l

Organiza Universidad ; n Univers
Catolica de ~_ Universitat d’Alacant B UNIVERSITAT»: Priversidad de iversi ig
\&j UCA | Yersioss CDeC M "\ R Valencia — Universidad de Alicante ‘@ BARCELONA oo cna e Univer Sldade\hgo

San Vicente Martir




GENERAL ORGANIZING COMMITTEE

Teodora Ortega Diaz (Universidad de Cadiz), Aridane Gonzalez Gonzalez (Universidad de Las Palmas de
Gran Canaria), David Gonzalez Santana (Universidad de Las Palmas de Gran Canaria), Rocio Ponce Alonso
(Universidad de Cédiz), Juan Santos Echeandia (Centro Oceanografico de Vigo, IEO-CSIC), Enrique Garcia
Luque (Universidad de Cadiz), Marina Pintado Herrera (Universidad de C&diz), Ana Sierra Padilla
(Universidad de Cadiz), Jairo Sdnchez Rodriguez (Universidad de Cadiz), Eva Capilla Garcia (Universidad
de Cadiz)

SCIENTIFIC COMMITTEE

Jesus Forja Pajares (Universidad de Cédiz), Julian Blasco Moreno (Instituto de Ciencias Marinas de Andalu-
cia (ICMAN), CSIC), Alexandra Cravo (Universidade do Algarve), Melchor Gonzalez Davila (Universidad de
Las Palmas de Gran Canaria), Victor Leén Ledén (Centro Oceanografico de Murcia, IEO-CSIC), Teodora
Ortega Diaz (Universidad de Cadiz), Magdalena Santana Casiano (Universidad de Las Palmas de Gran
Canaria), Ricardo Prego Reboredo (Instituto de Investigaciones Marinas, CSIC), Valentina Amaral Acosta
(Universidad de la Republica), Pablo Lara Martin (Universidad de Cadiz), Carlos E. Monteiro (Universidade
de Lisboa)

EDITORS

Teodora Ortega Diaz (Universidad de Cadiz), Aridane Gonzalez Gonzalez (Universidad de Las Palmas de
Gran Canaria), David Gonzalez Santana (Universidad de Las Palmas de Gran Canaria), Rocio Ponce Alonso
(Universidad de Cadiz), Juan Santos Echeandia (Centro Oceanografico de Vigo, IEO-CSIC), Enrique Garcia
Luque (Universidad de Cadiz), Marina Pintado Herrera (Universidad de Cadiz), Ana Sierra Padilla
(Universidad de Cadiz), Jairo Sdnchez Rodriguez (Universidad de Cadiz), Eva Capilla Garcia (Universidad
de Cadiz)

ISBN: 979-13-990198-8-9
Linckia

Abstracts Volume XXIII International Iberian Seminar on Marine Chemistry (SIQUIMAR)
held under umbrella of the X International Symposium on Marine Sciences, July 2026



In memoriam

Abelardo Gomez Parra

The scientific and academic community deeply
mourns the loss of Abelardo Gémez Parra, resear-
cher at the CSIC and professor at the University of
Cadiz, whose career has left an indelible mark on
the development of marine chemistry and Marine
Sciences in Spain. His passing leaves a void that is
diffiicult to express, but also an intellectual legacy
that will continue shaping new generations of
researchers.

For more than four decades, Lalo (as we all knew
him) devoted his life to the training of doctoral
candidates and students, guiding them with a
unique combination of scientific rigor, intellectual
honesty, and a generosity that transcended the
academic sphere. For those who had the privilege
of learning by his side, he was far more than a
professor: he was an ethical reference, a patient
mentor, and a colleague always willing to share his
time, his knowledge, and his enthusiasm for scien-
ce.

A pioneer in the field of marine biogeochemistry,
Lalo was one of the forerunners of marine chemis-
try in Spain, contributing decisively to the consoli-
dation of this discipline within the national scienti-
fic landscape. His vision, always ahead of its time,
propelled research lines that are now fundamental
for understanding the functioning of coastal and
oceanic ecosystems.

Together with Prof. Lépez Ruiz, he founded the
Iberian Seminar on Marine Chemistry (SIQUIMAR)
in 1983, a space he conceived as a meeting point
for chemical oceanographers across the peninsula.
Thanks to his drive, SIQUIMAR became an essen-
tial platform for scientific exchange and the place
where many young researchers took their first
steps. His collaborative spirit, his ability to bring
people together, and his conviction that science
advances best when shared remain the essence of
this seminar.

Lalo was, above all, a good person, supportive,
approachable, and profoundly humane. A loyal
friend to his colleagues and a constant source of
support for those beginning their careers. His
way of understanding science, as an exercise in
responsibility, honesty, and service to society, is a
lesson that will endure in all who knew him.

Today we do not wish to say goodbye. We prefer a
“see you always,” because his memory will
remain alive in his students, in his colleagues, in
the projects he inspired, and in every advance
built upon the foundations he helped establish.

With gratitude and deep affection, his scientific
family.
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Oceanic and coastal systems are increasingly influenced by the consequences of global
warming and increasing eutrophication. The oceans absorb a large fraction of the excess
heat generated by climate change, resulting in progressive deoxygenation and the
enhancement of microbial processes. In this context, microbial respiration plays a central
role as a primary driver of oceanic oxygen consumption, directly conditioned by both oxygen
availability and rising temperatures. During the past years we investigated the distribution
of oxygen along the water column and the impact of oxygen availability for the microbial
respiration in several oxygen minimum zones (OMZs) of the Pacific and Indian Oceans.
High-sensitivity in situ oxygen sensors provided detailed description of the vertical structure
of the OMZs. Our data revealed prevalent anoxic conditions in the cores of the North and
South Pacific OMZs, but a widespread distribution of low oxygen concentrations in the Bay
of Bengal OMZ, which only reached anoxia in sporadic, small water masses, remaining
otherwise hypoxic with just a few micromolar of oxygen. Using high-resolution sensors
during on-board incubations, we characterized the microbial respiration rates and the
affinity for oxygen of the community. Respiration rates varied throughout the water column
in response to vertical gradients in productivity and oxygen, with the highest rates
associated with the distribution of the phytoplankton community, peaking within the
oxycline and the upper anoxic layer. The affinity for oxygen for the community increased
when oxygen levels start to decrease in hypoxic waters but decrease under severe oxygen
limitation, suggesting a shift in microbial metabolic strategies. These results provide a
detailed characterization of microbial respiration dynamics and their interaction with
oxygen gradients in OMZs on a global scale, offering key insights into the role of microbial
communities in regulating oceanic oxygen distribution.

Acknowledgments: This research has been funded by the projects MAMBO
(PID2020-117340RA-100), OxyOcean (CNS2024-154750) and
MAMBO&CO (PID2024-1622960B-100) projects financed by the Spanish Research Agency
to EGR. IRH was funded by the PhD fellowship program of the University of Cadiz (Plan
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Estuarine systems are key interfaces in the global carbon cycle, where strong physical
gradients and biogeochemical processes regulate greenhouse gas (GHG) production,
transformation and exchange with the atmosphere. This study investigates the influence of
water column stratification on greenhouse gas dynamics and the isotopic composition of
dissolved inorganic carbon (6'°C-DIC) in the Guadalquivir Estuary (SW Iberian Peninsula), a
highly dynamic and anthropogenically influenced system. Samplings were carried out in
March 2026. The main objective is to assess how vertical stratification controls the
distribution and evolution of GHGs and to use 6'°C-DIC signatures as tracers of carbon
processing within the estuarine water column.

Results revealed clear spatial and vertical gradients linked to estuarine stratification. 6"°C-
DIC values decreased progressively toward the inner estuary and remained consistently
negative throughout the system, while GHG concentrations increased inward. In addition,
6'°C-DIC values were slightly more negative in surface waters than at depth, whereas pCO,
values were systematically higher at the surface compared to bottom waters. These patterns
suggest an increasing contribution of terrestrially derived and biologically respired carbon
toward the inner estuary, coupled with enhanced microbial degradation of organic matter
and reduced ventilation under stratified conditions. The more depleted surface 6"°C-DIC
signatures, together with elevated surface pCO,, likely reflect intense remineralization
processes and rapid exchange with the atmosphere in the upper water layer.

The combined analysis of GHG distributions and 6'°C-DIC highlights the importance of
physical structure in regulating carbon cycling within the estuary. Overall, this study
demonstrates that integrating greenhouse gas measurements with isotopic tracers provides
a powerful framework to resolve carbon dynamics in stratified estuarine systems.

Acknowledgments: This work was carried out in the marine stable isotopes laboratory of
the Marine Research Institute (INMAR) of University of Cadiz (EQC2021-007548-P). A.
Sierra was financed by Junta de Andalucia/CUIl and FSE+ under contract
DG POST 2024 00087. This work was supported by research projects FEDER-UCA-2024-
Al1-45 and PID2023-150230NB-C21.
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Coastal upwelling systems are highly dynamic environments where physical forcing and
biogeochemical processes drive strong variability in seawater chemistry. Inner estuarine
zones support productive fisheries and aquaculture activities, but are also highly vulnerable
to coastal acidification associated with anthropogenic pressures. Variations in pH and
carbonate saturation can negatively affect calcifying organisms and ecosystem functioning.
Despite extensive research on ocean acidification in open-ocean waters, the main drivers
controlling carbonate chemistry variability in estuarine systems remain poorly understood.
This study investigates the temporal variability of pH and acidification-related conditions in
the inner estuarine zones of the Ria de Vigo and the Ria de Muros-Noia (Galician Rias
Baixas, NW Iberian Peninsula), focusing on the influence of river discharge and coastal
upwelling. Sampling campaigns were conducted during 2023-2024 in the inner zones of
both rias. Measurements included temperature, salinity, pH, Chl-a, and DIC, while
additional carbon variables (TA, pCO2, and Qarag) were calculated from measured
parameters. River discharge data and a coastal upwelling index based on wind stress were
used to characterize the main physical forcing mechanisms. Statistical analyses evaluated
relationships between environmental drivers and carbonate variability. Results showed
strong seasonal variability primarily driven by freshwater inputs. River discharge emerged
as the dominant driver of salinity variability, regulating DIC, TA, pH, and Qarag through
estuarine mixing processes. During the wet season, low-salinity conditions were associated
with reduced buffering capacity, lower pH, lower Chl-a concentrations, and frequent
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aragonite undersaturation events, indicating enhanced vulnerability to coastal acidification.
In contrast, coastal upwelling exerted a weaker influence in the inner estuarine zones. The
Ria de Muros-Noia exhibited lower buffering capacity and more persistent undersaturated
conditions than the Ria de Vigo. Overall, this study highlights the key role of freshwater-
driven processes in shaping acidification-related variability in inner estuarine environments
under future climate-driven hydrological changes.
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Anthropogenic CO2 emissions are driving ocean acidification (IPCC, 2014). In coastal
environments, this process is further intensified by freshwater inputs and nutrient runoff,
among other factors, generating pH and salinity gradients (Hall et al., 2020). Decreases in
pH can alter phytoplankton community structure and metabolic rates, often enhancing
photosynthesis rates under high CO2 conditions depending on the species studied (Doney et
al., 2009). This study focuses on two estuaries of the Rias Baixas (NW Iberian Upwelling
System, Spain), the Ria de Vigo and the Ria de Muros-Noia, a region of socio-economic
importance as one of the main bivalve-producing areas in Europe (Labarta et al., 2004).
Over seventeen months, salinity, pH, pCO2, aragonite saturation state (QAragonite), total
and size-fractionated chlorophyll-a, photosynthetic efficiency, and metabolic rates (gross
and

net primary production, and respiration) were measured along spatial gradients in both
estuaries. Analyses based on monthly mean values for each station revealed distinct spatial
patterns in pH, salinity, and QAragonite, with lower values at inner stations and more
oceanic conditions toward outer stations. In contrast, pCO2 showed no consistent spatial
pattern. Biological trends along the gradients were only detected for total chlorophyll-a and
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the smallest size fraction (0.2-5pum) in the Ria de Vigo, both showing higher values at the
inner stations. A frequency analysis of maximum and minimum values used to identify the
most impacted areas revealed stronger acidic conditions at the inner stations of both
estuaries, particularly in Muros-Noia, with greater freshwater influence (minimum pH: 6.28
vs. 6.53 in Vigo). Total chlorophyll-a and net primary production showed the highest
frequency of maxima at intermediate stations. These results suggest that intermediate areas
may present more favourable environments, experiencing less intense and less frequent
decreases in pH and salinity associated with river discharge while still receiving sufficient
nutrient inputs to sustain high biological activity.
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Recent progress in satellite remote sensing and machine-learning techniques has enabled
the reconstruction of seawater partial pressure of carbon dioxide (pCO,,) and pH (pH;;,) in
the Canary Islands region (13-19° W; 27-30° N). Continuous observations collected between
2019 and 2024 from moored buoys and Voluntary Observing Ships (VOS) were combined
with satellite-derived thermal, biological and physical predictors to develop and validate
regional models. Different algorithms were evaluated, including multilinear regression
(MLR), neural networks (NN), categorical boosting (CatBoost) and bootstrap aggregation
(bagging). The bagging approach provided the best performance, with an RMSE of 2.0 patm
and R’ above 0.99 for pCO,,, and an RMSE of 0.002 for pH; . The reconstructed fields
revealed a marked increase in surface pCO,,, with a regional trend of 3.51 *+ 0.31 patm
yr', exceeding the atmospheric CO2 growth rate of 2.3 patm yr-!. At the same time, pH
decreased at a rate of -0.003 + 0.001 yr’, indicating ongoing acidification. These changes
were likely driven by the combined effect of rising atmospheric CO, and increasing sea
surface temperature, particularly during the exceptional 2023 marine heatwave. Overall,
the Canary Islands region evolved from a weak CO, source in 2019, emitting 0.90 Tg CO,
yr', to a stronger source in 2024, reaching 4.5 Tg CO, yr'. From 2022 onwards, eastern
areas that had previously behaved as annual CO, sinks shifted towards becoming net CO,
sources.

