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Abstract: The determination of trace pollutants in seawater is challenging, and sampling is a crucial
step in the entire analytical process. Passive samplers combine in situ sampling and preconcentration,
thus limiting the tedious treatment steps of the conventional sampling methods. Their use to monitor
water quality in confined marine environment could bring several advantages. In this work, the
presence of organic contaminants at trace and ultra-trace levels was assessed in the Genoa Aquarium
supply-and-treated water using Polar Organic Integrative Samplers (POCIS). Both untargeted gas
chromatography-mass spectrometry and targeted liquid chromatography-tandem mass spectrometry
were employed. The untargeted approach showed the presence of hydrocarbons, diphenyl sulfone
and 2,4-di-tert-butyl-phenol. Only hydrocarbons were detected in all the samples. Nineteen emerging
contaminants, belonging to different classes (pharmaceuticals, UV-filters, hormones and perfluori-
nated compounds), were selected for the target analysis. Thirteen analytes were detected, mainly
in supply water, even though the majority of them were below the quantitation limit. It is worthy
to note that two of the detected UV-filters had never been reported in seawater using the POCIS
samplers. The comparison of the analytes detected in supply and treated water indicated a good
performance of the Aquarium water treatment system in the abatement of seawater contaminants.

Keywords: passive sampling; trace contaminants; emerging contaminants; seawater; chromatography–
mass spectrometry

1. Introduction

Coastal marine waters constitute the main receptor of human activities. They are
subjected to different anthropogenic stressors, including wastewater treatment plant dis-
charge, shipping traffic, runoff and atmospheric depositions [1–3]. The low concentration
of seawater contaminants is due to dilution and to the complex hydrodynamics of the
marine environment [3]. The detection and quantification of pollutants in marine environ-
ments represent an analytical challenge due to the matrix complexity and the trace levels
of contaminants that require sensitive methodologies. Sampling is a crucial step in the
analytical process. Conventional sampling methods usually require several liters of water,
repetitive samplings and treatment steps. On the other hand, passive accumulation devices
provide in situ integrative sampling, allowing the determination of time-weighted average
(TWA) concentrations. TWA provides an estimation of the contamination level of the con-
sidered water environment that can be very advantageous to assess the exposure of living
organisms and the associated toxicological risks. Passive samplers are useful for tracking
spatial and temporal concentration profiles in waters [4] and to assess the occurrence
of episodic events [5]. Moreover, these techniques combine sampling, preconcentration
and purification steps, limiting sample manipulation. Among passive sampling devices,
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the Polar Organic Chemical Integrative Sampler (POCIS) was designed to sample polar
compounds [5]. However, POCIS was applied to the sampling of chemicals characterized
by a logKow comprised between 0 and 5 [6]. It consists in a sorbent phase sandwiched
between two microporous membranes, usually made of polyethersulfone (PES), which are
kept together by two stainless rings.

POCIS devices generally show low affinity for highly hydrophobic and ionic
compounds [7]. Indeed, low diffusion through the membranes was found for hydrophobic
substances because the PES polymer can act as the primary receiving sorption phase for
these compounds [8]. Nevertheless, the detection of some lipophilic substances using these
samplers is reported [9,10]. The introduction and testing of new sorption materials and
membranes in passive techniques are aimed at increasing the range of chemicals that can
be sampled [6].

POCIS are mainly employed to monitor contaminants in freshwater and wastewater [10–14],
while their use for seawater monitoring remains limited [9,15,16]. Furthermore, the use
of this device in a confined marine environment was only reported for the detection of
micro-pollutants in a Spanish fish farm located in a coastal area [17]. Nevertheless, their
use to monitor water quality of circumscribed environments (such as swimming pools or
aquarium tanks) could bring several advantages. Aquarium water is generally collected
from the coastal zone and subjected to treatments. Then, renewal water systems allow
the water in fish tanks to be replaced to some extent every day, thus making the passive
sampling approach useful for verifying water quality over time.

