
Introduction

Halogen derivatives of hydrocarbons, the so-called 
halomethanes or trihalomethanes (THMs), are formed 
in water treated for the purpose of disinfection – mostly 
when chlorine compounds are used. What is determined 
most frequently are compounds with chlorinated 
derivatives of methane (THM), which are chloroform 
CHCl3 (TCM), bromodichloromethane CHBrCl2 
(BDCM), dibromochloromethane CHBr2Cl (DBCM), 
and bromoform CHBr3 (TBM). The THM formation 
precursors in water are organic carbon of natural or 

anthropogenic origin [1, 2]. Therefore, in the analysis of 
these compound formation processes, the concentration 
of their organic precursors in water should be taken 
into account. The halogen derivatives of hydrocarbons 
may be present in many types of chlorinated water and 
in swimming pool water, in which maintaining proper 
microbiological safety can be a basic yet challenging, 
task – more important than the control of disinfection  
by-products. 

Many authors tested the concentrations of THMs  
in chlorinated swimming pool waters. A summary of  
the THM concentrations in indoor pools is presented in 
Table 1. 
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It can be said that the concentrations of THMs in  
pool waters have wide limits, with a range of values 
of 0.2-335 μg/dm3. The largest spread of THM values 
was obtained by Thacker et al. [2] in India (90 to  
335 μg/dm3) and by Dyck et al. [1] (12.9 to 215 μg/dm3) 

in studies performed in 15 indoor swimming pools in 
Canada. An average concentration of THMs in pool 
waters usually does not exceed the value of tens of  
μg/dm3. Only Chu et al. [14] presented a higher level 
of THM concentrations in waters up to 132 μg/dm3 in 
swimming pools in London. 

For this wide range of values could impact several 
factors that influence THM formation in water such as 
disinfection processes and chemicals, water sources, 
pH, temperature, concentration of residual chlorine, 
residence time, reaction time, total or organic carbon, and 
disturbance [9].

THMs are volatile compounds so their accumulation 
in the ambient air of swimming pool halls can be noted as 
being significant [14]. Additionally, inhalation exposure 
will be largely associated with volatile substances that 
are lost from the water surface, but will also include 
some inhalation of aerosols within a pool where there is 
significant splashing [17]. Many authors [1, 18-21] and 
WHO data point out that the toxicity of those hazardous 
substances introduced by the inhalation route is much 

higher than by ingestion or through dermal contact. The 
International Agency for Research on Cancer (IARC) 
classified chloroform and bromodichloromethane as 
being possibly carcinogenic to humans (group 2B) [13]. 

For these reasons the World Health Organization 
(WHO) has published international guidelines for the 
safety of swimming pools and similar recreational water 
environments, including standards for minimizing 
microbial and disinfection by-product hazards [22-23]. 
WHO recommendations have been taken into account 
by many EU countries as national law. In Poland, for 
example, standards for swimming pool water quality 
are regulated in national law by the minister of health 
regarding requirements that need to be met by water 
in swimming pools. Acceptable THM concentrations 
indicated in this Regulation are 100 μg/dm3 [24].

Transport from swimming pool waters to the air will 
depend on a number of factors, but the most important are: 
THM concentrations in pool water, temperature, and the 
amount of splashing. Undoubtedly THM concentrations 
in indoor pools depend also on factors such as ventilation, 
the size of the building, surface disturbance, air 
circulation, and the disinfection method [1, 2, 14, 25]. 
The most important element against THM creation is 
strict compliance with the standards of disinfectants/
chlorine concentration in the swimming pool water.  

