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A B S T R A C T

Recreational water disinfection is an essential treatment for controlling microbial activity. However, chemical disinfectants are powerful 
oxidants that react with the natural organic matter, anthropogenic contaminants, and bromide present in water and produce unintended 
disinfection by-products. Chlorine is the most used water disinfectant in Palestine. In this study, water samples from 9 swimming pools 
present in 3 Governments in the West Bank in Palestine were analyzed to investigate the occurrence of trihalomethanes which are the main 
and most reported disinfection by-products formed in chlorinated waters. Results show that these pools are poorly managed and do not 
comply with recommended guidelines for recreational water quality. The pH of some of the water-monitored swimming pools did not 
comply with the pH guideline for swimming pools. The free chlorine residual measured in the swimming pools' water was higher than 
recommended values or much less than required. DBPs in the form of THMs measured in the samples from the pools were in the range 
386 to 2856 ppb. These amounts of DBPs exceed what has been reported in the recreational water in other countries and are far away from 
recommended levels. Brominated THMs that impose higher toxicity compared to chlorinated analogs were detected in all 9 swimming 
pool samples. The bromine substitution factor for all samples was calculated and showed a correlation with the pH of the water sample. 
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Disinfection of water using chlorine is a common 
practice in Palestine. Chlorine is widely used in water 
disinfection because it is effective and inexpensive. 
The disinfection as chlorine is applied to water to 
deactivate microorganisms and ensure residual 
concentration to prevent microorganisms' regrowth 
(Chowdhury et al., 2014; Tang 2020). The presence of 
disinfection by-products (DBPs) in chlorinated water 
was first reported in the 1970s (Bellar et al., 1974; 
Rook, 1976; Symons et al., 1975). Chlorine reacts with 
natural organic compounds, and human body excretes 

Introduction

contained in pool water producing hundreds of DBPs 
(Kanan and Karanfil, 2011; Wigle, 1998). In recent 
years, special interest has been developed with regard 
to the occurrence of DBPs in chlorinated recreational 
water. More attention has been paid to the concentration 
of trihalomethanes (THMs), which are the most 
commonly occurring group of DBPs (Manasfi et al., 
2017; Weaver et al., 2009; Zwiener et al., 2007). THMs 
have been studied due to their high concentrations, 
frequency of occurrence, and possible toxicity 
(Aggazzotti et al., 1998; Kanan and Karanfil, 2011; 
World Health Organization, 2006). The four main 
species of THMs that form as a result of water 
chlorination are: chloroform (CHCl3),bromodichlorom
ethane(CHCl2Br), dibromochloromethane (CHClBr2), 
and bromoform (CHBr3) (Golfinopoulos, 2000; Kanan 
et al., 2015). The main operational and water quality 
parameters that influence the formation of THMs are 
chlorine dose, organic matter in pool water (both 
natural and anthropogenic), water temperature, pH, and 
contact time (Kanan et al., 2015). Moreover, bromide, 
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which is present in filling water from either natural or 
anthropogenic sources, has an important effect on 
THMs speciation (Kanan et al., 2015; Stuart et al., 
2001). Swimming pool water has both natural organic 
matter, coming with filling water, and human body 
excretions that swimmers release. Both types of 
organics are considered and proved to be DBPs 
precursors (Kanan and Karanfil, 2011; Keuten et al., 
2014). Epidemiological studies have suggested that 
THMs are potentially carcinogenic (World Health 
Organization, 2006). Furthermore, an association 
between exposure to THMs and spontaneous abortion, 
growth retardation, and birth effects has been reported 
(Plewa et al., 2004; Wigle, 1998). The pool water, if not 
filtrated and disinfected continuously, becomes a severe 
health risk to the swimmers. According to the WHO, 
there are three main routes of exposure to chemicals in 
swimming pools: inhalation, dermal contact, and direct 
ingestion (World Health Organization, 2006).

