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Abstract

The rapid development of various leisure and public pools in the 20th century has led to increased human
exposure to chlorinated products. It has been observed that swimmers and pool workers, who are in regular
contact with chlorinated indoor pool waters showed an increased risk of respiratory and allergic diseases.
Various studies have reported that by-products of the chlorine based disinfectant used for the purpose of water
purification can trigger allergic sensitization, thereby affecting the epithelial barriers and increasing the
permeability of the allergens. With the ever increasing popularity of indoor swimming pool and recreational
water activities, it is imperative to evaluate the impact of chlorine-based disinfectants and its oxidants on human
health and their possible association with widespread allergic diseases. This paper reviews the existing literature
and empirical studies conducted with regards to the human exposure to the harmful chemicals and by-products
of chlorine-based disinfectants, especially in an indoor swimming pool setting and its association with the
development of allergic and respiratory disorders.

Keywords: allergy, health hazard, Chlorine, indoor pool, respiratory disease
1. Introduction

Chlorination of water is closely associated with hygiene, and it is apparently one of the biggest developments of
the 20th century in the field of public health. Waterborne illnesses such as cholera or dysentery, typhoid fever,
have been virtually eradicated in the developed nations with the help of regular water chlorination, which has in
turn contributed in increasing the longevity of humankind. Whether it is sanitization of recreational or drinking
water, cleaning and disinfection of the floors and other surfaces in the food industry, use of chlorine-based
disinfectants has become quite prevalent lately. Easy to use, low price, deodorizing, residual protection, and
consistent sterilizer action against the broad range of microorganisms are some of the greatest advantages of
chlorine (Rutala & Weber, 1997; Ewart, 2001; Shulaw & Bowman, 2001). Although chlorine is a commonly
used disinfectant for both recreational as well as drinking water, it has a couple of disadvantages/drawbacks as
well. Thus, the present study reviews the empirical evidence related to the risk of developing allergic or
respiratory diseases due to the exposure to chlorinated water in the indoor swimming pools. To the best of
researcher’s knowledge, this is the first review to evaluate and document the health risks associated with
chlorination of indoor pool water with reference to UAE. This paper also describes and reviews the process
through which these chemicals and DBPs could cause allergic sensitization and recommends better pool
management and safety measures.

2. Background

In the past few decades, a lot of studies from the medical perspective have focused on health risks associated
with swimming in indoor pools due to the direct exposure to these disinfectants, chemicals and by-products of
water disinfectants known as ‘Disinfection Byproducts (DBPs)’ (Kim, Shim, & Lee, 2002). Out of the numerous
byproducts that have been identified as common irritants are trihalomethane and chloramines (WHO, 2004).
Various case studies conducted lately have found that certain high of level of chlorine in the indoor pool water
can cause considerable health risks to the swimmers as well as pool workers; exposure to chlorine could lead to
adverse health effects such as coughing, shortness of breath, irritable throat, and other respiratory problems
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(Nievas et al., 2008; Bonetto et al., 2006). Some of the other studies have also observed that continuous exposure
to chlorine and DBPs could cause throat, nasal, skin and eye irritations (Basler et al., 2000; Jacobs et al., 2007,
Le’vesque et al., 2006). Furthermore, it is evident that risk of allergy and increased permeability of lung
epithelium leading to the risk of asthma is associated with the practice of swimming in the indoor pools
(Carbonnelle et al., 2001; Carbonnelle et al., 2002; Thickett et al., 2002; Nemery, Hoet, & Nowak, 2002;
Bernard et al., 2003; Bernard et al., 2006), although these suppositions have not been confirmed by
epidemiological studies (Font-Ribera et al., 2009; Ferrari et al., 2011; Voisin et al., 2010).

