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Abstract
Indoor swimming pools can be used all year round and serve for one of the most popular sport pursued for recreation 
The positive effect of swimming arises in particular from the involvement of all the muscles of the body, decreasing 
the burden on the joints, as well as functional improvement of both the lungs and heart. Chlorine is typically used to 
disinfect swimming pool water and as a result the changes that take place lead to the formation of by-products, such as 
monochloramines (NH2Cl), dichloramines (NH2Cl2) i trichloramines (NH2Cl3), trihalogenometans (THM) or haloacetic acid 
(HAA). The highest concentration of these substances is just above the water surface and they may cause irritation of 
skin, eyes and mucosa of the respiratory tract. The toxic effect of high chlorine concentration and its side-products on the 
respiratory system is known, but the effect of low concentrations of these compounds is still not fully determined. Recent 
studies suggest that development of allergic diseases among swimmers may be increased by epithelial disorders driven 
by airway barrier dysfunction caused by chlorine irritation. Swimming in chlorinated water may be linked to symptoms of 
bronchial hyperreactivity, asthma and rhinitis especially in children, elite swimmers and employees of indoor swimming 
pools. Hypersensivity pneumonitis related to the use of swimming pools may manifest as a swimming pool or sauna user 
lung, most commonly caused by water polluting pathogens. The article summarizes recent data concerning the influence 
of chlorinated water on the development of allergic diseases.
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INTRODUCTION

Swimming is a sports activity linked to aerobic effort, 
recommended for both children and older people, with 
different illnesses, especially with increased body mass, 
rheumatologic, neurological diseases or cardiovascular 
disorders. The positive effect of activity in water arises in 
particular from the involvement of all the muscles of the 
body, decreased burden on the joints, as well as functional 
improvement of both the lungs and heart. Because of the 
accessibility of indoor swimming pools, this sport can be 
performed all year round and is one of the most popular 
sports pursued for recreation [1].

The presented study summarizes the current state 
of research on the influence of chlorinated water on the 
development of allergic diseases, with the focus on the impact 
of chlorinated water in swimming pools on the development 
of bronchial hyperreactivity, asthma and rhinitis. Between 1 
January 2007 – 31 March 2017, the Internet websites Pubmed, 
ClinicalKey and Google Scholar were searched, using the 
keywords: chlorinated water, swimming pool, allergic diseases, 
asthma, rhinitis. Only English language articles were selected.

Regular physical activity in people suffering from bronchial 
asthma is significant in relation to improvement of general 

physical endurance, as well as lung capacity parameters, 
although it is known that increased physical activity may cause 
exertional bronchial spasm and exacerbation of bronchial 
asthma [2, 3]. During a training session, bronchial ventilation 
increases 20–30 times which may originate a change in the 
breathing pattern from the nasal to mixed. Hyperventilation 
and cold air may induce bronchial spasm through water loss 
and increased osmolarity of bronchial tissues which, in turn, 
causes the release from cells of inflammatory mediators, such 
as histamine, prostaglandin and leukotrienes. Furthermore, 
increased bronchial ventilation fosters penetration of the 
air pollutants, allergens as well as other irritating factors 
throughout the respiratory tract mucous membrane [4]. 
Damage to the epithelium can take place through this 
mechanism and lead to chronic bronchial inflammation with 
possible remodeling of the pulmonary tract. This concerns 
many branches of sports. Most commonly this phenomenon 
is described among skiers, but is also observed in swimmers, 
although in reference to this group of sportsmen, the moist 
environment and higher air temperature partially limit this 
reaction [5].

Swimming is associated with smaller intensity of post-
exertional bronchial spasm, compared with running or riding 
a bicycle with the same intensity. Average air humidity in 
an indoor swimming pool is around 60%, and the average 
air temperature 27 °C. The moist and warm air breathed by 
the people using the swimming pool causes less frequent 
occurrence of asthma exacerbation or bronchial spasm 
related to exertion. Furthermore, the influence of water 
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pressure on the walls of the chest assists exhalation, as well as 
the retention of CO2 attributed to secondary hypoventilation 
and controlled breathing during swimming, which assists in 
bronchial relaxation [1].

