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Abstract: The pool water treatment and disinfection plant fulfills its task only if the hydraulic system

cooperates with the appropriate pool basin geometry. Water flow through the pool can cause “dead” zones not

involved in circulation. In these zones the degree of mixing the disinfectant with water can be different. In

consequence, the effectiveness of microorganisms’ deactivation and the health effects on bathers may be

different. The physicochemical results of pool water samples taken from the characteristic points of the basin

were presented. Attention has been paid to the content of free chlorine and combined chlorine. The study was

conducted in two indoor pools, differing in water flow system. Based on the analysis results, chlorine maps

for swimming pools were prepared. It has been shown that in order to assess the health risk to bathers samples

of water should be collected from representative points of the pool.
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Introduction

In public swimming pools, according to hygienic guidelines, the disinfection with

chlorine compounds is required [1–3]. The disinfection properties of chlorine are related

to its ability to oxidize organic and inorganic compounds. The negative result of

chlorination is the formation of disinfection byproducts (DBP). They are formed in

swimming pool water in much higher concentration levels than in drinking water, due to

higher chlorination levels and higher content of organic matter [3, 4]. More than 600

types of these compounds have been identified and new ones are still being discovered.

Among water disinfection products the most important ones are trihalomethane (THM),
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haloacetic acids (HAA) and chloramines (CAM) [5–10] Chloramines are the most

troublesome for bathers. They are responsible for the so-called “irritation syndrome” in

swimmers, dry skin, irritations of mucous membranes. They also cause unpleasant odor

of swimming pool water and have mutagenic properties [11–19]. Due to the high

volatility of DBPs, they are harmful not only for people using baths, but also for

swimming pool staff, especially for those who spend several hours a day in the

swimming pool hall [15, 20–24].

There are many factors affecting the amount and type of DBPs formed in pool water.

The most important are the chlorination level (disinfection type and water treatment

method), the number of swimmers and their intensity of swimming (pool load) and the

pool’s hydraulic system [6–9, 17, 21, 25, 26].

Even the best designed pool water treatment system, with multi-stage and modern

disinfection, will not guarantee the health of bathers if the flow of water through the

basin will cause „dead” zones not involved in circulation and facilitating both the

accumulation of pollutants and the growth of microorganisms (including pathogens).

The process of establishing the location of the representative points for the analysis

of the potential health risks for bathers in swimming pool basins should consists of

identifying the sections with the worst water quality.

Based on the results of model studies on the hydraulic systems in swimming pools,

the points located near the basin walls, in its corners on the shallow and deep sides and

the center of the basin are identified as characteristic [27, 28]. It would be best to

prepare a “chlorine map” showing the chlorine distribution in pool basin after a night

break before opening the pool for swimmers and during the maximum load of the pool.

The analysis of obtained data will allow for a reliable identification of the representative

points for assessing the quality of water in the pool basin, and the results of the water

samples taken from these points will assess the possible risk to the health of the bathers.

The aim of this work was to compare the content of free and combined chlorine at

the characteristic points of swimming pools with different hydraulic systems and to

select representative water sampling points for evaluation of its quality.

Characteristics of research objects

Because the kind of compounds that are formed in the water subjected to chemical

disinfection is influenced by the type of disinfectant used, two swimming pools with

similar characteristics (marked as V and H) were chosen for the research. In both pools

the same disinfectant is used (14.5% stabilized sodium hypochlorite solution). The

attendance is 15–17 persons per hour, so the surface water area of per one person in

both swimming pools is 16–19 m2. In the analyzed swimming pools, the water is treated

in closed circuits with overflow channel and compensatory tanks, in the system:

prefiltration (fibers and hair trap) + surface coagulation (multilayer pressure filters with

sand-gravel bed, coagulant: 5% aluminum hydroxychloride solution) + UV irradiation

(low pressure lamp, radiation dose 600 J/m2) + correction of water pH (30% sulfuric

acid solution) + chlorination (14.5% NaOCl solution). For the measurement and

regulation of the basic parameters of circulating water quality, microprocessor measur-
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ing and control sets with electrodes are used, enabling the measurement of temperature,

pH, free and combine chlorine concentration, and redox potential.

The main difference between the tested objects is due to the hydraulic system of the

water flow through the basin. V pool uses vertical flow while the water in H pool flows

horizontally.

In V pool, the water is drained from the basin through the overflow channels located

along the basin walls. It is supplied to a 14 m3 compensatory tank through six outlet

pipes (DN140 and DN225). Fresh water (tap water) is supplied to the compensatory

tank through an electrically operated valve. Water from the tank is sucked in by

circulating pumps and supplied to the treatment system. Treated water flows into the

basin by DN225 pipeline system and two DN160 channels located at the bottom of the

pool. The water circulation (V) system ensures that the entire volume of water in the

pool basin is exchanged in 2 hours 30 minutes.

