ﬁ water m\py

Article
Determination of Micropollutants in Water Samples
from Swimming Pool Systems

Anna Lempart *, Edyta Kudlek'® and Mariusz Dudziak

Faculty of Energy and Environmental Engineering, Silesian University of Technology, Konarskiego 18,
44-100 Gliwice, Poland; edyta.kudlek@polsl.pl (E.K.); mariusz.dudziak@polsl.pl (M.D.)
* Correspondence: anna.lempart@polsl.pl; Tel.: +48-322-372-478

check for
Received: 28 June 2018; Accepted: 22 July 2018; Published: 14 August 2018 updates

Abstract: The present study investigated the occurrence of selected micropollutants, including
emerging contaminants from a group of pharmaceuticals and personal care products (PPCPs) in water
samples from swimming pool systems. The study area was selected based on the lack of available
information regarding suspected contamination of swimming pool water by PPCPs. The variety and
concentration of chemical compounds in these aquatic systems can be quite diversified, presenting a
challenge in terms of both purification and quality control. Determination of PPCPs requires very
sensitive analytical methods that make it possible to confirm the presence of tested compounds in a
complex organic extract. In this field, gas chromatography-mass spectrometry (GC-MS) can be used.
With this system, selected ion monitoring can be performed, which reduces the detection limits of the
investigated analyte. This paper aims to present an analytical method and strategy that can be adapted
to obtain information on the composition of water in swimming pool systems. The sample preparation
methodology, including Solid Phase Extraction, has been developed for the trace determination of two
pharmaceuticals—caffeine, carbamazepine—and one sunscreen constituent—benzophenone-3—in
swimming pool water samples.

Keywords: GC-MS; Solid Phase Extraction (SPE); micropollutants; swimming pools systems;
swimming pool water; pharmaceuticals and personal care products (PPCPs)

1. Introduction

Maintaining the microbial water quality in order to inhibit the spread of infections and diseases
is the priority for all swimming pool owners and managers. According to sanitary and hygienic
guidelines, disinfection with chlorine compounds is required in public swimming pools [1,2]. There are
a number of disinfectants that have been used in swimming pools with the potential to produce a
wide range of disinfection by-products (DBPs) through reaction with organic and inorganic matter;
this has been well established from studies on disinfection of drinking water. Due to the recirculation
technology that is applied, higher chlorination levels, higher organic matter content, and much more
DBPs are formed in swimming pool systems compared to drinking water [3].

There are many studies on chemical contaminants in swimming pools focusing on the occurrence
of DBPs [3-6]. However, some authors have concluded that further research is needed to evaluate
potential health risk not only from DBPs but also from other chemicals occurring in swimming
pools [7,8]. Research on pharmaceuticals and personal care products (PPCPs) in swimming pools are
still in their infancy and available data are limited.

The most commonly identified compounds from PPCPs group in swimming pools around the world
include caffeine, carbamazepine, and benzophenone-3. Caffeine—a stimulant very popular in body
lotions, bath lotions, and creams—was found in swimming pools by Weng et al. [9], Suppes et al. [10],
and Teo et al. [11]. Ekowati et al. [12] proved carbamazepine to be ubiquitous in swimming pools
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(27 from 51 water samples), as it occurred in more than half of all the samples collected and was especially
prevalent in outdoor pools (67%) and spas (67%). The growing consumption of pharmaceuticals, including
carbamazepine, together with their incomplete removal in wastewater treatment plants implies the
occurrence of these compounds in natural water resources [13]. Introduced to the pool, they circulate
and may accumulate. Benzophenone-3 is one of the most popular UV-filter, an ingredient found in
sunscreens. Fourteen selected UV filters were analyzed from 17 pools in duplicates by Ekowati et al. [12].
Results showed that all the samples contained at least one UV filter (>LOD) and that all 14 UV filters
selected were present at least in one sample, mainly benzophenone-3 or its major human metabolites.
This compound was also identified in swimming pools by Suppes et al. [10], Lambropoulou et al. [14],
Giokas et al. [15], Cuderman and Heath [16], Zwiener et al. [17] and Vidal et al. [18].