The aim of this work was to identify the presence of polar organic contaminants in
Aquarium water (Genoa, Liguria, Italy). POCIS samplers were employed to continuously
monitor the quality of supply water (withdrawn from the sea), of treated water (filtered
and disinfected) and of shark tank water, verifying the efficacy of the treatment system
used before tank filling. Gas chromatography-mass spectrometry (GC-MS) and liquid
chromatography-tandem mass spectrometry (LC-MS/MS) were employed to detect the
presence of classical and emerging contaminants.

2. Materials and Methods
2.1. Standard and Reagents

Dichloromethane, 2-propanol, trifluoroacetic acid, acetonitrile (ACN) and methanol
(CH3OH), all of analytical or chromatographic grade, were obtained from Merck (Darm-
stadt, Germany). Water was purified by a Milli-Q system (Millipore, Watford, Hertfordshire,
UK). A standard mixture containing even n-alkanes with chains from 10 to 40 carbon atoms
(C10–C40) was purchased from Sigma-Aldrich (Milan, Italy). Analytical standards of
diphenyl sulfone (DPS), 2,4-ditert butylphenol (2,4-DTBP), ibuprofen (IBU), perfluorooctanoic
acid (PFOA), perfluorooctane sulfonate (PFOS), gemfibrozil (GBZ), estrone (E1), triclosan
(TCS), carbamazepine (CBZ), bisphenol-A (BPA), β-estradiol (E2), 17-α-ethinylestradiol
(EE2), benzophenone-3 (BP-3), ethylhexyl methoxycinnamate (EHMC), octocrylene (OC),
octyl dimethyl p-aminobenzoic acid (OD-PABA), naproxen (NAP), diclofenac (DIC), mefe-
namic acid (MEF) and caffeine (CAF) were obtained from Sigma-Aldrich (Milan, Italy). All
standards were of high purity grade (>97%).

2.2. Genoa Aquarium Water

Supply water, used in all Aquarium oceanic tanks, is directly taken from the sea
through a submarine pipeline. This pipe draws marine water at about 10 m from the
breakwater and 50 m depth. Before use, raw water is subjected to physico-chemical and
microbiological analysis; furthermore, a toxicity test is performed using ephyrae. The
ephyra is one of the jellyfish life cycle stages and ephyrae are used as bioindicators for
toxic organic substances. If the mentioned tests ensure good water quality, a mechanical
treatment is performed by two sand prefilters (each one of 250 m3 per hour). Quarzifer
sand granulometry is 0.4–0.8 mm. The filtration step is followed by UV disinfection, and
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the system (Panaque srl, Capranica, Italy) consists in eight 75-watt lamps of 156 cm height.
After these treatments, water is stored in aerated accumulation tanks (treated water).

The multitaxa shark tank hosts various species of sharks from different environments
and other fishes. Its size is 9.9 × 23.5 m and contains a water volume of approximately
1200 m3. The tank presents an internal treatment system consisting of four sand filters
(each one with a 300 m3 per hour discharge) and O3 disinfection. Every day, 150 m3 of the
tank water is replaced (approximately 10% of the total volume), and filters are backwashed.

2.3. Sampling Method

Two studies were carried out to investigate the presence of organic contaminants in
raw and treated Aquarium waters using POCIS devices.

The initial monitoring was performed between March 2017 and January 2018. POCISs
were used to monitor shark tank water, treated water and supply water.

In particular, the following samplings of two weeks were performed:

• Sampling I (spring): Two POCIS deployed in the shark tank (P1-P2) and two POCIS in
a laboratory beaker filled with 4 L of Aquarium treated water (T1-T2);

• Sampling II (winter): Two POCIS deployed in the shark tank (P3-P4), two POCIS in a
laboratory beaker filled with 4 L of Aquarium treated water (T3-T4) and two POCIS in
a beaker filled with 4 L of supply water (S1-S2).

POCIS deployed in the shark tank were protected by stainless-steel grids, a Zn tablet
was fixed on the protective system to avoid corrosion, and the devices were positioned at
the bottom of the tank. Treated and supply waters, sampled in laboratory beakers, were
subjected to magnetic agitation (Figure S1), and water was replaced as frequently as the
shark tank water. This action allowed the minimization of differences between the two
water samplings, although agitation conditions may still have an influence on the sampling
rate of analytes [18].