Acknowledgements: We thank the JONA SOPHIE, NISA Maritima and FRED OLSEN
EXPRESS shipping companies, their captains and crews, and Adridn Castro-Alamo for
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ORGANIC MATTER EFFECTS ON TOTAL ALKALINITY AND
CARBONATE SYSTEM ASSESSMENT IN THE BAY OF CADIZ
AND ITS INNER COASTAL SYSTEMS
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The presence of dissolved organic matter, in coastal and estuarine ecosystems exerts a
significant influence on total alkalinity. This contribution may lead to overestimations in
Total Alkalinity determinations and, consequently, to biases in the assessment of
acidification processes within these environments. The present study investigates the
influence of organic matter on the characterization of the inorganic carbon system in five
coastal environments located in the southern Iberian Peninsula: the inner and outer sectors
of the Bay of Cadiz, the Guadalete River estuary, the Sancti Petri tidal channel, and the Rio
San Pedro River tidal channel, under winter conditions. To quantify the contribution of
dissolved organic matter to total alkalinity (organic alkalinity), a methodology based on
three consecutive potentiometric titrations performed on the same sample was applied. This
analytical approach enabled the differentiation of the inorganic fraction of total alkalinity
from the organic contribution, as well as the estimation of the contribution of proton-active
organic compounds to the overall alkalinity signal.

Mean total alkalinity values ranged from 4875.2 pM in the Guadalete River estuary to
2659.4 pM in the outer Bay of Cadiz, whereas mean organic alkalinity values varied
between 121.5 pM in the Guadalete River estuary and 195.2 pM in the outer Bay of Cadiz.
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As a result, the relative contribution of organic alkalinity to Total Alkalinity ranged from
2.98% to 7.35%, respectively. The results demonstrate that organic alkalinity constitutes a
non-negligible fraction of total alkalinity in coastal and estuarine systems. Failure to account
for this fraction may lead to an overestimation of ecosystem buffering capacity and affect
the accurate evaluation of carbonate chemistry and acidification status. These findings
highlight the importance of quantifying DOM-derived alkalinity when characterizing the
inorganic carbon system in coastal and estuarine waters.

Acknowledgments: This work was supported by the contracts PID2023-150230NB-C21
and FEDER-UCA-2024-A1-45.
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The Biological Carbon Pump (BCP) exports 5-20 Gt C yr~! to the ocean interior, playing a
crucial role in the marine carbon cycle. In the Euphotic Zone (EZ), particulate organic
carbon (POC) fixed by phytoplankton is exported as downward POC fluxes (POC,,,) and
attenuated with depth due to remineralization and fragmentation processes carried out by
bacteria and zooplankton. Export Efficiency (Exp.s), the fraction of primary production (PP)
exported below the EZ, and Transfer Efficiency (T,y), the fraction of exported POC flux
reaching the Twilight Zone (TZ), are key metrics to quantify BCP strength.

Productive regions are expected to show marked seasonality in BCP metrics; however, few
time-series observations quantify this variability. Here, we compiled POC;,,, Exp.s and T
measurements from 2000-2023 at the Porcupine Abyssal Plain Observatory (PAP-Site, North
Atlantic) to characterize their seasonal evolution. Previous datasets were updated with new
measurements collected during the declining stage of the 2023 bloom (June-July) during the
APERO cruise. High-resolution POC,,, depth profiles were obtained using 2!°Pb-21°Po
disequilibrium and sediment traps, two established methods for determining downward POC
fluxes.

The analysis reveals clear seasonal patterns in BCP metrics. POCy,, declined throughout the
bloom, from 24 = 7 to 5.3 + 1.2 mmol C m~2 d-!, accompanied by a decrease in Exp.; from
23 £ 7% to 8 £ 2%. In contrast, T, increased from 9 = 3% to 25 £ 9% between early and
late bloom stages. This trend is consistent with the well-known succession of North Atlantic
phytoplankton communities: early bloom stages are dominated by fast-sinking, labile
diatom-rich aggregates that are efficiently exported from the EZ but strongly remineralized
in the TZ, whereas later stages are characterized by slower-sinking particles with lower
Exp.sbut greater resistance to remineralization, resulting in higher T,
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Ocean Alkalinity Enhancement (OAE) is a promising marine Carbon Dioxide Removal
strategy that increases seawater capacity to absorb atmospheric CO: as stable bicarbonate.
A key concern is whether added alkalinity disrupts the biological communities that underpin
ecosystem function. We assessed the impact of pH-equilibrated ocean alkalinization on
planktonic community structure and metabolism during an autumn mesocosm experiment at
ECIMAT (Ria de Vigo, NW Spain), 18-29 September 2025.

Twelve 1.5 m3® mesocosms were filled with coastal seawater; two served as untreated
controls (~2300 umol kg=! TA) and ten received a gradient of Limenet’s pH-equilibrated
calcium bicarbonate solution ranging from 2500 to 4300 pmol kg~!. Physical parameters
(temperature, irradiance) were held constant across all enclosures. Daily sampling over 12
days captured size-fractionated chlorophyll-a, community metabolism (GPP, CR, NCP via
Winkler O2 incubations), dissolved inorganic nutrients, and plankton composition via flow
cytometry, microscopy and PlanktoScope imaging. Alkalinity levels remained stable
throughout the experiment, with a mean standard deviation across treatments equivalent to
0.2% of the alkalinity value. In addition, no carbonate precipitation was observed,
confirming the chemical compatibility of Limenet’s solution with natural seawater.
Preliminary analysis indicates a broadly neutral to mildly stimulatory effect of OAE on
planktonic communities. Size-fractionated chlorophyll-a and gross primary production (GPP)
increased in the high-alkalinity treatments, particularly in large phytoplankton fractions,
and net community production (NCP) shifted towards more positive values, consistent with
findings from other CO:-equilibrated OAE mesocosm studies. Community respiration
showed a decreasing trend at the highest alkalinity levels, consistent with a “reduced
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respiratory costs” hypothesis in which a stabilized carbonate environment lowers the
metabolic burden of acid-base regulation, and/or a reduction in grazing pressure. No
adverse impacts on plankton community metabolism were detected across the full alkalinity
range tested (up to 4300 pmol kg~?). Full taxonomic and nutrient analyses are pending.
Acknowledgments: This research was funded by Limenet SRL under R&D contract
C0O-0077-2025 00VT (Universidade de Vigo - Limenet) and supported by the IRISCC project
(Horizon Europe, Grant Agreement No. 101131261), which provided transnational access to
international researchers and infrastructure. The authors thank the ECIMAT staff for
technical support during the mesocosm experiment.
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Acid mine drainage (AMD) from sulfide mining generates acidic, sulfate-rich waters
enriched in Fe, Al, metals and metalloids, affecting fluvial, estuarine and coastal
environments. In AMD-impacted estuaries, mixing between acidic continental waters and
seawater creates sharp physicochemical gradients that control contaminant mobility
through dilution, precipitation and reactive geochemical processes, including the formation
of secondary Fe and Al phases. This study evaluates the potential of UAS-based
hyperspectral imagery to identify hydro-optical mixing domains in the upper Odiel estuary,
SW Spain, a system strongly influenced by mining activity in the Iberian Pyrite Belt. Field
measurements of pH, electrical conductivity, salinity, redox potential, turbidity, dissolved
oxygen and alkalinity were combined with major ion concentrations and field spectroscopy.
Hyperspectral imagery was acquired using a UAS equipped with a Headwall VNIR-SWIR
sensor, while field spectra were collected with an Ocean Insight VNIR-SWIR spectrometer.
The analysis focused on the 400-850 nm range. After spectral smoothing and water
masking, a hydro-optical contrast index based on R550 600 and R700 730 was calculated.
The results reveal a clear hydrogeochemical gradient, with decreasing pH, salinity,
conductivity and alkalinity towards the most AMD-influenced waters, together with
increasing turbidity. The contrast index allowed the water surface to be classified into three
hydro-optical domains: Active Mixing, Transitional Water and Low-Turbidity domains.
Spearman correlations indicate that the spectral response reflects an integrated gradient
involving pH, turbidity, salinity, alkalinity and Mg. These results show that UAS
hyperspectral imagery provides an interpretable approach for mapping spatial
heterogeneity and active mixing processes in AMD-impacted estuaries (Ma et al., 2023).
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Upwelling in the Cape St. Vincent (CSV) region is a key driver of the physical and
biogeochemical dynamics of the western Iberian margin [1]. Nevertheless, the
predominantly discrete nature of conventional oceanographic surveys limits the
characterization of short-term and transient processes in the water column. To address this
gap this study explores data from a high-resolution, wave-powered vertical profiler (DMO
Wirewalker), deployed 10 nautical miles south of CSV at the IbMa-CSV station, which
provides continuous measurements of the upper 150 m of the water column. The data
acquired after its deployment (October 2025) were compared with CTD profiles of the
region obtained during a campaign conducted by IPMA onboard NRP D. Carlos I. These CTD
measurements were complemented with water samples taken for nutrient analyses. Results
highlight a clear upwelling event characterized by the vertical advection of cold, nutrient-
rich waters. At the peak of the event, a surface cooling to 17°C was observed, followed by
the development of a sub-surface chlorophyll-a maximum between 10-20 m depth, with
concentrations reaching 3.5 mg/m3. Nutrient profiles revealed a nutricline, with depleted
surface concentrations (0-30 m) corroborating active phytoplankton consumption, followed
by enrichment in depth by remineralization. This biogeochemical signature, typical of
upwelling events in the region [2,3], was reflected in oxygen supersaturation values
(>100%) at the surface layer (up to 20 m). During the subsequent relaxation, the data
captured rapid surface warming (202C) and the onset of thermal stratification with a less
pronounced vertical oxygen gradient, indicating a decline of phytoplankton activity. The
comparison with CTD profiles revealed a strong correlation (r > 0.90; p < 0.05) for
temperature, salinity and chlorophyll-a. The integration of these results demonstrates the
value of autonomous and continuous observation in capturing transient processes and
physico-chemical-biological coupling in areas of high primary productivity, associated with
upwelling events.
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The western Mediterranean Sea is a highly dynamic region where physical-biological
coupling associated with upper-layer circulation and mesoscale features strongly modulates
the marine carbonate system (MCS) and air-sea CO, exchange. In this study, we assess the
seasonal and interannual variability of surface physical and MCS properties across the
Alboran Sea and the eastern Iberian margin using a high-resolution observational dataset of
~160,000 data points collected between 2019 and 2024 through automatic underway
monitoring aboard a voluntary observing ship (VOS).

The results show that CO, fugacity (fCO,,) variability was mainly controlled by sea surface
temperature (SST). On seasonal timescales, SST explained 51-71% of the fCO,, increase
from winter to late summer, whereas total alkalinity and salinity had a comparatively minor
contribution (<20%). Processes affecting dissolved inorganic carbon partially counteracted
the thermally driven fCO,, increase, offsetting approximately 23-37% of the seasonal
change. On interannual timescales, the study period was characterized by intense warming
trends of 0.26 - 0.43 °C yr', substantially exceeding previous long-term estimates for the
region and driven by progressively warmer summers. The ongoing surface warming
contributed ~76-92% to the increase in fCO, ., of 4.18 to 5.53 patm yr', and consequently to
a decrease in pH of —0.005 to —0.007 units yr’.

2,5w

Despite the Alboran Sea and eastern Iberian margin acting as net annual atmospheric CO,
sinks (—=1.57 + 0.49 and —0.70 + 0.54 mol m” yr’l, respectively), this net sink behaviour has
weakened markedly since 2019. This reduction, estimated at approximately 40-80%, is
linked to the progressive strengthening of CO, outgassing during summer and/or the
weakening of CO, uptake during spring and autumn. These findings highlight the sensitivity



