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. INTRODUCTION

Indoor swimming pools offer challenges both in maintaining proper water balance and proper sanitization. Volatilization of

chlorinated and/or brominated disinfection by-products combined with decreased fresh air exchange can create conditions that may

be less than ideal for swimmers and operators in these venues. This Fact Sheet will explore these disinfection by-products (DBP),

potential risks associated with them and current practices to help mitigate these potential risks. It is generally accepted that the

benefits associated with swimming outweigh any potential risks in indoor venues; however, the positive benefits of swimming should

be enhanced by minimizing exposure to DBP.

1. SUMMARY OF CHARACTERISTICS

e Indoor swimming venues are characterized by having intentionally limited access to the external environment.

¢ Indoor swimming pools must be maintained to the same standards as their outdoor swimming pool counterparts in terms of

water quality and balance.

¢ Indoor swimming pool water and air quality are tied into the entire facility’s air handling and maintenance capabilities. The

indoor facility must be considered as a single system.

¢ There have been numerous studies and regulations concerning disinfection by-products in drinking water, but fewer studies have

been conducted for indoor swimming venues.

e Health effects caused by exposure to DBPs in indoor swimming pools and spas continues to be an area of research.

I1l. GENERAL DESCRIPTION

Indoor recreational water facilities have existed since people in colder climates have wanted to continue swimming during the winter

months. Since these indoor swimming pools are specifically designed to limit exposure to the outside environment, they have always

faced challenges with balancing water chemistry, maintaining heat and humidity levels in the facility as well as providing fresh air

exchange around the pool. Since there is no natural wind in the facility, the indoor air can stagnate without proper ventilation. With

typically warmer air in the indoor facility, humidity control can also be a challenge as water evaporates from the pool.
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Disinfection in swimming pools, whether indoors or outdoors, requires the use of a primary sanitizer, in many cases chlorine. When
chlorine reacts with organic waste materials left behind by bathers, chlorinated by-products can form. These by-products can be
volatile and escape from the water into the surrounding air. Being heavier than air, many of these by-products can hover around the
surface of the pool and on the pool deck. In outdoor pools, air movement generally disperses many of these by-products, however in
indoor facilities that air movement can be limited, thus allowing for greater concentrations to accumulate.

Description of Disinfection By-Products (DBPs) and Precursor Chemicals

Swimmers leave behind a myriad of organics and other chemicals in the water that can react with chlorine to form DBPs. These
include such things as urea and creatinine (from sweat and urine), oils and other organics (from personal care products), and

other nitrogen-containing compounds. DBPs can take the form of inorganic or organic chloramines. Inorganic forms are primarily
trichloramine (NCI,), dichloramine (NHCI,) and monochloramine (NH,Cl). Another class of DBPs is typically referred to as
trihalomethanes (THMs) of which chloroform (CHCI,) is a primary concern. A study in Barcelona, Spain (Richardson 2010) identified
over 100 DBPs, many of which had not been previously identified in the literature. This is an area open to further research.

DBPs in Indoor Swimming Pools

Several studies have looked for a correlation between the concentration of DBPs in indoor swimming pool water and the
concentration of DBPs in indoor air around these pools. At least one study did find significant concentrations of DBPs in both the pool
water and the surrounding air, but the correlations between the air concentration and the pool concentration was not strong (Li and
Blatchley, 2007). However, another study found several factors do correlate the air concentration with the pool water concentration
of DBPs (Levesque et al. 2015). First is the time of day. Later in the day, more use of the pool and agitation of the water resulted in
higher air concentrations of the DBPs. Second, an increase in the number of water changes was associated with a decrease in the air
concentration of DBPs. Third, increased ventilation (air changes per hour) resulted in a decrease in DBPs in the air. These studies have
identified a wide variety of DBPs in the air surrounding indoor pools. They also indicate the difficulties correlating the concentration
of DBPs in indoor pool water to indoor air quality. There is still a lot to learn and further studies are needed.

Health Concerns Among the DBPs

Users of indoor swimming venues can sometimes detect a very strong odor of chlorine in the air when they are on the pool deck.
This is a sign that there may be chloramines and/or disinfection by-products building up in the air and/or pool water. It is not a sign of
too much free chlorine in the water, it is most likely a sign that there is not enough free chlorine in the water. Chloramines have often
been implicated in cases of eye and breathing irritation. In fact, the odor and eye irritation is often the first indication that the water
balance and/or ventilation around the pool needs to be corrected.