Despite the positive aspects of swimming, the use of indoor 
swimming pools with chlorinated water may lead to the 
development of bronchial hyperreactivity, even in a healthy 
person. Recently, more attention is being paid to the potential 
role of chlorine compounds in the damage of the respiratory 
tract mucous membrane and the skin [6]. People spending 
a long time in contact with these substances – lifeguards, 
cleaning personnel, as well as professional swimmers, are 
those most susceptible to the negative action of the chloride 
compounds [7]. However, there is a possibility of toxic action 
of those compounds on people swimming recreationally, 
small children in particular [8, 9].

Water chlorination. Chlorination with the use of sodium 
hypochlorite or gaseous chlorine is the most commonly used 
method to disinfect swimming pool water all worldwide. 
Contact of chlorine with organic compounds added to the 
water, together with the submergence of a swimmer’s body, 
and originating from the epidermis, urine, sweat, remnants 
of cosmetics and unwashed impurities, chloramines and 
other chlorinated side compounds are formed. These are, 
among others, monochloramines (NH2Cl), dichloramines 
(NH2Cl2) i trichloramines (NH2Cl3), as well as organohalogen 
compounds, such as trihalogenometans (THM) or haloacetic 
acid (HAA). Since 1953, chloramines have been considered 
as the cause of skin, eye and respiratory tract irritation [10].

Trichloramine is included among the most toxic of 
substances. Trichloramine is a toxic compound, easily 
volatile, with a characteristic smell, which hovers over 
indoor swimming pool buildings, and which in higher 
concentrations causes acute irritation to the respiratory tract 
mucous membrane [11]. Seys et al. described a situation in 
which, as a result of an incidental increase of trichloramine 
concentration in the air, people being present in indoor 
swimming pools complained of cough, dyspnea, eye 
lacrymation and nasal congestion. In 22 out of 26 people, 
bronchial hyperactivity was discovered during a provocation 
trial with histamine [12].

In turn, trihalogenomethans, among which the most well-
known compound is chloroform, in high concentrations 
cause depression of the central nervous system and 
damage to the heart muscle. In animals, chronic exposure 
to trihalogenomethans cause the development of kidney 
neoplasms. These compounds are also connected with higher 
risk of occurrence of bladder neoplasms in humans, and 
possible impairment of the reproductive system [10, 13, 14].

The toxic effect of high chlorine concentration and its side 
products on the respiratory system is known, but the effect 
of low concentrations of these compounds is still not fully 
determined. The highest concentration of these substances 
is just above the water surface. In regular swimmers, a shift 
from nasal to mouth breathing occurs at ventilation 22 l/min, 
resulting in less efficient clearance of chlorinated by-products 
and higher concentration of these substances in the lungs [15].

Because of the observed fact of the more frequent 
occurrence of allergic disorders, including bronchial asthma, 
in professional swimmers and in people with close contact 
to chlorinated water, research was conducted on the effect 
of chronic exposure to low concentrations of chlorine 

compounds on the human body. To-date, a dozen or so 
research papers have been published evaluating the effect 
of chlorinated water on the respiratory system [16, 17, 18].

Bronchial hyperactivity, bronchial asthma. Some research 
does not confirm the negative influence of chlorine 
compounds on the development of bronchial asthma and 
other allergic disorders. There is also the possibility of reverse 
causation explaining this effect, because swimming is also 
often recommended for people with asthma as a tolerated 
sport that improves lung function.

British research from the neonatal period was carried 
out in a group of 5,738 children to assess increased risk of 
allergic disorders as a result of regular attendance to the 
swimming pool, performed with spirometry assessment 
and respiratory skin prick tests in 7th and 10th years of life. 
The research, however, did not confirm such a dependence, 
although it did show improvement in lung capacity and 
decrease in the incidence of occurrence of asthma in 
children in whom obstruction of the respiratory tract had 
been previously diagnosed. Swimming pool attendance was 
not associated significantly with bronchial hyperreactivity 
[16]. Another meta-analysis in 5,851 subjects did not show 
a significant difference in asthma development between 
children attending swimming pools and controls [19]. In 
a Dutch study assessing 2,359 children aged 6–13 years, 
statistical analysis showed that swimming pool attendance 
was not associated with respiratory symptoms in the studied 
group; however, frequent baby swimming was associated with 
sensitisation to house dust mites [20].