of semi-enclosed seas to rapid warming and underline the importance of sustained high-
resolution observations for detecting ongoing changes in coastal carbon cycling.
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Metal contamination represents a critical threat to biodiversity and public health due to its
toxicity, persistence, and bioaccumulation. The extraction of these elements from complex
matrices, such as saline waters, remains a significant challenge due to matrix interferences
and the limited availability of effective extractants. In this context, ionic liquids (ILs) offer a
superior alternative to conventional extractants due to their high stability and
functionalization capacity, which allows for the incorporation of specific chemical groups for
selective separation. This study evaluates the performance of a bifunctional ionic liquid (IL),
trioctylmethylammonium bis(2,4,4-trimethylpentyl)phosphinate (ALiCY). It was synthesized
via a metathesis reaction between its precursors, Aliquat 336 and Cyanex 272, in kerosene.
ALiCY combines two distinct extraction mechanisms: the anionic exchange characteristic of
Aliquat 336 and the selective coordination associated with Cyanex 272. A univariate study
examined the variables influencing the separation of Ag, Cd, Co, Cu, Mn, Ni, and Zn in
synthetic samples (30 g/L NaCl). The most suitable operational conditions were selected: pH
8, 0.19 mol/L ALiCY, 15 minutes of contact time, and a stirring speed of 40 rpm. Under
these conditions, the system achieve high extraction yields for Zn (96.0%), Mn (93.0%), Cu
(87.4%), Co (83.3%), and Cd (78.9%). Analysis of salinity effects revealed that increased
chloride concentrations favored the extraction of metals forming anionic chloro-complexes,
while hindering those relying on cationic coordination. Finally, the application in marine
matrices showed that the results were consistent with synthetic models, except for Co and
Ni, which decreased due to competition from Ca and Mg for coordination sites. These
results provide a fundamental understanding of how metal speciation and cationic
competition dictate the efficiency of bifunctional extractants in marine chemistry.
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The marine surface microlayer (SML) is the outermost layer of water bodies. It lies in
contact with the atmosphere, which enriches it with various chemical compounds, often
toxic and hazardous to marine organisms. The aim of this study was to compare the
contamination microlayer with polycyclic aromatic hydrocarbons (PAHs) and trace metals in
eight European seaports (Poland: Gdynia and Gdansk, Germany: Kiel; France: Brest, Spain:
Cadiz, Sweden: Malmo; Norway: Bodg and Bergen). Samples were collected on the R/V
Oceanograf during two cruises: 1) SEA EU (May 25 to July 14, 2022) and 2) SEA-EU 2.0
(June 5 to July 7, 2024). The microlayer was sampled with a Garrett mesh, and the
subsurface water was sampled with an oceanographic bucket. Trace metal analysis was
performed using ICP-Quadrupole-MS (Thermo Fisher Scientific®). The concentration of
selected PAHs (benzo(a)pyrene - B(a)P, benzo(a)anthracene - B(a)A, chrysene - CHRY,
fluoranthene - FLU, pyrene - PYR) was determined using high-performance liquid
chromatography (HPLC - Dionex UltiMate 3000) with a fluorescence detector (Dionex RF
2000). Anthropogenic activity in ports resulted in enrichment of the sea surface microlayer
(EF>1) in all analyzed PAHs and most of trace metals. The highest metal contamination of
SML (especially Zn and Co) was found in the Port of Malmo, and of PAHs in the Port of
Gdynia. The source of heavy metals in surface waters could be the abrasion of antifouling
paints used to protect ship hulls, daily port activities (sandblasting, ship cleaning, or
reloading of bulk materials) and land transport (tire wear and road surface abrasion). The
dominant source of PAHs in the microlayer was fuel combustion, especially Diesel. Coal and
wood combustion played also a significant role. PAHs concentrations in European ports
were often higher than in other regions of the world, justifying the need for future research
in these areas.
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Platinum (Pt) is a technology-critical element increasingly accumulating in the environment
due to widespread uses, with main emissions coming from automotive and industrial
catalytic converters and medical applications. In transitional and marine systems, Pt may
occur as nanoparticulate Pt(0) and ionic Pt(II)/Pt(IV), alongside inputs from Pt-based
anticancer compounds (e.g., cisplatin, carboplatin, oxaliplatin) that vary in solubility and
potentially release of Pt. Analytical limitations continue to constrain the understanding of Pt
speciation, environmental cycling, and associated risks. Stripping voltammetry (SV) has
advanced Pt biogeochemistry in recent years, and its combination with inductively coupled
plasma mass spectrometry (ICP-MS) has proven a useful strategy for understanding Pt
speciation. This approach distinguished truly soluble Pt species determined by SV from the
total Pt measured in the operationally dissolved fraction (<0.45 pm) of road dust leachates
and water samples by ICP-MS. Also, pairing SV with ecotoxicological assays to investigate
effects in saline and freshwater organisms (Artemia salina and Daphnia magna,
respectively) enabled assessing Pt and cis-Pt bioavailability, bioaccumulation, and toxicity,
including the influence of dissolved organic matter (DOM) in waters, mimicking patterns in
the environment that affect metal behaviour. Pt showed higher bioaccumulation than cis-Pt,
whereas cis-Pt exhibited greater toxicity, likely due to structural and detoxification
differences. Despite the analytical limitations towards Pt speciation in aquatic
environments, a multi-analytical approach is an effective framework for evaluating risks of
contaminants of emerging environmental concern.
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Methane stored in marine sediments represents an important component of the global
carbon cycle and a potential source of greenhouse gas emissions to the ocean and
atmosphere. Polar regions, particularly the Antarctic Peninsula, hosts methane reservoirs
that are highly sensitive to climate change; however, methane dynamics in Antarctic marine
sediments remain poorly understood because of the limited data available from the region.
Methane distribution was investigated in deep marine sediments along the Pacific margin of
the South Shetland Islands (SSPM), Antarctica. Sampling sites were selected based on their
potential association with methane emissions, including evidence of gas seepage and plume
signatures in the water column. Sediment samples were collected in January 2025 using
gravity cores with a maximum penetration depth of 130 cm. Methane concentrations were
quantified by gas chromatography (Bruker® GC-450) at the University of Cadiz. In addition,
sulfate concentrations were determined to constrain the depth of the sulfate-methane
transition zone (SMTZ) and its role in controlling methane dynamics within the sediment
column. Methane concentrations in the sediments ranged from 35.75 to 52.55 nM. Despite
evidence of gas seepage into the water column, the relatively moderate methane
concentrations detected in shallow sediments, together with sulfate profiles indicating a
deep SMTZ (3-10 mbsf), suggest that methane dynamics are mainly controlled by deeper
sedimentary processes not captured by the gravity cores. The results point to a decoupling
between deeper methane production zones and the shallow sedimentary layers and highly
focused methane seepage, leading to limited methane export from the sediment to the
overlaying water column away from seeping sites. These findings contribute to a better
understanding of methane cycling in Antarctic marine environments under ongoing climate
change.
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Predicting zinc (Zn) speciation across river to sea gradients requires binding parameters
that remain valid as pH, ionic strength, and dissolved organic matter (DOM) composition
change. Here, we present an intrinsic NICA-Donnan parameterization for Zn binding to
DOM isolated from the Ebro River catchment, estuary, and the coastal Mediterranean Sea.
Free Zn was measured directly by Absence of Gradients and Nernstian Equilibrium
Stripping (AGNES) during Zn titrations at pH 6, 7, and 8. Binding data were interpreted
with a proton constrained NICA-Donnan model using acid-base and Donnan parameters
previously obtained for the same DOM isolates (Macedo et al. 2026). The freshwater to
marine transition was associated not only with lower Zn binding capacity, but also with a
change in the controls on Zn speciation. River influenced DOM showed higher binding
capacity and two Zn binding distributions, whereas the marine endmember showed lower
capacity and one resolvable Zn binding mode. Conditional affinity spectra confirm the
thermodynamically expected result: at the low fractional site occupancy characteristic of
environmentally relevant Zn levels, binding is dominated by the highest affinity fraction of
the distribution. This explains why marine DOM produced higher free Zn under comparable
total Zn conditions. The main outcome is a parameterization that goes beyond titration
fitting. For specified total Zn, pH, DOM origin and concentration, and ionic strength, free Zn
can be calculated by solving the coupled NICA-Donnan equations and the Zn mass balance,
providing a mechanistic tool to evaluate Zn mobility, bioavailability, and potential toxicity
across freshwater to coastal gradients.
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For most trace metals, more than 95% of the dissolved fraction in the marine environment is
complexed with dissolved organic matter (DOM). As a result, its biogeochemical cycle,
bioavailability, and behaviour in coastal systems is regulated by the presence of these
organic molecules. Furthermore, this depends not only on its quantity but also on its quality,
since this pool is comprised by tenths thousands of compounds with different molecular
sizes and properties, such as metal affinity.

This study displays the levels of metals in different sites within the Ria de Vigo during a
year, as well as the organic speciation of Cu and Pb determined using electrochemical
techniques. These results are also linked to organic carbon (DOC) and the optical indices
(fluorescence and absorbance) of the coloured fraction of DOM (CDOM).

Preliminary results show that the amount and quality of DOM vary throughout the year and
depends on oceanographic, meteorological, and hydrological factors such as upwelling rates
(UI), heavy rainfall, and river discharge. During periods of heavy rainfall, humic organic
matter of terrestrial origin is the predominant type in the embayment. However, under
higher UI values, marine-derived organic matter prevails. Furthermore, DOC levels show a
strong correlation with the organic ligands of Cu and Pb and with dissolved cobalt and iron
levels.

This study confirms that both the levels and quality of organic matter control the levels of
dissolved metals in the Ria de Vigo, influencing their bioavailability for those that serve as
essential nutrients, such as cobalt or iron, or their toxicity for toxic metals, such as lead.
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The distribution and availability of dissolved inorganic nitrogen in the ocean are controlled
by complex biological and biogeochemical processes. Phytoplankton plays a role in the
transformation of N compounds, but it can also be an often-overlooked nitrogen reservoir,
being able to uptake and accumulate inorganic nitrogen intracellularly in vacuoles at higher
concentrations, thus changing the dynamics of the marine nitrogen cycle. Intracellular
nitrate (ICNO,) has been shown to support nitrogen assimilation in phototrophic eukaryotes,
such as diatoms, as well as energy conservation through dissimilatory nitrate reduction. The
aim of this study was to compare the nitrogen storage capacity of phytoplankton in two
contrasting ecosystems: the Southern Ocean and the Indian Ocean. To evaluate this storage
capacity, phytoplankton samples were collected in polar latitudes (Deception Island and
Bransfield Strait, austral summer of 2025), and tropical latitudes (Bay of Bengal, boreal
summer of 2025). Phytoplankton abundance and the concentrations of dissolved and ICNO,
and ammonium were measured in both study areas. Our results showed that diatoms were
the major group of both tropical and polar ecosystems. The internal N-pool could account
for more than half of the nitrogen pool within the surface waters of the Bay of Bengal, and
roughly 20% in Deception Island. Moreover, our results showed that, irrespective of cell
density, the Bransfield Strait and the deep chlorophyll maximum (DCM) of the Bay of Bengal
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exhibited significantly higher intracellular nitrate per chlorophyll concentrations than those
of Deception Island and the surface community of the Bay of Bengal, respectively. These
results highlight that intracellular nitrogen pools have been underestimated and represent a
crucial source of available nitrogen that may significantly alter global ocean nitrogen cycle
estimations.

Acknowledgments: This work was supported by the projects CNS2024-154750,
PID2024-1622960B-100 and PID2021-1257830B-100. Funding for the research cruise in the
Bay of Bengal was provided by the U.S. National Science Foundation (NSF) under awards
OCE-2319096 and OCE-2319098.

45



ORGANIC CARBON STORAGE ACROSS SEAGRASS AND
ADJACENT BARE SEDIMENTS IN TWO COASTAL SITES OF
THE CANARY ISLANDS: A BASELINE FOR BLUE CARBON
ASSESSMENT

Autores:
Jose R. Sierra-Salcedo, Instituto de Oceanografia y Cambio Global (IOCAG), Universidad de Las Palmas
de Gran Canaria (ULPGC), Las Palmas de Gran Canaria, SPAIN
Aridane G. Gonzdlez, Instituto de Oceanografia y Cambio Global (IOCAG), Universidad de Las Palmas de
Gran Canaria (ULPGC), Las Palmas de Gran Canaria, SPAIN
David Gonzdlez-Santana, Instituto de Oceanografia y Cambio Global (IOCAG), Universidad de Las Palmas
de Gran Canaria (ULPGC), Las Palmas de Gran Canaria, SPAIN
J. Magdalena Santana-Casiano, Instituto de Oceanografia y Cambio Global (IOCAG), Universidad de Las
Palmas de Gran Canaria (ULPGC), Las Palmas de Gran Canaria, SPAIN
Melchor Gonzdlez-Davila, Instituto de Oceanografia y Cambio Global (IOCAG), Universidad de Las Palmas
de Gran Canaria (ULPGC), Las Palmas de Gran Canaria, SPAIN
Topic: SIQUIMAR - Biogeochemical processes
Presenter Name: Jose Roberto Sierra Salcedo
Keywords: Blue carbon, Canary Islands, Carbon stock, Seagrass meadows

Seagrass meadows are major coastal carbon sinks recognized as effective blue carbon
ecosystems due to their capacity to store organic carbon (OC) in biomass and sediments.
Their contribution may extend beyond the vegetated footprint, as organic matter can be
redistributed to adjacent unvegetated sediments. This study assessed the spatial variability
of OC and organic matter in sediments from Cymodocea nodosa meadows and adjacent
unvegetated sandy areas at two coastal sites in the Canary Islands: El Pajar (Gran Canaria)
and Abades (Tenerife), to provide a baseline for blue carbon assessment in this poorly
resolved oceanic island setting. Surface sediments (0-2 cm) and cores (0-16 cm) were
analyzed using Walkley-Black (WB) wet oxidation and Loss on Ignition (LOI). Using WB,
TOC derived from wet oxidation in surface sediments ranged from 0.090 to 0.326% across
both sites, with generally higher values in seagrass sediments and stronger contrasts
between vegetated and unvegetated areas in Abades. TOC derived from LOI was ~80%
higher than WB estimates, following similar spatial patterns but amplifying habitat
differences. Sediment cores showed heterogeneous vertical distributions without a
consistent depth trend, indicating strong local control of carbon accumulation processes. No
significant correlation was found between OC in seagrass biomass (0.681 g C in El Pajar;
0.709 g C in Abades) and sedimentary carbon, suggesting sedimentary OC is primarily
controlled by local depositional conditions and hydrodynamics rather than biomass.
Estimated sedimentary carbon stocks reached up to 248.08 Mg C ha~!, with economic
valuations ranging from 3,212 to 7,354 € ha=!. These findings provide a baseline for future
carbon accounting and support the conservation of C. nodosa meadows as active coastal
carbon sinks.
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Continuous monitoring of water quality in coastal lagoons is essential to ensure ecosystem
integrity and to support the sustainable management of aquaculture activities. The Ria
Formosa lagoon is a highly productive and dynamic system, where tidal exchange, biological
processes, and meteorological forcing drive rapid physicochemical variability. In June 2025,
an instrumented monitoring buoy was deployed in the Marim Channel, close to major
bivalve production areas, with the objective of assessing water quality conditions covering
distinct temporal scales. The monitoring platform is equipped with an NKE multiparameter
probe that records water temperature, salinity, pH, and dissolved oxygen at a high temporal
resolution of 15-minute intervals. This sampling interval allows to resolve both short-term
variability (tidal and diel cycles and/or capturing episodic events) and longer-term seasonal
patterns. Analysis of one complete year of continuous data demonstrates that, despite
pronounced natural variability, key water quality parameters remained consistently within
the recommended thresholds for bivalve production. Throughout the monitoring period,
clear seasonal trends were observed and very few exceedances were recorded for dissolved
oxygen, which could compromise shellfish health or aquaculture sustainability. The study
area hosts submerged and benthic vegetation, including the macroalga Caulerpa prolifera.
Results indicate that the presence of this vegetation did not substantially degrade water
quality relevant to bivalves. Oxygen and pH dynamics suggest that biological activity
contributes to natural fluctuations without inducing harmful conditions. The availability of
near-real time data in a dedicated WebSIG platform (https://connect-portal.lnec.pt/) proved
essential for detecting rapid changes, supporting early-warning capabilities, and improving
adaptive management of aquaculture zones.
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Iron (Fe) is an essential trace metal for marine ecosystems, and its speciation is largely
controlled by organic complexation, which increases its residence time in bioavailable
forms. Within the framework of the GEOTRACES programme, the distribution of Fe-binding
ligands (L;,) and their conditional stability constants (logK**,,) have been mainly studied
in the open ocean. However, much less is known about their levels, distribution, and
characteristics in coastal environments. The Canary Islands provide a natural laboratory to
investigate “island mass effect” and lateral inputs from coastal areas to the surrounding
ocean.

This current study presents temporal data on dissolved Fe (dFe), L;,, and logK®",., in
several coastal areas of the Canary Islands: El Pajar and Gando (Gran Canaria), Abades
(Tenerife), and La Restinga (El Hierro) from 2022 to 2025. Dissolved Fe concentrations
ranged from 1.07 to 9.36 nM, while L;, concentrations varied between 1.46 and 9.64 nM.
The highest L;, levels were observed at El Pajar, whereas the lowest values were found at
Abades. The logK*™, . ranged from 9.51 to 11.14, detecting weak and strong ligands (L1
and L2-type).

