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a b s t r a c t
Chloramines in pool water are disinfection byproducts that are responsible for the unpleasant smell in 
the pool hall and the irritation syndrome in swimmers. The mandatory control of the concentration of 
chloramines in Polish pools came into force in June 2016. In some European countries, it was as early 
as 1997. The problem of their high concentrations and the ensuing adverse effect on bathers and pool 
employees has not yet been solved. The main objective of this research is comparing the presence of 
chloramines in a selected pool after every change in its treatment system. The special attention paid 
to the appropriate quality of the water is dictated by the intended use of the pool—for rehabilitation 
and for toddlers. The physicochemical and bacteriological tests of the pool water allowed to evaluate 
the quality of the water after six stages of tests. A special attention was paid to the changes in the con-
centration of chloramines with regard to the concentration of free chlorine and redox potential. The 
comparison allowed to determine that the value of chloramines did not exceed the limit of 0.2 mg Cl2/L 

[23–25] and 0.3 mg Cl2/L [20] due to the disinfection with sodium hypochlorite, irradiation with UV 
light, and application of a 1-d filtration cycle.
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1. Introduction

Swimming pool water is a mixture of water supplementing 
a pool circuit system and water from a swimming pool basin 
that is constantly treated and disinfected. Swimming pool 
users introduce unwanted biological matter (fragments of 
epidermis, sweat, urine, and feces) and microorganisms into 
the water [1–3]. Both urine and sweat contain considerable 
amounts of nitrogen compounds which, by reaction with 
the chlorine disinfectant, turn into disinfection byproducts 
(DBPs), such as chloramines [4,5]. And it is chloramines that 
are the most inconvenient for the bathers. They are respon-
sible for the so-called irritation syndrome, skin dryness, and 
mucous membrane irritation in swimmers, and they also give 
the water and air in the swimming pool hall an unpleasant 
smell. They are also mutagenic [6–8]. Due to their high 

volatility, they are dangerous not only for bathers, but also 
for swimming pool employees, especially those who spend a 
few hours in the swimming pool hall every day [9–11].

The amount and type of DBPs forming in the swimming 
pool water is influenced by many factors. The most import-
ant ones are the type of the disinfectant, method of water 
treatment, number of bathers (attendance), and the intensity 
and time of bathing [12–16].

In Poland, in accordance with the Act on Sports, legal and 
natural persons running businesses in the swimming pool 
industry are responsible for health and safety of the bathers 
[17]. As a result of that the individuals who are in charge of 
swimming pool facilities should control the swimming pool 
water and ascertain that it is of the best quality. The super-
vision over public swimming pool facilities is conducted 
by sanitary and epidemiological stations under the State 
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Sanitary Inspection Act and the act regarding the preven-
tion and elimination of infections and contagious diseases 
affecting people [18,19]. In 2015, the decree on the require-
ments regarding the quality of swimming pool water was 
published [20]. Before this decree came into force, the quality 
of the swimming pool water was determined on the basis of 
the following: Guidelines of the Chief Sanitary Inspectorate 
[21], recommendations of ZHK NIZP-PZH [22], DIN 19643 
[23,24], and WHO from 2006 [25]. The guidelines defining the 
quality of swimming pool water in Poland specify the quality 
of water in pools intended for toddlers (babies and children 
up to 3 years old) [20,22].

All of these above documents specify rigorous, per-
missible values of basic concentrations of DBPs, including 
chloramines.

Practice supported by numerous studies shows that in 
the swimming pools using traditional treatment systems 
(prefiltration + surface coagulation + NaOCl disinfection + pH 
correction), maintaining the level of chloramines at a level 
of 0.2–0.3 mg Cl2/L is very difficult or even impossible 
[6,8,10,13,26,27].