In H pool, water flows in a horizontal, press system. Clean water flows into the basin

through inlet nozzles placed horizontally in the shorter front wall. On the opposite side

of the basin the water from the bottom of the basin is drained with the help of the forced

circulation pumps. The installation of water circulation (H) ensures the exchange of the

entire water volume in the basin in about 4 hours 45 minutes. Due to the lack of

a compensatory tank in this pool installation, the water loss is replenished directly to the

basin of pool, when the level of the water table drops by 15 cm.

Materials and research methodology

The main aim of the research was to determine the concentration of the free and

combined chlorine in various points of swimming pool basins. In each of the basins,

7 characteristic points were selected: points 1 and 4 in the basin corners on the shallow

side, points 3 and 6 in the corners of the basin on the deep side, points 2 and 5 at the

walls in the central part of the basin and point 7 in the middle of the basin (Fig. 1).

Water samples for physicochemical and bacteriological analyzes were collected in the
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Fig. 1. Location of water sampling points in pools V and H



morning before the opening. Samples were collected 5 times from V pool and 4 times

from H pool. The concentration of free chlorine and combined chlorine was determined

in situ for each water sample collected from the selected characteristic points.

Complementarily, for the mixed samples, the pH of the water, the ultraviolet absorbance

at 254 nm, the conductivity, the redox potential and total organic carbon (TOC) were

determined on each day of research. The measurement of chlorine concentration using

the colorimetric method was carried out with Hach® portable Pocket ColorimeterTM II

device. The measurement of conductivity and pH of water samples was carried out with

a multi-parameter gauge inoLab® 740 (WTW, Measuring and Analytical Technical

Equipment). Absorbance was measured using UV VIS Cecil 1000 from Analytik Jena

AG, with the optical path length of the cuvette d = 1 cm. The absorbance value at

wavelength of 254 nm was determined on the basis of UV254 ultraviolet absorbance

measurement method, in accordance with the standards adopted by the US EPA [29].

The final result of the analysis was summarized as UV254 in m–1. The measurement of

TOC was performed by non-dispersive infrared spectroscopy (NDIR) using TOC-L

analyzer (SHIMADZU). On 3th day of research in basin V and the 2nd day of study in

basin H bacteriological analysis was performed for the mixed sample. The CFU (colony

forming units) of Escherichia coli, Pseudomonas aeruginosa and the total number of

microorganisms (at 36 � 2oC after 48 hours) were determined.

The results of the research were compared with the recommendations of the

regulation on the requirements for water in swimming pools [1–3].

Results and discussion

Figures 2–5 present the distribution of free and combined chlorine at the character-

istic points of swimming pools. In Figure 6, the results of analysis of complementary

parameters are presented in the form of comparative bar charts.
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Fig. 2. Distribution of free chlorine concentrations in pool V
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Fig. 3. Distribution of combined chlorine concentrations in pool V

Fig. 5. Distribution of combined chlorine concentrations in pool H

Fig. 4. Distribution of free chlorine concentrations in pool H



The most uniform distribution of the concentrations of free and combined chlorine

was found in the middle of the pools (point 7) and the least uniform one in the corners

of the basins on both the shallow and the deep side of the basin (points 4 and 6).

In both analyzed pools, the content of combined chlorine in all water samples

significantly exceeded the permissible value, i.e. 0.3 mgCl2/dm3. In V pool, depending

on the sampling point, the overruns ranged from 177% to 207%, while in H pool it

varied from 167% to 210%.

The free chlorine concentrations in most of water samples were in the recommended

range, i.e. 0.3–0.6 mg Cl2/dm3. The exceptions were water samples from points 4 and 6

(the pool corners) where concentrations were smaller or larger than required. The mean

concentration of free chlorine in V pool, depending on the sampling point, was

0.45–0.51 mgCl2/dm3, while in H pool it was 0.35–0.48 mgCl2/dm3.

The analysis of the complementary parameters (Fig. 6 and Fig. 7) indicates a better

quality of water in V pool, where a vertical hydraulic system, recommended for regular

shaped pools [27, 28], was used. The pH values of water in pool V corresponded to the

requirements (pH = 7.2–7.6) and were on average 7.33. In pool H the average pH of the

water was 7.09. Absorbance values in pool V were about 13% lower than those

measured in pool H water samples. Conductivity values were about 21% lower when

compared to pool H. Redox potential values should be in the range of 750–770 mV. The

most similar values to those required were measured in pool V water (average 714 mV).

As disinfection by-products (DBP) are formed when the disinfectants react with the
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Fig. 6. Comparison of the complementary parameters: a) pH, b) absorbance, c) conductivity d) redox



organic substance, special attention has also been paid to the content of TOC in the pool

water samples. As with the other parameters, better quality of water has also been

demonstrated in pool with vertical hydraulic system. The average content of TOC in

pool V water was 3.29 mg/dm3. In water from pool H this value was almost twice as

high (6.27 mg/dm3).