These results highlight the importance of measuring Fe-binding ligands in coastal waters
and suggest that their variability may be a useful indicator of biogeochemical dynamics and
ecosystem conservation status in island-influenced marine environments.
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The European Station for Time Series in the Ocean at the Canary Islands (ESTOC),
operating since 1994 at the eastern boundary of the North Atlantic subtropical gyre, was
established as a European open-ocean time-series site to sustain long-term, comparable
observations in an oligotrophic environment. After three decades, the accumulated evidence
demonstrates ESTOC's value for detecting trends and reorganizations across the ocean
system, from hydrography and water-mass variability to inorganic carbon, ocean
acidification, and dissolved oxygen. ESTOC also shows that biological responses and export
pathways cannot be interpreted as a strictly vertical or purely local problem. The combined
use of high-frequency records, moorings, sediment traps, and complementary observations
highlights the need to explicitly couple dynamics, biogeochemistry, and ecology, including
nutrient supply, deep chlorophyll maximum structure, net community production and
remineralization, exported-material composition, and lateral transport. We present a
2026-2030 roadmap to evolve ESTOC into an integrated observatory that combines
metrological continuity, a stronger biological component (plankton, nekton), passive
acoustic monitoring, mixing and turbulence measurements, and a data strategy supporting
prediction, attribution, and efficient campaign planning.
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During the 2021 Tajogaite eruption (La Palma, Canary Islands) lava reached the ocean,
forming different lava deltas and introducing substantial geochemical perturbation to the
adjacent coastal ocean. While volcanic inputs are recognised as important sources of trace
metals, their influence on iron (Fe) organic speciation, and thus on Fe bioavaibility, remains
poorly constrained. This study aims to quantify how volcanic activity modifies Fe organic
speciation through changes in the distribution of Fe-binding ligands (L) and their
conditional stability constants (log K*.,). Accordingly, to assess both spatial and temporal
effects, seawater was collected at 10 stations located in coastal areas influenced by lava
deltas and at offshore reference sites, during and after the eruption. The determination of
Fe organic speciation was carried out by the competitive ligand exchange-adsorptive
cathodic stripping voltammetry (CLE-ACSV) method using TAC as the competing ligand and
applying multiple detection windows (2, 5, and 10 pM TAC). L;, concentrations ranged from
2.32 to 12.38 nM, with maxima systematically associated with station located in the
immediate vicinity of the lava delta. The log K., values (9.33 to 10.73) indicate a
dominance of relatively weak ligands (L2-type), likely associated with humic-like substances
or polyphenolic compounds in coastal seawater or resuspended from sediments.

These results reveal that lava deltas act as localised but sustained sources of Fe-binding
ligands, enhancing the capacity of coastal waters to retain Fe in dissolved form over time,
thereby making it more bioavailable. Moreover, this work demonstrates that volcanic
coastal systems can exert prolonged, although spatially constrained, control over Fe
speciation, with implications for trace metal cycling and coastal ecosystem functioning.
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Iron availability is a primary control on phytoplankton growth in roughly one third of the
global ocean, yet the short-term mechanisms that sustain bioavailable iron in surface waters
remain incompletely resolved. Here we combine field observations from the Atlantic sector
of the Southern Ocean (Laglera, Santos-Echeandia et al. 2026) with a synthesis of published
data in particulate carbon recycling and iron to carbon ratios (Laglera and Filella, 2026) to
assess the role of biologically derived particles in recycling iron within the upper ocean. The
empirical study used a novel electrochemical approach to quantify dissolved and labile
particulate iron across the upper 300 m during a persistent bloom south of the Polar Front,
while the theoretical case study evaluated iron transfer through trophic processes using
published global carbon flux estimates and iron-to-carbon stoichiometries in particles of
different origins. Our field study showed that dissolved iron alone does not explain bloom
maintenance; instead, labile particulate iron associated with detrital and fecal material was
concentrated in slow-sinking particles that were rapidly recycled in surface waters,
providing a short-term source of bioavailable iron to phytoplankton communities. The
synthesis further indicates that grazing, fecal pellet production, and subsequent
remineralization can retain a substantial fraction of biologically assimilated iron in the
euphotic layer at a global scale, reducing export and enhancing iron bioavailability on
timescales relevant to bloom development. These results support the view that the low
observed efficiency of the biological pump results in particles of biological origin acting as
an internal iron reservoir that helps sustain surface productivity in iron-limited waters. By
linking trophic recycling to iron supply, the study highlights a mechanistic connection
between biological particle dynamics and carbon fixation in the Southern Ocean.

Acknowledgments: funding MINECO (CGL2010-11846-E) and
MCIN/AEI/10.13039/501100011033 and FEDER, UE (PID2023-1488600B-100).

References:

Laglera, L. M., et al. (2026). Global Biogeochemical Cycles 40(4): e2025GB008803.

Laglera L.M. and Filella M. (2026) The Hidden Engine of the Surface Ocean: Trophic
Recycling and Iron Retention. In: Environmental Chemistry in Service of Life., Springer
Nature Switzerland, in press.

53



l

Organiza Universidad = n Univers
Catolica de ~_ Universitat d’Alacant B UNIVERSITATo: [iversidad e iversi igi
W UCA sz CDeCMAR Valendia = Universidad de Alicante ik BARCELONA grramse  UniversidagVigo

San Vicente Martir




POLLUTION ALTERS METAMORPHOSIS IN MARINE
INVERTEBRATES

Autores:
Rodrigo Almeda, ULPGC
Aurora Diaz Pérez, ULPGC
Marnie Freckelton, Kewalo Marine Laboratory, University of Hawaii at Manoa,
Brian T Nedved, Kewalo Marine Laboratory, University of Hawaii at Manoa
Yefermin Darias-Dagfeel, ULPGC
Mario Arana, ULPGC
Gunaalan Kuddithamby, ULPGC
Michael G. Hadfield, Kewalo Marine Laboratory, University of Hawaii at Manoa
Topic: SIQUIMAR - Ecotoxicology an Marine Pollution
Presenter Name: Rodrigo Almeda
Keywords: bacteria, benthic recruitment, marine invertebrates, metamorphosis, pollution

Metamorphosis is a critical process in the life cycle of most marine invertebrates,
determining larval settlement success and ultimately influencing population dynamics of
benthic communities. Here we present key findings from the Spanish National Project
METAOCEAN, which investigated the effects of several pollutants—including crude oil,
marine gasoil, biofuels, and plastic leachates—on the metamorphosis of different marine
invertebrate taxa. We assessed both the direct effects of these pollutants on larval
metamorphosis and the indirect effects mediated through pollutant-induced changes in
bacterial communities. Overall, we found that the direct effects of sublethal concentrations
of petrochemicals and plastic leachates on metamorphosis were absent in some species and
generally weak in others, although the direction of these low-magnitude responses—either
inhibitory or stimulatory—was species-specific. In contrast, indirect effects resulting from
pollutant-driven alterations of bacterial communities frequently played a decisive role in
determining metamorphic outcomes. For example, we observed a marked induction of
metamorphosis in the sea urchin Paracentrotus lividus exposed to marine gasoil, reaching
up to 90% in the presence of bacterioplankton or biofilms. We also observed a marked
increase in metamorphosis in larvae of the coral Pocillopora acuta exposed to leachates
from both beached plastics and bioplastics. In corals, leachate treatments increased the
abundance of biofilm-forming bacteria, suggesting that the stimulation of specific microbial
communities mediated the enhanced metamorphic response. Conversely, in other species,
such as the tube-forming serpulid polychaete Hydroides elegans, exposure to crude oil
altered natural bacterial communities in ways that reduced metamorphic success. Our
findings demonstrate that petroleum-derived pollution and plastic leachates can disrupt
complex larval-bacterial interactions affecting metamorphosis, potentially impacting
benthic recruitment and marine biodiversity.
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In recent years, the Pacific brown macroalga Rugulopteryx okamurae has rapidly expanded
across Mediterranean and Atlantic coasts, generating major ecological and socio-economic
impacts. In this study we examined the effects of exudates released by R. okamurae on the
early developmental stages of two autochthonous sea urchin species, Paracentrotus lividus
and Arbacia lixula, which are key benthic grazers in the invaded regions. Fertilized eggs
were exposed for three days to different concentrations of R. okamurae exudates, and
subsequent effects on survival, growth, and developmental abnormalities were determined
for both sea urchin species. Acute exposure to 50 g L-! exudates caused about 90%
embryonic mortality in both species. Lower concentrations significantly reduced larval
growth and increased malformations. Median effect concentrations for growth inhibition
were 16 g L-! for P. lividus and 14 g L-! for A. lixula, indicating similar sensitivity.
Malformations increased significantly at concentrations of 0.5 g L=t in P. lividus and at 5 ¢
L-1in A. lixula. The HPLC-MS analysis of R. okamurae exudates confirmed the presence of
several bioactive polyphenols, with vanillic acid exhibiting the highest concentration (1.73 *
0.09 ng L"). Overall, our results show that R. okamurae exudates strongly inhibit the early
development stages of native sea urchins. The presence of high biomass of this invasive alga
is therefore likely to reduce larval survival and recruitment, driving sustained declines in
their benthic populations. As these key grazers play a central role in regulating macroalgal
community dynamics, their reduction would weaken grazing pressure and create conditions
that further facilitate the invasion and ecological impacts of R. okamurae in the invaded
Atlantic and Mediterranean rocky shores.
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Las Palmas Harbor (Canary Islands, Spain) is one of the main bunkering hubs in the Mid-
Atlantic and the second largest Spanish port for fuel supply. Its intense maritime activity
and fuel handling operations make it a critical hotspot for chronic hydrocarbon pollution
and accidental fuel spills. In 2024 alone, four fuel spill incidents released more than three
tons of fuel into Canary waters, including a major spill in September 2024 that caused
beach closures and the declaration of an environmental emergency. These events represent
a significant threat to marine ecosystems and to sectors linked to the blue economy, such as
tourism, fisheries, and recreational activities. This study aims to assess the occurrence,
spatial distribution, and ecological implications of fuel spills in Las Palmas Harbor through
bibliographic, field, and experimental approaches. Historical records provided by the
Maritime Authority and Port Authority were analyzed, comprising more than 400 spill
records between 2019 and 2025. Complementary analyses included satellite and radar
remote sensing for spill detection and monitoring, as well as plankton sampling campaigns
to evaluate potential ecological impacts on marine communities. Preliminary results indicate
an increasing trend in spill incidents within the harbor at the studied period, with Marine
Gasoil (MGO) and Fueoil representing the dominant contaminant type. Spatial analyses
identified recurrent spill hotspots associated with bunkering and operational activities.
Biological assessments revealed contrasting planktonic communities between impacted
harbor areas and the control site at El Confital. Harbor stations showed lower biodiversity
and were dominated by cyclopoid copepods of the genus Oncaea, whereas the control site
presented higher diversity and dominance of calanoid copepods, suggesting possible
ecological alterations linked to chronic hydrocarbon exposure. Overall, this work provides
baseline scientific information to support environmental management strategies,
contributing to safer and more sustainable responses to fuel spills in the Canary Islands.
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This study investigates the distribution, historical deposition, and sources of the 16 priority
USEPA polycyclic aromatic hydrocarbons (USEPA-16XPAHs) and 7 carcinogenic PAHs
(7XcarcPAHs) along the SW Portuguese Margin (NE Atlantic). Surface sediments (n = 40)
and short sediment cores (n = 20) were analysed for PAHs, grain size distribution, and
organic carbon (C,,) content. Chronologies were established using *'%Ph dating. Down-core
profiles revealed no consistent temporal trends in USEPA-16XPAHs and in 7ZcarcPAHs
concentrations. No significant Spearman correlations (p < 0.05) were found between both
USEPA-16XPAHs and 7ZcarcPAHs with fine fraction (<63mm) or C,,, suggesting that
contaminant distribution is influenced more by source inputs than by sediment
characteristics. The highest PAH concentrations were observed in areas subjected to
intense anthropogenic pressure, specifically the shelf adjacent to the Tagus estuary, the
Sado dredged material disposal sites, and the Sines harbour. High-molecular-weight PAHs
dominated over low-molecular-weight compounds across the region, indicating a
predominantly pyrolytic origin. Near the Tagus and Sado estuaries, diagnostic ratios pointed
to incomplete petroleum combustion from urban traffic, biomass burning, and shipping.
South of the Sado disposal sites, highly variable diagnostic ratios indicate mixed pollution
sources, likely tied to Sines harbour operations, refinery activities, coal-fired power plant
emissions, and biomass burning. These findings demonstrate the long-term influence of
anthropogenic activities on sedimentary PAH accumulation along the SW Portuguese
Margin and provide a baseline for future environmental monitoring.
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International maritime transport relies heavily on fossil fuels, generating exhaust gases that
contain diverse pollutants, including heavy metals and polycyclic aromatic hydrocarbons
(PAHs). Currently, exhaust gas cleaning systems, commonly known as scrubbers, are
employed as the most effective alternative to reduce atmospheric emissions from maritime
traffic. Despite the proven viability of this technology to mitigate sulfur dioxide emissions,
the gas absorption process generates wash waters that act as a transfer pathway of
pollutants toward marine ecosystems. The discharge of these effluents poses a significant
environmental challenge that demands advanced treatment solutions before discharge [1].
This study investigates the efficacy of Advanced Oxidation and/or Reduction Processes
(AOPs/ARPs) for the degradation of PAHs, utilizing naphthalene, the most abundant PAH in
scrubber wash waters, as a model compound. These processes are based on emerging UV-
LED radiation activation of either, peroxymonosulfate (HSO,), or sulphite ion (SO,”). This
activation may promote the generation of highly reactive species, such as sulphate radicals
or solvated electrons, capable of degrading naphthalene [2,3]. The treatment efficiency was
systematically evaluated by analyzing first-order reaction kinetics (k, min") under simulated
operational conditions for both open-loop (pH = 3.5) and closed-loop (pH = 5) systems.
Results indicate a significantly higher kinetic rate constant (k) and overall degradation
efficiency for the oxidative treatment using HSO; in comparison to the reductive process
with SO,”. Results suggest that the performance of the processes is recommended at acidic
pH, thus is in open loop systems. Furthermore, the catalytic performance of the system was
substantially enhanced in the presence of iron (Fe).
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Metal accumulation in sharks is of increasing concern due to its potential impacts on marine
ecosystems and human health. This study quantified mercury (Hg), lead (Pb), arsenic (As),
and cadmium (Cd) concentrations in the muscle and liver of 40 Squalus megalops specimens
collected from the Canary Islands. Metal analyses were performed using cold vapor atomic
absorption spectrophotometry (CV-AAS) and inductively coupled plasma mass spectrometry
(ICP-MS). Mercury concentrations showed a significant positive relationship with total
length, indicating bioaccumulation with growth. Sex also significantly influenced metal
concentrations, whereas female pregnancy status had no detectable effect. Liver tissues
contained higher concentrations of metals than muscle, consistent with their role in metal
storage and detoxification. Notably, elevated concentrations of Hg (1.69 = 0.80 mg kg~
ww) and As (25.4 + 18.2 mg kg—! ww) were detected in muscle tissue, suggesting potential
concerns for human consumption. These findings provide new insights into metal
accumulation patterns in S. megalops and underscore the importance of species- and
region-specific assessments of contaminant burdens in sharks. The observed levels may
have implications for individual health, trophic transfer to predators, and food safety for
human consumers.

