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ABSTRACT

This paper presents the concentration levels of three selected pharmaceuticals (carbamazepine, caf-
feine, benzocaine) in swimming pool water. The research was conducted for four different types of
pool basins (sports pool, paddling pool, jacuzzi and water slide). The extraction of micropollutants
from the environmental matrix was carried out by solid-phase extraction. The extracts were analyzed
using a gas chromatograph coupled to the mass detector. The most commonly identified compound
was carbamazepine. Its concentrations ranged 12.27-13.82 ng/L. The least frequently identified phar-
maceutical was benzocaine. The research has documented the impact of swimming pool function on
the concentration levels of particular micropollutants. The highest concentrations of caffeine were
observed in the water slide. Its maximum value was 16.40 ng/L there, while in other basins the high-
est measured concentration was 5.95 ng/L. The levels of selected pharmaceuticals at various points
in the sports basin were also compared. Depending on the point of sampling in the sports basin, the
measured concentrations were different. These differences result from the specificity of the swimming

pools” hydraulic system: the occurrence of both “dead zones” and zones of good water mixing.
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1. Introduction

Constant increase in drug consumption, the incomplete
digestibility of therapeutic substances by the consumer and
the inability to completely eliminate them in conventional
treatment methods results in increased presence of pharma-
ceutical compounds in the environment. Published literature
aimed at determining the environmental concentrations of
pharmaceuticals have shown the presence of this type of
micropollutants on level of several nanogram per liter to sev-
eral microgram per liter [1-4]. However, the health effects
do not depend only on the concentration of compounds but
also on a number of other factors, including: lipophilicity, sta-
bility of the compound, potential of bioaccumulation, expo-
sure time, transformation and degradation of the substance.
Furthermore, they are designed to be biologically active also
at low concentrations [5]. Thus their presence in water, even
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at very low concentrations, has raised concerns regarding
the potential risks to human health. Aquatic environment is
persistently fed with anthropogenic sources of chemical com-
pounds of different types, which can affect living organisms
in various ways. Their influence on the body’s systems may
cause changes in their activity [5]. Studies on the occurrence of
pharmaceuticals are a challenge in assessing potential human
health risks from their exposure to trace concentrations.

The occurrence of pharmaceuticals in swimming pool
water showed in recent researches [6-9] is particularly con-
cerning as the swimmer body is indirectly exposed to water
containing chemical substances. They may beingested, inhaled
or absorbed by swimmers. For example, it has been estimated
that the mean volume of water swallowed by non-adults is
37 mL during 45 min of swimming [10]. Pharmaceutical com-
pounds detected in swimming pool waters all over the world
are summarized in Table 1. They are commonly found in the
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environment as well. It is caused by difficulties in the removal
of these compounds during conventional drinking water and
wastewater treatment [11,12]. In swimming pools, due to the
recirculation technology that is applied, they can be present at
higher concentration than in the environment. Accumulation
of pharmaceuticals in swimming pool water can happen as
they are the ingredients of products applied externally and
may be washed off the human body during swimming.
Moreover, some pharmaceuticals are not completely metab-
olized by humans and are excreted through urine, while in
the typical Olympic pool, up to 230 L of urine can occur. One
average swimmer leaves about 70 mL of urine in the pool [13].
Some of them are also resistant to biodegradation thus, may
lead to their storage and persistence in the swimming pool
water environment [14].