Country Disinfection
method

Number
of pools

THM concentration, μg/dm3

Reference
mean min max

Canada, Quebec chlorination 15 55.2 (±31.6) 12.9 215 Dyck et al. (2011) [1]

India, Nagpur chlorination 8 n.d. 90 335 Thacker, Nitnaware (2003) [2]

Canada, Quebec City chlorination 15 44.0 (± 24.0) 17.5 113.5 Simard et al. (2009) [3]
Simard et al. (2013) [4]

Canada, Quebec chlorination 40 64.7 (± 26.7) 41.3 132.4 Tardif et al. (2016) [5]

Germany chlorination 2 25.6* 13.1* 47.8* Peng et al. (2016) [6]

Spain, Barcelona chlorination
bromination

1
1

45 (± 8.6)
58 (± 4.8)

35
54

75
67 Marco et al. (2015) [7]

Spain, Barcelona chlorination 1 48.5 (mean) 30.7 74.7 Font-Ribera et al. (2016) [8]

Spain, Barcelona chlorination
bromination

1
1

50 (mean)
63 (mean)

28
54

84
64 Lourencetti et al. (2012) [9]

Spain, Barcelona chlorination 1 49.6 35.2 75.2 Richardson et al. (2010) [10]

Portugal, Lisbon chlorination 30 n.d. 10.1 155 Silva et al. (2012) [11]

Italy, Modena chlorination 5 40.0 17.8 70.8 Fantuzzi et al.(2001) [12]

Italy, Emilia Romagna chlorination 24 36.9 (±28.2) 6.8 134 Righi et al.(2014) [13]

United Kingdom, London chlorination 8 132.4 (±1.4) 57 222.5 Chu, Nieuwenhuijsen (2002) [14]

Korea, Seoul chlorination
ozone/chlorination

72
86

32.9 (±2.4)
23.3 (±2.2)

0.2
0.2

101.7
64.9 Lee et al. (2009) [15]

Thailand, Nakhon 
Pathom Municipality chlorination 1 46.7 (±8.2) 26.2 65.1 Panyakapo et al. (2008) [16]

*Total THMs (the sum of TCM and DCBM); concentrations of CDBM and TBM were below LOD; n.d. – no data

Table 1. Concentrations of trihalomethanes in indoor swimming pool waters.
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It may happen that the chloride concentration in  
swimming pool water considerably exceeds the 
recommended level because of the need to obtain 
required sanitation effects. Sometimes in swimming 
pools, alternative disinfection methods such as 
ozonization, UV radiation, electrolysis, bromination, and 
silver copper nanoparticles have been used [18, 26-27]. 
Ozone oxidation as the initial stage of water disinfection 
reduces the amount of chlorines used, and thus the 
potential of THM formation. But ozonation is not often 
used as one swimming pool water disinfection method 
due to its short-term sanitation effects [9, 15, 28]. Among 
other methods are bromination or electrochemical 
methods [15]. However, it has been proven that they 
form brominated derivatives, which are causing much 
more risk than chloroform [9, 29]. Although the method 
of exposure to UV radiation should contribute to the 
destruction of organic compounds in water, it may cause 
an increase in the synthesis of THMs [30]. Silver copper 
nanoparticles may negatively increase environmental 
impact [31]. Because the type and form of disinfectant 
need to be chosen with respect to specific requirements 
and expectations, many swimming pool exploiters choose 
chlorine disinfectants to ensure the microbiological safety 
of water. 

Practice varies widely around the world, as do the 
levels of free chlorine that are currently considered  
to be acceptable in order to achieve adequate disinfection 
while minimizing user discomfort. For example, free 
chlorine levels of less than 1 mg/l are considered 
acceptable in some countries, while in other countries 
allowable levels may be considerably higher. That is why 
it seems appropriate to introduce the process of THM 
monitoring to determine the concentrations of these 
compounds in the swimming pool water and allow us to 
improve the safety of swimming in such facilities. Under 
such circumstances risks from exposure to chlorination 
by-products in reasonably well-managed swimming 
pools would be considered to be small. 

In the literature, there is no published data connected 
with monitoring THMs in Polish swimming pool waters. 
In 2003 Czajka et al. [32] only published the results of the 
brine water. For this reason, the authors decided to carry 
out the study on the selected indoor swimming pools to 
determine the THMs in waters before the new Regulation 
of the Minister of Health from 9 November 2015 on the 
requirements to be met by water in swimming pools was 
was put into effect.