61



Acknowledgements (optional): financial support was received for the research,
authorship, and/or publication of this article. This work was supported by CanBio, funded by

Gobierno de Canaias and Loro Parque Fundacion (www.loroparque-fundacion.org) in its
2022 call for projects.

62



A COMPREHENSIVE ASSESSMENT OF POLLUTION IN THE
SOUTHWEST OF THE IBERIAN PENINSULA USING A
MICROBIOME APPROACH

Autores:
Julidn Blasco, Instituto de Ciencias Marinas de Andalucia (CSIC)
Carmen Michdn, Dpt. Bioquimica y Biologia Molecular. Universidad de Cdrdoba
Miren Lopez de Alda, Instituto de Diagnostico Ambiental y Estudios del Agua (CSIC)
Sara Rodriguez-Mozaz, Instituto Cataldn de Investigacion del Agua (ICRA)
Ignacio Moreno-Garrido, Instituto de Ciencias Marinas de Andalucia (CSIC)
Josiie Alhama, Dpt. Bioquimica y Biologia Molecular. Universidad de Cérdoba
Chiara Trombini, Instituto de Ciencias Marinas de Andalucia (CSIC)
Laura Pérez-Gonzdlez, Dpt. Bioquimica y Biologia Molecular. Universidad de Cérdoba
Marina Barbudo-Lunar, Dpt. Bioquimica y Biologia Molecular. Universidad de Cérdoba
Manuel Garcia-Vara, Instituto de Diagndstico Ambiental y Estudios del Agua (CSIC)
Alba Moreno-Camacho, Dpt. Bioquimica y Biologia Molecular. Universidad de Cérdoba
Veronica Luna-Guerrero, Instituto de Ciencias Mariasn de Andalucia (CSIC)
Rocio Inés Bonansea Garcia, Instituto de Diagndstico Ambiental y Estudios del Agua (CSIC)
Ona Costa Parés, Instituto de Diagndstico Ambiental y Estudios del Agua (CSIC)
Dana Orlando Véliz, Instituto de Diagndstico Ambiental y Estudios del Agua (CSIC)
Santiago Nicolas Otaiza, Instituto Catalan de Investigacion del Agua (ICRA)
Jose Luis Balcazar, Instituto Cataldn de Investigacion del Agua (ICRA)
Alex Sanchez, Instituto Cataldn de Investigacion del Agua (ICRA)
Topic: SIQUIMAR - Ecotoxicology an Marine Pollution
Presenter Name: Julidn Blasco
Keywords: contamination, metagenomic, microbiome, mollusk, sediment, untargeted compounds

Coastal ecosystems are influenced by multiple pollution sources, Assessing pollution in
natural environments remains challenging because it requires integrating chemical
contamination with biological responses. Although microorganisms are fundamental to
ecosystem structure, function, and biogeochemical cycling, their use as indicators of
pollution has been limited by technical constraints. In this study, pollution patterns were
investigated in the SW of the Iberian Peninsula. Eight sampling stations were established
between the mouth of the Guadiana River and Algeciras Bay. Surface sediments and clams
(Scrobicularia plana) were collected during winter and summer. Trace metals, rare earth
elements, emerging and unknown chemical compounds, and antibiotics were analysed in
both matrices. Trace metals and REEs were determined by ICP-MS, while organic
contaminants were analysed by LC-HRMS. QA/QC procedures were applied throughout the
analytical workflow. In addition, ARGs were quantified by qPCR. For microbiome
characterization, genomic DNA was extracted from sediments and the digestive gland of
clams using the ZymoBiomics DNA Miniprep kit. Bacterial and archaea communities were
profiled by amplification of the 16S rRNA gene using the lon 16S Metagenomics kit for Ion
Torrent sequencing. To assess fungi and algae, 185/23S rRNA and ITS regions were
amplified using specific primers. The results showed significant changes in the composition,
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structure, diversity, and functional capacity of the microbiome associated with chemical
contamination, supporting the use of microbiome-based approaches as sensitive tools for
assessing pollution in coastal ecosystems
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Mercury (Hg) contamination remains a major environmental concern in coastal ecosystems,
particularly in its methylated form (methylmercury, MeHg), which is highly toxic and readily
bioaccumulates and biomagnifies through food webs. In coastal environments, MeHg
production is closely linked to microbial activity, redox conditions, and organic matter
availability, all of which can be modified by aquaculture-derived organic enrichment and
other anthropogenic pressures.

The Ria de Pontevedra (Galicia, NW Spain) is a historically contaminated estuary impacted
by decades of industrial and urban Hg inputs. Despite extensive evidence of elevated total
Hg (THg), quantitative information on MeHg and its trophic transfer remains limited, both
in this estuary and in similarly impacted coastal systems worldwide. In addition, this estuary
hosts one of the highest densities of mussel farms worldwide. Mussel farming enhances
organic matter deposition through biodeposits, potentially stimulating Hg methylation in
sediments and the water column. However, its influence on MeHg dynamics has not yet
been investigated.

Here, we investigated spatial patterns of THg and MeHg in sediments, suspended
particulate matter, brown algae, mussels, and gastropods to assess Hg methylation
processes, trophic transfer, and the potential influence of mussel farms.

Preliminary results indicate elevated MeHg concentrations in sediments beneath mussel
farms relative to nearby reference areas, coinciding with higher organic matter and sulfur
content. Across the food web, MeHg concentrations increased markedly, with the highest
values observed in the mussel predator Nucella lapillus, supporting strong biomagnification
processes. Additionally, MeHg proportions relative to THg were substantially higher in biota
than in sediments, highlighting the importance of biological uptake and trophic transfer in
driving MeHg accumulation.

Overall, these findings suggest that both mussel aquaculture and food web structure playkey
roles in shaping MeHg cycling and bioavailability in contaminated coastal ecosystems.
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The implementation of stricter IMO sulphur regulations in 2020 has led to a significant
increase in the installation of exhaust gas cleaning systems (scrubbers) on board ships. In
the present work, the performance of two scrubbers operating simultaneously on a RO-RO
vessel was analysed over several weeks. Continuous Emission Monitoring System (CEMS)
measurements were aligned with environmental data obtained from the Copernicus
Programme services and further complemented with exhaustive mass balances. This
integrated dataset was used to train several Gradient Boosting machine learning models
with the objective of predicting the SO,/CO, ratio and the desulfurization efficiency (n), as
well as characterizing their dependence on input variables. Within each scrubber, the
exhaust gas flow rate was identified as the dominant variable, exhibiting a negative effect
on n that was further supported by a theoretical formulation of the gas absorption process.
This phenomenon provides an explanation for the higher n at low engine loads frequently
reported in the literature. Moreover, under the low load regime associated with berth entry
and exit manoeuvres, SO, and PAH mass flow rates emitted to the environment were
respectively 75% and 17% lower than those corresponding to the high load regime
occurring at open-sea navigation.
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Anthropogenic gadolinium (Gd,,;,), mainly derived from Gd-based contrast agents used in
magnetic resonance imaging, has emerged as a contaminant of increasing environmental
concern in aquatic systems worldwide (Brunjes & Hofmann, 2020). Due to its conservative
behaviour and persistence in water, Gd,,,, has also been recognised as a useful proxy for
tracing wastewater inputs and anthropogenic pressures in estuarine and transitional
environments (Bau & Dulski, 1996; Pereto et al., 2023). This study presents the first
evidence of Gd,,,;, occurrence in the transitional waters of the Mondego River and evaluates
the influence of seasonal river flow variability on its spatial distribution and dispersion.
Water samples were collected along the salinity gradient of the Mondego transitional
system under contrasting hydrological conditions. Rare earth elements were determined
using an automated seaFAST pre-concentration system coupled to inductively coupled
plasma mass spectrometry (ICP-MS). Gadolinium anomalies were assessed through
European Shale-normalised REE patterns and Gd/Gd* ratios to distinguish anthropogenic
contributions from natural geochemical backgrounds. The results revealed a clear and
widespread presence of Gd,,,, throughout the transitional waters, with consistently positive
gadolinium anomalies (1.2-7.0), indicating significant anthropogenic inputs. Higher Gd/Gd*
ratios were observed during lower river flow conditions, suggesting reduced dilution and
enhanced persistence of wastewater-derived signals within the estuarine system.
Conversely, periods of increased freshwater discharge promoted greater dispersion and
downstream transport of Gd,,, along the salinity gradient. These findings represent the first
report of positive Gd anomalies in the Mondego transitional waters and demonstrate the
strong influence of seasonal hydrological variability on Gd,,,, behaviour, highlighting its
relevance as an emerging contaminant and hydrological tracer of wastewater influence in
transitional and coastal environments.
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Abstract: Mercury (Hg) is one of the most toxic and persistent contaminants in marine
systems, with a high capacity for bioaccumulation in food webs (Driscoll et al., 2013). Its
occurrence in marine sediments provides a key record of both natural and anthropogenic
inputs, as well as of the sedimentary and diagenetic processes controlling its mobility. This
study investigates the distribution, accumulation, and controlling factors of Hg in sediments
from the Galicia continental shelf (NW Iberian Peninsula), a region influenced by fluvial
inputs, industrial activity, and coastal upwelling dynamics. Six sediment cores were
analysed using a multiproxy approach integrating grain size, elemental geochemistry (XRF),
total organic carbon (TOC), Hg measurements, and redox-sensitive proxies. Results show
higher Hg concentrations in silty hemipelagic facies associated with the Galicia Mud Patch,
with mean values ranging from ~45 pg/kg to ~5 ng/kg, and a general decreasing trend
toward higher-energy sandy facies. Hg distribution is mainly controlled by fine sediments,
with no clear link to TOC, indicating combined mineral adsorption and diagenetic effects.
PCA shows Hg enrichment linked to fine detrital input and sediment accumulation, while
redox conditions control its redistribution. Overall, the results demonstrate that the Galicia
continental shelf acts as an efficient sink for Hg, regulated by sediment dynamics, biological
productivity driven by upwelling and diagenetic processes. This study provides a framework
for assessing the environmental status of the NW Iberian continental shelf under European
regulations such as the Marine Strategy Framework Directive.
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The plastics and their fragments are present in all marine matrices, constituting one of the
most relevant environmental problems, provoking special social and scientific concern over
the last years. The role of plastics as accumulative matrix and vector of organic pollutants
has been mainly studied for persistent compounds in specific areas and cases of study. The
PLASMAN project is contributing to improving knowledge about the accumulation of legacy
and emerging concern organic contaminants (OCLECs) in plastic polymers from the marine
environment using environmental samples, deployed samples and lab-controlled tests. In
this project, seasonal variations on the occurrence and distribution of OCLECs in floating
plastics is being characterized in several coastal areas, together with their sorption
reversibility and the assessment of their environmental impact. Stir-bar Sorptive Extraction
coupled with gas-chromatography and mass spectrometry is applied for the determination of
more than a hundred OCLECs (PAHs, organochlorinated contaminants, current-use
pesticides, personal-care products and plastic additives) in plastics. In fact, preliminary
results from this project have confirmed the occurrence of contaminants from all the studied
groups in both floating and deployed plastics, including pharmaceuticals determined by
liquid chromatography and mass spectrometry in some samples. The accumulation of
OCLECs in different polymers will be compared considering environmental and deployed
samples across different seasons.
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Thousands of chemical substances enter the marine environment through various pathways,
including runoff from agricultural and industrial sources, atmospheric deposition, and water
discharge. Many of them may pose a risk towards marine ecosystems due to their
persistence, bioaccumulation potential, and/or toxicity. In order to assess the occurrence
and distribution of chemical contaminants in the European marine environment, sediment
and water samples were collected from two sampling campaigns conducted onboard the R/V
Oceanograf, the first from Gdansk (Poland) to Cadiz (Spain) (26th May - 17th June 2022)
and the second from Gdansk to Bodo (Norway) (3rd June - 19th June 2024). Over 100
sediment samples and water samples from different depths and locations were collected and
analyzed for determination of persistent organic pollutants (POPs), including polycyclic
aromatic hydrocarbons (PAHs), organochlorine pesticides and industrial chemicals (OCPs),
and perfluoroalkyl and polyfluoroalkyl substances (PFAS) (Joerss et al., 2019; Pintado-
Herrera et al., 2016). Analysis of sediment samples revealed PAH concentrations ranging
from < 100 to 43,000 ng/g, whereas OPCs ranged from <1 to 250 ng/g, with the highest
values measured at Mecklenburg (Germany) and Brest (France) bays. Regarding water
samples, total concentrations of PFAS were from 300 to 5000 pg/L, with the highest values
detected in surface waters from the Baltic Sea, suggesting a net export of these chemicals
towards the Arctic Ocean. The results presented here reflect strong spatial variability and
provide a baseline for current concentrations of POPs in the European marine environment.
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In Andalusia (Spain), acid mine drainage (AMD) from the Iberian Pyrite Belt releases toxic
elements like cadmium or lead into aquatic systems (Olias-Alvarez et al., 2024). Active and
passive remediation strategies, such as dispersed alkaline substrate (DAS), have been
developed to mitigate this risk (Ledn et al., 2026).

This study evaluates the toxicity of DAS-treated AMD effluents (DEC1, DEC3, and DEC5; pH
6.8-11.0) on Chlorella vulgaris and assesses its potential for bioremediation. Using flow
cytometry, growth was tested across five dilutions in 50 mL volumes, using metal- and
EDTA-free culture media adjusted to effluent pH.

Results showed no significant growth differences between unadjusted pH controls and
DEC1/DEC3 controls. However, the control with pH=11 (DEC5) caused progressive growth
inhibition from 35% (24h) to 76% (96h). Based on estimated ED., values, DEC1 was the
most toxic effluent (ED;, < 25) and DEC5 the least (ED;,= 63%). Consequently, DEC3 and
DEC5 show promise for microalgal biotechnology, where pH reduction or alkaliphilic strains
could optimize bioremediation outcomes.

