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Abstract: The presence of pharmaceutical compounds in the whole environment is a growing con-
cern. These compounds might be present in the effluents of wastewater treatment plants and, hence,
irrigation with treated sewage may be a source of groundwater pollution. The volcanic aquifer
that lies NE of Gran Canaria (Spain) was studied to address the relationship of the occurrence of
pharmaceutical compounds and a golf course that has been irrigated with regenerated water since
1973. Of the 14 analyzed groundwater samples, five wells were chosen to perform annual monitoring.
Irrigation water and soil leachate were also evaluated. The target analytes were atenolol, metami-
zole, fluoxetine, ibuprofen, nicotine, permethrin, caffeine, and their metabolite paraxanthine. The
environmental risk is limited as the concentrations of the pharmaceuticals measured in the sampled
wells were always below 60 ng·L−1 (lower than the detected caffeine and nicotine concentrations).
Wide variations for the same wells were measured among sampling campaigns, and also among
the different wells. The study points to the importance of sample conservation during transport
and the need to perform analyses immediately, or to follow an in-situ extraction procedure to carry
concentrated samples under better conditions.

Keywords: emerging contaminants; volcanic aquifer; reclaimed water reuse; irrigation; Gran Canaria

1. Introduction

Pharmaceutical compounds are widely used for many purposes in our modern society,
and often with no medical prescription. They belong to the large family of emerging
compounds, the majority of which are neither subjected to regulation nor included in
monitoring programs. However, it has been demonstrated that they have effects on
organisms, such as behavior and reproduction [1].

Once excreted, they enter wastewater treatment plants (WWTPs), which do not pos-
sess specific mechanisms to completely eliminate them. Therefore, treated waters have
a typically strong contaminating effect on natural aquatic systems, as far as emerging
pollutants are concerned [2].

However, pharmaceutical compounds can reach aquifers by not only urban or hospital
effluents, but also by reclaimed water used for irrigation, leaks in septic tanks, livestock, or
agricultural activities [3]. Then they can undergo several processes on their way to aquifers,
such as adsorption, ion exchange, and microbial degradation or transformations [4]. In
volcanic materials, the presence of preferential paths in the unsaturated zone can favor
rapid recharge through fractures, and contaminants can reach aquifers in relatively short
times [5]. Other processes, such as dilution, adsorption, and degradation, can also alter
pollutants inside aquifers, which depends on several factors related to geological material
and climate conditions.
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As it offers a guaranteed supply for agriculture, the use of reclaimed water for irriga-
tion is indicated in areas with scarce water resources [6–8]. Gran Canaria (Canary Islands,
Spain) is an example of such use, which has been a practice for more than 40 years to
irrigate a golf course [9], and also for agriculture. This water can even be used to recharge
aquifers [10] or for ecological services, as regulated by Spanish legislation [11]. Despite the
removal and dissipation of some emerging pollutants possibly attributing to natural atten-
uation processes (e.g., sorption into soil, photodegradation, biodegradation), the control of
these phenomena and the understanding of transport mechanisms are essential [12].

The presence of pharmaceutical compounds in groundwater in relation to the use
of reclaimed waters has been already proven in places where raw water is reused; in
Germany, England, France, and Mexico, infiltration of untreated municipal wastewater
was employed in the late 19th century, and, although this practice no longer continues,
pollutants may still be present in soil and groundwater [13].

On pharmaceutical compounds, several studies have demonstrated the correlation
between using reclaimed water and its presence in groundwater. Thus, a long list of differ-
ent drugs, such as antibiotics, anti-inflammatories, stimulants, β-blockers, analgesics, or
antidepressants, has been measured in several aquifers [14–19]. Nevertheless, information
about emerging contaminants in volcanic aquifers is scarce in other areas outside the
Gran Canaria Island [5,9]. Moreau et al. [20] and Close et al. [21] checked the existence
of pharmaceuticals and other emerging contaminants in New Zealand, where volcanic
aquifers are present. No references to the aquifer nature are included in Close et al. [21],
while Moreau et al. [20] point out the existence of pharmaceuticals among other emerging
contaminants in ignimbrites, basalts, and confined pumice and unconfined aquifers, but
no specific behavior for pharmaceuticals in these aquifers has been identified.