The variety and concentration of chemical compounds
in such complex aquatic system as swimming pool water
is quite diversified. Different types of substances coexisting
in pool water may dangerously interact with one another
[15]. Long-term exposure of mixture pharmaceuticals and
other chemical compounds may potentially cause negative
health effects. Chemical compounds in swimming pools
originate from a number of sources, mainly from the source
water, from deliberate addition of chemicals or from bathers
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themselves. They contain organic and inorganic constituents
that could act as disinfection by-product (DBP) precursors
[8]. Pharmaceuticals have been proven to act as DBP pre-
cursors [16-18]. Some of them can be transformed into new
products by chlorination [19], some may also suffer degrada-
tion due to exposure to sunlight [20]. It was suggested that
certain transformation products of pharmaceuticals are more
toxic than their parent compound [21]. In addition, pharma-
ceuticals have been shown to be toxic to living organisms. It
has been confirmed in numerous studies using ecotoxicity,
genotoxicity, cytotoxicity and phytotoxicity assays [21,22].
Investigations on the potential negative effects of pharma-
ceutical substances were performed in laboratory samples of
model waters with the addition of selected micropollutants
[23]. However, it does not show the actual effect of drugs
present in the waters as mixtures of all therapeutic groups.

Researches on pharmaceuticals in swimming pools are
still in their infancy and available data are limited. Studies on
this topic are needed in order to identify the effects of intro-
duction of these chemicals into pools. Furthermore, a wider
range of chemicals than far described may occur in swim-
ming pools. They need to be identified in order to enable the
determination of the potential risk of exposure of pharma-
ceuticals and their by-products to swimmers.

Table 1

Pharmaceuticals detected in swimming pool water
Drug class Pharmaceutical compound Content Country References
Stimulant Caffeine 30-500 ng/L United States (Georgia Weng et al. [6]

Stimulant; anti-inflammatory  Caffeine; ibuprofen

B-Blocker Atenolol
Antiepileptic Carbamazepine
Thiazide diuretics Hydrochlorothiazide
Antibiotics Metronidazole
Antibiotics Ofloxacin
Antibiotics Sulfamethoxazole
Analgesic Acetaminophen
Anti-inflammatory Ibuprofen
Anti-inflammatory Ketoprofen
Anti-inflammatory Phenazone
Anti-inflammatory Acetaminophen
Statins Atorvastatin
Stimulant Caffeine
Antiepileptic Carbamazepine
Nicotine metabolite Cotinine
Anti-inflammatory Diclofenac
Antidepressant Fluoxetine

Lipid regulator Gemfibrozil
Anti-inflammatory Ibuprofen
[-Blocker Metoprolol
Antidepressant Paroxetine
Antibiotic Sulfamethoxazole
Antibiotic Trimethoprim

20-1,540 ng/L;
16-83 ng/L
0.6 ng/L
1.4 ng/L
904 ng/L
3.3 ng/L
2.1ng/L
6.4 ng/L
61.2 ng/L
171.3 ng/L
360 ng/L
0.8 ng/L
Not tested?

and Indiana)
Australia (Sydney)

Spain

United States (Wisconsin
and Minnesota)

Teo et al. [7]

Ekowati et al. [8]

Suppes et al. [9]

°Only the frequency of presence was analyzed.
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The research presented in this article aimed to determine
the concentration levels of pharmaceuticals in four different
types of swimming pools. In addition, the concentration dis-
tribution at various points of one swimming pool was ana-
lyzed. Three compounds that most frequently occurred in
the preliminary study [24,25] were selected for this research.
They are as follows:

* carbamazepine (CBZ) — psychotropic medicine from the
group of anticonvulsants,

® benzocaine (BZC) — an example of local anesthetic,

e caffeine — most often and most widely consumed
stimulant.

The toxicity of psychotropic drugs, including carbamaze-
pine, was confirmed by studies on its effect on fish and shellfish
[26-28]. The adverse effects of this drug on the development of
Corbicula fluminea exposed to concentrations ranging from 0.5
to 50 pg/L were observed [29]. Furthermore carbamazepine
occurrence may indirectly cause damage to proteins, lipids
and DNA structure of cells [30]. Its presence also results in
impairment of the fish sperm antioxidant system [31].