The main objective of this research is comparing the 
presence of chloramines in a selected swimming pool after 
every change in its treatment system. The special attention 
paid to the appropriate quality of the water in the analyzed 
facility is dictated by the intended use of the swimming 
pool. It is a rehabilitation pool that is also used as a pool for 
swimming lessons for toddlers. The physicochemical and 
bacteriological tests of the samples of the swimming pool 
water allowed to evaluate the quality of the water after six 
stages of tests. A special attention was paid to the changes in 
the concentration of chloramines with regard to the concen-
tration of free chlorine and redox potential.

2. Characteristics of the tested swimming pool

In the tested swimming pool, during morning hours, 
there are physiotherapy sessions for patients suffering from 
various injuries. In the afternoon, there are swimming lessons 
for infants (“from baby to kindergartner”) and their parents.

The swimming pool is equipped with a vertical water 
flow system with a capacity of 30 m3/h and four stations with 

massage jets. The swimming pool dimensions (3.2 × 5.4 × 1.2) 
allow for a comfortable rehabilitation of six to eight persons. 
The swimming pool draws water from the municipal water 
supply system. Water deficits that are the result of evaporation, 
splashing, and the need to wash filter beds are replenished by 
drawing water into the expansion tank. The basic requirement 
for a correct circulation of swimming pool water is a closed 
circulation system with an active overflow (Fig. 1).

The treated water is introduced to the swimming pool 
through 14 jets located at the bottom of the pool basin. The 
water is drained through the top overflow troughs to the 
expansion tank. Then, the water is sucked by the circulation 
pump. Before the pump, there is a prefilter (mesh filter) 
whose aim is to capture large solid contaminants. The pump 
moves the water to the filter where, after the application of a 
disinfectant and a pH correction solution, it is directed to the 
swimming pool through heat exchangers. Before the filters, a 
coagulant solution is applied (2.5%–10% solution of alumin-
ium hydroxide chloride). The swimming pool water treatment 
system uses a multilayered vacuum filter with sand and gravel 
bed with an area of 1 m2 and height of 1.2 m. The filtrate pipe 
was supplemented, during Stage 2, with a low-pressure UV 
lamp and, during Stage 6, with a medium pressure one. Both 
in Stage 2 and Stage 6, a UV radiation dose of 600 J/m2 was 
used. The treatment system is an automatic system controlled 
by an analyzer monitoring the quality indicators values of the 
water that is drained from the swimming pool basin.

3. Methodology and process of research

The analysis of the concentrations of chloramines in 
the swimming pool water was conducted in six stages. 
During Stage 1 (24 measuring days), the concentra-
tions of chloramines in water from the swimming pool 
supplied with water treated by a traditional treatment 
system were tested. During Stage 2 (16 measuring days), 
the swimming pool treatment system was supplemented 
with a low-pressure amalgam UV lamp. During Stage 3 
(20 measuring days), after the removal of a UV lamp, a 
“shock” swimming pool water disinfection was carried out 
during the night hours (between 11 pm and 5 am). The deci-
sion to disinfect the water with higher doses of NaOCl was 

Fig. 1. Water treatment system in the tested swimming pool.



9J. Wyczarska-Kokot / Desalination and Water Treatment 134 (2018) 7–14

made primarily in order to protect the children, aged 1–3, 
attending swimming lessons against the adverse effects of 
chloramines on their health. Because the “shock” chlori-
nation had not delivered the expected results, a decision 
was made to shorten the filtration cycle from 3to 1 d in 
accordance with the recommendations of ZHK NIZP-PZH, 
establishing the rules for the use of swimming pools for 
toddlers [22]. In this way, during Stage 4 (24 measuring 
days), it was analyzed whether the daily washings of the 
filtration bed improved the quality of the swimming pool 
water. The more frequent washing of the filtration bed sig-
nificantly increased the cost of the supplementing water 
and wastewater that was not accepted by the person in 
charge of the swimming pool facility. As a result of that, 
Stage 5 was commenced (24 measuring days) this time with 
a filtration cycle of 2 d. Because during Stage 5, the quality 
of the water was still unsafe for bathers, according to the 
regulation of the health minister [20]; Stage 6 was started 
(21 measuring days) during which the treatment system 
was supplemented with a medium pressure UV lamp. 
The results from stages 1, 2, and 3 of research were partly 
presented by Wyczarska-Kokot [13].