In this work, the study of different pharmaceutical residues in a volcanic aquifer on the
Gran Canaria Island was carried out to assess their occurrence in groundwater, the origin
of contamination, and possible transport mechanisms. Irrigation water from a golf course
irrigated with reclaimed water and soil leachate from a lysimeter were also evaluated to
compare the results.

2. Materials and Methods
2.1. Study Area

The Gran Canaria Island is conceptually considered a unique water body, save for the
coastal part of the west catchment [22,23]. The study area is located northeast of the island
(Figure 1) and includes the Las Goteras ravine watershed where the Bandama golf course
is located at an altitude of between 400 m and 500 m. The geological materials that outcrop
in the golf course area are Holocene basaltic lava and pyroclastics (2000 years old) from
the volcanic eruptions that formed the Caldera de Bandama [24]. They are placed on the
fractured Pliocene basanitic lava flows and landslides (Roque Nublo Group) that overlie
Pliocene phonolites (Figure 1). Post-Roque Nublo volcanic materials and sedimentary rocks
from the Las Palmas Detritic Formation outcrop in the rest of the study area. The water
table potentiometric map shows that groundwater flows from the summit of the island
to the coast. In the area, preferential paths have been identified through the Las Goteras
ravine and from the golf course to the Las Goteras Ravine. Cultivated soils are Torriarents
(adjacent natural soils are Vitritorrands) and the golf course has also transported soil from
the midlands, corresponding to an Ustalfs-dominated zone. The average precipitation
in the area is 300 mm per year, with an average annual temperature of 19 ◦C, while the
minimum humidity in winter and the maximum humidity in summer are 78% and 85%,
respectively [25].
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Figure 1. Location and geology of the study area. Ravines situation, Bandama Caldera, Bandama Golf Course and
potentiometric water table lines for the 2008 data are shown. Monitoring points include Canarian wells, the El Culatón
water gallery, and the borehole.

A first detailed field survey was carried out in 2008 to know the state of the ground-
water works in the area and hydrogeological features. From these data, the potentiometric
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map was drawn (Figure 1), and shows that the groundwater table was located 250 m below
the golf course and more than 100 m below the caldera bottom.

Active groundwater works were identified in the area to be sampled (Figure 1).
Groundwater is mostly exploited by large-diameter shaft wells (traditional Canarian wells)
at most sampling sites, with diameters from 2.5 m to 3 m and depths from 15 m to 300 m.
These 13 sampled wells mean that daily yields are less than 1 L s−1 and come from different
geological formations, depending on well depth. A 0.33-m-diameter borehole and a water
gallery of about 40-m-long, located under the wall of the Bandama Caldera, 60 m above
the Bandama Golf Course, have also been sampled. This gallery drains a perched aquifer
formed by a clay unit from Roque Nublo breccias formed by a landslide. The gallery
yield is 0.05 L s−1, and it collects irrigation returns from the Bandama Golf Course as its
composition differs from the groundwater sampled at the bottom of the ravine [26]. The
groundwater in the study area is used mainly for irrigation purposes.

As indicated in [5], groundwater salinity increases towards the coast, and well 1 is of a
sodium bicarbonate type with low mineralization. Towards the coast, groundwater changes
to a sodium chloride type, and nitrate contents rise due to progressive mineralization
through the flow direction and the influence of saline recharge water due to aridity in
coastal areas, as well as anthropogenic activities. Well 6 is of a sodium bicarbonate type
with significantly higher Na+ contents, a low pH, and high HCO3– contents, which indicate
that at this point the aquifer is enriched with endogenous CO2 gas contributions, and this
well more deeply exploits the aquifer.

2.2. Sampling Methodology

All the samples from the preliminary campaign were taken between November 2008
and February 2009, including the golf course irrigation water (both from a pond and
directly from a sprinkler). The soil leachate from a lysimeter installed in the golf course
was taken when available water allowed recovery of water. Groundwater was sampled
from the water gallery (two samples), the borehole, and 13 wells. The groundwater from
wells and the borehole was sampled after waiting at least 15 min to obtain representative
samples from the aquifer.

After studying the preliminary results, longer sampling was designed in an attempt to
identify seasonal variation in 2009. The water used for irrigation and from the soil leachate,
the water gallery, and five wells were selected to complete a wider study by taking samples
quarterly per year.