Benzocaine is the active ingredient in many pain relievers
used externally in the form of ointments, powders or gels,
as well as internally as an ingredient in tablets or aerosols
to relieve sore throat. Benzocaine is non-toxic, when applied
as recommended [32]. However, there have been reports of
serious, life-threatening adverse effects with over-application
of its both topical or oral products. It has been found to be
a cause of seizures, coma, irregular heartbeat, respiratory
depression. The oral overdosage can increase the risk of pul-
monary aspiration, while excessive use of spray products
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as it has been proved that the presence of caffeine in waters is
closely related to anthropogenic impurities [36,37].

2. Materials and methods

The qualitative and quantitative analysis of organic micro-
pollutants in environmental samples is a multi-stage and
time-consuming process. This requires suitable analytical
instruments that make it possible to confirm the presence of the
tested compounds in a complex organic extract. The reliability
of the obtained results depends on the accuracy of the indi-
vidual sample preparation steps and the precision of the mea-
suring equipment. In this matter, gas chromatography can be
used. This technique allows the selected ion monitoring to be
performed. It enables the reduction of analyte detection limits.

2.1. Materials and reagents

The standards of carbamazepine (CBZ), benzocaine
(BZC) and caffeine (CAF) of purity grade >98% were sup-
plied by Sigma-Aldrich (Poznan, Poland) (Table 2). Organic
solvents such as methanol and acetonitrile of purity grade
>99.8% and >99.5%, respectively, supplied by Avantor
Performance Materials Poland S.A. (Gliwice, Poland) were
also used. Disposable Supelclean™ ENVI™.-18 Tubes packed
with octadecyl bed of 1.0 g by Supelco were applied to
solid-phase extraction (Table 3).

Table 3
Characteristics of Supelclean™ ENVI™-18 tubes applied to
solid-phase extraction

applied to the mouth or mucous membranes may cause met- Bed weight (g) 1
hemoglobinemia [33,34]. Benzocaine may also cause allergic ~ Tube volume (mL) 6
reactions: skin redness and itchiness or anaphylaxis [35]. Bed capacity (mg) 25-100
Caffeineis seen as a relatively harmless substance but over Matrix Silica gel base material

time it reaches a very high concentration in surface waters. Matrix active group C18 (octadecyl) bonding
It has been widely detected in various aquatic systems. Its Particle size (um) 45
removal from sewage is not tested, resulting in a steady
. . . . . K - Pore volume (mL/g) 0.8
increase in caffeine concentrations in the environment. It is P ize (A 60
also considered to be an indicator of human contamination ore size (A)
Table 2
Characteristics of investigated pharmaceuticals

Pharmaceutical compound Benzocaine (BZC) Caffeine (CAF) Carbamazepine (CBZ)

Synonyms/trade name Anbesol, Cepacol, Lanacane, 1,3,7-Trimethylxanthine, Tegretol

Orajel, Anesthesin methyltheobromine, guaranine,
theine
Structural formula o O Cch, —
S Ay ® s
N
0~ “CHs )\J]: 0 N
O~ 'N
HzN CHs 07 "NH,

Molecular formula C,H, NO, CH,N,O, C,H,N,O

Molecular weight (g/mol) 165.2 194.2 236.3

CAS number 94-09-7 58-08-2 298-46-4

logP 1.86 -0.07 2.45

pKa (at 25°C) 2,51 14.0 13.9

Water solubility at 25°C (mg/L) 1,310 21,600 17.7
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2.2. Analytical procedure

The isolation of micropollutants from the water matrix
was carried out by solid-phase extraction in tubes filled with
non-polar adsorbent C18. In order to activate the bonded
phases and to ensure consistent interaction between the
analyte and the sorbent functional groups, the bed was first
conditioned in sequence with 5 mL of methanol and 5 mL
of acetonitrile. Then it was washed with 5 mL of deionized
water. Afterwards 100 mL of water sample was applied. To
ensure optimal retention, extraction was carried at a consis-
tent and reduced flow rate of ~1-2 drops/s. After extraction
the bed was dried for 5 min under vacuum. The extract was
eluted, respectively, with 1.5 mL of acetonitrile and 1.5 mL of
methanol.