The samples were collected and marked in accordance 
with applicable standards and methods [23,24,28,29]. The 
obtained test results were compared against the recommen-
dations of DIN 19643 [23,24], ZHK NIZP-PZH [22], WHO 
[25], and the permissible values specified in the decree [20].

During each stage of tests, a sample of water from 
the swimming pool basin was taken in order to perform 
microbiological tests with the use of methods compliant with 
PN-EN ISO 9308-1:2004 (Escherichia coli), PN-EN ISO 622:2004 
(total plate count in 36°C after 48 h), PN-ISO 11731-2:2006 
(Legionella sp.), and research procedure KJ-I-5.4-44M ver. 01 
of 11.06.2007 (coagulase positive staphylococci).

During the tests, the values of water pH, temperature, 
redox potential, and the concentration of free chlorine and 
combined chlorine were read every day, directly from the 
screen of control and measurement device SCL DINOTEC. 
Additionally, during each stage of tests, a spectrophotometer 
DR5000 UV/VIS (Hach, Poland, Wroclaw) was used to per-
form from six to eight control measurements of ammonia 
nitrogen, chlorides, free and combined chlorine, oxidizability 
(COD) and pH of the swimming pool water.

Because the concentration of chloramines in the 
swimming pool water is significantly influenced by the atten-
dance, that is a usable area of water surface per every bather, 
the readings of water quality indicators were supplemented 
with the number of people present at the swimming pool.

4. Results and discussion

The physicochemical and bacteriological tests of samples 
of the swimming pool water allowed to evaluate the quality 
of the water with a special emphasis on the concentration of 
chloramines and its correlation with the concentration of free 
chlorine, redox potential value, water disinfection method, 
and the length of the filtration cycle.

During each stage of tests, the values of the control 
parameters of swimming pool water quality, that is, water 
pH, temperature, free chlorine, ammonia nitrogen, chlorides, 
oxidizability and colony forming unit (CFU), E. coli, Legionella 
sp., coagulase positive staphylococci, and the total number of 
microorganisms, in every water sample were compliant with 
the requirements in this regard [20–25].

Table 1 presents the results of the bacteriological tests, 
the minimal, maximal, and average values of physicochem-
ical indicators, and the attendance during each stage of 
tests.

Table 1
Comparison of results from stages 1–6 of research

Parameter Average values
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

pH (–) 7.17 7.17 7.07 7.50 7.49 7.49

Redox (mV) 681 698 755 737 720 769

Temperature (°C) 34.7 33.8 34.5 34.8 34.7 34.9

Free chlorine (mg Cl2/L) 0.34 0.36 0.48 0.33 0.32 0.35

Combined chlorine (mg Cl2/L) 0.33 0.18 0.34 0.24 0.34 0.21

Ammonia nitrogen (mg N–NH4/L) 0.15 0.08 0.12 0.10 0.18 0.16

Chlorides (mg Cl–/L) 102 94 96 84 98 88

COD (mg O2/L) 2.73 1.77 2.15 1.82 2.65 1.80

Escherichia coli (CFU/100 mL) 0 0 0 0 0 0

Legionella sp.(CFU/100 mL) 0 0 0 0 0 0

Total number of bacteria, 36 ± 2°C and 44 ± 4 h (CFU/1 mL) 0 1 0 0 0 0

Staphylococcus sp.(CFU/100 mL) 0 0 0 0 0 0

Attendance (person/h) 6.9 6.7 6.7 6.8 6.8 6.6
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The number of people present at the swimming pool 
was similar. It was, on average, 6.6 persons/h in Stage 6 and 
6.9 person/h in Stage 1. The usable area of water surface per 
every bather ranged, depending on the number of people 
present, from 1.75 m2/person to 5.70 m2/person (on average: 
2.50 m2/person, at the required minimum of 2.70 m2/person 
according to DIN 19643 [23,24] and 2.2 m2/person according 
to ZHK NIZP-PZH [22]).