However, recently it was discovered that one of the DBPs, i.e. the trihalomethanes (THM) are potent
carcinogens; thus, leading to a considerable amount of research works so as to evaluate the extent of exposure to
chlorinated water and its associated carcinogenic risks. Epidemiological studies showed that there could be a
possible increase in the risk of bladder cancer due to chronic exposure to chlorination products (CPs) either
through bathing or drinking water (Villanueva et al., 2006; Villanueva et al., 2003), although regulatory bodies
and scientists unanimously agree that the risk of cancer due to the exposure to CPs is far less when compared to
the risks associated with inappropriate disinfections (WHO, 2000; WHO, 2006). The past studies of Bernard
(2007) and Weng et al. (2011) showed that the effect of NCI3 affects respiratory system and eyes of human
tissue. Moreover, the recent studies have identified that prevalence of respiratory and ocular irritation were
observed among the pool workers and lifeguards, as they were heavily exposed to NCI3 (Fantuzzi et al., 2010;
Dang et al., 2010). Moreover, the majority of pool workers had various symptoms like itchy eyes (44.4%), cold
(65.4%), sneezing (52.6%), and asthma (7.5%) (Fantuzzi et al., 2010). NCI3 could easily be converted from a
liquid form to gaseous state in chlorinated pool water, since it is an extremely volatile element. Thus, it is
extremely vital that the pool operators must be well-informed and aware of the dynamic behaviour of this
volatile compound (NCI3) in order to maintain safety in the indoor pool environment.

3. Chlorination of Swimming Pools

The hotels all around the world use chemicals to clean the pool and air conditioner to persist the deadly bacteria
in water and other. Some use liquid form of chlorine, sodium hypochlorite or calcium hypochlorite solution.
However, this chlorine and other chemicals not only kill the disease-causing bacteria, but also various other
harmful side effects are being caused for the individuals who use them. Firstly, the level of chlorine
concentration in water needs to be carefully regulated, because it is a non-specific biocide. Secondly, when
chlorine mixes with organic contaminants in the water, it turns into harmful byproducts that could be easily
absorbed in the human body through skin, ingestion, and inhalation (Kogevinas & Villanueva, 2010; Richardson,
et al., 2010). The other forms of disinfectants like UV rays and ozone radiation killing the micro-organism seems
to be ineffective, as these do not tend to continue to purify the water. Thus, bromine or chlorine is mixed
continuously while treating the water. Generally, bromine in the liquid form is not used as disinfectant, rather
sodium bromide and hypochlorite (sodium bromide’s oxidant) is commonly used for water purification.
However, in the outdoor swimming pools; the commonly used disinfectant is bromine, where the residues are
actively destroyed by the sunlight. The selection of disinfectant is largely based on the situation, environmental
conditions, ease of handling, and managing the water treatment process.

The widely used water disinfectant process in the swimming pools is chlorination because it is cheap and
effective in inactivating numerous bacteria within a short period of time. Again, chlorine reacts with various
organic matters in the water, especially elements of human body fluids (urine and sweat) and generates DBPs in
the pool water (Judd & Black, 2000; Weisel et al., 2009). Since the discovery of DBPs, researchers have
identified some of the most volatile by-products found in chlorinated pool water that includes monochloramine
(NH2Cl), dichloramine (NHCI2), trichloramine (NCI3), dichlorobromomethane (CHBrCl2), bromoform
(CHBr3), chloroform (CHCI3), cyanogen chloride (CNCI), dichloromethylamine (CH3NCI2) and
dichloroacetonitrile (CNCHCI2) (Li & Blatchley, 2007). According to the study of Weaver et al. (2009), all
these DBPs were commonly found in the indoor pool water samples; however, their concentration highly varied.
Trichloramine (i.e. NCI3) is often mistaken as chlorine due to its distinct odour, has been widely identified as
one of the most common by-products of organic-N compound that includes creatinine, amino acids, urea and
chlorination in the swimming pools (Fantuzzi et al., 2013).

4. Methodology

The present review adopted the qualitative data collection method to collect the empirical evidence related to the
risk of developing allergic or respiratory diseases due to the exposure to chlorinated water in the indoor
swimming pools. As the researcher had no clear vision about the study’s outcome, the qualitative methodology
and exploratory research was adopted, as it supported in gaining deeper subject knowledge about the risk of
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developing allergic or respiratory diseases due to the exposure to chlorinated water in the indoor swimming
pools by searching of literature (Saunders et al., 2003). The secondary data was collected from several sources,
and this quantitative data was collected from secondary data sources like textbooks, government resources,
newspapers, websites, journals and other internet sources. Moreover, majority of these secondary data were
collected from academic databases, in order to ensure the collected data’s reliability; in the case of
non-availability, peer reviewed journals, government database and newspaper articles from UAE were relied.