Material and Methods

Sampling

To determine the level of THMs in indoor swimming 
pool waters for the study we selected five swimming pools 
(SP) in the Opole region. All tested swimming pools are 
indoor objects equipped with recirculation, water filtration 
systems, and automatic chlorine dosing systems. Table 2 
shows selected technical and technological parameters of 
swimming pools. Water samples were collected during 
the summer season at intervals of two weeks; each object 
was tested five times. 

All water samples were taken at approximately  
30 cm under the water surface. Amber glass bottles  
(100 mL) with glass screw caps were used for the  
collection of the treated water. The jars were completely 
filled to avoid evaporation of volatile compounds. 
Samples were not stabilized by the addition of any 
reagents. Samples were stored at <4ºC during transport 
to the laboratory. Immediately after sample collection  
(1-2h), THMs were extracted using liquid-liquid 
extraction with penthane (10:1, v:v) at room temperature. 
Samples were manually shaken (1 min) and extracts were 
stored in amber glass vials at <4ºC until analysis and were 
analyzed no later than 14 days after sampling. 

Parameter SP 1 SP 2 SP 3 SP 4 SP 5

Volume of the swimming pool, m3 310 450 2,500 440 600

The incidence of total exchange of 
water in the pool
(technical break)

1 per 
year

1 per 
2 years

2 per
year

2 per
year

2 per 
year

Temperature of water, oC 28 27 28 28.5 27.5

Dosed substance 
to disinfect 

and the quantity, mg/L

NaClO
0.1-0.3

NaClO
0.4

NaClO
0.2-0.9

NaClO
0.2

NaClO
0.2-0.5

Water treatment Diatomaceous 
earth pool filter

Diatomaceous 
earth pool filter 

+ UV

Diatomaceous 
earth pool filter

Diatomaceous 
earth pool filter

Gravel, sand and 
anthracite filter 

+ UV

The number of pool users per day 45 300 500 67 450

SP – swimming pool; n.d. – no data

Table 2. Selected technical and technological parameters of studied swimming pools.
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Standards and Reagents

A simple standard of THM (TCM, BDCM, CDBM 
and TBM) - concentration of 2,000 mg/dm3 in methanol 
(Restek) was used. With individual standards a mixture  
of THMs and methanol (Merck, GC - grade) was 
performed. An intermediate standard stock solution of 

THMs 20 µg/dm3 was obtained by diluting the THM 
standard mixture methanol and was stored at -18ºC. 
Calibration standards were prepared from standard stock 
solution in penthane (Merck, UniSolv(R)). Sufficient 
linearity was obtained for all THMs with the correlation 
coefficients r>0.995. 

Parameters Number of sampling

1 2 3 4 5

SP 1

TCM 31.1 (±0.1) 26.4 (±0.2) 30.8 (±2.0) - 29.8 (±0.4)

BDCM 2.17 (±0.02) 2.48 (±0.02) 2.62 (±0.12) - 2.54 (±0.03)

DBCM 2.60 (±0.41) 1.35 (±0.07) < LOD - 0.91 (±0.17)

TBM 36.2 (±0.2) 22.4 (±1.2) 23.0 (±5.4) - 81.9 (±3.3)

∑THM 72.1 (±0.7) 52.7 (±1.5) 56.4 (±7.5) - 115.1 (±3.9)

SP 2

TCM 26.6 (±1.9) 32.4 (±0.6) 40.2 (±0.3) 83.6 (±0.2) 33.8 (±1.5)

BDCM 3.53 (±0.08) 3.18 (±0.06) 2.86 (±0.03) 9.29 (±0.00) 2.20 (±0.14)

DBCM 0.28 (±0.06) 0.46 (±0.04) 0.23 (±0.00) 0.79 (±0.14) 0.26 (±0.15)

TBM 17.4 (±12.2) 39.9 (±1.0) 124.5 (±6.0) 117.8 (±4.5) 6.6 (±0.0)