During Stage 1, the concentrations of combined chlorine 
in the water from the swimming pool basin exceeded the 
permissible values (per DIN 19643 [23,24] and WHO [25]: 
0.20 mg Cl2/L and the decree [20]: 0.3 mg Cl2/L) in all samples 
and ranged from 0.27 mg Cl2/L to 0.42 mg Cl2/L (on average: 
0.33 mg Cl2/L). Taking into consideration the intended use 
of the analyzed pool and the ensuing risk to the health of 
the bathers, the permissible concentration of chloramines 
should be 0.2 mg Cl2/L. The permissible value was exceeded 
by approximately 65%. The concentrations of free chlorine 
at this stage ranged from 0.30 to 0.37 mg Cl2/L (on average: 
0.34 mg Cl2/L). The values of redox potential in the majority of 
water samples were lower than the minimal required value, 
that is, 720 mV at pH = 6.5–7.3 (redox average value: 681 mV).

During Stage 2, with a low-pressure UV lamp supporting 
the disinfection process, the concentrations of chloramines 
ranged from 0.08 to 0.28 mg Cl2/L (on average: 0.18 mg Cl2/L), 

and only in 3 out of 24 samples, the values exceeded the 
permissible value, according to DIN 19643 [23,24], and all 
samples met the requirements of the decree [20]. The con-
centrations of free chlorine at this stage ranged from 0.30 to 
0.39 mg Cl2/L (on average: 0.36 mg Cl2/L). Just as in Stage 1, 
the values of redox potential in the majority of water samples 
were lower than the required 720 mV at pH = 6.5–7.3 (redox 
average value: 698 mV).

During Stage 3, when the UV lamp was disassembled 
and a “shock” chlorination was applied, the concentrations 
of chloramines ranged from 0.05 to 0.51 mg Cl2/L (on aver-
age: 0.34 mg Cl2/L). Permissible concentrations of chlora-
mines were reported only directly after the “shock” doses of 
NaOCl were applied when the concentrations of free chlo-
rine significantly exceeded the permissible value (0.6 mg 
Cl2/L) during the hours when such a situation was allowed, 
that is, between 9 pm and 7 am, and then they amounted to 
0.75–1.51 mg Cl2/L. During the rehabilitation sessions and 
swimming lessons for infants, the concentrations of chlora-
mines exceeded the permissible value, on average, by 70% 

and amounted to 0.25–0.38 mg Cl2/L. The concentrations of 
free chlorine at this stage ranged from 0.31 to 1.51 mg Cl2/L 
(on average: 0.48 mg Cl2/L). The values of redox potential, 
due to high doses of the disinfectant, were higher than the 
required minimum of 720 mV at pH = 6.5–7.3 (redox average 
value: 756 mV).

The “shock” chlorination did not significantly reduce 
the content of chloramines in the swimming pool water, 
and the reassembly of the UV lamp in the water treatment 
circuit was not possible due to investment and operational 
costs. Therefore, it was attempted (Stage 4 of tests) to lower 
the concentration of chloramines by washing the filtration 
bed daily (instead of once in 3 d, as it was previously done). 
Daily washings of the filtration bed in water circuits of swim-
ming pools for children aged between 6 months and 3 years 
and equipped with hydromassage devices are recommended 
by ZHK NIZP-PZH [22] and DIN 19643 [23,24]. During 
Stage 4, the concentrations of chloramines ranged from 0.17 

to 0.31 mg Cl2/L (on average: 0.24 mg Cl2/L). The permissible 
value of chloramines was exceeded by approximately 20%. 
The concentrations of free chlorine at this stage ranged from 
0.30 to 0.36 mg Cl2/L (on average: 0.33 mg Cl2/L). The values 
of redox potential in the majority of samples were close to 
the minimal required value, that is, 750 mV at pH = 7.3–7.6 
(redox average value: 737 mV).