5. Exposure to Chlorine in Indoor Swimming Pools
5.1 Levels of Exposure

Every human being is exposed to DBPs either by hot showers and chlorine-based oxidant found in the air above
the surface of pool water or the drinking water containing chlorine (Lin et al., 2000 ). The DBPs are heavily
concentrated, which has the strongest oxidants that are being found in the pool environment; these oxides are
monohloramine, dichloramine in the aerosols, hypochlorous acid and trichloramine found in the gaseous form.
Thus, the level of concentration of these oxidants greatly varies and is subjected to numerous factors which
include air-temperature, level of aerosols sprayed, number of swimmers in the pool, and various
physicochemical variables associated with the dose of chlorine (Lantagne et al., 2010). Various recent studies
focused on the assessment of the quality of air in indoor pool environment and are mostly based in European
nations (Belgium, France, Netherlands and Germany) (WHO, 2011). According to the studies of Bernard et al.,
2003; Jacobs, Spaan et al., 2007; Lantagne et al., 2008, it was observed that, the average level of concentration
of trichloramine in the indoor pool environment at a height of 1. 5m was found to be fluctuating between
300pg/m3 and 500pug/m3, and the extreme values observed were recorded as 2,000 pg/m3.

Air
NCl,
trichloramine
Indoors (100 - 1,500 pg/m*)
Cl,
Outdoors chlorine gas ﬂ(el'n/susl:)
ng/ms ?
(100 - 500 ng/m* ?)
Wk ¢ el b
hypochlorite hypochlorous acid monochloramine  dichloramine
ClO+H*=HCI0O — N — NH,C1 — NHC],
organic matter brought by swimmers (e.g. urea)

Figure 1. Key chlorine-based oxidants in chlorinated indoor as well as outdoor water and air (Bernard, 2007)

Studies have evaluated the exposure of DBPs level through environmental and biological monitoring. From the
study findings, it was evident that the trihalomethanes (THMs) concentration caused DBPs. Swimming pool
workers and swimmers from different areas experienced different THM exposure levels in which the alveolar air
samples were subjected to 28.5 + 20.2 pg/m3 g/m3. However, the individuals working in cafe areas experienced
17.6 £ 12.1 pg/m3 and in offices, environments faced 14.4 + 12.0 pg/m3 and the least exposure were
experienced in engine rooms, which was 13.6 + 4.4 pg/m3. Thus the prevalence of respiratory, ocular irritative
and cutaneous symptoms was mainly experienced by trainers and lifeguards in the swimming pool workers
(Fantuzzi, 2014 ). The other powerful pollutants which affects children, and adults are exposed in a swimming
pool environment is trichloramine and average level of concentration of trichloramine both in the indoor and
outdoor pool environment in Europe barely exceed the mark of 300ug/m3 (Air quality guidelines for Europe,
2000). Besides trichloramine, there is numerous other CPs like chlorinated micro aerosols or chlorine in the
gaseous form, which also acts as oxidants that can cause possible health risk for the swimmers and pool workers.

Due to the huge variation in the proportion between the body mass and surface area (which is much greater),
children tend to absorb the greater amount of chlorinated products through their skin that are water-soluble such
as trihalomethanes or chloroform. The volumes of these soluble CPs absorbed are usually much more than their
body-weight. Furthermore, children tend to swallow or inhale larger amounts of water droplets that are
contaminated with soluble chloramines and/or hypochlorous acid. Depending on the pattern of respiration, which
could be either nasal or oral and size of the aerosols, these oxidants can possibly travel deep into the respiratory
tract (Helenius & Haahtela, 2000; Helenius, Lumme & Haahtela, 2005).
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6. Health Risks Associated with Chlorinated Water

Human exposure to chlorine in an indoor swimming pool usually happens through inhalation of vapours or
aerosol, cutaneous absorption and ingestion of pool water. Numerous factors are responsible for the amount of
water ingested that includes the level of experience, age, gender and nature of activity. The study of Evans,
Cantt , Bahymer et al. (2001) revealed that the average amount of water consumed is more amongst children (37
ml) than it is in adults (16 ml) and gender-wise more in men (22 ml) than it is in women (12ml). Further, the
recent report by Fantuzzi et al. (2013) proved that pool work and trainers exposed to NCI3 was more than
0.5 mg/m and had higher risks of various diseases like runny nose (95%), red eyes (95%), voice loss (95%) and
itchy eyes (95%) than others. Thus, the prevalence of ocular and other respiratory symptoms was frequently
experienced among these workers.