∑THM 47.9 (±14.2) 76.0 (±1.7) 167.8 (±6.3) 211.5 (±4.8) 42.9 (±1.9)

SP 3

TCM 47.5 (±2.9) 48.5 (±0.1) 69.5 (±12.6) - 56.5 (±1.8)

BDCM 1.13 (±0.09) 1.18 (±0.00) 2.45 (±1.8) - 1.11 (±0.17)

DBCM 0.30 (±0.06) 0.53 (±0.05) 0.56 (±0.00) - 0.56 (±0.24)

TBM 186.5 (±5.3) 6.1 (±5.3) 206.2 (±75.1) - 82.7 (±3.9)

∑THM 235.4 (±8.4) 56.3 (±5.5) 278.6 (±89.7) - 140.9 (±6.1)

SP 4

TCM 92.6 (±2.5) 93.6 (±0,7) 99.6 (±0.9) - -

BDCM 1.03 (±0.01) 1.20 (±0,01) 1.39 (±0.03) - -

DBCM 1.11 (±0.06) 0.34 (±0,01) 0.13 (±0.01) - -

TBM 37.8 (±0.4) 11.9 (±0.6) 32.5 (±14.2) - -

∑THM 132.6 (±3.0) 107.0 (±0,7) 133.6 (±0.9) - -

SP 5

TCM 26.0 (±2.7) 28.1 (±1.1) 31.9 (±1.0) 147.5 (±0.7) 208.2 (±0.6)

BDCM 1.23 (±0.02) 1,87 (±0.10) 2.12 (±0.09) 5.62 (±0.01) 8.74 (±0.03)

DBCM 0.40 (±0.00) 0.25 (±0.04) 0.31 (±0.01) 0.75 (±0.02) 0.87 (±0.02)

TBM < LOD 37.6 (±13.0) 83.5 (±7.6) 19.1 (±0.3) 29.9 (±0.4)

∑THM 27.6 (±2.7) 67.9 (±14.2) 117.9 (±8.8) 173.0 (±1.0) 247.7 (±1.1)

TCM – chloroform; TBM – bromoform; BDCM – bromodichloromethane; DBCM – dibromochloromethane;  
LOD – limit of detection (<0.1 μg/dm3)

Table 3. The results of the analysis of THMs (μg/dm3) in tested swimming pool waters
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Gas Chromatographic System and Conditions

Separation and identification of THMs was carried  
out with an Agilent Technologies 7890B gas  
chromatograph equipped with a micro-electron capture 
detector (µECD) and a capillary column (Ultra Inert DB-
5MS, 30 m×250 mm×0.25 mm). Helium was used as a 
carrier gas with a flow rate of 1 mL/min, and nitrogen 
was used as makeup gas with a flow rate of 30 mL/
min. The oven was held at 35ºC for 20 min, then was 
ramped at 10ºC/ min to 150ºC, held for 3.5 min. at 150ºC.  
The injector and detector temperatures were 200ºC 
and 300ºC, respectively. The injection was operated in 
splitless mode. 

Results and Discussion

Disinfection by-products in indoor swimming pools 
disinfected by chlorine and UV/chlorine were tested 
in selected swimming pools in the Opole region. The 
swimming pools represented differed basin capacity, 
systems of treatment, and two different methods of 
disinfection (Table 2). Among all tested swimming pools, 
SP3 had the largest volume at 2,500 m3 and the largest 
number of swimmers (500 users/day). Other pools had 
basins of 310-600 m3, with average numbers of users of 
45-500 per day. What seems interesting is the relatively 
high numbers of swimmers in two small swimming pools 
– SP5 and SP2: 450 users/day in SP5 and 300 users/day in 
SP2. Such a high number of users involves the necessity 
to increase the disinfection effect in order to retain the 
microbiological safety of water. A dose of chlorine applied 
to the water in sodium hypochlorite form (NaClO) is in 
the range of  0.1 to 0.5 mg/dm3 in the smallest pool and 
0.2-0.9 mg/dm3 in the largest one. At this point it should 
be noted that in the two small swimming pools with a 
high number of users (SP2  and SP5) disinfection process 
was supported by UV radiation. UV radiation inactivates 
microorganisms and breaks down some pollutants (e.g., 
chloramines) by photo-oxidation, decreasing the oxidant 
demand of the purified water. UV purifies the pool 
water as it passes through the plant room, and neither 
leaves residual disinfectant in the water. UV is therefore 
used in conjunction with conventional chlorine-based 
disinfectants, but as has been mentioned earlier, decreases 
sodium hypochlorite demand. 