Samples were taken in 1-litre amber glass bottles with Teflon caps, maintained imme-
diately in cold, and analyzed within the next 48 h in the Analytical Chemistry Laboratory
at the University of Las Palmas de Gran Canaria (Spain).

2.3. Reagents, Instrumentation, and Analytical Procedure

The selected analytes were atenolol (β-blocker), metamizole (analgesic), fluoxetine
(antidepressant), ibuprofen (anti-inflammatory), nicotine (psycho-active drug), permethrin
(antiparasitic), caffeine (stimulant), and their metabolite paraxanthine. They were obtained
from Sigma-Aldrich (Madrid, Spain). Stock solutions (1000 mg·mL−1) were prepared in
methanol and stored in glass-stoppered bottles at 4 ◦C prior to use.

The solid-phase extraction procedure (SPE) was employed prior to determining by
liquid chromatography–electrospray ionization tandem mass spectrometry (HPLC–ESI–
MS/MS) before isolating and preconcentrating the target analytes from samples. All
the parameters that affected the extraction and elution of compounds were studied and
optimized to obtain the maximum extraction yields. The optimum conditions for extracting
the selected pharmaceuticals were the following: Oasis Hydrophilic-Lipophilic Balance
cartridge (HLB), 200 mL of sample at pH 8, flow pass at 10 mL·min−1. For the elution,
2 mL of methanol passing at 10 mL·min−1 were employed to obtain a preconcentration
factor of 100.
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Then, a Varian 320-MS triple quadrupole system, equipped with an electrospray ion-
ization (ESI) interface, was employed to identify and quantify compounds. The detection
conditions for each compound, established by direct infusion of pure standard, are shown
in the Supplementary Material (Table S1). For chromatographic separation purposes, a
Waters Sunfire C18 3.0 × 100 mm (3.5 µm particle size) stationary phase and a mobile phase
consisting of methanol and water with 0.2% (v/v) formic acid and 5 mM of ammonium for-
mate were used. The flow rate was 0.2 mL/min and the sample volume injected was 10 µl.
LC–MS-grade methanol, LC–MS grade water, formic acid, and ammonium formate were
obtained from Panreac Química (Barcelona, Spain), while 200-mg Oasis HLB cartridges
were obtained from Waters (Madrid, Spain).

Having optimized the extraction, separation, and detection procedure, the figures
of merit (linearity, precision, limits of detection/quantification) were calculated (Supple-
mentary Material, Table S2) to validate the determination of the target pharmaceuticals in
the water samples. The external calibration curves within the 1–500 ng·L−1 range offered
higher linear correlation coefficients than 0.995 for all the target compounds. To evalu-
ate precision, six replicates were performed. The obtained values, expressed as relative
standard deviation (RSD, %), ranged from 4.4 to 16.1%. Limits of detection (LODs) and
limits of quantification (LOQs) were obtained from the signal and noise ratio (S/N) corre-
sponding to the lowest concentration of the calibration curve by assuming the minimum
detectable S/N levels of 3 and 10, respectively. The LODs and LOQs fell within the 2.9–39.4
to 9.5–131.2 ng·L−1 range, respectively.

3. Results
3.1. Initial Sampling Campaign Results

In the preliminary field survey, 14 wells, the water gallery, and a borehole (Figure 1)
were sampled. The golf course irrigation water, taken from the pond and directly from a
sprinkler, as well as the water from a lysimeter (soil leachate), were also analyzed. The
results are shown in Table 1.

Table 1. Occurrence of target analytes (ng·L−1) during the initial sampling campaign (nd: not detected).

Nicotine Atenolol Metamizole Paraxanthine Caffeine Fluoxetine

Irrigation water
(sprinkler) 132.6 ± 9.0 208.7 ± 17.6 nd 158.0 ± 13.3 116.1 ± 6.8 126.7 ± 16.1

Irrigation water
(pond) 102.0 ± 6.9 57.0 ± 4.8 nd 45.4 ± 3.8 38.1 ± 2.2 35.7 ± 4.5

Lysimeter water 180.3 ± 12.3 nd nd 153.9 ± 12.9 167.0 ± 9.9 28.8 ± 3.7
Gallery (Autumn) 68.7 ± 4.7 6.9 ± 0.6 nd 39.9 ± 3.4 21.8 ± 1.3 nd
Gallery (Winter) 32.3 ± 2.2 8.2 ± 0.7 nd 11.8 ± 1.0 10.4 ± 0.6 nd