The extracts were analyzed using a gas chromatograph
coupled to mass spectrometry (GC/MS) with electronic ion-
ization, model 7890B by Perlan Technologies (Warszawa,
Poland). It combines two techniques to provide the identifica-
tion of compounds with low detection limits. The extract was
separated in a SLB™ - 5 ms capillary GC column of Supelco
with an internal diameter of 0.25 mm, a length of 30 m and a
layer thickness of 0.25 pm. The oven temperature program was
as follows: 80°C (6 min), 5°C/min to 260°C, 20°C/min to 300°C.
The support phase was helium with a flow of 1.1 mL/min.
Sample injections of 1 uL were performed automatically. The
mass detector worked in the ion recording mode in the range
of 50-700 m/s.

Each sample was analyzed three times. The obtained con-
centrations of the pharmaceutical compounds are the arith-
metical mean of the results obtained by chromatography.

The limits of quantification (LOQ) of the tested pharma-
ceuticals were, respectively, 0.75 ng/L for BZC, 0.71 ng/L for
CBZ and 0.69 ng/L for CAF.

2.3. Water samples

Swimming pool water samples were collected from four
different types of indoor pool basins: sports pool, paddling
pool, jacuzzi and water slide. Water sampling points were
located 30 cm below the pool water surface, in accordance
with Standard DIN 19643 [38]. Samples were collected at
fixed intervals from various points of basins. Samples of fill-
ing waters from taps on each location were also collected.
Water samples were collected early in the morning, when the
number of swimmers was minimal, in order to minimize the
impact of their presence in water on the research results.

Investigated swimming pools are located in Upper Silesia
in Poland. Samples were collected in June 2017. According
to periodic water quality tests conducted in accredited lab-
oratory (Table 4), the water in all tested pools meets the
requirements of Polish law [39]. The results of these analy-
ses were shared by the pool manager. In Table 4, physical
and chemical parameters of the water samples collected
during the research are also presented. Redox, conductivity
and pH were gauged with a multifunctional CX-461 meter
(ELMETRON, Zabrze, Poland). The absorbance UV, mea-
sured at a universal wavelength of 254 nm of using a Cecil
CE1021 spectrophotometer corresponds to the total concen-
tration of organic compounds. It enables the identification of
the dissolved organic carbon fraction characterized by a high

content of aromatic components, and thus a large potential
for DBP formation.

Samples were collected once a day from each of the
examined days. Bottles of 1 L volume made of chemically
and biologically inert borosilicate glass and equipped with
silicon septas were used for the collection, transport and
storage of collected water samples. It was important to pro-
tect the tested water against light in order to minimize any
possible changes in its composition. Samples were immedi-
ately transported in a portable refrigerator at a temperature
of +4°C to the laboratory in the New Technologies Center
of the Institute of Water and Wastewater Engineering of the
Silesian University of Technology in Gliwice, where the tests
were carried out at once. Each sample was analyzed three
times. The obtained concentrations of the pharmaceutical
compounds are the arithmetical mean of the results obtained
by chromatography. The assignment error was estimated on
the basis of standard deviation.

2.4. Characteristics of investigated swimming pools

Sports pool basin, with dimensions of 25 x 12.5 m and
variable depth from 1.1 to 1.8 m, is made of stainless steel.
This pool in the morning is mainly used for swimming les-
sons for school-age children (7-12 years). In the evenings
there are aqua aerobics classes for the elderly and training ses-
sions for advanced swimmers aged 16-20 years. The average
sports pool load is 360 people/d. Paddling pool with a depth
of 0.35 m and water temperature of 35°C-36°C is intended
mainly for children under 3 years of age. The average pad-
dling pool load is 30 children/d. Jacuzzi allows to take a bath
of six people at the same time at a temperature of 36°C. It is
very crowded, mainly in the evenings and early in the morn-
ing. The main users of this pool are the elderly. The average
jacuzzi load is 180 people/d. On average, one person spends
15 min in the jacuzzi. Water slide is very popular mainly by
children and young people. The presence of a single person is
limited to a few minutes, for the period of slide and slowing
down in the special pool. The average load is 600 slides/d.
It should be noted that some children slide several times, so
this value is probably a bit overestimated.

