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The pandemic (COVID-19) had diverse effects on marine pollution. Throughout the lockdown periods, temporary
enhancements in water quality and biodiversity were observed due to reduced human activity and constraints on
travel and maritime transportation. The marine snail, Phorcus sauciatus, served as an indicator for marine
pollution, and samples were collected in Tenerife, Canary Islands, during various months in 2020. The findings

indicated that metal concentrations in Phorcus sauciatus were higher in February but declined in July and
December as a result of reduced tourist activity during the pandemic. This underscores the significance of
promoting sustainable tourism in the Canary Islands to mitigate high metal concentrations in the marine envi-
ronment. The COVID-19 pandemic had a positive impact on reducing metal concentrations in marine pollution,
underscoring the importance of adopting sustainable tourism practices to protect marine ecosystems.

1. Introduction

The COVID-19 pandemic, caused by the SARS-CoV-2 virus, was a
global event that began at the end of 2019 in the city of Wuhan, Hubei
province, China. Since then, it spread worldwide and has had a signifi-
cant impact on society, the economy, and public health. (Du et al., 2020;
Kumar et al., 2021; Lee, 2020). In order to curb the virus's spread, a
range of measures were put into place globally, including practices like
social distancing, mask-wearing, frequent handwashing, and the tem-
porary closure of non-essential activities. Moreover, large-scale vacci-
nation campaigns were undertaken to provide immunity to the
population against the virus (Castillo-Esparcia et al., 2020; Ciotti et al.,
2020; Khanna et al., 2020; Pokhrel and Chhetri, 2021; Suryasa et al.,
2021). The COVID-19 pandemic had a dual impact on marine pollution.
While the pandemic significantly influenced society and the economy,
its effects on marine pollution were intricate and differed from one re-
gion to another. On one hand, there were reports of favorable outcomes

in specific areas, attributable to reduced human activities and mobility
constraints. Throughout lockdowns and reduced travel and maritime
transportation, there were transient reductions in marine pollution. In
certain locations, improvements in water quality and biodiversity were
observed, as there was a decrease in sewage discharge and less plastic
contamination (Bashir et al., 2020; Chowdhury et al., 2021; Collins-
Kreiner and Ram, 2020; Contini and Costabile, 2020; De-la-Torre and
Aragaw, 2021; Du and Wang, 2020; Haryanto, 2020; He et al., 2020;
Khanna et al., 2020; Lopez-Bueno et al., 2020; Ntounis et al., 2022;
Sicard et al., 2020).

Phorcus sauciatus, this snail has the capacity to act as a bioindicator
for marine pollution due to its sensitivity to particular pollutants and
shifts in environmental conditions. These snails have close associations
with coastal environments, and their presence and population can pro-
vide insights into the overall health of the marine ecosystem. Several
studies have employed P. sauciatus and other snail species as bio-
indicators to assess water quality and contamination in coastal regions.
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For example, they have been used to examine heavy metal concentra-
tions in their tissues, which aids in evaluating chemical pollution within
these ecosystems. Furthermore, they have been employed to gauge the
impacts of organic contamination, such as hydrocarbons, on the marine
ecosystem. (Baptista et al., 2021; Bordbar et al., 2015; Boucetta et al.,
2019; Boulajfene et al., 2021, 2019; Dhiman and Pant, 2021; Ehlers
et al., 2022; Ezraneti, 2021; Lozano-Bilbao et al., 2021; Sousa et al.,
2021, 2019, 2018). Therefore, the use of the marine snail species Phorcus
sauciatus as a bioindicator of marine pollution during the COVID-19
pandemic period is of vital importance to assess how pollution has
changed during this time.

2. Material and methods

For this study, 15 samples of Phorcus sauciatus were collected in
each of the months of February, July, and December of 2020, the year of
the COVID-19 pandemic that began in March. The samples were
collected in La Punta de Hidalgo, Tenerife, Canary Islands, Spain
(Fig. 1).