Acknowledgments: This publication is part of the grant JDC2023-051458-I funded by
MICIU/AEI/10.13039/501100011033 and by ESF+. MD Basallote thanks the Spanish State
Research Agency (AEI) for the RYC2022 035326 I grant funded by
MICIU/AEI/10.13039/501100011033 and FSE +. Co-funding by the European Union (ERDF)
under the Andalucia FEDER Programme 2021-2027 (RECUP-DAS) is also acknowledge.

73



References:

Leon, R., Millan-Becerro, R, Macias, F., Canovas, C.R., Neculita C.M., Ayora, C., José Miguel
Nieto, J.M. 2026. Dispersed alkaline substrate passive treatment technology for highly
contaminated acid mine drainage: 20 years of successful application. Water Research, 288
(124683).

Olias-Alvarez, M., Ruiz-Cénovas, C., Basallote, M.D., Macias, F., Nieto, ].M., Pérez-Lépez, R.,
Sarmiento, A.M. 2024. The Problem of Acid Mine Drainage in the Iberian Pyritic Belt (IPB).
Huelva, Spain.

74



ANALYTICAL DETERMINATION OF PHTHALATE
PLASTICIZERS IN COASTAL SAMPLES OF GRAN CANARIA
ISLAND: ENVIRONMENTAL OCCURRENCE AND
EVALUATION OF MACROALGAE AS BIOINDICATORS

Autores:
Javier Pacheco Judrez, Instituto Universitario de Estudios Ambientales y Recursos Naturales (i-UNAT),
Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain
Rayco Guedes Alonso, Instituto Universitario de Estudios Ambientales y Recursos Naturales (i-UNAT),
Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain
Sarah Montesdeoca Esponda, Instituto Universitario de Estudios Ambientales y Recursos Naturales (i-
UNAT), Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain
José Juan Santana Rodriguez, Instituto Universitario de Estudios Ambientales y Recursos Naturales (i-
UNAT), Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain
Zoraida Sosa Ferrera, Instituto Universitario de Estudios Ambientales y Recursos Naturales (i-UNAT),
Universidad de Las Palmas de Gran Canaria, 35017 Las Palmas de Gran Canaria, Spain
Topic: SIQUIMAR - Ecotoxicology an Marine Pollution
Presenter Name: Javier Pacheco Judrez
Keywords: Phthalates acid esters, coastal monitoring, macroalgae bioindicators, marine matrices pollution

Phthalate acid esters (PAEs) are widely used plasticizers that are recognised as emerging
contaminants. The monitoring of PAEs is essential to assess potential ecological impacts,
particularly in coastal regions experiencing high tourism and maritime activities. This study
aims to investigate the presence and spatial distribution of six commonly used PAEs in
different environmental matrices from selected beaches of Gran Canaria Island, Spain. Five
beaches were selected. Monthly sampling campaigns are being conducted from February to
July 2026 in order to evaluate spatial and temporal variations. The study includes analysis of
sand and seawater, as well as selected macroalgae species to explore their potential use as
bioindicators. Sample preparation procedures were optimised for solid samples using
ultrasound-assisted extraction and microwave assisted extraction, and for seawater solid-
phase extraction, and target compounds are determined by ultra-high-performance liquid
chromatography with tandem mass spectrometry (UHPLC-MS/MS). The optimised methods
demonstrated suitable extraction efficiencies and analytical sensitivity, and preliminary
results of solid and liquid matrices analysis yielded concentrations, respectively, from 31.95
t0 96.18 ng-g™ and from 45.94 to 1716 ng-L". This ongoing monitoring study will provide the
first systematic assessment of PAEs occurrence in coastal environments of Gran Canaria
Island and contribute to a better understanding of the role of macroalgae as potential
bioindicators in marine systems with high anthropogenic pressure.
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This study analysed the seasonal variability of nutrients, dissolved oxygen, and
complementary physicochemical parameters across five systems in Cadiz Bay and adjacent
coastal areas. Two sampling campaigns were conducted: one in July 2025 (summer) and
another in January-February 2026 (winter). Mean water-column temperatures were high in
summer (25.5-28.0 °C) and significantly lower in winter (11.3-15.5 °C). Salinity also showed
marked seasonal differences. Summer mean salinity reached 37.17 in Cadiz Bay, 40.52 in
the San Pedro River, and 38.35 in the Sancti Petri Channel. In contrast, winter
measurements revealed unusually low values: 3.54 in the outer basin of Cadiz Bay, 18.36 in
the Sancti Petri Channel, and 19.51 in the Guadalete River. These low winter salinities were
driven by exceptional episodes of intense rainfall, which heavily influenced the hydrographic
characteristics of the studied systems.

Dissolved oxygen concentrations remained below saturation during both campaigns, though
mean winter values (230.7-263.0 umol kg=') were considerably higher than summer levels
(171.7-198.2 pmol kg~1!). Overall, an increase in nutrient concentrations was observed
during the winter campaign, which was particularly substantial for nitrate (NOs~) and nitrite
(NOz27), reaching levels 50- to 100-fold higher than those recorded in summer. The systems
exhibiting the greatest variations were the inner and outer basins of Cadiz Bay, which
receive inputs from all other systems. Given the timing of the sampling, this nutrient surge
is attributed to continental inputs from freshwater discharges following the intense rainfall
events.
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Currently, platinum-group elements (PGEs), formed by platinum (Pt), palladium (Pd),
rhodium (Rh), iridium (Ir), osmium (Os), and ruthenium (Ru), are being increasingly used in
various technological applications. Despite their low concentrations in the Earth's crust,
anthropogenic PGE emissions have increased in the last decades raising environmental
concerns. However, there is still a lack of knowledge regarding their cycling, fate and
effects, especially in aquatic systems.

In this review, we present the current approaches for water sampling and assess the
available analytical methods for PGE determination. There are still analytical limitations
posed by PGE low concentrations and matrix-induced interferences during analysis.
Voltammetric methods allow the direct quantification in the sample, while inductively
coupled plasma mass spectrometry (ICP-MS), a pre-treatment step is usually needed,
especially to remove the saline matrix and the presence of interfering metals. Currently,
these analytical techniques combined with alternative procedures such as diffusive
gradients in thin-films (DGT), offer a new way to sampling these elements in waters. This
may contribute to reduce analytical limitations and inter-study discrepancies, yielding PGE
speciation data that will improve geochemical modelling and lead to a better understanding
of PGE biogeochemical cycles in aquatic systems.
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Large areas of salterns in the Cadiz Bay and in other similar saltmarsh environments are no
longer economically productive and therefore are undergoing a passive or active rewilding
process. The ongoing rewilding process is likely to have important unknown effects on the
biodiversity and biogeochemical cycling in such environments. The objective of this research
is to evaluate the consequences of the rewilding process on the CO2 fluxes between the
sediment and the atmosphere. Three sampling sites were selected in the inner Cadiz Bay
tidal lagoon: Isla Verde, as a control representing a natural salt marsh, and two salterns at
different stages of their passive rewilding following the cessation of salt extraction
activities, St.Gertrudis and St.Isabel. Within each of these study sites, three different
habitats, located at different mean sea level and with different biological communities were
considered: vegetated saltmarsh with higher plants, tidal flats and the bottoms of tidal
drainage creeks, both characterized by bare sediment colonized by different
microphytobenthic communities. During the sampling campaigns, from October 2024 to
February 2026, CO2 fluxes in emersion were analyzed in benthic chambers under both light
and dark conditions. Net primary production (PN) and dark respiration rate (RD) changed
during the study period with a clear maximum in summer in the saltmarsh habitat, that it
was less clear or absent in the tidal flats and the creeks habitats. PN and RD rates were not
statistically different among the three sampling sites, likely due to the considerable spatial
heterogeneity and seasonal differences. Overall, mean PN for saltmarshes was 6.42+5.95
(n=104), 3.06x3.93 (n=116) for tidal flats and 6.63+6.34 mmol C m-2 h-1 (n=52) for tidal
creeks. These preliminary results suggest that regarding their capacity to sequester CO2
from the atmosphere, salterns in different stages of their rewilding process are comparable
to wild saltmarshes.
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This study quantifies and characterizes the contribution of dissolved organic matter to the
total alkalinity (AOrg) in the pore water ofsurface sediments of the coastal and estuarine
system of Cadiz Bay under summer conditions. Sediment cores 30 cm in length were
collected at five stations located in the outer and inner bay, as well as in the Sancti Petri,
Rio San Pedro, and Guadalete estuaries. Successive potentiometric measurements were
performed on 2 mL samples of porewater from the sediments.

The results show that both AOrg and dissolver organic carbon (DOC) values tend to
decrease with depth, with AOrg values ranging from 680 pmol kg=! in shallower sediments
of the outer bay to 171pmol kg~! in deep sediments of Sancti Petri. DOC values range from
8525 pmol kg~!, measured in shallow areas of the Rio San Pedro estuary, to 1645 umol kg
in deep areas of the Sancti Petri estuary. The contribution of AOrg to total alkalinity (TA)
ranges from 17.3% in the uppermost sediment layer of the outer bay to a minimum of 2.5%
in the deepest zones of several cores, such as those taken in the inner bay or in the
Guadalete River. TA tend to increase with depth, showing minimum values in areas of the
Inner Bay, around 2665 pmol kg~!, and maximum values of 13077 pmol kg=! in the
Guadalete River. To obtain quantitative and qualitative information about DOM their optical
properties (absorbance and fluorescence) were characterised. PARAFAC analysis validated
three fluorescent components, one protein-like or autochthonous (C1), one humic-microbian
(C2), and one humic-terrestrial (C3). In addition to the vertical behavior of the measured
variables, this work highlights the importance of quantifying AOrg to avoid overestimating
the species in the inorganic carbon system in the pore water of coastal sediments.
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Coastal areas receive inputs of organic matter and nutrients, leading to the production of
greenhouse gases, such as methane (CH,) and nitrous oxide (N,0). In this study, we present
the first detailed characterization of dissolved CH, and N,O dynamics from the Atlantic
coast of Uruguay. Sampling was conducted during 14 samplings (July 2022- January 2025)
in three stations. Temperature showed the expected seasonal cycle (11-25 °C), while
salinity displayed temporal fluctuations (15-35), with marked dilution during heavy rainfall
events. Dissolved CH, and N,0O concentrations, measured using gas chromatography,
ranged from 1.69 to 224.3 nM and from 0.85 to 13.46 nM, respectively. Saturation levels
were on average 870.62 £ 1364.18% for CH, and 94.34 = 26.43% for N,0. Water-
atmosphere fluxes ranged from -0.97 to 65.71 pmol m? d" for CH, and from -7.00 to 5.70
pmol m? d” for N,0, with average values of 16.84 + 28.93 and - 0.46 + 2.2 pmol m2 d",
respectively. Overall, the system acts as a net source of CH, and a weak sink of N,0 during
the study period. These results are consistent with recent global observations for coastal
oceans and provide new information on greenhouse gas dynamics in understudied coastal
environments of the Southern Hemisphere.
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El objetivo de este estudio es determinar la influencia de los aportes de los principales
sistemas internos sobre la concentracion de carbono organico disuelto (COD) y su
composicion 6ptica (CDOM y FDOM) en la Bahia de Cadiz. Para ello, se examinaron cinco
zonas diferenciadas de este sistema costero: bahia exterior, bahia interior, estuario del
Guadalete, canal de marea del Rio San Pedro y canal de marea de Sancti Petri, en
condiciones de verano y durante un periodo lluvioso de invierno. En el muestreo de verano,
el COD muestra un valor medio de 231 = 214 pmol kg~! y tiende a aumentar hacia las
partes internas de los sistemas, alcanzando valores superiores a 1000 umol kg=! en el sector
mas fluvial del estuario del Guadalete. En invierno, se observa un aumento generalizado del
COD (346 + 214 pmol kg™'), junto con la pérdida de gradientes longitudinales, asociada a
aportes continentales vinculados a lluvias intensas. Los componentes similares a los acidos
humicos representaron mas del 80 % del total de FDOM, lo que indica un origen
predominantemente aléctono de la materia organica disuelta (DOM). No obstante, la
abundancia y distribucion de los cromo6foros presentan marcadas variaciones estacionales y
espaciales en los sistemas estudiados.
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Estuarine zones are highly important transitional ecosystems, both biologically and
socioeconomically, that provide vital ecosystem services such as carbon sequestration and
biodiversity conservation. In shallow estuaries like the inner Bay of Cadiz, benthic light
availability allows seagrasses, macroalgae, and microphytobenthos to regulate
biogeochemical cycles and ensure ecosystem stability. However, studies to date on
metabolic fluxes at the water-sediment interface have been based on in situ benthic
chamber or ex situ sediment core incubations. These methodologies possess multiple
limitations, including restricted surface areas, altered natural light and hydrodynamic
conditions, and short-term measurement periods. Consequently, the accuracy of the
estimated metabolic rates is reduced. Here, we present the preliminary steps for
implementing the Aquatic Eddy Covariance technique in the Bay of Cadiz to quantify net
ecosystem metabolism. This approach continuously measures oxygen fluxes at a high
temporal resolution (every 15 minutes) over several days across representative benthic
communities, providing non invasive assessments over a footprint of up to 100 m?. Through
seasonal sampling across regimes Zostera noltei and Cymodocea nodosa meadows,
Caulerpa prolifera macroalgal beds, and bare sediment zones, this study will evaluate gross
primary production, respiration, and net ecosystem production under natural flow regimes.
Through seasonal sampling across Zostera noltei and Cymodocea nodosa meadows,
Caulerpa prolifera macroalgal beds, and bare sediment zones, this study will evaluate gross
primary production, respiration, and net ecosystem production under natural flow regimes.
Furthermore, this method accurately captures metabolic variability induced by both
periodic (photoperiod and tides) and episodic physical forcings, such as wind events and
heatwaves, integrating variables that traditional methods fail to successfully measure. In the
long term, these findings will help determine habitat responses to extreme climatic events,
thereby updating the carbon budget of the Bay of Cadiz.
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The ocean plays a decisive role in global climate regulation by acting as a sink for
anthropogenic CO2 emissions. However, coastal systems exhibit high biogeochemical
heterogeneity, creating uncertainty about their net carbon balance. This study analyzes the
dynamics of the inorganic carbon system in the Bahia de Cadiz Natural Park by quantifying
pH, total alkalinity (TA), dissolved inorganic carbon (DIC), and partial pressure of CO2
(pCO2) across different stations: inner bay (BCI), outer bay (BCE), Sancti Petri channel
(CSP), Guadalete river(GT), and Rio San Pedro channel (RSP). Surface water samples were
collected during two campaigns (summer 2025 and winter 2026). The highest values were
recorded in GT (TA: 4583 + 1039 microM; pCO2: 1514 + 181.4 microatm), while the lowest
were found in the Bay of Cadiz (TA: 2365 + 46.70 microM; pC0O2: 419.8 + 8.95 microatm).
Generally, an increase in TA and pCO2 was observed toward the innermost areas of the
systems, related with zones of riverine input and the influx of organic matter and nutrients
resulting from anthropogenic activity. Regarding water-atmosphere CO2 fluxes, the results
indicate that the Cadiz system is overall a source of CO2 to the atmosphere, with negative
fluxes near equilibrium observed only in the BCI during summer conditions.
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Total alkalinity (TA) and pH are variables commonly used for characterizing the inorganic
carbon system in coastal and estuarine systems. However, total alkalinity is not a specific
method for measuring dissolved inorganic carbon (DIC), and their values are influenced by
different acid-base equilibria in water. To quantify the contribution of organic matter to TA
(Aorg), 3 consecutive potentiometric titrations were performed on the same sample. The
first one allows the calculation of AT by means of Gran functions, and once finished, it is
bubbled intensely with N, to eliminate the CO, produced. Subsequently, the pH is increased
by addition of a NaOH solution to the initial values of the sample, and then titrated again
with HCL to see the contribution to TA of all the acid-base equilibria present (phosphate,
ammonium, silicate, borate, fluoride, sulfate and organic bases) once the dissolved
inorganic carbon has been eliminated. In addition, the concentration of dissolved organic
carbon (DOC) has been measurement, and the colored fractions and fluorescent fractions
have been characterized (CDOM y FDOM respectably).