The water treatment technology is similar in all of
investigated swimming pool installations. It bases on the
filtration systems equipped with pressure filters filled
with multi-layered beds of sand and anthracite. Aluminum
hydroxide chloride coagulant is dosed to improve filtration
efficiency. Deactivation of all pathogenic organisms is pro-
vided by disinfection system. It works in two stages. First, the
water is exposed to UV light through a low-pressure lamp. As a
second step, automatic dosing of sodium hypochlorite is used.

3. Results and discussion

Both the influence of the swimming pool function on the
concentration levels of selected pharmaceuticals (Fig. 1) and
the distribution of these concentrations depending on the
location of the sampling points (Figs. 2—4) were evaluated.

The most commonly identified compound was carba-
mazepine. It was present in all tested samples from all type
of basins in the concentration range from 12.27 to 13.82 ng/L.
The mean values of its measured concentrations were
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Physical and chemical parameters of the examined water samples and results of periodic water quality tests conducted in accredited

laboratory jars

Type of pool Day

Parameters of water samples

Results from accredited laboratory

pH Absorbance Redox Conductivity —pH Free chlorine  Combined chlorine Redox
uv,, (cm™) (mV) (mS/cm) (mg/L) (mg/L) (mV)
Sports Pool 7.30 0.50 0.26 942
1 7.22 0.035 746 1.1049
2 7.45 0.27 734 1.1263
3 7.36 0.038 730 0.9822
4 7.30 0.022 803 0.9760
5 7.33 0.040 770 0.9800
7.40 0.47 0.28 890
Paddling 7.30 0.53 0.22 705
pool 1 7.31 0.030 768 0.3985
2 7.29 0.010 744 0.3964
3 6.98 0.043 740 0.3908
4 7.20 0.014 801 0.4340
5 7.20 0.038 863 0.5670
7.30 0.46 0.30 680
Jacuzzi 7.30 0.63 0.17 932
1 6.83 0.013 793 1.2208
2 7.36 0.0021 770 1.0935
3 6.88 0.034 804 1.0049
4 6.69 0.000 777 0.9700
5 7.12 0.043 863 0.9020
7.20 0.89 0.13 902
Water slide 1 Not tested®
2 7.57 0.027 680 1.1537
3 7.24 0.040 782 0.9620
4 7.44 0.017 718 0.9700
5 7.44 0.037 790 0.9360

“Water slide was closed and excluded from use in the first day of research.

13.16 ng/L in sport basin, 12.51 ng/L in Jacuzzi, 12.69 ng/L in
paddling pool and 13.19 ng/L in water slide. Both in paddling
pool, jacuzzi, sports pool and water slide, the average con-
centration of carbamazepine was the highest from all phar-
maceuticals selected to this research. In the study conducted
by Ekowati et al. [8], carbamazepine was also found to be
ubiquitous; however, its concentration levels were much
lower (up to 1.4 ng/L) [8]. The frequent occurrence of carba-
mazepine at relatively high concentrations may suggest that
this compound is not removed in conventional systems used
for swimming pool water treatment.