PPCPs are designed to be biologically active, including at low concentrations. Long-term exposure
to the PPCPs mixture may potentially cause negative health effects. Moreover, their degradation in
swimming pool water treatment systems is possible and by-products of PPCPs may be more relevant
to the health of swimmers than their parent compound [19]. The fact that swimmers have direct
contact with the analyzed compounds and their by-products, means it is necessary to investigate the
occurrence of PPCPs in swimming pools.

The determination of PPCPs requires very sensitive analytical methods that enable the
confirmation of the presence of tested compounds in a complex organic extract. The variety and
concentration of chemical compounds in complex aquatic systems such as swimming pool water is
quite diversified, presenting a challenge in terms of quality control. In this field, highly sophisticated
equipment, such as gas or liquid chromatography with mass spectrometry (GC-MS or LC-MS) can be
used. These detection methods are commonly used as analytical techniques to identify and quantify
water contaminants such as PPCPs [20-25]. They enable the detection of PPCPs from different
matrices at sub-ng/g levels [26]. There are many disadvantages and advantages of both LC-MS and
GC-MS. There is high importance of selecting the appropriate analysis techniques to obtain the best
results. The nature and complexity of samples are key factors in choosing the best technique [26].
Pharmaceuticals consist of polar compounds that are soluble in both water and polar solvents, which
is a particular advantage of LC-MS analysis. On the other hand, personal care products (PCPs) are
relatively non-polar. Furthermore, they are more soluble and better extracted in relatively nonpolar
organic solvents [26]. GC-MS is a highly efficient tool that is widely used to analyze PCPs at extremely
low levels from environmental samples [26].

Both GC-MS and LC-MS analysis require appropriate sample preparation. The essential
preparation step is the extraction. Solid phase extraction (SPE) or liquid-liquid extraction (LLE)
are reliable ways to perform this step. LLE has been proven to be an efficient technique; however,
it is a reagent consuming procedure and cannot be easily automated. As a result, an alternative
method—SPE— has been developed. When compared to other sample preparation processes, SPE
offers lower cost due to lower solvent and reagent consumption and greater recoveries as the sample
transfer is minimal [27]. Despite the undoubted advantages, SPE does not always perform its task.
This is due to the physicochemical properties of some compounds that strongly adsorbed on the
surface of the laboratory vessel walls. This adsorption may cause high loss of the analyte. In the liquid
extraction method, the solvent is added directly to the sample, which allows the analytes adsorbed on
the laboratory vessel walls to be rinsed.

Both liquid and gas chromatography can possess different detection limits, recoveries, accuracy,
and repeatability of obtained results. These features depend on the type of analyzed compound and
the conditions of sample extraction.

This paper presents a selection of procedure for determining the concentration of three compounds
from the macro-group of PPCPs. The goal of this study is to select the type of SPE tube, the extraction
process conditions, and the performance parameters of chromatograph during the determinations of
the substances.
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2. Materials and Methods

The analytical standards of micropollutants—carbamazepine (CBZ), caffeine (CAF),
and benzophenone-3 (BP-3)—were supplied by Sigma-Aldrich (Poznan, Poland). The properties
of the tested compounds are summarized in Table 1. Organic solvents methanol and acetonitrile
of purity grade >99.8% and >99.5% respectively, by Avantor Performance Materials Poland S.A.
were also used. Disposable Supelclean™ tubes by Supelco were applied to solid phase extraction.
Six types of SPE tubes were tested—ENVI™-8, ENVI™-18, LC™-8, LC™-18, LC™-CN, and LC™-Ph.
They are compared in Table 2. The extract was analyzed using a gas chromatograph coupled to mass
spectrometry (GC-MS) with Electronic Ionization, Model 7890B by Perlan Technologies (Warszawa,
Poland). The extract was separated in 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 um.

In this work, the method of internal standards (IS-mirex) was used to improve the precision of
quantitative analysis. The purpose of the internal standard was that it would behave similarly to the
analyte but provide a signal that can be distinguished from that of the analyte.

Table 1. Characteristics of tested compounds.

Standard Structural Formula Molecular Formula  Molar Mass (g/mol) =~ CAS Number  Purity
(0] /CH 3
ch ~ N N
Caffeine (CAF) 4]\ | /> CgHigN4O; 194.19 58-08-2 >99%
07N N
CHj
O OH
Benzophenone-3 (BP-3) C14H103 228.24 131-57-7 98%
OCHs
Carbamazepine (CBZ) O N O C16H12N,O 236.27 298-46-4 >99%
07 “NH,

Table 2. Characteristics of Supelclean™ tubes applied to solid phase extraction.

