of disinfection should be implemented in order to prevent

the deleterious effects of chlorine and other halogen derivatives in
swimmers by limiting the exposure to these products (World Health
Organization, 2006).

In this study, we investigated the salutary effects on swimmers'
health of a new method of water disinfection that reduces the levels of
disinfection by-products using a water treatment based upon on: 1)
Replacement of the strong HCl used by the current methods to reduce
pH by CO2 which results in less oxidant concentration in the air. 2)
Inclusion of a low concentration salt electrolysis system to produce
hypochlorous acid as complement to NaClO addition, and 3) finally, an
ultraviolet radiation phase, considered a cleaner disinfectant system
than the simple addition of halogenated compounds, was introduced in
order to break down chloramines.

2. Subjects and methods

2.1. Design

The study was a real life study designed to compare the effects on
health of two different water disinfection treatments, in a group of
swimming pool attendees (recreational and competitive swimmers), in
the same pool and in two different time periods while monitoring the
environment, i.e. indoor air and water conditions. The first part of
study was carried out from the first of November until the 15th of
December 2013 (Phase A). In this period water was disinfected using
the conventional chlorination method based on NaClO and HCl. In the
second method of water disinfection, HCl was substituted by CO2 that
was followed by a phase combining saline electrolysis plus UV radiation
added after filtering. A system showing both methods is depicted in
Fig. 1. This new method was introduced just after the first part of the
study had finished. The second part of the study began 8 weeks later,
from mid-February to the end of March of 2014 (Phase B). All
swimmers participating in the study trained with the pool water
treated with the new method of disinfection from mid-December to
the end of Phase B of the study. These periods were chosen to minimize
seasonal changes in terms of pool occupancy, maintenance routines air
conditioning needs, and characteristics of water from network supply.

2.2. Subjects

On the initial baseline population, 359 recreational swimmers
participated in Phase A of the study, among them 320 (63% men,
mean ± SD 36 ± 6.4 years) completed Phase A and Phase B of the study.
Competitive (n=19) and water polo (n=34) swimmers, with a mean age
± SD of 22 ± 2.3 years, 84% men, were also included in the study. All 53
swimmers completed the two phases of the study.

The participants had to complete a questionnaire on health
complaints. This questionnaire dealt with symptoms that swimmers
felt when practised swimming or water polo such as nasal irritation
(nasal congestion, nasal hypersecretion), cough, wheezing, breathing
difficulties and skin and eye irritation. Symptoms were graded accord-
ing to the perceived severity from 1 (no symptoms), 2 (mild), 3
(moderate), to 4 (severe). Questionnaires also collected information
on personal history of allergy, asthma, use of antiasthma and anti-
allergy medications, and frequency and duration of swimming pool
attendance or training. Water polo players do not use either goggles or
nose clips to protect eyes and nose. Competitive swimmers and some
recreational swimmers wear goggles and nose clips but they frequently
removed them during practice making it difficult to assess their role in
our study.

All swimmers were invited to assess the overall quality of the pool
atmosphere by answering the question: How did you find the air/
environment/smell in the swimming pool? Using a 4 point score from
perfect, to very poor quality of pool environmental conditions.

The percentage of competitive swimmers with medically diagnosed
asthma was 8% (n=4), and 7.1% (n=3) of these were receiving regular
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