The report from The Regulation and Supervision Bureau (2014) stated that the residual chlorine ideal
concentration was identified and currently in Abu-Dhabi, the chlorination is between 0.2 to 0.5 mg/l, which
might increase up to 1.00mg/l1 00mg/1 or even above, causes various health effects. For instance, the report from
Gulfnews (2001) stated that the swimmers in Dubai had red eye due to the exposure of the chlorination water
system. Moreover, the other report from Saberi (2012) proved that UAE people had heavy hair loss due to the
exposure of chlorinated water.

Several studies were conducted to identify the effect of chlorine exposure in the indoor swimming pool. The
study by Kogevinas et al. (2010) proved that the exposure of DBPs causes cancer, either if the individuals drink
or swim in the swimming pool. As far as bathers are concerned, they inhale the air which is in contact with the
surface of the water. The duration of exposure, the intensity and nature of activity are the factors responsible for
the volume of air inhaled. The exposure through inhalation is basically with regards to the gaseous state of
chlorine, either it could be vapour released by the pool water or aerosols which are induced due to the stirring of
water or swimmer's splashes (Villanueva et al., 2007). The parts of the human body that are largely exposed to
the chemical compounds in the pool water are eyes, mucous membranes, and skin. Although, there are three
main factors such as the level of skin absorption and length of time in contact with water, the level of
concentration of toxic/chemical compounds, and the temperature of water. Studies also showed that a lot of
water disinfectants by-products can produce carcinogenic, neurotoxic, hepatotoxic, dysmetabolic and mutagenic
(Meek et al., 2002).

DBPs, particularly to trichloramine, which is widely believed to be the most significant risk factor that causes
irritation, who are occupationally exposed as well as the swimmers at indoor swimming pools (Erdinger et al.,
2004; WHO, 2006 ; Jacobs et al., 2007; Cimitiere & Laat, 2009; Fantuzzi et al., 2010 ). Higher microbial and
hygiene indicators in the recreational waters are directly correlated to the increased health risk of the swimmers;
hence, swimming pool waters are commonly examined for these indicators (Maida et al. 2008; Ferretti et al.,
2013). The most common contributors of bacterial contamination in pool waters are floor and outlets around the
pool, wet shower benches and sanitary facilities; these places are some of the most favourable areas for the
growth of bacteria. Nonetheless, management of pool water is necessarily associated with the growth of bacteria
within the pool water (Briancesco et al., 2010).

The epidemiological studies report (Thickett et al., 2002; Nemery et al., 2002; Lazarov et al., 2005; Levesque et
al., 2006; Jacobs et al., 2007; Weisel et al., 2009) proved that both swimmers and the pool workers, who used
indoor swimming pool were subjected to various respiratory risks, asthmatic conditions and skin diseases like
contact dermatitis. Furthermore, couple of other studies have also reported hypersensitivity that immunological
reaction in water is due to contact between hypochlorite present in the cleaning agent and urticaria in a
chlorinated swimming pool (International Occupational Safety and Health Information Centre (CIS), 2009;
United States Environmental Protection Agency (EPA) 2013). Another study reported that excessive or constant
exposure to hypochlorite can lead to skin reactions and have been further described as delayed hypersensitivity
or allergic contact dermatitis (Font-Ribeira et al., 2009). Studies have also shown that consumption of or
exposure to CPs through drinking or recreational water can possibly induce asthma or cause irritation in the
respiratory tract. Various sources such as swimmers and tap water contribute to numerous natural organic
precursors’ substances in swimming pool water, which includes particles of hair and skin, constituents of urine
and perspiration, cosmetic and other personal care products. These precursors’ substances tend to react with free
chlorine to form various DBPs, which could either be organic or inorganic chloramines, organic compounds or
haloacetonitriles; few of these are volatile in nature and can cause respiratory irritation (Li & Blatchley, 2007).
Several studies have shown that young and adult swimmers who are exposed to these chemicals, irritants, and
DBPs have often reported incidents of asthma (McConnell et al., 2002; Medina-Ramon et al., 2005; Rumchev et
al., 2004; Sherriff et al., 2005; Zock et al., 2007).
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6.1 Health Risks for Swimmers and Pool Workers and Lifeguards