The second study, carried out in January 2019, involved a sampling of two weeks:

• Sampling III (winter): Three POCIS deployed in a tank of 150 L (Figure S2) filled with
supply water (S3, S4 and S5) or treated water (T5, T6 and T7).

POCISs were placed parallel to the water flow to allow the correct diffusion of analytes
into the sampler [19]. Based on the results of the first study, no POCISs were deployed in
fish tanks. Indeed, the focus of this last monitoring (sampling III) was to confirm the good
performance of the filtration system and to evaluate the presence of emerging contaminants.
To take into account the blank signals, for each study two POCISs were submerged in
beakers filled with 1.5 L of milli-Q water for 7 days.

The average temperature and salinity of the sampled waters were 23 ◦C and
36 ng kg−1, respectively.

2.4. POCIS Preparation and Extraction

Both commercial POCIS (E&H Services, Praha, Czech Republic) and devices assembled
in our laboratories were used for passive sampling. The laboratory assembly was performed
in accordance with the characteristics of commercial ones (mass of the sorbent phase
200 mg and 45.8 cm2 as sampler surface area). PES membranes (0.1 µm pore size) and Oasis
HLB sorbent were purchased from Pall Italia (Buccinasco, Italy) and Waters (Vimodrone,
Italy), respectively. Before use, PES membranes were washed in a H2O/CH3OH solution
(80:20 v/v) for 24 h at room temperature (RT) and 1 h at 40 ◦C. Membranes were allowed
to dry and subsequently washed with CH3OH for 24 h at RT and 1 h at 40 ◦C. After
drying under a fume hood, 200 mg of HLB phase was weighted and placed between
two membranes. Then, the membrane-sorbent-membrane layer was compressed between
two stainless-steel support rings and held together with three thumbscrews. The prepared
POCIS were stored at −20 ◦C.
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After the exposure, samplers were collected, rinsed with Milli-Q water, wrapped in
aluminum foil, transported to the laboratory under cooled conditions (4 ◦C) and kept at
−20 ◦C until analysis.

Prior to processing, the samplers were thawed and rinsed with Milli-Q water to remove
fouling present on POCIS membranes, although during all the sampling experiments, no
significant biofouling was observed. This is probably due to the daily replacement of a
part of the water in the shark tank. POCISs were dismantled and the sorbent phase was
transferred using Milli-Q water into a 1 cm diameter glass syringe cartridge fitted with a
polytetrafluoroethylene (PTFE) frit and glass wool and dried under a gentle nitrogen stream.
Elution was performed with 10 mL of dichloromethane: isopropanol: trifluoroacetic acid
(80:19.9:0.1 v/v/v) in a flask and the extract was reduced back down to a small volume [9].
Then, 20 mL of dichloromethane was added, and the solution was evaporated to dryness
and redissolved in 1 mL of methanol for GC-MS analysis. The extracts in methanol were
diluted 1:1 using Milli-Q water for LC-MS/MS. Samples were filtered through 0.2 µm PTFE
filters before chromatographic analysis.

2.5. Analytical Methods

The untargeted analyses of the volatile compounds were performed on an Agilent 7890A
gas chromatograph connected to a 5975C mass spectrometer (Agilent Technologies, Palo Alto,
CA, USA) with an electron ionization source (EI) set at 70 eV. Chromatographic separation was
achieved on a Phenomenex ZB5 capillary column (30 m × 0.25 mm × I.D. 0.25 mm) coated
with 5% phenylpolysiloxane at a constant He flow rate of 1.2 mL min−1. The injector was
maintained at 250 ◦C. The temperature program was set as follows: 50 ◦C kept for 1 min,
ramp of 10 ◦C min−1 up to 300 ◦C and kept constant for 10 min. The transfer line, ion
source and quadrupole were held at 280 ◦C, 230 ◦C and 150 ◦C, respectively. The mass
spectrometer was set in full-scan (SCAN) mode for non-target screening, and full-scan
spectra were collected from 50 to 550 m/z. The mass spectra obtained in full scan for
each chromatographic signal were compared with those contained in the NIST2 library
(Version 2.2, June 2014). The selected ion monitoring (SIM) mode was used for the semi-
quantitative analysis of chosen compounds. For each analyte, two ions were monitored in
SIM mode, using the most abundant one for quantitation.