The highest concentrations of caffeine were observed in
the water slide. Its mean value was 12.81 ng/L there, while
in other basins the highest measured concentration was
5.95 ng/L. The average caffeine concentration in sports pool
was 3.68 ng/L, in jacuzzi 2.15 ng/L and in paddling pool
1.75 ng/L. It did not occur in every collected samples. The
caffeine concentrations detected in this study are not com-
parable with those that were reported by Weng et al. [6] and
Teo et al. [7]. Possible reason for the lower levels could be the
low usage of the pools at the time of sampling. The samples
were collected early in the morning, while the biggest load

of users exists in the evenings. Teo et al. [7] observed that
the levels of caffeine are lower at the start of each day and
increase throughout the day with the highest concentration
occurring during the last sampling of the day. It was previ-
ously proposed to use the caffeine as possible water moni-
toring indicator for organic contamination in environmental
waters [40]. Further detailed studies that will investigate the
relationship between caffeine concentrations and the amount
of anthropogenic contamination may let the same or similar
idea to be applied in swimming pools.

The least frequently identified pharmaceutical com-
pound was benzocaine. It was present once in paddling pool
(3.55 ng/L) and once in water slide (3.51 ng/L). In jacuzzi it
was observed two times, in the first and in the last day of
the research in similar concentrations: 3.67 and 3.68 ng/L. So
far the presence of benzocaine in swimming pool water has
not been reported in any literature. As it is a component of
many pain relievers applied externally, its occurrence sup-
port the importance of showering before entering a swim-
ming pool.

The maps of daily concentrations changes in various
points of sports pool are shown in Figs. 2—4. In paddling pool,
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Fig. 1. Daily concentrations of selected pharmaceuticals in (a) paddling pool, (b) jacuzzi, (c) water slide (water slide was closed and

excluded from use in the first day of research) and (d) sports pool.

Joyem MolleUS

mDay1l

mDay2 mDay3 m Day 4 Day5

Fig. 2. Map of daily changes in BZC concentrations in various
points of sports basin (ng/L).

jacuzzi and water slide, the variability of concentration levels
in different locations were not significant. The variability of
the result depending on the location of the collection point
in the sports pool was probably due to the size of this basin.

Jo1em MO|IBUS

mDay1l

mDay2 mDay3 mDay4 Days

Fig. 3. Map of daily changes in CBZ concentrations in various
points of sports basin (ng/L).

Clearly visible is that benzocaine occurred every-
day in sports pool but only in one specific point of basin
(Fig. 2). The mean value of its concentration in this point
was 3.67 ng/L, while the mean value from the all points was
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Jorem Mojleus

mDayl

mDay?2 mDay3 Day4 Day5
Fig. 4. Map of daily changes in CAF concentrations in various
points of sports basin (ng/L).

0.81 ng/L. In other points of this pool, it was rarely detected
(Fig. 2). The highest concentration of benzocaine in sports
pool occurred in the last day of the research. That day, its
concentrations were in scoped from <0.75 to 3.84 ng/L. Also
relatively high dispersions of caffeine concentrations were
observed (Fig. 4). For example, the caffeine concentration
measurements ranged in the first day from 3.58 to 5.95 ng/L.
The distribution of pharmaceuticals concentration levels in
sports pool (mainly the distribution of benzocaine concentra-
tions) confirmed that — as it was proved by Wyczarska-Kokot
et al. [41] — water flow through the basin may cause the occur-
rence of “dead zones” that do not take part in the circulation.
This may encourage the accumulation of pollutants in indi-
vidual points.

As swimming pools are sourced from tap water, it can
be expected that the pharmaceuticals are introduced into
the swimming pool during filling the basins. However, the
chromatography analysis of tap water did not confirm the
occurrence of any tested pharmaceuticals. Caffeine, benzo-
caine and carbamazepine were below the LOQ in all of the
tap water samples. This implies that the compounds pres-
ent in the swimming pool water have been introduced by
the swimmers. The selected pharmaceutical compounds are
commonly found in commercial products that are likely to
be used by the users of the pool and their probable source
in swimming pool water is the excretion of body fluids. The
carried out analysis on tap water samples confirmed that fill-
ing water do not contribute to the occurrence of pharmaceu-
ticals in tested swimming pools and it excluded tap water as
a possible source of detections pharmaceutical compounds in
investigated swimming pool basins.