2.1. Sampling

The analysis utilized five grams of muscle tissue extracted. To pre-
pare the samples, they were dried for twenty-four hours in an oven set at
70 °C. Following the drying process, the samples were subjected to a
muffle furnace at a temperature of 450 °C + 25 °C until they turned into
white ash. These ashes were then filtered and adjusted to a final volume
of 25 mL using a 1.5 % HNO3 solution. For the determination of the
samples, an analytical technique called Inductively Coupled Plasma
Optical Emission Spectrophotometry (ICP-OES) was employed. The
ICAP 6300 model (Duo Thermo Scientific, Waltham, MA, USA) with an
attached auto sampler (CETAX model ASX-520) was utilized for this
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purpose (Al, Fe, Cd, Pb, Li and Zn) (Lozano-Bilbao et al., 2022). To
ensure the accuracy of the measurements, a quality control solution was
employed after every ten samples. Additionally, the accuracy of the
analytical procedure was assessed by analyzing internationally recog-
nized standard reference materials, namely DORM-1 and DORM-5,
provided by the National Research Council of Canada. The recovery
rate achieved with these reference materials exceeded 97 %. To evaluate
the performance of the analytical method, blanks and standard reference
materials were analyzed alongside the samples. Several validation pa-
rameters were verified in this analytical method, including specificity,
precision (reproducibility), and accuracy (recovery). These parameters
were assessed using the above-mentioned reference materials, each
measured ten times under reproducibility conditions. The verification
procedure yielded the following results: the method exhibited specificity
as there were no spectral interferences observed for the studied metals;
precision was confirmed for all metals, with a HORRATR value below 2;
and accuracy was established by achieving a recovery rate of over 94 %
for all elements studied in the reference material. Thus, the method
employed met the criteria for accuracy (recovery), precision (repro-
ducibility), and specificity as specified in EC REGULATION No. 333/
2007.

2.2. Statistical analysis

To investigate potential differences in the content and relative
composition of heavy metals and trace metals among the samples, a
permutational multivariate analysis of variance (PERMANOVA) was
conducted using Euclidean distances. The study employed a one-way
design with the fixed factor of “date,” which had six levels of variation
(February, July, and December). The analysis included the following
variables: Al, Cd, Cu, Fe, Pb, Li, and Zn. For the analysis, 9999 permu-
tations of interchangeable units were utilized, and post hoc pairwise

£
e
-9
29°00"
36°00"
Tenerife
28°00"
Morocco 31°300°
0 25 50km
|
-18°00" -17°00" -16°00" -15°00" -14°00"
A Canary Islands 27°00"
0 100 200 km
|
-27°00" -22°300" -18°00" -13°300" -9°00"

Fig. 1. Sampling area of the anemone Anemonia sulcata during the six years of sampling.
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comparisons were performed to examine differences between significant
factors (p-value <0.05). The statistical packages PRIMER 7 and PER-
MANOVA b v.1.0.1 were employed for conducting the analysis
(Anderson and Ter Braak, 2003; Anderson, 2004).

3. Results and discussion

Table 1 displays the concentrations of metals and trace elements
discovered in Phorcus sauciatus. All P. sauciatus specimens exhibited an
average shell length of 1.9 + 0.2 cm. Notably, all specimens collected in
February exhibited higher concentrations of each of the analyzed
metals. In Table 2, we can observe significant disparities between
February and the other two months (July and December) for all metals.
Conversely, there were no significant variations in metal levels between
July and December. These outcomes signify a reduction in metal con-
centrations immediately following the COVID-19 pandemic. This
decrease can be attributed to a significant decline in tourism during this
period, as the Spanish government imposed travel restrictions from
other countries, leading to the closure of numerous hotels (Castillo-
Esparcia et al., 2020; Lopez-Bueno et al., 2020). P. sauciatus primarily
consumes algal propagules, and algae are known to be substantial ac-
cumulators of contaminants. Therefore, they are among the first or-
ganisms to accumulate pollution. During this period, there was a
significant reduction in the concentrations of heavy metals. As a result,
the algal propagules had lower levels of metals and trace elements.
Combined with the detoxification mechanisms inherent in mollusks, this
led to a sharp decrease in metal concentrations within P. sauciatus
(Bordbar et al., 2015; Conti and Finoia, 2010; Garnham et al., 1997;
Gaur and Rai, 2001; Lozano-Bilbao et al., 2023; Sousa et al., 2018; Yanes
et al., 2018; Zeraatkar et al., 2016). It is plausible that, during the
pandemic, certain sources of metal pollution, such as industrial emis-
sions and maritime traffic, experienced temporary reductions due to
lockdown measures and economic activity restrictions. This, in turn,
could have led to a decline in the influx of specific metals into the ocean
within particular regions (Ali and Islam, 2020; De-la-Torre and Aragaw,
2021; Rodriguez-Antén and Alonso-Almeida, 2020; Villeneuve and
Goldberg, 2020; Wang et al., 2022).