The presence of target emerging contaminants was evaluated by using liquid chro-
matography coupled to tandem mass spectrometry [20]. Chromatographic separations
were performed by an Agilent Liquid Chromatograph Series 1200SL. HPLC was equipped
with a biphenyl Raptor column (2.1 mm × 50 mm, 1.8 µm by Restek, Milan, Italy) held at
60 ◦C. An Agilent 6430 MSD triple-quadrupole mass spectrometer (Agilent Technologies,
Santa Clara, CA, USA) equipped with an electrospray ion source (ESI) was employed for
detection and used both in positive and negative ionization modes. Multiple reaction
monitoring (MRM) was set to enhance sensitivity by choosing two transitions for each
analyte (Table S1), using the most abundant one for quantification.

Positive acquisition involved a chromatographic run in isocratic conditions with a
0.2 mL min−1 flow rate and mobile phase composition of Milli-Q water:ACN = 60:40 (v/v).
As for the analytes acquired in the negative mode, separation was performed in isocratic
conditions as well. The mobile phase was Milli-Q water:ACN = 50:50 (v/v) containing
0.1% of acetic acid, and the flow rate was of 0.3 mL min−1. Three technical replicates were
performed for each sample and the injection volume was of 10 µL.

Three points calibration curves were drawn for each analyte in the 0.01–10 µg L−1

range. The performances of the instrumental method are reported in Table 1. The LOD
and LOQ were calculated by considering a signal to noise ratio of 3 and 10, respectively;
dilution factor and final volume of the extracts were considered to obtain LOD and LOQ
values in the POCIS sampler.
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Table 1. Limits of detection and quantitation of the monitored emerging pollutants in solution
(µg L−1) and in the POCIS sampler (ng/POCIS), intra-day precision and accuracy.

Compound LOD
(µg L−1)

LOQ
(µg L−1)

LOD
(ng/POCIS)

LOQ
(ng/POCIS)

Intra-Day Precision
(RSD%) Accuracy (%)

EE2 1 5 2 10 2.9 100.7 ± 6.7
MEF 0.05 0.5 0.1 1 3.8 102.1 ± 6.7

PFOA 0.01 0.1 0.02 0.2 1.8 105.6 ± 12.8
PFOS 0.01 0.05 0.02 0.1 1.5 107.4 ± 12.2

E2 1 5 2 10 5.6 101.9 ± 10.8
BPA 0.05 0.5 0.1 1 7.5 99.2 ± 7.4
CAF 0.01 0.5 0.02 1 2.6 97.5 ± 5.3
CBZ 0.01 0.05 0.02 0.1 3.4 106.9 ± 15.6
DIC 0.05 0.5 0.1 1 2.7 101.9 ± 5.5
E1 0.5 1 1 2 4.5 98.9 ± 8.1

OD-PABA 0.01 0.05 0.02 0.1 7.0 101.2 ± 3.3
EHMC 0.01 0.5 0.02 1 2.0 105.0 ± 15.6

GBZ 0.05 0.1 0.1 0.2 2.2 99.8 ± 9.0
IBU 0.5 2 1 4 5.4 97.5 ± 6.6
BP-3 0.01 0.5 0.02 1 1.3 103.0 ± 6.8
NAP 0.05 0.1 0.1 0.2 6.0 105.7 ± 13.8
OC 0.01 1.0 0.02 2 4.4 103.5 ± 18.9
TCS 0.1 1.0 0.2 2 2.9 103.5 ± 5.6

3. Results and Discussion
3.1. Untargeted Analysis

In both monitoring campaigns, the first step was a general characterization of the
most relevant contaminants present in aquarium waters. As already mentioned in the
introduction, although POCISs were originally designed to sample polar analytes, the
detection of lipophilic compounds in certain deployment conditions has been reported in
the literature [9,10].