One of the most important and most visible parameters 
of swimming pool water quality is its clarity, which 
involves adequate water treatment processes, including 
filtration supported by coagulation. Coagulants or 
flocculants enhance the removal of dissolved,  colloidal, 
or suspended material by bringing it out of solution or 
suspension as solids (coagulation), then clumping the 
solids together (flocculation) to produce a floc, which is 
more easily trapped during filtration. The well-maintained 
filtration system should ensure that there are no organic 
materials in the water, which could be the precursors of 
THMs. In most analyzed objects, water was removed by 

means of diatomaceous earth pool filters. In SP 5 the pool 
clarification system was based only on gravel, sand, and 
anthracite filters. Table 3 illustrates the average THM 
concentration in waters of the five selected swimming 
pools in the Opole region. 

Chloroform was found as a dominant compound 
from THMs (Fig. 1). Chloroform has been commonly 
observed by many authors in other swimming pools using 
chlorination for disinfection [9, 22, 33]. As seen in the data 
presented in Table 2, chloroform was found in each sample 
of water in the range of 26 to 208.2 μg/dm3. Maximal 
concentration (208.2 μg/dm3) was observed in pool SP5 
and is probably related to the UV unit problems. A drop in 
the effectiveness of the UV system made it necessary to use 
higher doses of chlorine, which translated into increasing 
chloroform concentration in water. In successive samples 
obtained from SP5, chloroform concentration was higher 
compared to the previous sample. It has to be noted here 
that on the following day, the SP was to start its planned 
seasonal technical break, where UV lamps were replaced. 

By comparison, the concentrations of chloroform in 
samples of indoor swimming pool waters in the United 
States was an average of 67 μg/dm3, with maximum 
concentration of 313 μg/dm3 [33]. According to Lourencetti 
at al. [9], repeated chlorination in recirculation systems of 
swimming pools tends to increase the proportion of more 
chlorinated THMs due to the lack of bromine renewal 
compensating for the THM volatilization losses. 

Concentrations of particular THMs in the water of 
tested pools varied considerably. Among the THMs, the 
highest concentration was measured for chloroform and, 
surprisingly, bromoform. The results of THM analysis of 
all swimming pools are discussed below.

For SP 1, the concentration of THMs was in the  
range of 52.7 to 115.1 µg/dm3 and for this pool the highest 
concentration in the sum of THMs was determined  
for chloroform (TCM), more than 50% of all THMs  
(Fig. 1). The TCM concentration did not change 
dramatically (26.4-31.1 µg/dm3), whereas the concen-
tration of bromoform varied depending on sampling  
time. The highest concentration of bromoform, as much  

Fig. 1. The percentage of THMs in tested swimming pool waters 
in Opole Region.
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as 81.9 µg/dm3, was measured when the sample was 
collected for the fifth time, which had an impact on the high 
overall concentration of THMs. The lowest concentration 
from all THMs was measured for bromodichloromethane 
(BDCM) and dibromochloromethane (DBCM) in SP 1 
swimming pool water.