Tube Type Bed Weight (g)  Tube Volume (mL) Carbon Loading (%) Bed Type

ENVI-8 1 6 14 Cs (octyl)
ENVI-18 1 6 17 Cis (octadecyl)
LC-8 0.5 6 7 Cg (octyl)
LC-18 1 6 11.5 Cig (octadecyl)
LC-CN 0.5 6 7 Cyano
LC-Ph 0.5 3 5.5 Phenyl

3. Results and Discussion

The optimum experimental conditions for the extraction and quantification of all selected analytes
were investigated by means of an experimental design procedure, the results of which are presented.

3.1. The Linearity of the Mass Detector Response

The following GC-MS (EI) operating parameters have been determined:

e the oven temperature program: 80 °C (6 min), 5 °C/min to 260 °C, 20 °C/min to 300 °C
e the support phase: helium with a flow of 1.1 mL/min

e  injector: 250 °C

e injection mode: splitless
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e injection speed: 300 uL/min

e ionsource: 230 °C

e iontrap: 150 °C

e ionrecording mode: 50 < 700 m/s

In order to calibrate the mass detector, the calibration curves were prepared based on standard
solutions prepared in methanol in a concentration range from 0.5 to 10 ng/uL. The linearity of the mass
detector response was examined. It was checked by linear regression (Figure 1). Five repetitions were
made to validate these calibration curves. Parameters of calibration curves are presented in Table 3.

Table 3. Parameters of calibration curves for determining micropollutants by gas chromatography-mass
spectrometry (GC-MS).

Standard tr £ SD R? a Sa b Sp
CAF 19.37 £ 0.01 0.99 2,000,000 316,802 —677,705 459,921
BP-3 22.46 4+ 0.02 0.99 35,504 2019 —20,739 2931
CBZ 24.19 4+ 0.02 0.95 766,841 295,337 936,453 428,759

Note: tg—the retention time; SD—the standard deviation; R2—the correlation coefficient; a—the directional factor;
Sa—the standard deviation of directional factor; b—the free term; S,—the standard deviation of free term.

The obtained values of R? coefficient show the linearity of the detector’s response. Retention times
of compounds allow for proper separation and appropriate identification in complex water matrices.
The standard deviations of tR are acceptable.
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Figure 1. Calibration curve by GC-MS for (a) caffeine (CAF), (b) benzophenone-3 (BP-3), and (c) carbamazepine (CBZ).

3.2. The Repeatability of the Quantitative Results

In the process of identifying and assessing the concentration of micro-organic compounds in
swimming pools, the repeatability of the quantitative results is of key importance. Table 4 shows the
values of the coefficient of variation (CV) that is a measure of the repeatability of the measurements.
The limit of detection (LOD) was also determined and presented in Table 4. It determines the lowest
amount of a substance that can be distinguished from the absence of that substance within a certain
confidence interval [18]. The obtained values of CV did not exceed 3%, confirming the high repeatability
of the conducted measurements. The analysis of repeatability was also made using peak areas of mass
ions (m/z), which were corrected with areas obtained for the constant content of the internal standard.

Table 4. Coefficient of Variation (CV) for five concentration levels of tested micropollutants.

CV (%)
Standard LOD (ng/L)
0.5ng/uL  1.0ng/pL 2.0ng/uL 5.0ng/uL  10.0ng/puL
CAF 0.66 1.39 1.81 1.67 2.25 0.02
BP-3 1.32 1.41 2.28 2.08 0.95 0.02
CBZ 2.81 2.89 2.68 1.59 1.66 0.10