Therefore, an untargeted analysis by GC-MS was chosen by also considering the
probable presence of volatile and semi-volatile contaminants coming from bunker fuel.
GC-MS in EI mode allows the tentative identification of several compounds thanks to
the match with a spectrum database. Non-targeted analysis highlighted the presence of
hydrocarbons and two other chemicals as the most abundant: DPS and 2,4-DTBP. While
hydrocarbons and DPS were already detected in Ligurian seawater [9], 2,4-DTBP was
identified for the first time using POCIS.

3.1.1. Hydrocarbons

After a first screening in full scan mode, a more sensitive and selective analysis
was performed in SIM mode. The ions monitored were at 57, 71 and 85 m/z, which
are characteristics of linear hydrocarbons. Procedural blanks were analyzed, and their
contribution in hydrocarbons was subtracted from the samples. For each sequence of
analyses, an alkanes standard mixture (C10–C40, concentration 1 mg L−1) was employed
to verify retention times and normalize chromatographic signals in order to perform a
comparative analysis of the extracts obtained from different samplers.

Results obtained in the first monitoring, reported in Figure 1, did not show significant
differences among the hydrocarbons sampled in the tank (P1 and P2; P3 and P4) and in the
treated water (T1 and T2; T3 and T4). Furthermore, results obtained for the samplings I and II
showed a comparable profile regarding the presence of the homologous series of even n-alkanes
of petrogenic origin [21]; therefore, no seasonal trend appears evident.
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Figure 1. Results obtained from the semi-quantitative analysis of hydrocarbons (chain length:
10–28 C atoms) in treated water (T1 and T2 in orange) and shark tank water (P1 and P2 in blue) in
sampling I (A). Results obtained from the semi-quantitative analysis of hydrocarbons (chain length:
10–28 C atoms) in treated water (T3 and T4 in yellow) and shark tank water (P3 and P4 in green) in
sampling II (B). As/Ast represents the ratio between the hydrocarbon peak areas in the sample and
in the reference standard.

In sampling II of the first monitoring, an evaluation of the treatment process was
carried out by analyzing the POCIS deployed in supply water and treated water (Figure 2).

Figure 2. Results obtained from the semi-quantitative analysis of hydrocarbons (chain length:
12–28 C atoms) in supply water (S1 and S2 in light blue) and treated water (T3 and T4 in red)
in sampling II. As/Ast represents the ratio between the hydrocarbon peak areas in the sample and in
the reference standard.
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T3 and T4 extracts showed a good decrease in hydrocarbon concentration, especially
for short chain alkanes (between C12 and C16). This result suggests that sand filtration
has a lower impact on long chain analytes or that shorter hydrocarbons tend to undergo
degradation onto the filter [22].

Water treatment efficiency was further investigated in the second monitoring. Linear
alkanes from C10 to C40 were found in S3, S4 and S5 and in T5, T6 and T7 water extracts.
Analogously to the first monitoring, a general decrease was observed for each analyte,
especially for short-chain compounds: C12 and C14 hydrocarbons presented the most
abundant decrease (84% and 69%, respectively).

As a final remark for hydrocarbons, it is worth highlighting that the profile of supply
water presented the highest peaks in the diesel range (C8–C23) [23,24] both in the first and
in the second monitoring.

3.1.2. Industrial Compounds

In sampling I and II, the screening in full-scan mode of the extracts allowed the detection
of DPS and 2,4-DTBP. This untargeted procedure was employed also in sampling III, where,
in addition to hydrocarbons, only 2,4-DTBP was found. Subsequently, semi-quantitative
analysis was carried out in SIM mode. The ions at 125 m/z and 191 m/z were monitored
for DPS and 2,4-DTBP, respectively. Analogously to hydrocarbons, the ratio between the
analytes peak area in the sample and in a reference standard (concentration 1 mg L−1) was
used to compare different POCIS extracts.