The Guadalquivir estuary exhibits intense gradients of TA (2500 - 4000 pmol kg™') and
dissolved organic carbon (DOC, 100 - 450 pmol kg™) with salinity. The results obtained
indicate that organic alkalinity (Aorg) increases toward the interior of the estuary,
contributing between 50 and 100 pmol kg™ to TA. However, there is no linear relationship
with DOC, and this dependence varies based on the nature of the organic matter. These
variations are interpreted in terms of the relative abundance of humic and protein
compounds characterized using spectrofluorometric techniques. The correction of TA values
considering the contribution of organic compounds is important to avoid an overestimation
of CO, fluxes through the atmosphere - ocean interface.

Acknowledgments: This work was supported by the Spanish CICYT (Spanish Program for
Science and Technology) under contract PID2023-150230NB-C21.

89



METHANE DISTRIBUTION IN POTENTIAL SEEPAGE AREAS
OF THE SOUTH SHETLAND ISLANDS MARGIN,
ANTARCTICA

Autores:
Miriam Mestre Durdn, Universidad de Caddiz
Teodora Ortega Diaz, Universidad de Caddiz
Maria del Carmen Ferndndez Puga, Universidad de Cadiz
Roger Urgeles Esclasans, Institut de Ciencies del Mar (ICM-CSIC)
Ricarlo Leon Buendia, Instituto Geoldgico y Minero de Esparia (IGME-CSIC)
Topic: SIQUIMAR - Chemical Oceanography
Presenter Name: Miriam Mestre Durdn
Keywords: Antarctic Peninsula, climate change, methane seepage

Methane is a potent greenhouse gas with a global warming potential far exceeding that of
CO:2 on decadal timescales, and its marine sources and sinks remain a major uncertainty in
the global carbon cycle. Despite methane seeps and gas hydrate systems in sub-Antarctic
margins, dissolved methane distributions in Antarctic shelf and slope waters remain
extremely limited, leaving benthic methane inputs to polar marine systems poorly
constrained by observations.

The distribution of methane was investigated along the Pacific margin of the South Shetland
Islands (SSPM), Antarctica, focusing on stations selected based on acoustic indicators of
plume-like features and potential seepage activity. Water samples collected in 2025 were
analyzed by gas chromatography (Bruker® GC-450) at the University of Cadiz to quantify
methane concentrations in the water column. Results reveal pronounced spatial
heterogeneity, with methane concentrations ranging from 31.94 to 162.94 nM. Localized
enrichments were observed at stations associated with suspected seepage structures,
particularly in near-bottom waters, suggesting active methane seeps.

Elevated methane values were detected near surface indicating vertical persistence of
seafloor-derived methane through the water column.

These observations support the existence of active methane along the SSPM and highlight
the potential role of Antarctic margins as under-characterized components of the Southern
Ocean methane cycle. These results underscore the need for integrated studies to quantify
methane sources, fluxes, and their potential climate impact in polar marine environments.
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The Bons Sinais Estuary (central Mozambique) is a highly dynamic tropical system strongly
influenced by tides and seasonal variability. This study examined salinity, temperature,
dissolved oxygen, and total suspended solids (TSS) during the transition (September 2025)
and rainy (February 2026) seasons, based on surface measurements along a 30 km transect
under different tidal conditions at 11 stations, under both spring and neap tides.
Temperature, salinity and dissolved oxygen were measured using a SeaGuard RCM SW
(Aanderaa), and TSS concentrations were determined using standard gravimetric methods,
using filters of 0.45 pm porosity. Results showed clear seasonal contrasts, with higher
salinity (=30) and TSS (up to 270 mg/L) in September, linked to marine intrusion and
sediment resuspension, and lower salinity (10-25), higher temperatures (~30 2C), and lower
TSS (<150 mg/L) in February due to increased freshwater input by rainfall and flushing.
Low oxygen conditions (< 3 mg/L; < 40% saturation) in February campaign indicates
potential stress for aquatic organisms. Statistical analysis confirmed significant effects of
both season and tides. These findings highlight the key role of freshwater input and tidal
dynamics in controlling estuarine water quality and sediment transport in the Bons Sinais
Estuary.
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The intertidal zone of La Punta del Hidalgo, located on the northeast coast of Tenerife
(Canary Islands, Spain), is a marine Atlantic ecosystem of high biodiversity and strong
sensitivity to coastal pollution (Gay. Vilar et al., 2024). This study evaluated metal
bioaccumulation in ten intertidal marine species: Anemonia viridis, Asparagopsis taxiformis,
Ulva clathrata, Arbacia lixula, Coscinasteria tenuispina, Isaurus tuberculatus, Palaemon
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elegans, Phorcus sauciatus, Siphonaria pectinata and Stramonita haemastoma. Organisms
were collected during 2022 and 2023 to assess temporal variations in the accumulation of
Al, Cd, Cu, Fe, Li, Ni, Pb and Zn. Metal concentrations were determined using inductively
coupled plasma optical emission spectrometry (ICP-OES), and interannual differences were
evaluated using PERMANOVA analysis. The results revealed interspecific and temporal
variability in metal bioaccumulation. Overall, most species showed higher concentrations in
2022, although some elements reached higher values in 2023. In A. viridis and A. lixula,
higher concentrations were recorded in 2022, with significant differences in Al, Cd, Fe, Li,
Ni and Pb. In contrast, A. taxiformis showed higher levels in 2023 for Al, Cu, Fe and Li,
whereas Cd and Ni were higher in 2022. U. clathrata also presented higher concentrations
in 2022, with significant differences across several metals. Among invertebrates, C.
tenuispina and I. tuberculatus showed higher concentrations in 2022, although Cd was
higher in 2023. P. sauciatus exhibited significant differences for most of the analyzed
metals. These variations may be related to ecological factors such as habitat, diet and
trophic level (Liu et al., 2018). Additionally, the higher concentrations observed in 2022
could be associated with a greater frequency of Saharan dust (calima) events in the Canary
Islands during that year, potentially increasing atmospheric metal inputs to the intertidal
marine environment (Liger et al., 2024).

References: Gaya Vilar, A., Torres Gil, ]J.A., Garcia-Doce, M., 2024. Caracterizacién de las
comunidades icticas de charcos intermareales en la isla de Tenerife. Scientia Insularum.
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Diaz, ]J.P., Salazar-Carballo, P.A., Gordo, E., Gonzdlez, C., Lopez-Pérez, M., 2024. Transport
and deposition of radionuclides from northern Africa to the southern Iberian Peninsula and
the Canary Islands during the intense dust intrusions of March 2022. Chemosphere 352.
Liu, H., Liu, G., Wang, S., Zhou, C., Yuan, Z., Da, C., 2018. Distribution of heavy metals,
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Estuary, China. Chemosphere 208, 731-739.
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Fluvial inputs to ria systems are a key factor controlling water circulation and fertilization
processes. Therefore, it is necessary to understand the changes from reservoirs within the
river basin, whose impacts have been scarcely investigated. The objectives of this study are:
(a) to quantify the complex contributions of the Tambre River to the Ria of Muros, and (b) to
assess the disturbances caused by a hydropower reservoir. Monthly water samples from the
Tambre (length 125 km; basin area 1526 km®) were collected from October 2023 to
September 2024 at three stations located: (1) upstream of the “Barrié de la Maza” dam, (2)
at the river mouth, and (3) at the outfall of turbine-discharged water, shortly downstream of
the mouth. Daily flow data at these stations were provided by the electric company
“Naturgy”. In situ measurements of temperature, conductivity, pH and dissolved oxygen
saturation were carried out. Nitrate, nitrite, ammonium, phosphate, silicate, and total
dissolved phosphorus were analysed using colorimetric methods, while DOC and TDN were
determined by high temperature catalytic oxidation. During the studied hydrological year,
the annual average river-ria flow was 86 m*s”. On an annual basis, the water entering and
leaving the dam was similar, however, 51% of the total contribution to the ria corresponded
to turbine discharge, which occurred only between November and June. Nutrient inputs
amounted to 6740 t-yr' of total dissolved nitrogen (77% nitrate, 21% organic), 47 t-yr" of
total dissolved phosphorus (11% organic), 7730 t-yr" of silicate, and 5600 t-yr' of DOC. The
influence of the dam on fluvial nutrient concentrations included a decrease of =10% in
nitrate and silicate, and increases in phosphate (20%, mainly during the wet season), nitrite
(36%), and ammonium (105%), the latter two primarily during the dry season. DOC
concentrations increased by 18% during dry period.
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Iron redox cycling in sunlit seawater strongly influences the bioavailability and lifetime of
this essential micronutrient. Here we investigate the reaction mechanisms controlling iron
photoreduction in the presence of natural organic matter by combining chemiluminescence
detection of Fe(II) and superoxide with luminol and MCLA, respectively in sunlit seawater
containing humic substances and/or thiol-rich algal exudates. The results show that organic
matter composition strongly influences both Fe(Il) formation and its oxidation dynamics,
revealing distinct reactivity patterns between humic material and thiol-containing exudates.
In particular, the simultaneous detection of Fe(II) and superoxide allows us to explore
whether superoxide acts as a transient intermediate linking ligand-driven photoreduction of
iron. These findings highlight the importance of natural organic ligands in regulating the
speciation and persistence of iron in surface waters, with implications for iron bioavailability
and upper-ocean biogeochemical cycling.
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Harbours are one of the main emitters of anthropogenic contaminants to the air in the
world. Since ports are usually an integral part of cities, air pollution resulting from their
activity can negatively affect the quality of life and health of people living in their area.
Monitoring of air pollutant concentrations, especially toxic substances, and identifying their
sources of origin is also crucial due to their impact on marine organisms. Taking above
under the consideration the aim of this study was to compare the atmospheric deposition
flux and sources of origin of PAHs and trace metals in PM10 in eight European sea ports
(Poland: Gdynia and Gdansk, Germany: Kiel; France: Brest, Spain: Cadiz, Sweden: Malmo;
Norway: Bodg and Bergen). Samples were collected on the R/V Oceanograf during two
cruises: 1) SEA EU from Gdynia to Cadiz (May 25 to July 14, 2022) and 2) SEA-EU 2.0 from
Gdansk to Bodg (June 5 to July 7, 2024). During the first cruise PM10 samples were
collected using a Low Volume Sampler (Atmoservice®), while during the second it was High-
Flow Impactor (Tisch Environmentals®). Trace metal analysis was performed using ICP-
Quadrupole-MS (Thermo Fisher Scientific®). The concentration of PAHs was determined
using high-performance liquid chromatography (Dionex UltiMate 3000®). Simultaneously
with the collection of PM10 samples, meteorological parameters and air mass trajectories
were determined. The highest load of both metals (57.8 ug/m’d) and PAHs (2.1 ug/m’d) in
PM10 was found in the Port of Bodo. Regardless of the port, the highest metal flux with
PM10 was found for Fe and Zn reflecting its crustal and anthropogenic mixed origin. Among
PAHSs, the highest flux with PM10 was found for B(a)A, FLU and CHRY. They could originate
from anthropogenic sources related to maritime and port activities, including ship exhaust
emissions and other combustion-derived inputs.
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The Guadalquivir Estuary (SW Spain) is a highly dynamic transitional ecosystem of great
ecological and socioeconomic importance. This estuary has been historically impacted by
mining activities within its watershed and is currently facing renewed environmental
concern due to the reactivation of mining operations. Monitoring metal bioavailability and
their potential transfer through estuarine food webs is therefore essential for assessing
ecosystem health and anticipating future environmental impacts. The mysid

Mesopodopsis slabberi

is one of the most abundant zooplankton species in the Guadalquivir Estuary and constitutes
a key trophic link between primary producers, benthic compartments and higher
consumers, including fish and crustaceans. Its ecological relevance, widespread distribution
and capacity to accumulate trace elements make this species a promising sentinel organism
for biomonitoring purposes. To evaluate its suitability as a bioindicator, concentrations of
macroelements, essential trace elements and heavy metals were determined in

M. slabberi

collected during spring, summer and autumn throughout 2019-2020. Potassium, sodium,
magnesium and calcium dominated the elemental composition of tissues. Among trace
elements, zinc showed the highest concentrations (84-90 ng g-'), followed by iron (43-70 ng
g~1), copper (6-9 pg g~') and selenium (4-6 pg g—'). Seasonal differences were generally
limited, indicating a relatively stable elemental signature. Selenium was the only element
showing a marked increase during summer and autumn, suggesting enhanced seasonal
bioavailability. In contrast, toxic metals such as cadmium, mercury and lead occurred at low
concentrations and did not exhibit significant seasonal accumulation. These results
demonstrate that

M. slabberi

effectively reflects metal availability in the Guadalquivir Estuary and constitutes a valuable
biomonitoring tool for assessing contamination trends and trophic transfer processes.
Establishing this baseline is particularly relevant for detecting future environmental
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changes associated with renewed mining activity in the Guadalquivir basin.
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Antibiotics and synthetic hormones are emerging contaminants of increasing concern due to
their persistence, bioaccumulation potential and possible effects on marine ecosystems and
food safety. In addition, the spread of antimicrobial resistance in the environment has
become a global challenge requiring integrated monitoring and management strategies.
Despite growing evidence of their occurrence in coastal waters, significant knowledge gaps
remain regarding their transfer through marine food webs, their potential sources, and their
ecological implications.