Borehole 71.5 ± 4.9 34.8 ± 2.9 nd 193.0 ± 16.2 36.7 ± 2.2 21.5 ± 2.7
Well 1 45.0 ± 3.1 nd nd 40.1 ± 3.4 29.9 ± 1.8 nd
Well 2 36.7 ± 2.5 nd 3.3 ± 0.1 nd nd nd
Well 3 23.2 ± 1.6 nd nd nd 19.6 ± 1.2 nd
Well 4 nd 4.3 ± 0.4 nd 13.5 ± 1.1 37.7 ± 2.2 nd
Well 5 nd nd nd nd nd nd
Well 6 43.5 ± 3.0 23.6 ± 2.0 nd 65.3 ± 5.5 3.3 ± 0.2 nd
Well 7 73.9 ± 5.0 nd nd 33.9 ± 2.9 35.7 ± 2.1 nd
Well 8 58.1 ± 4.0 18.4 ± 1.6 16.0 ± 0.7 49.4 ± 4.2 26.4 ± 1.6 47.2 ± 6.0
Well 9 113.6 ± 7.7 21.4 ± 1.8 33.3 ± 1.5 89.5 ± 7.5 14.1 ± 0.8 34.1 ± 4.3

Well 10 111.9 ± 7.6 67.7 ± 5.7 15.1 ± 0.7 22.3 ± 1.9 44.9 ± 2.6 59.2 ± 7.5
Well 11 108.7 ± 7.4 9.1 ± 0.8 nd 144.2 ± 12.1 38.3 ± 2.3 nd
Well 12 40.8 ± 2.8 nd nd nd nd nd
Well 13 110.6 ± 7.5 38.1 ± 3.2 nd 146.6 ± 12.3 39.2 ± 2.3 nd
Well 14 35.5 ± 2.4 nd nd nd nd nd
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All the studied analytes were detected in wells at concentrations ranging from 3.3 to
146.6 ng·L−1. The irrigation water sampled directly from the sprinkler and in the stored
pond showed high concentrations of the target compounds, except for metamizole. Four of
the target analytes were found in the lysimeter sample, most at relevant concentrations
(nicotine at 180.3 ng·L−1, paraxanthine at 153.9 ng·L−1, and caffeine at 167.0 ng·L−1).

3.2. The 1-Year Monitoring Results

Five wells located in the Las Goteras ravine were selected to form a 1-year monitoring
network. This selection was made by mainly attending to their relation to the groundwater
flow line through the ravine, which seems to recover water from golf course irrigation.
The results of the pharmaceutical contaminants in groundwater, analyzed during the first
sampling campaign, were also considered. Wells 9 and 10 showed the highest concentra-
tions during the initial sampling campaign. These wells were not included in the network
because they were considered to receive contaminants from other additional sources, and
the irrigation returns of the golf course were not the main source. The irrigation water from
the sprinkler and the water from the lysimeter were also monitored. Samples were taken
every 3 months, and the obtained results are shown in Table 2.

Table 2. Seasonal occurrence of the target analytes (ng·L−1) in the selected samples (nd: not detected).

Date Nicotine Atenolol Metamizole Paraxanthine Caffeine Fluoxetine

Irrigation water
(sprinkler) 03/11/09 143.2 ± 9.7 58.1 ± 4.9 nd 108.3 ± 9.1 104.6 ± 6.2 67.7 ± 8.6

Lysimeter 02/03/09 947.0 ± 64.4 nd nd nd 293.0 ± 17.3 nd

12/03/09 1344.1 ±
91.4 nd nd 52.0 ± 4.4 291.9 ± 17.2 nd

Water gallery
07/05/09 63.7 ± 4.3 1.7 ± 0.1 nd 49.8 ± 4.2 148.1 ± 8.7 nd
14/07/09 95.8 ± 6.5 nd nd nd 21.5 ± 1.3 nd
03/11/09 143.2 ± 9.7 11.2 ± 0.9 nd 14.5 ± 1.2 115.6 ± 6.8 nd

Well 3
29/04/09 39.0 ± 2.7 nd nd nd 33.7 ± 2.0 nd
29/07/09 27.9 ± 1.9 nd nd nd 101.7 ± 6.0 nd