Nevertheless, despite achieving lower concentrations of 
chloramines in the swimming pool water, as compared to 
Stage 1 and Stage 3, the significant increase of the operational 
costs resulting from the increased demand for supplementing 
water, as compared to stages 1–3—Table 2) was not approved 
by the person in charge of the facility and brought about 
further activities performed with the aim of checking the 
concentrations of chloramines while following a 2-d filtration 
cycle (Stage 5 of tests).

During Stage 5 of tests (filtration cycle of 2 d), the chloramines 
concentration in water from the swimming pool basin ranged 
from 0.28 to 0.44 mg Cl2/L (on average: 0.34 mg Cl2/L). Just as 
in Stage 3, the permissible value of chloramines was exceeded 
by approximately 70%. The concentrations of free chlorine 
at this stage ranged from 0.30 to 0.35 mg Cl2/L (on average: 
0.32 mg Cl2/L). The values of redox potential in all water sam-
ples were lower than the required 750 mV at pH = 7.3–7.6 (aver-
age value: 720 mV). Shortening the filtration cycle by 1 d did not 
bring the required effects, both in terms of lowering the chlora-
mines content and increasing the redox potential.

Table 2
Quantity of supplementary water in tested pool circuit depending on the length of the filtration cycle

Stage Length of the 
filtration cycle  
(d)

Time of 
research  
(d)

Number of 
filter bed 
wash

Quantity of supplementary 
water

Average  
attendance 
(person/d)

Quantity of  
supplementary 
water (L/person·d)m3 m3/d

1 3 24   8 26.00 1.08 63 17.2
2 3 16   6 19.50 1.22 62 19.7

3 3 20   7 22.75 1.14 60 19.0

4 1 24 24 78.00 3.25 61 53.3

5 2 24 12 39.00 1.63 62 26.2

6 2 21 10 32.50 1.55 59 26.2
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Stage 6 consisted of tests of the swimming pool water 
quality after the reassembly of UV lamp in its treatment 
system—this time a medium-pressure one. The main reason 
for the use of UV disinfection, as an aid to the disinfection 
with sodium hypochlorite, was to guarantee the safety of the 
bathers in accordance with the obligatory conditions speci-
fied in the health minister decree [20]. The concentrations of 
chloramines in the swimming pool water ranged from 0.16 

to 0.26 mg Cl2/L (on average: 0.21 mg Cl2/L). The permissible 
concentration of chloramines was exceeded in 11 out of 21 
tested samples by 5%–30%. The concentrations of free chlo-
rine at Stage 6 ranged from 0.32 to 0.42 mg Cl2/L (on average: 
0.35 mg Cl2/L). The values of redox potential in all water 
samples were equal or higher than the required 750 mV at 
pH = 7.3–7.6 (redox average value: 769 mV).

Presently, UV lamps in swimming pool water treatment 
systems are widely used. Irradiation of the circulating water 
with ultraviolet rays is a process of physical disinfection pre-
ceding chemical disinfection with a chlorine compound. The 
ultraviolet light has disinfectant properties only when the 
stream of the circulating water is exposed to these rays. It is 
therefore necessary to combine UV technology with chem-
ical disinfectants, which allow to protect the water against 
secondary contamination [30]. UV technology has many 
advantages, the most important of which are the lack of influ-
ence on the taste and smell of water and the high efficiency 
of destroying microorganisms resistant to chlorine [31].The 
results of scientific research on water irradiation systems 
with the use of low-pressure and medium-pressure lamps do 
not give a definite answer to the question which one should 
be used in swimming pool technology. Although the impact 
of this process on the formation of DBPs remains a contro-
versial issue, it is stated that UV-based systems improve the 
quality of pool and pool water, and UV dechlorination is a 
popular process for reducing chloramines in swimming pool 
water [15,32,33].