3.3. Sample Preparation Procedure

The main step in developing an analytical procedure for the determination of compounds in pool
water is the selection of a sample preparation procedure. Because of the complexity of the matrix and
the low concentrations of analytes, it is necessary to isolate the analytes from the samples. In our study,
solid phase extraction was used to separate the compounds from swimming pool water according to
the following steps:

e conditioning: 10 mL of solvent—methanol or acetonitrile or methanol-acetonitrile mixture (5 mL
methanol and 5 mL of acetonitrile), speed 10 mL/min

e  washing 5.0 mL of deionized water

e dosing of water samples (volume of 1 L in case of the real swimming pool water extraction or
20 mL in the case of the standard solution extraction)

e drying 5 min under vacuum

e elution: 3 mL of solvent—methanol or acetonitrile or acetonitrile-methanol mixture (1.5 mL of
acetonitrile and 1.5 mL of methanol), speed 10 mL/min
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The optimization of extraction conditions was performed by searching for the appropriate
combination of SPE tube type and solvents used for both conditioning and elution. It was carried out
by inserting the standard at the concentration level of 1 mg/L into the deionized water matrix. It was
then subjected to an SPE process using different type of tubes and different solvents. Recovery and
limit of quantification (LOQ) were examined for each method of sample preparation. They are listed in
Table 5. Based on these parameters, the most optimal methodology was chosen. Conditioning with a
mixture of methanol and acetonitrile and extraction in the ENVI-18 tube was considered the best suited.
The worst results were obtained after the conditioning with a mixture of methanol and acetonitrile
and extraction in the LC-CN tube.

Table 5. Recovery and limit of quantification (LOQ) for various combinations of SPE tube types and solvents.

Solvents SPE Tube Type Parameter CAF BP-3 CBZ
Recovery (%) 88.6 100 100

ENVI-8 LOQ (ng/L)  0.63 278 151
Recovery (%) 100 100 100

ENVI-18 LOQ(ng/L) 057 207 118
LC-8 Recovery (%) 79.8 835 66.2

) LOQ (ng/L 066 240 1.77

Methanol Q (ng/L)

LC-18 Recovery (%) 954 753 100
- LOQ(ng/L) 091 407 208
Recovery (%) 40.6 100 100

LC-CN LOQ(ng/L) 323 339 169
Recovery (%) 100 100 72

LCFh LOQ (ng/L) 081 256 2.03
Recovery (%) 82.7 100 93

ENVI-8 LOQ (ng/L) 037 182 126
Recovery (%) 85.1 822 100

ENVI-18 LOQ(ng/L) 043 231 118
LC-8 Recovery (%) 100 100 942

) LOQ (ng/L) 127 719 429

Acetonitrile

LC-18 Recovery (%) 99.3 786 100
- LOQ(ng/L) 112 806 3.62
Recovery (%) 27.6 100 825

LC-CN LOQ(ng/L) 114 152 1.06
Recovery (%) 100 737 925

LC-Ph LOQ (ng/L) 025 204 1.04
Recovery (%) 97 100 85

ENVI-8 LOQ (ng/L) 240 368 331
Recovery (%) 100 100 100

ENVI-18 LOQ(ng/L) 084 095 087
LC-8 Recovery (%) 86.2 100 90

: LOQ (ng/L) 077 110 124

Methanol + Acetonitrile

LC-18 Recovery (%) 100 100 100
. LOQ(ng/L) 082 262 251
Recovery (%) 367 857 77.7

LCCN LOQ (ng/L)  7.58 952 10.64
LC-Ph Recovery (%) 100 100 100

LOQ (ng/L) 292 735 952

Recovery studies to evaluate the percentage of analyte extracted from swimming pool water
samples were conducted. Table 6 summarizes results obtained in the most optimal solid phase
extraction methodology for the various matrices. It was carried out by inserting the standard at the
concentration level of 1 mg/L into the different water matrices—the deionized water, the tap water,
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and the swimming pool water. The lowest recovery was obtained for tap water. The recoveries of
both deionized water and swimming pool water was 100%. Based on the calculated recovery factors,
the accuracy of the results obtained from the chosen analytical method was very good. The repeatability
of the results, measured as the standard deviation, was satisfactory; its value was in the range 1 to 10%.

Table 6. Recoveries obtained in the most optimal solid phase extraction methodology (methanol +
acetonitrile and ENVI-18 tube) for different matrices.

Recovery £ SD (%)

Matrix

CAF BP-3 CBZ
Deionized water 100 £ 2.4 100 £9.9 100 £+ 10.0
Tap water 925+28 957+12 984+82

Swimming pool water 100 22  100£59 100 £+ 5.4

The limits of quantification of tested compounds in different matrices are presented in Table 7.
The lowest LOQs were obtained for swimming pool water, while the highest were observed for
deionized water. The observed differences show the influence of organic and inorganic substances
presence in water matrix on the LOQ value.