The cities like Abu Dhabi, Dubai from UAE are famous for its luxury hotels and swimming pools. Even though
there is an increasing portable demand for water in Abu Dhabi (Regulation & Supervision Bureau, 2011 Annual
reports), the custom of indoor swimming pools has also created curiosity from the therapeutic outlook. However,
these probable pessimistic fitness effects have resulted in undeviating contact with DBPs and other chemicals,
which are used as water disinfectants in these swimming pools (Kogevinas et al., 2010; Richardson et al., 2010).
The disinfectant not only kills the bacteria in the water, but also causes harmful effects for both swimmers and
pool works. The swimmers who are exposed to chlorine and other forms of disinfectant like trihalomethane and
chloramines experience adverse health effects namely throat pain, gasping, shortness of breath, coughing
(Almagro et al., 2008; Bonetto et al., 2006). Moreover, the eye, throat, skin and nasal frustration are also
experienced by the swimmers who have chronic exposure and other DBPs in pool water (Basler et al., 2000;
Jacobs et al., 2007; Le"vesque et al., 2006). Studies (Font-Ribera et al., 2009; Cassan et al., 2009; Lee, Ha, &
Zoh, 2009; Ferrari et al., 2011; Voisin et al., 2010) have shown that individuals with swimming habit have the
risk of allergic reactions and asthma.

Further, the studies have proven that children exposed to chlorine from birth until first grade of primary
schooling have the risk of childhood asthma (Bernard et al., 2003). The WHO (2006) reported that the workers
in halogenated disinfection chlorinated pool water are frequently diagnosed with various harmful effects and
acute illnesses and injury from the swimming pool. Even the indoor pool workers are subjected to various acute
illnesses like irritated eye, nose and throat indications, as well as asthma, swimming pools (Thickett et al., 2002;
Levesque et al., 2006; Jacobs et al., 2007; Hery et al., 1995; Kaydos-Daniels et al., 2008). This is because the
works clean the pool in order to maintain the cleanliness; thus, they are exposed to chloramines, in particular
trichloramine and other fundamental cleaning agent. In addition, due to cleaning process these workers are
exposed to chemical reactions between amino-compounds and ammonia from swimmer’s urine and sweat and
chlorine (Nemery et al., 2002 WHO, 2006) However, the Bernard et al., (2006) and Helenius et al., (2002)
proved that female lifeguards (28%) were affected more when compared to male lifeguards (13.7 %). However,
when compared to swimmers, the pool works are affected more as they are exposed to this chlorine and
chlorinated products consistently.

7. Allergic Reaction to Chlorination

The development of allergies begins with sensitization to common allergens, where the allergens go past the
polarized barrier of epithelial cells and interact with dendritic cells (antigen-presenting cells). Oxidants that are
chlorine-based found in the air and water act as chemical ancillary that facilitate the disruption in the epithelial
passage; thus, allows the allergens to enter, thereby intensifying the sensitization process. This is the mechanism
through which the chlorinated pool water interacts and is associated with the development of asthma amongst
children and other allergic diseases amongst recreational swimmers (Bernard et al., 2003, 2006; Zwick et al.,
1990; Potts, 1996; Helenius et al., 2002; Helenius et al., 1998).

It has also been reported that continuous or extensive exposures to CPs may eventually damage the epithelial
cells. Epithelial cells are known for the synthesis and secretion of numerous molecules that regulate the
inflammatory/ antioxidant proteins, lipid mediators and the inflammatory or allergic responses that include
chemokines/ascytokines; thus, damage to these cells could result in grave consequences (Takizawa, 2005). Few
studies have also reported that the damage to these cells led to reduction of anti-inflammatory CC16 amongst
young swimmers who during their early childhood used to attend the indoor swimming pool regularly (Bernard
& Nickmilder, 2006; Bernard et al., 2007; Lagerkvist et al., 2004).