Font-Ribera et al., analysed questionnaires completed by 
the parents of 2,758 children aged 6–12 years from 18 primary 
schools in Barcelona Province, Spain, and the conclusion 
of this cross-sectional study was that regular indoor 
swimming before 2 years of age, and current swimming for 
the last 12 months, was not related to asthma, wheezing or 
eczema [21].

However, increasingly more studies show that chlorine 
compounds may be responsible for the development of 
bronchial hyperreactivity, promote the development of 
allergies to aeroallergens, and induce mucosal membrane 
inflammation of the nose and eyes [5, 22, 23]. Discrepancies 
in the results of these studies may arise from the different 
norms for chlorine compounds used for water disinfection 
at indoor pools in different countries, as well as different age 
groups of studied populations.

It was observed that prolonged presence in the environment 
containing chlorinated compounds, such as in the case of 
lifeguards or maintenance workers at the swimming pool, 
was linked with significantly increased frequency of sinusitis, 
throat inflammation and chronic cough, compared with 
other personnel working at a distance from the chlorinated 
water and therefore with less exposure to irritating effect 
of these compounds [24, 25, 26]. An Iranian study among 
38 male lifeguards and 38 controls showed that lifeguards 
more often had respiratory symptoms, such as bronchial 
hyperreactivity, cough and sputum production, especially 
during the work period, compared to personnel not working 
in a chlorinated environment [27].

In the study by Bougault et  al., in bronchial mucosal 
membrane biopsies taken from 23 professional swimmers 
and compared with the control group composed of 10 healthy 
people and 10 people with bronchial asthma, a larger number 
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of eosinophils, mast cells as well as goblet cells and mucin 
expression, were observed. These differences were not 
observed with regard to bronchial hyperactivity studied in 
an induced spirometry trial with metacholine between the 
studied groups. Increased mucin production in the mucous 
membrane of the swimmers may have been a reaction 
preventing dehydration of the mucosal membranes of the 
respiratory tract, although it may also have been a defence 
reaction to the irritating chlorine compounds [28].

Research by Voisin et  al., encompassing 196 children 
at kindergarten age showed that regular swimming in a 
pool with chlorinated water before the third year of life was 
linked to the occurrence at the age of 5–7 years of higher 
concentrations of sIgE for house dust mites in the serum, and 
higher nitrous oxide concentrations in exhaled air, which is 
a risk factor for the development of bronchial asthma and 
rhinitis. Such dependencies were not observed in reference 
to sIgE for cat and plant pollens [29].

In a prospective study involving a 6-year period of 
observation, it was confirmed that newborns who did not 
regularly attend a swimming pool in their first year of 
life, less frequently suffered from ear and respiratory tract 
infections, and at the age of 6 years less frequently suffered 
from bronchial asthma. However, according to the researcher, 
this effect could also have had causes other than exposure 
to chlorine compounds. No association was found between 
swimming in chlorinated water during the neonatal period 
and increased frequency of occurrence of atopic dermatitis 
or pollinosis during the 6-year observation [30].

In a large Swedish population study involving 1,652 children 
aged 11–12 years, it was ascertained that the children visiting 
a swimming pool more than once a week more often suffered 
from bronchial asthma than children swimming less 
frequently. This risk was higher only in children allergic 
to aeroallergen, which was confirmed by skin prick tests. 
No association was found, however, between swimming in 
chlorinated water and increase in the risk of development of 
atopic dermatitis or rhinitis [31].

Another study by Bernard et al. included 847 secondary 
school adolescents who attended outdoor chlorinated pools. 
The total and aeroallergen-specific IgE concentrations in 
serum and the concentration of nitric oxide in exhaled air 
were measured. It was observed that adolescents who had 
regularly attended an outdoor swimming pool before the 
age of 7 years had a higher frequency of sensitizations to 
aeroallergens particularly to cat or house dust mite allergens 
[32]. Even in adult recreational swimmers a higher frequency 
of new onset asthma was observed in a study of 1,136 
adults, and development of the disease was associated with 
the  cumulative lifetime hours spent in indoor swimming 
pools [33].

In the study by Carbonelle et al., after a one hour stay in 
an environment with chlorinated compounds, temporary 
damage to the bronchial epithelium was observed in children 
and adults swimming recreationally, as well as people passively 
inhaling air containing chlorine compounds. Such recurring 
damage is most probably associated with oxidational stress, 
and causes an inflammatory state that subsequently leads to 
the development of allergy to aeroallergens. Swimming in open 
swimming pools with chlorinated water was also associated 
with more frequent occurrences of asthma, aeroallergy to 
house dust mites, as well as increased concentration of nitrous 
oxide in exhaled air [34].