In the case of the analyzed pool, the water disinfection 
applied in stages 2 and 6 of the tests, that is irradiation of the 
circuit water flux with UV light and then the dosage of sodium 
hypochlorite, reduced the concentration of chloramines to 
0.2–0.3 mg Cl2/L, while maintaining the concentrations of free 
chlorine within the range of 0.30–0.42 mg Cl2/L and the values 
of redox potential ranging widely from 590 to 800 mV.

A similar relationship was observed during Stage 4, when 
the filtration cycle was reduced to 1 d. It is water filtration 
that is the most popular and easy to use technological process 
in water treatment systems. Its efficiency may be controlled 
by the intensity and frequency of the washings of the filter 
beds [34]. Because the swimming pool water is being con-
stantly contaminated with dissolved and suspended pollut-
ants, among others with pre-DBPs, the filtration is supported 
with coagulants. It is only due to surface coagulation that 
they are stopped in the filter bed and then removed from the 
swimming pool circuit by means of filter bed washing [35]. 
Thus, effective filtration, adherence to proper procedures of 
filter beds washings (in the tested system, one washing per 
day), and replenishing the water losses in the swimming pool 
circuit (at least 30 L/person day) significantly influenced the 
content of chloramines in the analyzed swimming pool.

The disinfection methods based only on the dosage of 
sodium hypochlorite, used in stages 1, 3, and 5, did not bring 

the expected results. Using stable doses of NaOCl (in Stage 1) 
and “shock” doses (in Stage 3) and a considerably long filtra-
tion cycle (in stages 1, 3, and 5) did not allow for the concen-
trations of chloramines to fall below 0.3 mg Cl2/L.

In accordance with the recommendations of ZHK 
NIZP-PZH [22], disinfection of water in swimming pools 
for toddlers and their caretakers should be based on chlo-
rine preparations with the concentration of free chlorine not 
exceeding 0.3 mg Cl2/L. The use of UV irradiation is accept-
able but it has to be combined with water chlorination. In 
this case, the concentration of free chlorine may be lowered 
even to 0.1 mg Cl2/L on the condition that the microbiological 
quality of the water is maintained. Additionally, every person 
participating in the classes must have not less than 2.2 m2 of 
water surface area, the swimming pool must have a separate 
circulation system and the so-called water recirculation, that 
is, a full replacement of water in the swimming pool should 
take 1–1.5 h [22–24].

The basin of the swimming pool has its own circulation 
and treatment system. The water recirculation time during 
the tests was approximately 1 h and every bather had an 
average 2.5 m2 of water surface area.

It may raise doubts that the application of a 3-d filtration 
cycle in stages 1–3 of the tests resulted in a demand for supple-
menting water to reach, per every bather, 17.2–19.7 L/person·d, 
at the recommended by DIN 19643 [23,24] 30 L/person·d. 
Shortening the filtration cycle caused the amount of the 
supplementing water to raise to 26.2 L/person·d, when the 
cycle was shortened to 2 d, and to 53.3 L/person·d, when it 
was shortened to 1 d (Table 2).

Because in this type of pools, the risk of contaminat-
ing the water with pathogenic bacteria coming from the 
rehabilitated and immunosuppressed persons is especially 
high; it was decided not to lower the concentration of 
free chlorine to 0.1 mg Cl2/L and ascertain that during the 
classes with children this concentration does not fall below 
0.3 mg Cl2/L (Table 1).

Figs. 2–4 present the distribution of the concentration of 
chloramines, free chlorine, and the value of redox potential in 
particular test stages.
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Fig. 2. Concentration of chloramines in stage 1–6 of research.
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No significant dependency between the concentrations 
of chloramines and free chlorine was determined. In stages 
2, 4, and 6, in which the concentrations of chloramines fell 
below 0.2 mg Cl2/L, and in stages 1, 3, and 5, in which the 
concentrations of chloramines exceeded 0.3 mg Cl2/L the 
content of free chlorine ranged from 0.32 to 0.36 mg Cl2/L. 
Even with relatively large concentrations of free chlorine in 
Stage 3 (on average: 0.48 mg Cl2/L), no significant decrease in 
the chloramines content was observed (Fig. 5(a)).