Beyond the acute eye and respiratory symptoms, exposure to chloramines and other DBPs has been investigated for potential
long-term effects to human health. In laboratory studies, exposure to certain DBPs have been associated with respiratory irritation,
developmental toxicity and cancer; however, exposure duration and air concentrations are key factors and association of these
effects with swimming pool use continues to be investigated. There have been several studies that examined use of indoor pools
and rates of asthma in children, competitive swimmers as well as pool workers. A 2012 published review paper (Villanueva) assessed
the available epidemiological data and concluded that “the body of evidence indicates that asthma in children is not increased by
swimming pool attendance.” It was also reported in that same paper that there is a higher “prevalence of respiratory symptoms
including asthma...among swimming pool workers and elite swimmers, although the causality of this association is not clear.”
Additionally, in summarizing the available data, Villanueva (2012) reported that evidence supports that the use of swimming pools
during pregnancy is not associated with increased risk of adverse reproductive outcomes.

Several additional studies (Villanueva 2015, Kogevinas 2010, Pandics 2018) have continued to investigate the relationships between
DBPs exposure and chronic illnesses (including cancer). While there has been continued research in this area, more research is still

needed to further elucidate the actual risks based on exposures to DBPs in indoor swimming pools. Therefore, it is prudent to limit

exposures to DBPs as much as feasibly possible.
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Ways to Improve Indoor Air Quality at Swimming Venues

One way to reduce DBPs in swimming pools is to reduce the amounts of the precursor chemicals that are introduced into the pool.
Reducing swimmer waste is the first step in improving air quality. Simply showering before entering the pool, reducing the use of
the pool as a bathroom, and reducing the amount of personal care products while swimming can greatly cut down the amount

of chemicals that can react with chlorine and lead to DBPs. Water replacement is another means of reducing both DBPs and DBP
precursors.

Proper water balance should be always followed and in all areas of the pool. Follow PHTA’s ANSI/APSP/ICC-11 Standard for water
balance parameters. A paper on pH and its effect on DBP formation (Hansen 2012) found that THM formation was reduced at pH less
than 6, however NCI, was an order of magnitude higher than at pH 7.5. Hansen published a subsequent paper in 2013 that showed
that the effect of pH on genotoxicity of the DBPs at 6.8-7.5 was negligible but greatly increased below that. Maintaining PHTA water
balance standards is required.

Appropriate ventilation is important to minimize the accumulation of DBPs around the surface of the pool and pool deck. PHTA
APSP-11 Standard advises to follow ASHRAE Standard 62.1-2004 for management of indoor air quality. Per this Standard, outdoor
air should be supplied with a velocity of 0.48 CFM per ft? of pool and wet deck area. They further advise that for natatoriums there
should be 4 to 6 air exchanges per hour and 6 to 8 in the spectator area. ASHRAE also recommends directing a portion of the supply
air across the surface of the pool to direct chloramines away from the pool. Relative humidity should also be controlled at 40-60%.
Keeping the natatorium slightly negatively pressured (10-15%) is also recommended to improve the air quality.

Minimizing the amount of chlorine used can also limit the amount of DBP formation. While 1-4 ppm still must be maintained at

all times, monitoring these levels and ensuring that too much chlorine is not used can cut back on DBP formation. Limiting times
when shocking the pool to allow for air circulation to remove any excessive DBPs from the air can help reduce those chemicals when
swimmers are present.

Technology may also contribute to improvements in air quality by reducing DBPs before they leave the pool water; however,

the results from these technologies are mixed. A lab study in 2016 (Hansen et al.) found that ozone can actually increase THM
formation upon initial use, however repeated use can decrease total organic matter and THM formation. The study did find that
other DBPs could increase with the use of ozone in the lab and does recognize the need for a study in an actual pool. In a study
by Li and Blatchley (2008), the ultraviolet (UV) photolysis of monochloramine (NH,CI), dichloramine (NHCL), and trichloramine
(NCL,) in agueous solution was investigated at wavelengths of 222, 254, and 282 nm. All three chloramines can be degraded by UV
irradiation, and the quantum yields for these processes are wavelength-dependent. On the basis of the results, a mechanism of
photodecay of monochloramine is proposed. In a subsequent study, Weng and Blatchley (2012) found that UV caused a decrease
in inorganic chloramines, but in the presence of a free chlorine residual, UV caused an increase in organic chloramines such as
dichloromethylamine (CH,NCl,), dichloroacetonitrile (CNCHCI,) and cyanogen chloride (CNCI). They also found that UV increased the
free chlorine consumption rate.
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