The effect of chlorinated water on the induction of bronchial 
hyperactivity seems to be underestimated. Frequently, the 
symptoms related to the respiratory tract that occur after 
a swimming session are not reported, and they are treated 
as symptoms typical for intensive exercise, and therefore 
downplayed.

In most of the swimmers, cessation of professional 
swimming reduces bronchial hyperactivity; however, it is 
not known if this is fully reversible and in what time period 
the decrease takes place [1].

Extrinsic allergic alveolar inflammation. Hypersensivity 
pneumonitis related to the use of swimming pools may 
manifest as swimming pool or sauna user lung, most 
commonly caused by Mycobacterium avium intracellulare 
complex, as well as Aureobasidium sp., water polluting 
pathogens. Cases have also been described of allergic 
pneumonitis in the form of a reaction to Candida albicans 
and Aspergillus fumigatus infections. Typical symptoms of 
hypersensivity pneumonitis are the occurrence about 4–8 
hours after the use of a swimming pool, of fever, muscle 
pains, headache, chills, dry cough and dyspnea. In physical 
examination, typically tachycardia is present and crackles are 
heard on auscultation at the base of the lungs [35].

Allergic and non-allergic rhinitis. Swimming in chlorinated 
water also causes the occurrence of symptoms related to the 
nasal mucus membrane. The most common inflammation is 
neutrophilic inflammation of the nasal mucous membrane, 
resulting from the irritating effect of chlorine compounds 
present in the water and in the air. The use of a nose clip 
while swimming significantly decreases these symptoms.

In a study evaluating the effect of intensive swimming 
on the occurrence or exacerbation of rhinitis, in most of 
the studied swimmers such a dependency was confirmed. 
Furthermore, it was determined that rhinitis was mostly the 
result of the irritating effect of chlorinated water, and was 
not caused by allergic rhinitis [36]. Similarly, in the Alvesa 
et  al. study, it was observed that swimmers, contrary to 
runners after physical exertion, experienced exacerbation and 
disturbance in the nasal function which was not dependent 
on the susceptibility to allergy, but which was mostly linked 
to the draining of secretions on the posterior aspect of the 
throat, due to the irritation by chlorine and water [37]. In turn, 
a study by Geraldi et al. among a group of 54 swimmers with 
symptoms of rhinitis, showed that 44% of those studied had 
eosinophilic allergic rhinitis, and in 34% of them neutrophilic 
inflammation was diagnosed. The use of a nose clip decreased 
the symptoms of rhinitis only in the group with neutrophilic 
inflammation [38].

Rhinitis may have a negative effect on the sport results 
of swimmers. In one study, the time differences covering a 
certain distance between swimmers with and without rhinitis 
was within the range for obtaining a gold medal and not 
winning any medals at all. This effect was not observed in 
the context of bronchial asthma; swimmers with bronchial 
asthma had similar results, and some of them obtained even 
better times than swimmers without bronchial asthma [39].

The effect of long exposure to chlorine by-products 
was evaluated in a Turkish study which revealed a higher 
percentage of rhinitis and number of eosinophils in nasal 
cytology obtained from swimming pool workers than 
controls [40].
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CONCLUSIONS

In conclusion, it seems that children, elite swimmers and 
employees of indoor swimming pools are more prone 
to developing respiratory conditions, such as bronchial 
hyperreactivity, asthma and rhinitis, due to their increased 
exposure to chlorine [41].

There are no population studies comparing the effect of 
swimming pool use in which alternative water disinfectants 
are used: ozone, ultraviolet radiation, bromine and salt, as 
well as silver and copper ions. The optimal microbiological 
and chemical method is the ozonation of water; however, 
because of the higher cost, this method is rarely used and is 
also not totally devoid of toxic byproducts. In the case of use 
of swimming pools with chlorinated water, air circulation is 
crucial because it dissipates the toxic compounds suspended 
in air. The use of the smallest effective quantities of chlorine 
disinfectant, careful body washing by people using the pool 
before swimming, and the use of swimming caps in order to 
limit the delivery of organic compounds into the pool, are 
also important [42].
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