The analysis of the effect of the redox potential on the 
content of chloramines allowed to determine that high 
oxidizability of swimming pool water (redox > 720 mV) 
boosted the decrease of chloramines content (Fig. 5(b))

During research, other parameters of water quality 
which were proven to have an effect on the formation of var-
ious groups of DBPs, including chloramines, were also noted. 
[36,37].

Within the specified pH values of swimming pool water 
(on average: pH = 7.5) in Stage 4 (1-d filtration cycle), Stage 5 
(2-d filtration cycle), and Stage 6 (2-d cycle and medium-pressure 

UV lamp), a considerable difference in the concentrations of 
chloramines was detected (Fig. 5(c)). However, the analysis of 
all pH measurement results (6.89–7.50) in relation to the con-
tent of chloramines (0.05–0.51 mg Cl2/L) showed that lowered 
pH resulted in a higher concentration of chloramines.

Between subsequent washings of the filter bed in the 
swimming pool water circuit, the dissolved substances, and 
primarily chloride compounds, were being concentrated, 
influencing the formation of DBP. Although the concentrations 
of chlorides fluctuated only mildly (from 76 mg Cl–/L in 
Stage 4 to 112 mg Cl–/L in Stage 1), it was determined that 
the concentrations of chloramines were rising with the 
concentrations of chlorides (Fig. 5(d)).

The results of research conducted by many authors, 
compared in WHO document from 2006, indicate that one 
person swimming in a pool for 2 h may introduce to the 
water 20–80 mL of urine and 0.1–1.0 L of sweat [25]. These 
substances contain considerable amounts of nitrogen com-
pounds which, by reaction with the chlorine disinfectant, turn 
into DBPs, including chloramines. The relationship between 
the concentration of chloramines and ammonia nitrogen is 
presented in Fig. 5(e). With the exception of Stage 6, it was 
determined that heightened concentrations of chloramines 
were coinciding with heightened concentrations of ammonia 
nitrogen.

This dependency is proved by the results of the analysis 
of oxidizability index, a parameter which allows to assess 
in a quick and straightforward manner, the content of fresh 
organic matter in samples of swimming pool water (Fig. 5(f)).

5. Conclusions

Adhering to rigorous guidelines regarding the require-
ments for swimming pool water makes it necessary to incor-
porate new devices into the treatment systems that facilitate 
their operation.

The rehabilitation pools, due to the high risk of contam-
inating the water with pathogenic bacteria, hydromassage 
pools, due to a higher load of organic matter, and swim-
ming pools for infants, due to a higher water temperature 
(30°C–36°C) should have their circulation systems supple-
mented with an additional disinfection method, for instance, 
by irradiating the water flux with UV light or its ozonization. 
It is also important to comply with the operational conditions 
regarding the frequency of filtration beds washings and the 
amount of water supplementing the water treatment system.

The problem of exposing bathers to adverse effects of the 
DBPs, discussed in this paper, is especially important in the 
case of rehabilitation pools and pools for swimming lessons 
for toddlers. As the requirements for swimming pool water 
became more rigorous, it was of vital importance to lower the 
amount of combined chlorine.

It needs to be remembered that testing swimming pool 
water quality for the content of chloramines should be con-
nected not only with the control of free chlorine and redox 
potential, but also with the control of water pH, chlorides 
content, ammonia nitrogen, and oxidizability index.

In the analyzed swimming pool facility, all stages of 
research were undertaken with an aim to protect the bathers 
from microbiological contamination and the adverse effects 
of disinfection.
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Fig. 3. Concentration of free chlorine in stage 1–6 of research.
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Fig. 4. Values of redox potential in stages 1–6 of research.
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