Swimming pools of all types should be 
maintained in satisfactory physical, chemical, and 
biological conditions (World Health Organization, 
2006). The DBPs that have been detected in swimming 
pools vary with the disinfectant used (Chowdhury et 
al., 2014; Fantuzzi et al., 2001; World Health 
Organization, 2006). Although residual disinfectant 
levels must be maintained to ensure disinfection, the 
optimization of disinfectant concentration and the 
proper time and method of disinfection used must be 
regulated because disinfectants themselves are harmful 
and have been reported to have adverse health effects, 
too (World Health Organization, 2006). The level of 
recommended chlorine residual in swimming pool 
water varies from country to country: UK 1-2 mg/L, 
USA 1-3 mg/L, Germany 0.3-0.6 mg/L and Italy 0.6-
1.2 mg/L (Kanan, 2010; Kanan et al., 2015; World 
Health Organization, 2006).

In Palestine, the number of swimming pools has 
increased recently. There are several private, semi-
public (hotel, health club) and public pools, both indoor 
and outdoor pools in Palestine. The source of water 
used in filling the swimming pools is municipal 
groundwater. Chlorine, in its different forms (Sodium 
hypochlorite and Calcium hypochlorite), is the main 
disinfectant used in the swimming pools (Al-Khatib 
and Salah, 2003). DBPs that are produced as a result of 
pool disinfection should be at levels that are at least 
comparable to those produced in drinking water 
disinfection. In Germany and Switzerland, THMs 
levels in swimming pools should not exceed 20 ppb as 
CHCl3. In Denmark 50 ppb as CHCl3 is the limit 
(Borgmann-Strahsen, 2003; Kanan et al., 2015). The 
National French Institute of Research and Security 

recommends a maximum of 0.5 mg/m3 in the air around 
a swimming pool (Barbot and Moulin, 2008). However, 
DBPs found in pool waters easily exceed these levels 
due to water recycling in swimming pools, the 
continuous addition of organic precursors by bathers 
and water replenishment, and continuous chlorination 
(Fantuzzi et al., 2001; Kanan, 2010; Zhao et al., 2004). 
Regular swimmer's blood plasma chloroform is highly 
elevated after a swimming event (Aggazzotti et al., 
1998). Swimming pools should be properly managed 
to meet the recommended water disinfection standards 
or maintain other chemical, biological, and physical 
water properties (Al-Khatib and Salah, 2003; 
Chowdhury et al., 2014; Kanan, 2010; Khatib and 
Ghannam, 2011, Huang, 2020).

In this study, we report the occurrence of the 
main DBPs (THMs) in chlorinated recreation water 
sampled from 9 swimming pools in Palestine and the 
operational characteristics of the swimming water 
samples. Bromide substitution factor was calculated 
for THMs measured in swimming pool water samples.

Materials and methods

Sampling

To investigate the occurrence of THMs in the 
recreation water of the swimming pools, water samples 
were collected from 9 swimming pools from 3 different 
governorates in the West Bank, Palestine, in summer 
2018. Samples for THM measurements were collected 
in 60 mL glass amber-brown vials with Teflon lined 
screw caps from Supelco. Water samples were collected 
30 cm below the swimming pool water surface using a 
manual pump by immersing a pipe underwater. The 
vials were filled carefully just to overflowing capacity, 
without passing air bubbles through the sample or 
trapping air bubbles in sealed vials. Ascorbic acid, a 
quenching material, was added (10 mg for 10 mL 
sample) to the water samples at the end of each specific 
incubation period to prevent further THMs formation.  
Free chlorine residual (FAC), pH, and water temperature 
of samples were measured on-site using pH-EC-TDS 
portable meter HI 9812 from HANNA, while FAC was 
measured using HACH 2010 spectrophotometer.
The chemical and reagent used in the experiments, 
hypochlorite reagent: 100 mL of NaOH 1N was added 
to 100 mL of D.W, then 6 mL of 11% sodium 
hypochlorite was added (catalog No. 48481) and mixed 
very well; the total volume should be 206 mL. Finally, 
the reagent was stored in dark bottles for only two 
weeks. Standards prepared from ammonia stock 
solution of 1000 mg/L. DPD Free Chlorine Powder 
Pillows (catalog number 21055-69). Sodium hydroxide 
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and Phosphate buffer were used to maintain pH during 
the THMFP test. Ascorbic acid was used as a quenching 
reagent to stop chlorine reaction before THM analysis. 