Table 7. Limits of Quantification obtained in the most optimal solid phase extraction methodology
(methanol + acetonitrile and ENVI-18) and the measurements of organic and inorganic substance
presence for different matrices.

Matrix LOQ (ng/L)
Type TOC (mg/L) UVys ()  Conductivity (mS/cm) CAF  BP-3 CBZ
Deionized water 0.000 0.000 0.000 0.84 0.95 0.87
Tap water 0.159 0.003 0.178 0.78 0.88 0.83
Swimming pool water 7.062 0.082 2117 0.69 0.75 0.71

Note: TOC—Total Organic Carbon, UV,45—-absorbance in 1 mL sample in wavelength 254 nm.

3.4. Analysis of Real Samples

The procedure developed in the presented study was applied to several samples obtained from
swimming pools located in the region of Silesia, Poland. The quantification of the samples was carried
out according to the procedure described previously, and the concentrations of detected analytes were
obtained from an average value of three measurements. The results obtained (Table 8) indicated that the
presented procedure could be successfully applied to PPCPs residue determination in real water samples.
However, it was observed that sampling strategy is a critical parameter for the representative monitoring
of these compounds. The concentration levels of trace contaminants in swimming pool water vary a lot
depending on many factors, for example, point and time of sampling (Figure 2), type of swimming pool
basin, and the number of swimmers [28,29]. They also vary due to the water recirculation applied [30].

Table 8. Pharmaceuticals and personal care products (PPCPs) found in swimming pools collected
throughout the Silesia region in Poland and the measurements of organic and inorganic substance presence.

Concentration (ng/L)

Sample TOC [mg/L] UVy45 (5) Conductivity (mS/cm)

CAF SDcar BP-3 SDgp.3 CBZ SDcgz
SP1 16.98 0.046 2.030 1.03-1.09  0.05 5.59-10.84 225 471717 082
sP2 7.63 0.051 0.717 10.50-13.64 177  3455-175.84 7097  4220-5144 5.1
Sp2 12.25 0.099 1.267 <LOQ - 1.86-4.12 082  367-370  0.02
SP4 12.12 0.077 0.964 1.02-140 023  4927-5229 213 943993 036
SP5 1.04 0.003 0.689 145-154  0.06 2.10-3.21 069  702-886 258

Note: TOC—Total Organic Carbon, UVjyg—-absorbance in 1 mL sample in wavelength 254 nm,
SD—Standard Deviation.
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Morning: 1.97 ng/L
Afternoon: 4.12 ng/L

Morning: 2.14 ng/L.
Afternoon: 3.00 g/L

Morning: 2.09 ng/L
Afternoon: 2.29 ng/L

Morning: 1.86 ng/L
Afternoon: 3.47 ng/L

Figure 2. BP-3 concentrations depending on the point and time of sampling.

4. Conclusions

An analytical methodology for the trace determination of three widely used PPCPs in swimming
pool water is presented. The developed methodology can be used for analytical control of swimming
pool water treatment processes from selected pharmaceuticals and personal care products. It was
proven that the presented analytical procedure enables the quantification of caffeine, carbamazepine,
and benzophenone-3 with satisfactory repeatability and accuracy. The selected compounds could be
efficiently determined under the optimized experimental conditions. The obtained recovery values
ensure the possibility of full quantitative control of the tested micropollutants in samples collected
from swimming pool water systems.

The different physicochemical composition of water affects LOQ. The values of LOQ obtained for
swimming pool water were lower compared to deionized and tap water.

The developed methodology was successfully applied for monitoring PPCP compounds in
swimming pool water samples at the ng/L levels. Considering the European Union directive for
bathing and swimming pool waters, this paper presents an analytical tool for the incorporation of
PPCP residuals in bathing water quality criteria.

As sampling strategy is a critical parameter for the representative monitoring of micropollutants,
it is necessary to determine the point where the worst results occur. Accumulation of micropollutants
in some point may also affect other basic water quality parameters that are constantly monitored. It is
important that pool water quality control is carried out in a critical location.
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