Well 4
29/04/09 64.6 ± 4.4 nd nd 6.6 ± 0.6 53.6 ± 3.2 nd
13/07/09 36.5 ± 2.5 nd nd nd 17.3 ± 1.0 nd
03/11/09 54.1 ± 3.7 8.6 ± 0.7 nd nd 24.9 ± 1.5 57.6 ± 7.3

Well 5
29/04/09 64.8 ± 4.4 nd nd nd 17.7 ± 1.0 nd
13/07/09 49.7 ± 3.4 2.8 ± 0.2 nd 15.9 ± 1.3 41.4 ± 2.4 nd
03/11/09 47.4 ± 3.2 nd nd nd 103.0 ± 6.1 nd

Well 6
29/04/09 55.6 ± 3.8 nd nd nd 30.9 ± 1.8 nd
13/07/09 92.3 ± 6.3 nd nd nd 32.1 ± 1.9 nd
03/11/09 58.5 ± 4.0 nd nd nd 22.0 ± 1.3 52.6 ± 6.7

Well 8
29/04/09 71.6 ± 4.9 5.0 ± 0.4 nd 33.0 ± 2.8 76.4 ± 4.5 nd
13/07/09 39.6 ± 2.7 nd nd nd 19.6 ± 1.2 nd
03/11/09 59.2 ± 4.0 nd nd 15.1 ± 1.3 73.3 ± 4.3 nd

In the sampled wells, all the studied analytes were detected except for permethrin and
metamizole. Figure 2 shows the graphical representation of the results for wells and gallery,
where caffeine and nicotine were the most ubiquitous compounds, which confirmed their
high and varied use. Moreover, these two compounds presented high concentrations
throughout the year. The same occurred in the sample from the gallery. Finally, atenolol,
paraxanthine, and fluoxetine were not detected throughout samplings.
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4. Discussion

Higher concentrations of compounds were found in the irrigation water sampled in
the sprinkler than in the irrigation water sampled in the pond. The natural degradation of
compounds is probably due to UV impacting on the pond surface (the sampling point),
which could explain this result. Soil water was represented by the lysimeter samples, but
it must be highlighted that the lysimeter only recovered water when soil field capacity
was exceeded. Excess irrigation water was estimated at about 83% in Estevez et al. [27].
This excessive amount of reclaimed water used for golf course irrigation explains the
similar concentrations measured in both irrigation water and the lysimeter during the
initial sampling campaign.

After the water manager decided to apply lower irrigation water doses, the soil lixivi-
ate sampled during all the following campaigns showed higher values than irrigation water,
except for atenolol and fluoxetine. The accumulated adsorption of mobile compounds
in soil when no water moved out of the root profile, followed by desorption processes
coinciding with rainfall events, can explain these results. Although atenolol has a low
adsorption capacity in clay minerals, a cation exchange-based adsorption mechanism has
been described [28]. Its adsorption coefficients are positively related to oxidable organic
carbon content, cation exchange capacity, basic cation saturation, salinity, clay content, or
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silt content [29], parameters with high values in the studied soils. Despite fluoxetine being
shown to resist microbial degradation in soil, it presents a high log octanol/water partition
coefficient (KOW) of 4.05 [30]. Therefore, a finding of undetected fluoxetine concentrations
in soil lixiviate is a consistent result. A previous study [4] demonstrated that pharma-
ceutical compound adsorption in volcanic areas not only responds to the soil properties
commonly cited in adsorption studies, but also depends on andic properties, sorbent
concentration, and dissolved organic carbon, the higher values of which are related to the
lower distribution coefficient (Kd) and maximum adsorption capacity (Smax). Therefore,
further studies are recommended to understand mobility processes of pharmaceutical
compounds in volcanic soils. In the wells of the Las Goteras ravine, the contents of the
analyzed compounds increased in the groundwater flow direction. This finding cannot be
attributed only to golf course irrigation, but also to groundwater enrichment in emerging
contaminants from different polluting sources, such as irrigation returns flows, septic tanks,
or sewage system leaks [3], as pointed out in [9]. Thus, well 9 and well 10 had the high-
est concentrations, which coincides with the hydrogeochemical groundwater evolution
made in the area, as reported in [5]. As indicated before, groundwater salinity increased
towards the coast in the same way as emerging contaminants did. Well 6 is the deepest
well in the network, and receives volcanic CO2 contribution. This fact does not affect the
existence of the compounds determined in its samples, which is attributed to the existence
of preferential paths that are very common in volcanic terrains.