THMs analysis

The headspace method, which is suitable for 
samples with high contents of THMs, was used. It has 
the advantage of being rapid with good replication and 
minimal solvent handling and waste production (Cho et 
al., 2003; Nikolaou et al., 2002). In addition, it has an 
acceptable detection limit without contamination risk 
from the solvent (Barbot and Moulin, 2008; Kuivinen 
and Johnsson, 1999; Nikolaou et al., 2002; Stack et al., 
2000). From each sample, 5 mL of water were 
transferred into a 10 mL headspace vial. The vial was 
sealed with stainless steel crimp top cap equipped with 
PTFE-lined septa. The vials were statically incubated 
at 95 °C for 20 minutes in a CombiPal autosampler 
(CTC Analytics AG, Switzerland). 1000 µL of the 
headspace was subsequently withdrawn and injected 
into a 6890N Agilent GC/MS injector at 300 µL/s. The 
separation was performed using the J&W-VRX 
column. The oven temperature was held at 40 °C for 4 
min, ramped to 45 °C at 0.5 °C/min, held for 2 min, 
ramped to 70 °C at 2.0 °C/min, and ramped to 150 °C 
at 10 °C/min. The injections were done in split mode 
(split ratio 2.0), with injector temperature at 220 °C, 
transfer line temperature at 280 °C, and ion source 
temperature at 230 °C. SIM method was developed for 
the different THMs species (Chloroform, Bromodichlo
romethane,Dibromochloromethane,Bromoform) 
following USEPA method No. 501. External standard 
calibration was used to obtain calibration curves in the 
concentration range from 10 to 300 µg/L for each 
species. Standards were prepared from a standard stock 
solution (Supelco Cat. No 48746). Water samples were 
subjected to appropriate dilution prior to measurement 
so that measured values were in the range of calibration. 

Results and discussion

Water characteristics

Physiochemical properties of the water samples 
from the studied swimming pools are presented in 
Table 1. To obtain the maximum disinfection effect, the 
pH of the water in a swimming pool must be in the 
range of 6.5-7.6; chlorine efficiency in inactivating 
pathogens decreases at pH 8 and above (World Health 
Organization, 2006). The pH of some of the swimming 
pools water investigated did not comply with this pH 
guideline. The free chlorine residual (FAC) measured 
in the water samples from the studied pools did not 
achieve the recommended values in many of the pools 

studied. The free chlorine residual in the water of 
swimming pools that the United Kingdom recommends 
is 1-2 mg/L and 1-3 mg/L by American National 
Standard Institute (World Health Organization, 2006).

Table 1. Physiochemical properties (operational parameters) 
of  water samples were collected from 9 swimming pools 
from 3 different governorates in the West Bank, Palestine

Pool pH Temp (ºC) FAC* 
(mg/L)

Pool 1 8.2±0.1 26.2±0.1 0.1±0.1
Pool 2 7.2±0.1 26.8±0.1 1.8±0.1
Pool 3 6.8±0.1 29.1±0.1 0.6±0.1
Pool 4 7.7±0.1 28.3±0.1 1.6±0.1
Pool 5 7.4±0.1 29.2±0.1 2.2±0.1
Pool 6 7.8±0.1 29.1±0.1 1.1±0.1
Pool 7 7.7±0.1 25.2±0.1 0.9±0.1
Pool 8 7.4±0.1 24.6±0.1 0.9±0.1
Pool 9 7.3±0.1 23.5±0.1 0.9±0.1

* FAC: Free Available Chlorine

One of the pools of water had a very low free 
chlorine residual (0.1 mg/L) that had the highest pH 
(8.2). This low free chlorine residual results from the 
low dissociation rate of chlorine disinfectant due to the 
high pH and/or low dose of chlorination. Chlorine 
equilibrium in water between hypochlorous acid 
(HOCl) and hypochlorite (OCl-) is a function of 
temperature and pH (Hansen et al., 2013). The 
efficiency of hypochlorous acid in disinfection is more 
than hypochlorite, and this implies that a swimming 
pool pH monitoring and control is decisive for pool 
water disinfection effectiveness.

THMs occurrence in recreational water

Four THMs species were quantified in each pool 
water sample. In all samples, total THMs were very 
high compared to their occurrence in drinking water or 
relative to regulations of different countries that 
regulate THMs in swimming pools (Figure 1).