DPS is a herbicide employed as ovicide and acaricide in the past. Today, it is mainly
used as a monomer in the polymer industry and is a transformation product of phenols
synthesis. It enters aquatic ecosystems through various sources and Wick et al. affirmed
that photochemical and chemical degradations are not significant in surficial water [25].

DPS concentrations estimated in the sampling I extracts were approximately 1 mg L−1,
corresponding to 1 µg/POCIS. This value was comparable to that reported in one of our
previous studies, where POCISs were deployed in Santa Margherita Harbor (Liguria) [9].
Furthermore, the detection of DPS at low concentrations in seawater was reported during a
micro-pollutant monitoring campaign in a fish farm [17]. On the other hand, in sampling
II and III, DPS was neither detected in the supply water nor in the treated water. This
difference could be related to the sampling period of the last two deployments (winter).

2,4-DTBP is a volatile organic compound used as intermediate for the preparation of
UV stabilizers and antioxidants. Migration tests performed on high-density polyethylene
pipes (HDPE) used in drinking water distribution networks showed 2,4-DTBP as the major
migrating component from pipes into water [26]. It has fungicidal activity [27] and has
shown potential endocrine disrupting effects and aquatic toxicity [28].

Regarding first monitoring, higher levels of 2,4-DTBP in treated and shark tank wa-
ters were observed in sampling I compared to sampling II (mean value approximately
3 µg/POCIS and 1 µg/POCIS, respectively). Moreover, the concentration of 2,4-DTBP was
approximately 6 µg/POCIS for supply water extracts obtained from sampling II, indicating
strong abatement during water treatment (6 µg/POCIS and 1 µg/POCIS detected in supply
and treated water, respectively).

The second monitoring (sampling III) confirmed the good performances of the treat-
ment system in pollutant removal. 2,4-DTBP was found in the sole supply water at a
concentration around 4 µg/POCIS, while there was no evidence of the analyte presence in
the treated water. The good performance of aquarium filtration and disinfection systems
in 2,4-DTBP removal was an important result due to its endocrine disruptor effect and its
aquatic toxicity.

It is worth noting that a lower amount of 2,4-DTBP was sampled in winter
(samplings II and III) compared to spring (sampling I), confirming the trend already ob-
served for DPS, which was only detected in POCIS deployed in spring (sampling I).



Appl. Sci. 2022, 12, 2951 8 of 11

3.2. Targeted Analysis of Emerging Contaminants

In addition to the evaluation of major volatile and semi-volatile compounds, the
second monitoring (sampling III) involved a further investigation on the presence of
emerging contaminants (ECs) in aquarium waters (supply and treated). The selected
target analytes belong to different classes (pharmaceuticals, UV filters, hormones and
perfluorinated compounds); therefore, an LC-MS/MS multi-residual analysis method was
used for their determination. The concentration of the analytes was expressed as the amount
of analyte per POCIS (ng/POCIS) to obtain a quantitative comparison between supply and
treated waters.

Thirteen analytes were identified in POCIS deployed in supply and treated waters
(results in Table 2), although many of them were simply detected but not quantifiable.
Sampling rates (Rs) of some of the considered chemicals are present in the literature, thus
theoretically allowing the estimation of the time-weighted average (TWA) concentration of
the contaminants in supply and treated waters. However, the Rs from the literature are
generally affected by high variability; thus, analogously to the detected volatile compounds,
the TWA concentrations of most ECs were not calculated.

Table 2. Measured mean concentrations (±standard deviation) of the emerging pollutants detected
in supply (S3, S4 and S5) and treated (T5, T6 and T7) water (ng/POCIS).

Compound Supply Water (ng/POCIS) Treated Water (ng/POCIS)

CAF <LOQ <LOD
CBZ 0.51 ± 0.12 <LOQ
BP-3 <LOQ <LOQ
DIC <LOQ <LOQ

OD-PABA <LOQ <LOQ
EHMC 15.28 ± 0.13 7.31 ± 0.32

OC 17.92 ± 1.05 5.44 ± 0.41
PFOA <LOQ <LOQ
PFOS <LOQ <LOQ
BPA 5.97 ± 0.86 <LOQ
MEF <LOQ <LOQ
GBZ 1.58 ± 0.01 0.322 ± 0.004
TCS <LOQ <LOQ

The data obtained exhibit a general decrease in concentration after treatments, con-
firming the good performance of filtration and disinfection systems.