The water circulation system used in H pool is not recommended for public

swimming pools. The inflow in the short wall of the basin, the number of inlet nozzles

and the outflow of water from the bottom, do not comply with the requirements of

a modern swimming pool. The high variability of the concentration of the tested

parameters at various sampling points of H pool indicates insufficient mixing of water.

This conclusion is confirmed not only by the greater spread of free and combined
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Fig. 7. Comparison of TOC concentrations in water on subsequent days of measurement: a) swimming pool

V, b) swimming pool H



chlorine concentrations compared to those determined in pool V, but also by worse

overall sanitary condition of the water.

The results of the microbiological analysis of the pool water sampled from V pool

did not raise any objections. No CFU of the total number of microorganisms (at

36 � 2oC after 48 h), Escherichia coli and Pseudomonas aeruginosa was found in

V pool while, in the water samples from H pool, 2 CFU/100cm3 of Escherichia coli
were present.

Summary and conclusions

Particular attention was paid to the distribution of free and combined chlorine in

water from basins with different water flow systems in the pool basin. The selected

parameters which are the most important and, at the same time, easy to determine, are

chemical parameters in the field of analysis of health risk to people using swimming

pools. The amount of free chlorine in pool water defines its antiseptic effect. The

concentration of combined chlorine determines the comfort and safety of bathing as it

causes allergy, irritation of mucous membranes and digestive system.

The most uniform distribution of the concentrations of both free and combined

chlorine was observed at the middle point of swimming pools, while the deviations

from the required values were found in the corners of the basins and near their walls.

According to the WHO, DIN and Polish regulations [1–3], the concentration of com-

bined chlorine in water sampled from the pool basin should not exceed 0.3 mgCl2/dm3.

Both in V pool and H pool in all points, the concentrations were almost twice as high.

Considering the high content of combined chlorine, there is a need to modernize the

water treatment system in both V and H pools, and especially the circulating system in

H pool.

Hygiene of water is undoubtedly influenced by the type of hydraulic system, which

should be related to the number of bathers (load factor), the area of the water surface,

the depth of the pool and the intensity of its use. The hydraulic system should be

adapted to the geometry and structure of the swimming pool. The flow of water through

the basin should not cause „dead” zones that do not take part in the circulation. To avoid

them, the flow of water through the basin should be as short as possible. The flow time

(2 hours 30 min in V pool, 4 hours 45 min in H pool) and the localization and distance

between the inflow and outflow nozzle clearly demonstrate the superiority of water in

V pool with a vertical hydraulic system. The results of analysis of free and combined

chlorine content and complementary parameters (pH, absorbance, conductivity, redox

potential, TOC), confirm the better efficiency of the vertical hydraulic system.

It should be highlighted that the way of swimming pool exploitation and cooperation

of the hydraulic system with the treatment and disinfection system guarantee that the

quality of the pool water is safe for its users.

The authors have started further research, the expanded analysis of the distribution of

concentrations of chlorine in pools of different designs and functions. Such tests will

allow to determine representative points of pool water sampling to assess its quality and

health risk for bathers.
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Instytut In¿ynierii Wody i Œcieków

Politechnika Œl¹ska, Gliwice

Abstrakt: Stacja oczyszczania i dezynfekcji wody basenowej spe³nia swoje zadanie pod warunkiem

wspó³pracy systemu hydraulicznego z odpowiedni¹ geometri¹ niecki basenowej. Przep³yw wody przez nieckê

basenu mo¿e powodowaæ powstawanie „martwych” stref niebior¹cych udzia³u w cyrkulacji. W strefach tych

ró¿ny mo¿e byæ stopieñ wymieszania dezynfektanta z wod¹. Tym samym ró¿na mo¿e byæ skutecznoœæ dez-

aktywacji mikroorganizmów i wp³yw na zdrowie osób k¹pi¹cych siê. Przedstawiono wyniki fizyczno-chemi-

cznych badañ próbek wody basenowej pobranych z charakterystycznych punktów niecki. Szczególn¹ uwagê

zwrócono na zawartoœæ chloru wolnego i chloru zwi¹zanego. Badania przeprowadzono w dwóch krytych ba-

senach ró¿ni¹cych siê systemem przep³ywu wody. Na podstawie wyników analiz sporz¹dzono mapy chloru

dla niecek basenowych. Wykazano, ¿e do oceny ryzyka zagro¿enia zdrowia osób k¹pi¹cych siê próbki wody

powinny byæ pobierane z punktów niecki basenowej uznanych za reprezentatywne.

S³owa kluczowe: mapa chloru, system hydrauliczny basenu, zagro¿enie zdrowia k¹pi¹cych siê
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