Figure 1. The occurrence of TTHMs in 9 swimming pools samples 
collected from three different governorates in the West Bank, 
Palestine.
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Chloroform is the most abundant trihalomethane, 
and bromoform is the minor trihalomethane measured 
in 8 swimming pools (Figure 2). However, in one pool 
(pool 1), the brominated trihalomethane species were 
the prominent forms of THMs. Brominated species 
result from Br- presence in the swimming pool water 
that comes from the filling groundwater. Bromide is 
ubiquitous in all fresh waters in the range of few µg/L 
to several mg/L (Magazinovic et al., 2004) depending 
on geological situations and sea intrusion in coastal 
areas, which are responsible for the observed high 
bromide levels in addition to anthropogenic activities 
(Heeb et al., 2014). Bromine in the form HOBr or BrO-
, is formed when bromide is in the water background 
due to the oxidation of Br- by chlorine. When bromine 
is formed, it can react with organic matter leading to 
the formation of brominated THMs (Tan et al., 2016). 
These brominated species are more toxic than their 
chlorinated analogs (Plewa et al., 2004)

FAC effect on THMs formation

The proportionality of free chlorine and 
trihalomethane formation is obvious through the 
increasing of THMs by increasing the free chlorine 
residual (Figure 3).

Figure 2. THMs speciation in samples from swimming pools in Palestine. Chloroform (CHCl3), bromodichloromethane (CHCl2Br), 
dibromochloromethane (CHClBr2), bromoform (CHBr3).

The maximum total trihalomethane, which was 
measured in pool 5 is 2856 ppb and the minimum, 
which was measured at pool 1 is 368 ppb. These values 
are significantly high compared to what has been 
reported in swimming pools waters in different 
countries (Kanan, 2010). 

The ranges reported by the WHO for different 
countries are lower than 500 ppb in most cases (World 
Health Organization, 2006). 

The chloroform concentrations measured in 
other studies in swimming pool waters mean values are 
from 14 to 198 ppb, and other trihalomethanes were 
lower (Fantuzzi et al., 2001; Kanan, 2010). Considering 
this, better and careful management and monitoring of 
swimming pools are required in Palestine to make the 
water of swimming pools safer and minimize the 
possible adverse health impacts on the swimmers. 

Bromine substitution

To evaluate the bromine substitution during 
DBPs formation and speciation, the bromine 
substitution factor (BSF) index (Hua and Reckhow, 
2012) is used to investigate the substitution level of 
bromine in THMs. More bromine incorporation is 
noticed when higher bromide to chlorine ratios are 
present in water. The BSF is the percentage of bromine 
in the total halogen of each class of DBP (in micromole), 
and it can vary from 0 to 1, as shown in equation (1) 
(Hua and Reckhow, 2012).

Figure 3. The relation between free available chlorine (FAC) and 
THMs concentration. The lines are to guide the eye.
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This equation for THMs can be written as follow

The BSF index can be used as an unbiased 
measure of bromine substitution among different DBP 
species and classes. Figure 4 presents the BSF (as 
percent %) of THMs in swimming pools investigated 
in this study as a function of water pH, which is a 
disinfection condition that can affect the DBPs 
formation and impact the competition between chlorine 
and bromine in substituting when reacting with organic 
matter(Obolensky and Singer, 2005).

The BSF index can be used as an unbiased 
measure of bromine substitution among different DBP 
species and classes. Figure 4 presents the BSF (as 
percent %) of THMs in swimming pools investigated 
in this study as a function of water pH, which is a 
disinfection condition that can affect the DBPs 
formation and impact the competition between chlorine 
and bromine in substituting when reacting with organic 
matter (Obolensky and Singer, 2005). As shown in 
Figure 4, bromine substitution increased as the 
swimming pool water pH increased, implying more 
toxicity (Ersan et al., 2019; Plewa et al., 2004) of DBPs 
in swimming pool water.

Figure 4. Bromine substitution factor (BSF %) as a function 
of pH in swimming pool water, Palestine

Conclusions
In all swimming pools sampled in this study, the 

total THMs measured are many folders more than the 

recommended amounts. Brominated analogs of THMs 
are present in all pools, which is an additional public 
health concern as brominated species are much toxic 
than chlorinated ones. Swimming pools in Palestine 
need to have special attention in terms of water quality 
and other operational and management aspects. 
Swimming pools should be safe physically, biologically, 
and chemically to achieve their health and sport 
objective.
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