Nicotine and caffeine appeared in almost all the well samples, while atenolol and
paraxanthine were found in at least half the samples. Atenolol has already been mentioned
to present low adsorption capacity. In a study of emerging contaminants uptaken by two
soils from Puerto Rico [31], paraxanthine was adsorbed only in the multicomponent test
(probably only as a coadsorbate) and small amounts of caffeine were adsorbed. Thus, it is
not unusual that soils fail in the retention processes of these compounds. During the initial
campaign, metamizole and fluoxetine were detected only in four wells at concentrations up
to 33.3 and 59.2 ng·L−1, respectively. These compounds were sporadically measured also
in the control network. As fluoxetine presents a high log KOW, low concentrations in water
and, therefore, low detection occurrence, can be expected. Only particular contamination
events accompanied by preferential paths flow could explain these results. Figure 2 allows
us to deduce the higher caffeine and nicotine values in the spring and autumn samples.
The water gallery samples, especially, show a rise in the nicotine values from the first
sampling to the last one (November 2009). Metamizole was absent in all these samples and
had very low values during the first campaign. Degradation and adsorption phenomena
through soil and the unsaturated zone could explain this result.

Nevertheless, if results are considered as a whole, they do not allow us to indicate any
clear seasonal trend, but suggest the need to contemplate other factors, such as rainfall
quantity, which is higher in autumn/winter. Atenolol and paraxanthine were more frequent
in winter, which could suggest the unsaturated zone being quickly washed during the
rainy season, and would be consistent with their aforementioned low adsorptions. In short,
it would seem that the different behaviors of the analyzed compounds in soil, the vadose,
and the unsaturated zone could play an important role in the results, and these aspects
must be better studied.

Another aspect to consider is the comparison made of the results herein presented and
the determinations made by the Analytical Chemistry at Laboratory the University of Jaén
(UJ). These data, among many other determinations, are included in [9]. Nicotine, caffeine,
and atenolol were analyzed in both laboratories with samples taken on the same day
during the July and November 2009 campaigns (Figure 3). The analyses carried out at the
University of Jaén also employed LC coupled to mass spectrometry, specifically with a time
of flight (TOF) detector after using Oasis HLB SPE cartridges and methanol as an eluent.
Regarding validation parameters in the UJ laboratory, seven replicates were performed to
evaluate precision, obtaining good RSD (%) as well as good recovery rates. The obtained
RSD values for atenolol, caffeine, and nicotine were 5.7, 9.1, and 15.6 %. The LODs and
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LOQs fell within the 0.2–1.5 to 0.5–5 ng·L−1 range, respectively. pH was not adjusted as
in the present study, so it could infer some differences in the retention of analytes in the
cartridge. Moreover, when comparing the results obtained between laboratories, the trace
levels at which the target analytes are measured must be considered.
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for each campaign.

As observed in the comparison between the determinations by the two laboratories
(Figure 3), most of the ULPGC laboratory values were higher than those from the UJ,
especially for nicotine and caffeine. The results for atenolol were not as clear, and this
pharmaceutical compound probably presented problems while treating samples in relation
to either the retention or elution from the cartridge. In both cases, samples were taken
in 1-litre amber glass bottles with Teflon caps, but differences were attributed to the time
between sampling and the analysis, and to the sample conservation conditions during
transport. In the ULPGC laboratory, samples were analyzed within 48 h of the sampling
day and were immediately refrigerated. The samples for the UJ laboratory were sent by
urgent mail services inside ex-profeso designed containers. Nevertheless, the transport
from the island to the UJ could take 3 days at the best, and cold storage could not be
guaranteed. Once samples arrived at the UJ laboratory, they were frozen and analyzed
as soon as possible. Therefore, it is preferable to follow an in-situ solid-phase extraction
procedure for isolated zones to isolate and preconcentrate the target analytes from samples,
and then transport the obtained cartridges (with the concentrated samples) to the lab.

5. Conclusions

The optimized SPE–HPLC–ESI–MS/MS procedure allowed us to determine the tar-
get pharmaceutical compounds from different water samples in a simple, reliable, and
rapid way.