These results highlight the fact that anthropogenic pressure, espe-
cially from excessive tourism, significantly impacts marine ecosystems
by releasing substantial quantities of compounds into the ocean.
Therefore, it is essential for the Canary Islands to adopt sustainable
tourism practices. While this may be challenging since the region
heavily relies on tourism, the high density of tourists could lead to severe
consequences for the ecosystems. Hence, sustainable tourism in the
Canary Islands would entail an approach aimed at minimizing envi-
ronmental impact and maximizing socio-economic benefits for local
communities. The Canary Islands, with their rich biodiversity and

Table 1
Descriptive data of metal and trace element concentrations in mg/kg.
Al Zn Ccd Pb Fe Cu Li

February
Mean 63.30 12.68 0.384 0.089 36.99 11.61 15.18
Sd + 211 1.55 0.104 0.016 3.38 1.42 1.51
Min. 60.17 11.15 0.244 0.072 32.40 9.64 13.44
Max. 65.66 15.14 0.567 0.124 41.95 14.19 18.01
July
Mean 50.78 9.60 0.259 0.068 29.20 9.12 11.99
Sd + 1.51 0.50 0.029 0.006 2.01 0.85 0.82
Min. 48.87 8.92 0.198 0.058 25.92 7.71 10.91
Max. 52.33 10.18 0.295 0.074 32.07 10.17 13.01
December
Mean 51.03 9.64 0.262 0.068 29.32 9.13 12.05
Sd + 2.72 0.48 0.038 0.006 2.13 0.58 1.01
Min. 46.92 8.93 0.190 0.060 25.80 8.10 10.48
Max. 54.95 10.56 0.310 0.075 31.83 9.77 13.40
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unique landscapes, are a popular and internationally recognized tourist
destination (Baute Diaz et al., 2022; Hernandez Sanchez and Oskam,
2022; Mena-Nieto et al., 2021; Passafaro, 2020; Sharpley, 2020).

4. Conclusions

The concentrations of metals and trace elements in Phorcus sauciatus
were higher in February 2020. Metal concentrations in July and
December decreased indirectly due to the COVID-19 pandemic, as the
number of tourists on the island decreased. Additionally, the study
underscored the crucial role of P. sauciatus as a bioindicator for assessing
environmental conditions, particularly in coastal areas, owing to its
feeding habits and sensitivity to contaminants.

The research also emphasized the significant impact of anthropo-
genic pressure, primarily stemming from excessive tourism, on marine
ecosystems. The release of compounds into the ocean posed a notable
threat to these environments. Consequently, the adoption of sustainable
tourism practices in the Canary Islands is paramount. Despite the chal-
lenges associated with transitioning to sustainable tourism in a region
heavily reliant on tourism, it is essential to minimize environmental
impact while maximizing socio-economic benefits for local commu-
nities. The Canary Islands' unique biodiversity and landscapes
contribute to its status as a renowned international tourist destination,
further highlighting the urgency of implementing sustainable practices
to safeguard these invaluable ecosystems.

In conclusion, sustainable tourism in the Canary Islands is funda-
mental for mitigating high metal concentrations found in the region and
working toward their reduction.

Ethical approval

We confrmed that this manuscript has not been published elsewhere
and is not under consideration by another journal. Ethical approval and
Informed consent do not applicable for this study.

Consent to participate
Not applicable.
Consent to publish
Not applicable.
CRediT authorship contribution statement

Enrique Lozano-Bilbao: Writing — review & editing, Writing —
original draft, Visualization, Validation, Supervision, Software, Re-
sources, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Arturo Hardisson: Writing — review & editing,
Writing — original draft, Validation, Supervision, Resources, Project
administration, Investigation, Funding acquisition. Dailos Gonzalez-
Weller: Writing — original draft, Supervision, Software, Resources,
Project administration, Methodology, Funding acquisition, Formal
analysis, Data curation. Soraya Paz: Writing — review & editing, Writing
— original draft, Validation, Software, Resources, Methodology, Inves-
tigation, Formal analysis. Angel J. Gutiérrez: Writing — review &
editing, Writing — original draft, Visualization, Validation, Supervision,
Software, Resources, Project administration, Investigation, Funding
acquisition, Formal analysis.

Declaration of competing interest

All authors declare that the use of animals for this research complies
with the requirements of European legislation on the use of animals for
experimentation. All anemone samples have been taken with fishing
permits and permission from the Spanish ministry. Samples were



E. Lozano-Bilbao et al.

Marine Pollution Bulletin 207 (2024) 116917

Table 2

Pairwise data.
Groups Al Zn Cd Pb Fe Cu Li
February. July 0.002* 0.002* 0.003* 0.001* 0.001* 0.003* 0.001*
February. December 0.001* 0.001* 0.005* 0.002* 0.001* 0.003* 0.001*
July. December 0.824 0.811 0.931 0.932 0.743 0.814 0.906

obtained from broodstock captured, so these organisms were not
slaughtered by the authors of this manuscript, therefore we faithfully
comply with the Code of Practice for Housing and Care of Animals Used
in Scientific Procedures.
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