The parts of the body affected due to the exposure to the CPs, depend solely on couple of reasons; first is the
physiochemical characteristics of the chemicals such as the solubility in water and second one is the form in
which these oxidants are present in the air gaseous state or in the form of aerosols. Trichloramine in the gaseous
form is the most toxic element due to its insoluble property and causes disruption to distal airways (Carbonnelle
et al., 2001; Carbonnelle et al., 2002; Lagerkvist et al., 2004), which could in turn cause restriction in the airflow
and inflammation leading to the development of asthma (Tulic& Hamid, 2003). Whereas, on the other hand,
when other non-volatile oxidants such as chloramines or hypochlorite are inhaled in gaseous form or as aerosols
enter in the nasal cavity along with water, thus disrupting the epithelial barrier present in the upper airways and
making them highly prone to allergens (Weisel et al., 2009).

Figure (2) illustrates the mechanism of disruption of epithelial barriers caused due to chlorine-based oxidants and
permeability of allergens and their interaction with immune-competent cells. Due to the potential characteristic
of oxidization of CPs, apparently they become the strongest triggers that cause disruption to epithelial barriers;
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moreover, numerous other air pollutants (dust mites, pollens, etc.) also have the potential to compromise the
epithelial effects and sometimes act in synergy with CPs, thereby further facilitating the allergic sensitization
(Bonini et al., 2006).

water or aerosols
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Figure 2. Disruption caused by chlorine-based oxidants to the epithelial barriers (Source: Bernard, 2007)

8. Health Hazards due to Chlorinated Water in UAE

In an article in The National, it was highlighted by Prof Walid El Shorbagy, the director of the water resources
programme at UAE University, who said that “Chlorine has more by-products, which are more hazardous"
(Malek, 2012). In another article in the same year, it was highlighted that experts had warned against the use of
chemicals to treat swimming pools, which could possibly lead to asthma and bladder cancer. Thus, this section
reviews the health hazards due to chlorinated water in UAE context.

Recent article Sankar (2009) reported that in Dubai pool, individuals developed infections and were fallen sick
after swimming due to over use of cleaning agents which resulted in skin irritation and rashes. In addition, the
article also reported that the immune system of children and pregnant women were affected. The article proposed
that even though the maintenances of pools costfrom Dh500 to Dh600 to maintain a 100 cubic metre, it is
essential to clean the pool twice or thrice a week, and the water need to be changed consistently.

The study by Rumaithi and Anouti (2014) examined human health’s potential risk, particularly elderly and
children infected by inhalation of aerosol. Even though UAE is famous for its shopping malls and exquisite
cleanliness management, which are monitored and inspected routinely, still there is a prevalence of microbial
risk. The study was conducted in Abu Dhabi (UAE) in which three shopping malls were selected randomly. The
results indicated that there was a significant difference in the microbial profiles of shopping mall’s ornamental
water. Thus, the study concluded that, in order to ensure public safety at all times, the study emphasized the
needs for maintenance have to be conducted timely for public health safety, and prioritized the importance of
establishing proper guidelines for shopping mall's ornamental water within indoor malls in Abu Dhabi.

Similarly, the article published by Malek (2012) examined the side effects of using disinfectant in
air-conditioning systems and Swimming pools in Dubai. The article stated that liquidated forms of chlorine and
calcium hypochlorite solution or sodium hypochlorite were used as cleaning agents which caused harmful side
effects. The report reported that lesser concentration of chlorine is ineffective which leaves Legionella
pneumophila bacteria in water. This results in Legionnaires disease. However, the report stated even though
chlorine dioxide is expensive; it must be used, as it is safer and better. In addition, majority of the people in
Dubai used the powdered form of chlorine dioxide, which is known as Metoxide as it is more effective than
traditional chlorine and other harmful by-products.

Likewise, the Kumar (2012)’s article reported that private residential pools in Dubai were infested with bacteria,
which caused health risk for both swimmer and pool workers. The article also reported that chlorinated water
caused gastro-intestinal infection, vaginal infections, and rashes in skins, stomach ailments, urinary tract and
conjunctivitis. However, the article concluded that the pools need to be analyzed for bacteriological test, which is
a cost effective method, i.e. it costs only Dh350 and there is need to create awareness on the same.