Although reclaimed water is an important resource in dry regions, such as the Canary
Islands, and even soil and the unsaturated zone can favor the natural removal of some
pollutants, the presence of pharmaceutical residue must be controlled to evaluate the
sustainability of reuse.
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The presented study shows how previous hydrogeological studies must be carried
out to better understand the behavior of pharmaceutical contaminants in aquifers. Almost
all the analytes were detected while monitoring was carried out in the irrigation water
and groundwater from the studied hydrological basin in the NE area on the Gran Canaria
Island (Spain). A limited environmental risk was detected as low concentrations of phar-
maceuticals were measured in the sampled wells, but they were always below 60 ng·L−1

(lower than those detected for caffeine and nicotine concentrations). Wide variations for
the same well were measured between sampling campaigns, and also among different
wells. In this area, it was not possible to establish the origin of the detected contamination
in the aquifer, because it integrates different sources of water, in addition to the reclaimed
water returns from the golf course irrigation, such as the septic tanks located along the
ravine, water from breaks in the sewerage network, and irrigation returns of reclaimed
water from neighboring small farms.

The comparison between the results from the two laboratories points to the importance
of sample conservation during transport and the need to perform analyses immediately, but
a set of representative samples through time should be analyzed to confirm this hypothesis.
Another possibility is to follow an in-situ solid-phase extraction procedure to isolate and
concentrate analytes from samples and to transport the obtained cartridges to the lab.

Supplementary Materials: The following are available online at https://www.mdpi.com/2073-444
1/13/3/262/s1, Table S1: Mass spectrometer parameters for the detection of target analytes, Table S2:
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with shallow aquifers: A case study of Horní Beřkovice, Czech Republic. Water 2017, 9, 218. [CrossRef]

17. Kibuye, F.A.; Gall, H.E.; Elkin, K.R.; Ayers, B.; Veith, T.L.; Miller, M.; Jacob, S.; Hayden, K.R.; Watson, J.E.; Elliott, H.A. Fate of
pharmaceuticals in a spray-irrigation system: From wastewater to groundwater. Sci. Total Environ. 2019, 654, 197–208. [CrossRef]
[PubMed]

18. Lyu, S.; Chen, W.; Qian, J.; Wen, X.; Xu, J. Prioritizing environmental risks of pharmaceuticals and personal care products in
reclaimed water on urban green space in Beijing. Sci. Total Environ. 2019, 697. [CrossRef]

19. Turner, R.D.R.; Warne, M.S.J.; Dawes, L.A.; Thompson, K.; Will, G.D. Greywater irrigation as a source of organic micro-pollutants
to shallow groundwater and nearby surface water. Sci. Total Environ. 2019, 669, 570–578. [CrossRef]

20. Moreau, M.; Hadfield, J.; Hughey, J.; Sanders, F.; Lapworth, D.J.; White, D.; Civil, W. A baseline assessment of emerging organic
contaminants in New Zealand groundwater. Sci. Total Environ. 2019, 686, 425–439. [CrossRef]

21. Close, M.E.; Humphries, B.; Northcott, G. Outcomes of the first combined national survey of pesticides and emerging organic
contaminants (EOCs) in groundwater in New Zealand 2018. Sci. Total Environ. 2021, 754. [CrossRef]

22. Cruz-Fuentes, T.; Heredia, J.; Cabrera, M.C.; Custodio, E. Behaviour of a small sedimentary volcanic aquifer receiving irrigation
return flows: La Aldea, Gran Canaria, Canary Islands (Spain)|Fonctionnement d’un petit aquifère volcano-sédimentaire
bénéficiant de l’excédent d’eaux d’irrigation: La Aldea, Grande, C. Hydrogeol. J. 2014, 22, 865–882. [CrossRef]

23. Cruz-Fuentes, T.; Cabrera, M.D.C.; Heredia, J.; Custodio, E. Groundwater salinity and hydrochemical processes in the volcano-
sedimentary aquifer of La Aldea, Gran Canaria, Canary Islands, Spain. Sci. Total Environ. 2014, 484, 154–166. [CrossRef]
[PubMed]

24. Hansen, A.; Moreno, C. El Gran Volcán. La Caldera y el Pico de Bandama; Cabildo de Gran Canaria: Las Palmas de Gran Canaria,
Spain, 2008; p. 359.

25. Ministerio de Agricultura, Pesca y Alimentación, Las Palmas de Gran Canaria, Spain. Available online: http://eportal.mapa.gob.
es/websiar/ResultadoConsultaDatos.aspx (accessed on 1 September 2020).