The concentration of THMs in the SP 2 water was in 
the wide range of 42.9-211.5 µg/dm3. The reason for such 
a difference may have been a defective filtration system 
or water exchange in the swimming pool basin carried out 
after the fourth sampling. The increased concentration 
of bromoform (TBM) over time contributed mainly to 
increases in THM concentrations. The reason for such an 
effect was not determined. When the last sample was taken, 
the concentration of TBM rapidly decreased to the level of 
6.6 µg/dm3. The concentration of other THMs was lower 
than chloroform and bromoform. Bromodichloromethane 
(BDCM) was in the range of 2.20 to 9.29 µg/dm3, but 
the highest concentration was measured for the fourth 
sample, i.e., when the concentration of all THMs was 
very high. The lowest concentration was measured for 
dibromochloromethane, which is confirmed by the results 
obtained by other authors. Its concentration was in the 
range of 0.23 to 0.79 µg/dm3.

The concentration of THMs in the SP 3 pool water 
varied greatly. The concentration of all THMs was in 
the range of 56.3 to 278.6 µg/dm3. The changing number 
of pool users and, therefore, the increase in the organic 
substance content in the water and in the formation 
of THMs may have caused the fluctuations. The high 
concentration of bromoform (TBM) had an impact 
on THMs in the SP 3 water. Therefore, there was no  
impact of the concentration of chloroform (TCM) on  
the overall concentration of THMs. The concentration  
of TCM was determined in a similar range of 47.5 to  
69.5 µg/dm3. In SP 3 pool water the lowest concen-
trations of bromodichloromethane (BDCM) (1.11 to  
2.45 µg/dm3) and dibromochloromethane (DBCM) 
(0.30 to 0.56 µg/dm3) were analyzed.

For SP 4, only three samples were collected  
(Fig. 1) and therefore there was no effect of sampling 
time on the concentration of THMs in water. The  
lowest concentration was measured for two other  
THMs, i.e., bromodichloromethane (BDCM) (1.03 to  
1.39 µg/dm3) and dibromochloromethane (DBCM) (0.13 
to 1.11 µg/dm3).

The concentration of chloroform had a direct impact 
on the overall THMs in SP 5 pool water. Therefore, there 
was an increase in the overall concentration of THMs 
from 27.6 µg/dm3 in the first sample to 247.7 µg/dm3 in 
the fifth sample. The direct reason for such a difference 
may have been an inefficient sanitation system. In the 
case of SP 5 pool water, an ordinary sanitation system 
based on gravel, sand, and anthracite filters was used. 
In literature such filters are said to be the least efficient 
when it comes to removing organic particles from water. 
Another problem is the difficulty in cleaning the filter 
bed. Some authors say that in such filter beds organic 
matter may still react with chlorine to form THMs [34]. 

Therefore, in literature it is recommended to use more 
efficient sanitation systems, including membrane filters 
and reverse osmosis. The concentration of bromoform 
(TBM) in the SP 5 pool water varied considerably in the 
range of <LOD to 83.5 µg/dm3. There was no relationship 
between time of sampling and the concentration of this 
compound in the pool water. The low concentration form 
of all THMs was measured for bromodichloromethane 
(BDCM) (1.23 to 8.74 µg/dm3). For this compound, there 
was an increase in the concentration over time, similarly 
to the case of chloroform. The lowest concentration of 
THMs was observed for dibromochloromethane (DBCM) 
(0.25 to 0.87 µg/dm3).

Based on the conducted research, it can be said that 
high variation of THMs concentration in each water 
sample for all sampling periods (Table 2) was obtained. 
This may affect the temperature of the water, number of 
floats, dosage of chlorine, and TOC. The sum of THMs in 
tested swimming pool waters is presented in Fig. 2. 

Comparing the results of analyzed waters with 
the limit values for pool water [24], it can be noticed 
that many samples did not fulfil legal requirements for 
swimming pool water quality. (Fig. 2). Practically each 
pool, at least once, has exceeded the recommended 
value. Concentrations of THMs in SP 2, SP 3, and SP 4 
exceeded the standards [24] in 40% and 100% of samples, 
respectively. SP 5 saw an increase of the concentration 
of THMs depending on the time of sampling. A properly 
functioning filtration and UV system will contribute 
positively to stop this negative effect. Therefore, the 
right solution would be to replace the current system of 
water purification in the pool with a more modern one. 
The introduction of obligatory pool water examinations 
for THM concentrations may lead to improving water 
sanitation systems by their replacement or upgrade which, 
in turn, will improve the quality of pool water and, as a 
result, the safety and comfort of pool users.