Likewise, the study by Aljanahi and Khan (2014) examined the prevalence of Cryptosporidium and Giardia in
the school swimming pool. The study was conducted in Dubai (UAE). In the study, the immunofluorescence
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assay was used by the researcher to test the Cryptosporidium oocysts and Giardia cysts from the water sample,
which was collected from five schools. The study adopted the membrane filtration technique to examine the total
fecal coliform and the heterotrophic bacteria level in the water samples. From the study findings, it is evident
that majority of the water sample either had Giardia cysts or Cryptosporidium oocysts, else both were also
present. From the results, it was evident that the level of Cryptosporidium oocysts was identified to be 1-15
oocysts per liter, which is known to be as higher range than that of Giardia cysts, which were only 1-4 cysts per
liter.

It is evident from the existing literature that chlorination of indoor swimming pool water leads to various health
hazards, mainly respiratory and/or allergic diseases and causes gastro-intestinal infection, vaginal infections, and
rashes in skins, stomach ailments, urinary tract, conjunctivitis and Legionnaires disease. There are numerous
relevant empirical studies available to support this finding; however, they have mostly been conducted in
America or in Europe. To the best of my knowledge, no study has been conducted so far in UAE to examine the
level of exposure and health hazards related to the chlorination of indoor swimming pool water.

9. Conclusion

The review of various studies shows that chlorine is the most commonly used disinfectant to treat the public
recreational water in order to make it clean and safe and reduce the risk of microbial infection. However, at the
same time, it has also been noticed that use of chlorine in indoor swimming pools leads to contamination by
volatile oxidants and aerosolized CPs, and most of these elements have been identified as respiratory irritants or
allergens. Trihalomethanes out of all the DBPs have been found to have the highest concentration in the indoor
pool water, although the level varies depending on several factors such as choice of disinfectant, and precursor
material in the pool water. Trihalomethanes is also dispersed in the air at the surface of the pool water in gaseous
phase and even for this, the level of concentration in the air varies depending on the factors such as temperature
of the water and disturbance in the water created by swimmers. Trihalomethanes has also been highlighted as the
most powerful DBP that has a positive association with increased risk of respiratory problems amongst
swimmers and pool workers. Furthermore, it was observed that several studies had consistently reported that
exposure to chlorine based disinfectant in the indoor swimming pool environment are associated with childhood
asthma epidemic, especially in developed nations. The use of chlorine works as an ancillary causing an increased
risk of atopic asthma, which means it is mainly responsible for the development of asthma (Von Mutius, 201). In
addition, other risks include runny nose, red eyes, voice loss and itchy eyes (Fantuzzi et al., 2013). Thus, the
prevalence ocular and other respiratory symptoms were frequently experienced among these workers also.

There are limited or no studies available that suggest the optimum pool management mechanism for reducing the
risk of exposure to irritants. The current evidence did highlight the association between exposure to CPs in
chlorinated indoor swimming pools and the onset of asthma amongst young and adult swimmers and pool
workers in UAE; however, most of these observations are mostly suggestive and not conclusive. However,
current studies are limited in terms of extending an exhaustive knowledge about the characteristics of DBPs, the
level of concentration of DBPs in various indoor swimming pools, appropriate assessment of exposure to be
respiratory irritants and characterization of respiratory problem or asthma caused due to chlorinated indoor
swimming pools.

10. Recommendation

It is recommended that the key factors responsible for reduction of the exposure to oxidants are construction,
maintenance and management of the swimming pool. Considering the growing interest in assessing the risk
factors associated with the use of chlorine as disinfectant in indoor pool water; this paper recommends that as
part of better pool management practices, public should be made aware of the hygienic practices (such as,
limited use of cosmetic products or not urinating inside the pool) before they enter the swimming pool.
Moreover, the poor indoor air quality issues can be addressed with preventive measures like improving air
movement over the pool and increasing the air turnover rate which will reduce irritant levels in the air.
Additionally, appropriate standards for regulating and monitoring the water and air quality should be reinforced
to reduce the risk of human exposure to harmful chemicals used in the disinfectants. Furthermore, the existing
literature available has largely been conducted in European nations, which limits the general applicability of the
findings across geographical borders. Thus, future epidemiological and empirical studies need to focus on the
assessment of exposure to chlorinated indoor pools and its impact on the health of swimmers and pool workers
in UAE.
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