The presence of different contaminants in the samples, even though at low concen-
trations, confirms that these compounds may be considered as semi-persistent in the
environment. In fact, they are continuously released from wastewater treatment plants due
to incomplete removal [1,15].

The most concentrated chemicals in the supply water were BPA and the UV-filters OC
and EHMC.

BPA is an intermediate in the production of epoxy resins and polycarbonate
plastics [29]. It is used in many plastic products [30] and is ubiquitous due to its frequent
release [31]. BPA represents a potential concern for aquatic organisms, with reproductive
and developmental effects on aquatic species [32]. In order to assess the risk for marine
organisms, the Risk Characterization Ratio is used, which is the ratio between the Predicted
Environmental Concentration (PEC) in water and the provisional predicted no-effect con-
centration (PNEC). A PNEC value of 0.15 µg L−1 for BPA has been proposed for marine
waters by the European Union [33]. Considering the literature sampling rate for BPA
obtained in seawater of 0.288 L day−1 [16], the TWA concentration in water results in
0.0015 µg L−1. By assuming TWA as an acceptable approximation of PEC, the Risk Char-
acterization Ratio (PEC/PNEC) should be below 1 in the analyzed waters. This result
suggests that adverse effects are not expected on seawater organisms for this substance [34].
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UV filter compounds are integrated in many cosmetic formulations and can reach
surface waters through the release from the skin during recreational activity or through
wastewater [35]. Relatively high levels of EHMC and OC and the presence of BP-3 and
OD-PABA were detected in POCIS extracts. Due to hormonal activity shown by several
UV filters at very low concentrations [10], these results underline the importance of their
monitoring. No Rs are present in the literature regarding standard POCIS sampling of
UV-filters [36]. Hence, it was not possible to estimate TWA concentrations. Nonetheless,
the detection of two UV-filters at considerable concentrations in the samplers represent
the first report regarding POCIS uptake of these substances from seawater. This result
highlights the usefulness of this approach in pre-concentrating contaminants from large
water volumes where some contaminants are subjected to huge dilution factors.

4. Conclusions

In this study, an assessment of the contamination of Genoa Aquarium supply, treated
waters and shark tank waters was performed.

The untargeted analysis resulted in the identification of hydrocarbons in all samples,
and chromatogram profiles showed their petrogenic origins. The industrial pollutants DPS
and 2,4-DTBP were found in some samples using the non-targeted approach. Moreover,
the presence of different emerging contaminants was investigated by using target analysis:
the UV filters OC and EHMC were the most concentrated among ECs both in supply and
treated waters. BPA, Gemfibrozil and Carbamazepine were also detected in quantifiable
amounts in the supply water. Water treatment system efficacy was evaluated by comparing
supply and treated waters: results generally showed a decrease in the concentration of
contaminants after treatment.

The passive sampling approach permitted the enhancement of sensitivity and allowed
comparisons of water quality based on time-integrative sampling. The data obtained with
POCIS are mediated over the deployment period, considering fluctuations and episodic
events. On the contrary, the classical sampling approach provides only a snapshot of the
pollution levels at the time of the sampling. In addition, a much larger number of spot
samples should be collected during the two weeks of exposure, while also considering the
shark tank water volume.

The use of POCIS to monitor Genoa Aquarium water quality allowed the detection of
the low concentration presence of some endocrine disruptor compounds and substances
with aquatic toxicity. A more in-depth study will be necessary to establish contaminant
concentrations in water based on sampling rates. This investigation would hopefully allow
a risk assessment related to the health of aquarium fishes.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/app12062951/s1, Figure S1: Deployment of POCIS in
beakers during sampling II: on the right the samplers S1 and S2 and on the left T3 and T4; Figure S2:
Exposure tank with deployed POCIS during sampling III; Table S1: MRM transitions of the emerging
pollutants monitored.
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