26. Cabrera, M.C.; Palacios, M.P.; Estévez, E.; Cruz, T.; Hernández-Moreno, J.M.; Fernández-Vera, J.R. The reuse of regenerated
water for irrigation of a golf course: Evolution geochemistry and probable affection to a volcanic aquifer (Canary Islands)|La
reutilización de aguas regeneradas para riego de un campo de golf: Evolución geoquímica y probable af. Bol. Geol. Min. 2009,
120, 543–552.

27. Estevez, E.; Cabrera, M.C.; Fernandez-Vera, J.R.; Hernandez-Moreno, J.M.; Mendoza-Grimon, V.; Palacios-Diaz, M.P. Twenty-five
years using reclaimed water to irrigate a golf course in gran canaria|Veinticinco años regando con agua depurada un campo de
golf en gran canaria. Spanish J. Agric. Res. 2010, 8. [CrossRef]

28. Chang, P.-H.; Jiang, W.-T.; Sarkar, B.; Wang, W.; Li, Z. The triple mechanisms of atenolol adsorption on ca-montmorillonite:
Implication in pharmaceutical wastewater treatment. Materials 2019, 12, 2858. [CrossRef]

29. Kodesova, R.; Kocarek, M.; Klement, A.; Fer, M.; Golovko, O.; Grabic, R.; Jaksik, O. Impact of soil properties on selected
pharmaceuticals adsorption in soils. In Geophysical Research Abstracts; EGU2014-6736-1; EGU General Assembly: Vienna, Austria,
2014; Volume 16.

http://doi.org/10.2166/wpt.2008.049
http://doi.org/10.2166/wst.2012.290
http://doi.org/10.1016/j.chemosphere.2016.03.136
http://doi.org/10.1016/j.scitotenv.2012.06.031
http://doi.org/10.1111/jawr.12160
https://www.boe.es/eli/es/rd/2007/12/07/1620
http://doi.org/10.2166/wrd.2013.003
http://doi.org/10.1016/j.watres.2014.11.034
http://www.ncbi.nlm.nih.gov/pubmed/25497426
http://doi.org/10.1016/j.jhazmat.2012.07.032
http://www.ncbi.nlm.nih.gov/pubmed/22877748
http://doi.org/10.1016/j.scitotenv.2016.12.185
http://www.ncbi.nlm.nih.gov/pubmed/28073640
http://doi.org/10.3390/w9030218
http://doi.org/10.1016/j.scitotenv.2018.10.442
http://www.ncbi.nlm.nih.gov/pubmed/30445321
http://doi.org/10.1016/j.scitotenv.2019.133850
http://doi.org/10.1016/j.scitotenv.2019.03.073
http://doi.org/10.1016/j.scitotenv.2019.05.210
http://doi.org/10.1016/j.scitotenv.2020.142005
http://doi.org/10.1007/s10040-013-1094-9
http://doi.org/10.1016/j.scitotenv.2014.03.041
http://www.ncbi.nlm.nih.gov/pubmed/24698802
http://eportal.mapa.gob.es/websiar/ResultadoConsultaDatos.aspx
http://eportal.mapa.gob.es/websiar/ResultadoConsultaDatos.aspx
http://doi.org/10.5424/sjar/201008S2-1353
http://doi.org/10.3390/ma12182858


Water 2021, 13, 262 12 of 12

30. Monteiro, S.C.; Boxall, A.B.A. Factors affecting the degradation of pharmaceuticals in agricultural soils. Environ. Toxicol. Chem.
2009, 28, 2546–2554. [CrossRef]

31. Flores-Mangual, M.L.; Hernández-Maldonado, A.J.; Ortíz-Martínez, K.; Quiñones, N.P. Emerging contaminants uptake by an
Ultisol and a Vertisol from Puerto Rico. Agrosyst. Geosci. Environ. 2020, 3, 1–9. [CrossRef]

http://doi.org/10.1897/08-657.1
http://doi.org/10.1002/agg2.20022

	Introduction 
	Materials and Methods 
	Study Area 
	Sampling Methodology 
	Reagents, Instrumentation, and Analytical Procedure 

	Results 
	Initial Sampling Campaign Results 
	The 1-Year Monitoring Results 

	Discussion 
	Conclusions 
	References