Water from the indoor pools can pose a health risk 
for swimmers. However, in indoor pools the biggest 
toxicological risk from THMs is the air in the hall of 
the swimming pools. It has been shown that THMs 
are absorbed mainly by inhalation rather than through 
the skin or accidental ingestion by swimmers [9, 13]. 

Fig. 2. The sum of THMs in tested swimming pool waters. 
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But inhalation exposure will be largely associated with 
volatile substances that are lost from the water and will 
also include some inhalation of aerosols at a pool where 
there is significant splashing. Lee et al. [15] presented a 
study on health risk assessment in swimming pools and 
stated that the risk from oral ingestion is correlated with 
implemented disinfection methods. In the course of this 
study, there were samples from 183 indoor swimming pools 
collected in Seoul. It was found that THM concentrations 
depend on the method of disinfection. The content 
of THMs in chlorinated water was determined at the 
level of 32.9 μg/dm3, while for disinfection combining 
ozonation and chlorination it was only 23.3 μg/dm3, 
and for the electrochemically generated mixed oxidants 
(EGMO) method it was 58.2 μg/dm3 [15]. 

In many countries, despite the lack of guidelines 
for swimming pool water, it is assumed that THM 
concentration should be at the same level as the standards 
for drinking water (100 μg/dm3) in Poland [24, 35] in 
accordance with Directive 98/83/EC. Other European 
countries have already individually established the 
maximum value of THMs in swimming pool water, for 
example in Germany it is 20 μg/dm3 and in Denmark 
50 μg/dm3 [36].

Because of the risk caused by THMs received orally 
and through skin from the pool water is negligible, 
swimmers are exposed to uptake of these compounds 
by inhalation [15]. A common solution to the issue of air 
pollution in swimming pool halls is prevention of THM 
formation by monitoring chlorinated by-products in water 
and properly designing the ventilation system. In order to 
assess the potential of creating THMs in swimming pool 
water, Luks-Betlej et al. [36] recommend carrying out 
permanent monitoring of water regarding its temperature, 
pH, residual chlorine, total content of organic carbon 
(TOC), and the number of swimmers present.

Conclusions

There are by-products of water treatment being formed 
and accumulating in the waters of indoor swimming 
pools of the Opole region, mostly chloride derivatives 
of methane determined as chloroform. The identified 
contamination levels in each of the analyzed swimming 
pools exceeded the values specified in the regulation 
of the minister of health on requirements to be met by 
the swimming pool water at least once. It is significant 
that the tests were carried out in the summer season 
preceding the implementation of the said regulation and 
were a valuable source of information for the users of 
the examined facilities. All examined facilities had to 
implement corrective action plans, the effect of which 
was to reach THM total concentration of < 100 μg/dm3. 
The results obtained and presented in this paper do not 
deviate substantially from the results of studies described 
in multiple scientific magazines. Thus it can be stated that 
the maintenance of a low concentration level of water 
disinfection by-products is a difficult task – especially 

in facilities where the only water microbiological safety 
ensuring method is dosing chloride compounds. In 
facilities where the disinfection process is supported by 
the ozonation process or the application of UV lamps, 
the situation is much better. Nevertheless, in both cases 
the concentration of THMs must be monitored on a 
regular basis and the applied treatment methods require 
optimization in order to obtain water that is safe for all 
swimming pool users. Further tests are required, both in 
relation to quality of water as well as the air above its level 
since this type of THM exposure is indicated in literature 
as the highest threat to human health. However, it must be 
remembered that the source of THMs in swimming pool 
air is water, and the only method to reduce this threat is 
preventing/reducing the formation of THMs in the pool 
water.   
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