The differences in measured concentrations for differ-
ent points of sampling presented in Figs. 2—4 result from
the type of swimming pool hydraulic system. Water is
constantly entering the tested swimming pool basin by the
so-called vertical system. It means that the inflow of water
takes place from the bottom by a lot of small special pool
bottom nozzles, while the outflow through the overflow gut-
ters is located along the two longer edges of the pool basin.
This solution of water flow in a swimming pool basin causes
that the water is not perfectly mixed inside the basin [41,42].
There are even so-called “dead zones” in which it is possible
that water does not mix at all. They can occur, for example,
in the corners of the basin or along the edge where there are

no overflow gutters [41]. The map of daily changes in BZC
(Fig. 2) best shows the possible locations of “dead zones” in
the pool under study. BZC distribution points (in corners
and along edges that are not equipped with overflow gut-
ters) are located exactly in the zones that are usually sup-
posed to be “dead zones”. After the probable BZC bringing
by one of swimmer, as a result of good water flow through
some zones, no BZC was observed at most of the points (it
floated to the overflow gutter, then to the balance tank and
water treatment installation). However, in the “dead zones”,
BZC gathered and accumulated. The map of daily changes
in BZC concentrations at various points in a sports basin
(Fig. 2) may indicate that contamination of the examined
pool by BZC was a single accident. Perhaps this compound
was introduced once and then quickly removed in the water
purification installation. As in the most of points it was not
found, the coming back water flowing from the treatment
installation did not contain BZC.

On the other hand, maps of daily changes in CAF and
CBZ show that these two compounds are constantly pres-
ent in the basin pool. Every day, at all sampling points, the
presence of these compounds was noted. This may indicate
that the pool water treatment system is not able to remove
them from water. At some points, concentration of these com-
pounds was almost unchanged. This confirms the conjecture
of bad water mixing in these places. Some fluctuations in the
concentration of CAF and CBZ in other points suggest that
these compounds are systematically introduced into swim-
ming pool by users.

However, the vertical hydraulic system, that is used in
the tested swimming pool in this research, has been proven to
be the best currently used in swimming pools [42]. Probably,
in pools equipped with a different type of flow (horizontal
system or skimmer system), the degree of mixing water in
the basin is even smaller than in vertical system and it seems
that if measurements of micropollutants concentrations are
carried out in these types of swimming pool basins, the dif-
ferences in different points of basin will be even greater than
in the presented work.

4. Summary and conclusions

* The study has documented the impact of basin function
on the concentration levels of particular micropollutants.
The highest concentration of both carbamazepine and
caffeine occurred in water slide. The highest concentra-
tion level of benzocaine was measured in paddling pool.
The lowest values of carbamazepine and benzocaine con-
centrations were observed in jacuzzi, while the lowest
concentration of caffeine was detected in paddling pool.

* Depending on the point of sampling in the sports basin,
the measured concentrations were different. Benzocaine
did not even appear in some points, while in others it was
present in relatively high concentrations. In case research
performed in big-sized swimming pool, there is a neces-
sity to collect samples from various points of basin in
order to obtain reliable and the actual results.

e The differences in measured concentrations for different
sampling points result from the specificity of the swim-
ming pools’ hydraulic system: the occurrence of both
“dead zones” and zones of good water mixing.
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No impact of water quality parameters on the levels of
tested pharmaceuticals has been shown in this research.
The frequent occurrence of carbamazepine and caffeine
indicates that the conventional systems of water treat-
ment used in examined swimming pools are not effective
in removing these pharmaceuticals. To remove phar-
maceuticals from swimming pools effectively, frequent
water refill or new treatment technologies shall be con-
sidered. Further research should assess whether their
costs are justified.

The high variability of pharmaceuticals concentrations
depending on different aspects shows that the topic of
this research is very complex and confirms the need for
further research.
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