BIOACUMAR is a multidisciplinary research project aimed at evaluating the occurrence of
antibiotic residues, synthetic hormones and antimicrobial resistance in marine ecosystems
of the Asturian and Andalusian coasts (Spain). The project combines chemical,
microbiological, genetic and ecological approaches to assess contaminant bioaccumulation
across different trophic levels using sentinel and bioindicator species, including european
seabass (Dicentrarchus labrax) from both aquaculture and wild populations, tope shark
(Galeorhinus galeus), and bottlenose dolphin (Tursiops truncatus).

The study will investigate spatial patterns of contamination, characterize antimicrobial-
resistant bacteria and resistance genes, and analyse contaminant profiles to support the
identification of their potential origins, including human, livestock and aquaculture-related
sources. Furthermore, biomarkers of health and welfare in bottlenose dolphins will be
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integrated to evaluate ecosystem health under a One Health framework linking
environmental, animal and human health.

BIOACUMAR is expected to generate valuable information for environmental risk
assessment, marine management and conservation, while supporting the sustainability of
fisheries and aquaculture activities, particularly within Natura 2000 marine areas.
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Marine pollution is a growing concern worldwide, with over 80% of pollutants sourced from
land human activities, including water waste where, despite previous filtering, many
contaminants might not be properly treated. Thus, these may enter waterways and can
affect organisms, causing disruption of hormonal pathways, negative effects on
biomolecules and oxidative stress. For this study, two coastal invertebrates were selected to
analyse the effect of these sewage discharges. Holothuria tubulosa and Sarcotragus
spinosulus were collected from an area near a sewage discharge point and a control area in
the island of Mallorca, Spain. Samples were analysed for various enzymatic defence
biomarkers (CAT, SOD, GST, GPx, GRD) and one lipid peroxidation indicator (MDA). Water
and sand samples were also collected from the study areas and analysed for microplastics,
pollutants and nutrients. Results show a statistically significant activation of all enzymatic
defence biomarkers in the polluted area, although no activation of MDA was detected.
Different pollutant groups were identified in the water screening, and microplastics were
also found in higher quantities in the discharge point. Overall, results indicate that these
discharges contain a higher quantity of contaminants, which can affect species living in its
proximities. Even though enzymatic defences seem to be sufficient as to not cause lipid
peroxidation, the repeated exposure to these pollutants could exceed antioxidant capacity
and cause oxidative stress.
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Sunscreens are extensively used products that are inevitably introduced into coastal and
marine environments. Current ecotoxicological risk assessment of sunscreens focuses
predominantly on isolated UV filters and single life stage acute tests, overlooking both the
potential toxicity of the complete formulation and sublethal effects that may emerge across
the full life cycle or be transmitted to subsequent generations. As a result, the true
ecological risk of these contaminants may be underestimated. This study investigated the
transgenerational effects of chronic exposure to a widely used commercial sunscreen at 1
mg/L on the life-history of the brine shrimp Artemia franciscana. F0O individuals (48 h post-
hatching) were exposed to the sunscreen treatment, alongside an unexposed control group,
and the offspring (F1) produced were reared under the same conditions as their respective
parental groups. Sunscreen exposure significantly delayed sexual maturity by 10 days in
both the first and second copula across both generations. First-clutch fecundity was reduced
by 46% in FO, with a persistent tendency in F1. Body growth was severely inhibited in FO,
with exposed organisms remaining fully juvenile at day 18 when all controls had reached
adulthood. In F1, body growth recovered almost completely, yet the delay in sexual maturity
persisted unchanged, revealing a dissociation between endpoints across generations. Our
study showed that transgenerational exposure only partially buffered the toxic effects of
sunscreen in A. franciscana, with developmental recovery occurring in F1 while
reproductive impairment persisted, underscoring the necessity of multigenerational
approaches in the ecological risk assessment of complex chemical mixtures.
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Marine Gas Oil (MGO) is a lightweight distillate fuel used in shipping, in coastal and
emission control areas, due to its lower sulphur content compared with heavier fuel oils.
However, despite reduced atmospheric sulphur emissions, the ecological risks associated
with MGO spills remain substantial, underscoring the need for alternative fuels. Early
developmental stages of marine invertebrates are vulnerable to pollution in the water
column, and their survival and fitness are critical to maintaining marine biodiversity and
ecosystem functioning. We conducted a comparative assessment of the acute toxicity of
MGO and two biofuels (B24 and B100) on early developmental stages of five marine
invertebrates: the sea urchins Paracentrotus lividus and Arbacia lixula, the mussel Mytilus
galloprovincialis, the copepod Acartia tonsa, and the abalone Haliotis tuberculata coccinea.
Early stages were exposed to fuel concentrations ranging from 1 to 5000 pL. L=! under
laboratory conditions. All fuels caused acute toxicity with contrasting effects depending on
species, fuel type and concentration. Effects during early development included mortality,
reduced growth, and malformations. MGO exhibited the highest toxicity across all species,
with A. tonsa copepod nauplii being the most sensitive. The median lethal concentration
(LC,,) for MGO-exposed nauplii was 2.29 nuL. L=, whereas B100 and B24 showed LC;, values
of 6.79 pL L-* and 21.72 uL L%, respectively. MGO was also more toxic to echinoid larvae
than B100 and B24. In contrast, mussel and abalone larvae showed higher tolerance to fuel
exposure, suggesting taxon-specific mechanisms for coping with these pollutants. Overall,
our findings demonstrate that MGO spills can negatively affect early developmental stages
of marine invertebrates at environmentally relevant concentrations, with impacts on benthic
recruitment, food-web dynamics, and coastal biodiversity. Although biofuels exhibit aquatic
toxicity, they appear to be a safer alternative to MGO for reducing the environmental
footprint of maritime activities on marine ecosystems.
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Molluscs are among the most diverse marine animal groups and play key roles in ecosystem
functioning and their services. Due to their ecological importance and sensitivity to
environmental stressors, they are widely used as bioindicators of marine pollution, with
larval stages being particularly vulnerable to chemical. As maritime activity increases, the
toxicity of fuel spills in coastal waters has become a major environmental concern. Here we
investigated the acute toxicity of Marine Gas Oil (MGO) and two marine biofuels (B24 and
B100) on veliger larvae of three molluscs with contrasting life histories and larval
strategies: the mussel Mytilus galloprovincialis, the abalone Haliotis tuberculata coccinea,
and the neustonic gastropod Janthina janthina. Larvae were exposed for 24-72 h to fuel
concentrations ranging from 10 to 2500 uL L=, covering levels reported in coastal waters
affected by spills. Mussel larvae showed significant mortality at MGO concentrations =800
pL L-t. B100 was 2-3 times less toxic than MGO, while B24 exhibited the lowest toxicity to
mussel larvae, causing <50% mortality at the highest concentration. Abalone larvae were
highly tolerant to all fuels, with mortality remaining below 17%. In contrast, J. janthina
larvae was the most sensitive, experiencing 100% mortality at 250 pL. L-! of B24, with LCso
values for MGO and B100 exceeding 500 pL L-t. Behavioural responses, including reduced
swimming activity and valves or operculum closure, were observed. These behaviours may
reduce exposure to contaminants and could partly explain the relatively higher tolerance
observed in veligers compared to other invertebrate larvae. Overall, results demonstrate
strong interspecific variability in sensitivity to fuels and biofuels among mollusc larvae, with
blended biofuels such as B24 showing unexpectedly high toxicity to neustonic larvae, likely
due to their physicochemical properties and enhanced exposure at the air-water interface.

Acknowledgments: This study was funded by the Spanish Ministry of Science and
Innovation and the National Agency of Research through the METAOCEAN project
(CNS2024-154898).

107



EFFECTS OF CRUDE OIL ON DIFFERENT LIFE STAGES OF
SEA URCHINS

Autores:
Mario Arania Garcia, ULPGC
Topic: SIQUIMAR - Ecotoxicology an Marine Pollution
Presenter Name: Mario Arafa Garcia
Keywords: Crude oil, Paracentrotus lividus, metamorphosis, planktonic larvae, pollution, sea urchins

Sea urchins are keystone species in coastal benthic ecosystems, where their grazing activity
strongly influences the structure of rocky-shore communities. Their planktonic larval stages
are particularly vulnerable to pollution; however, most ecotoxicological studies have focused
only on early developmental stages, leaving the sensitivity of later stages largely
unexplored. Among marine pollutants, crude oil is a major global threat due to both large-
scale spills and chronic coastal contamination. In this study, we investigated the acute
effects of environmentally relevant crude oil concentrations (1-50 uL L-!) on multiple life
stages of the sea urchin Paracentrotus lividus, including embryos, 5-week-old pluteus
larvae, newly metamorphosed juveniles, and the metamorphosis process. Early larval
development was negatively affected, with growth reduced by approximately 25% at the
highest concentration tested. In contrast, late pluteus larvae showed no significant mortality
across treatments, although exposure to the highest concentration increased morphological
abnormalities and reduced swimming activity. A slight increase in metamorphosis success
(3-10%) was observed at intermediate oil concentrations, whereas no metamorphosis
occurred in control treatments. Newly metamorphosed juveniles were more sensitive than
late larvae, exhibiting mortality of up to 16% at 10 pL L-! and showing weakness and
morphological abnormalities from 5 pL L-! onwards. Additional experiments with competent
larvae demonstrated that, in the absence of bacteria, crude oil does not strongly induce
metamorphosis in P. lividus. This finding suggests that previously reported oil-induced
metamorphosis may result from oil-mediated changes in bacterial communities rather than
a direct effect on larvae. Overall, our results show that environmentally relevant
concentrations of crude oil can affect critical life stages of P. lividus, particularly early
development and post-metamorphic juveniles, with potential consequences for recruitment
success and population dynamics.
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Global climate change is increasing the frequency of marine heatwaves (MHWSs), potentially
exacerbating the toxicity effects of chemical contaminants on estuarine organisms1,2. The
current study evaluates the combined effects of MHW conditions and copper exposure on
larval performance of the estuarine shrimp Palaemon longirostris (A. Milne Edwards, 1837),
comparing populations across a latitudinal gradient: between southern (Guadalquivir
estuary, Spain) and northern populations (Seine estuary, France).

Larvae were individually reared under site-specific thermal regimes simulating control and
MHW conditions (+4°C anomaly, for both estuaries), cross-factored with three copper
concentrations (0, 1.27, and 12.7 pg-L"). Larval survival, development time, intermoult
duration, number of larval stages, and juvenile dry biomass were measured. Preliminary
results from the southern population indicate that MHW conditions accelerated larval
development and shortened intermoult duration without reducing survival. Copper exposure
showed no lethal effects, although the highest copper concentration significantly decreased
juvenile dry weight, indicating a sublethal effect on growth. These findings suggest that
while P. longirostris exhibits developmental plasticity to thermal stress, sublethal chemical
stress reduces energy investment in growth.

The forthcoming comparison with northern populations will evaluate if latitudinal
environmental contrasts influence the energetic trade-offs between accelerated
development and biomass accumulation under multi-stressor scenarios.
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The occurrence of emerging and legacy pollutants in marine ecosystems has increased the
need for robust and versatile analytical methodologies capable of simultaneously extracting
compounds with a wide range of physicochemical properties. In this work, a QuUEChERS-
based extraction protocol using Agilent AOAC extraction kits and Bond Elut EMR-Lipid
clean-up technology was optimized for the determination of organic pollutants with a wide
range of polarity in dried marine sediments.

Method development focused on improving extraction efficiency, minimizing matrix effects,
and achieving satisfactory recoveries for structurally diverse analytes, including pesticides,
PAHs, PCBs, pharmaceuticals, and veterinary drugs. Different experimental parameters
were evaluated, including sample rehydration conditions, extraction solvent composition,
and clean-up strategies using EMR-Lipid dispersive SPE and polish tubes. Isotopically
labelled surrogate standards were incorporated to assess extraction performance and
compensate for signal suppression or enhancement associated with complex marine
matrices.

The proposed workflow was designed for compatibility with both LC-MS and GC-MS
analysis, enabling broad contaminant coverage within a single extraction platform.
Preliminary optimization assays indicate that matrix rehydration and selective lipid removal
are critical factors influencing extraction reproducibility and analyte recovery. The method
also aims to reduce solvent consumption and sample manipulation while maintaining
analytical sensitivity and robustness.

Although validation experiments are currently ongoing, the optimized protocol is expected
to provide a reliable and reproducible approach for routine monitoring of contaminants in
marine environmental samples. Future work will include full validation through recovery
studies, matrix effect assessment, and determination of method detection and quantification
limits according to current analytical guidelines.
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The entry into force of the IMO 2020 amendment (Annex VI of the MARPOL Convention) has
driven a massive increase in the installation of exhaust gas cleaning systems (scrubbers)
across the merchant fleet. The continuous discharge of their washwater constitutes an
emerging source of chronic pollution for the marine environment. This study evaluates the
dispersion dynamics of these discharges along the Cadiz-Canary Islands maritime route and
their potential ecotoxicological impact, using Lagrangian transport models coupled with the
IBI regional model under different seasonal scenarios. At a regional scale, results reveal two
main areas of vulnerability: the Strait of Gibraltar and the Canary Islands archipelago. While
local wind is a determining factor modulating the inflow of the discharge into the Strait, the
dynamics around the Canary Islands are governed by large-scale winds and the Island Mass
Effect. This phenomenon generates mesoscale eddies leeward of the islands, leading to the
formation of highly concentrated toxic hotspots south of the archipelago. It is concluded
that the waters surrounding the Canary Islands and the vicinity of the Strait are subjected
to chronic ecotoxicological exposure driven by maritime traffic.
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Marine organisms are exposed to a variety of environmental stressors. Ocean temperature
variability is a vital function of Earth’s climate system, but warm-seawater events, the
marine heatwaves (MHWSs), are occurring more often. With these changes, a myriad of
contaminants may also be present, posing a greater challenge. Among them, contaminants
of emerging concern (CECs) are a group of pollutants recently identified as posing
significant ecological risks. Within this group, Rare Earth Elements (REE), a series of 15
metals from lanthanum to lutetium, plus yttrium and scandium, are now considered CECs.
Lanthanum (La) is one of the most abundant REE in the environment and of particular
concern due to its ability to mimic calcium ions (Ca’*) and disrupt essential enzymatic
pathways. To better understand how MHWs might affect La accumulation and biochemical
and molecular responses in the bioindicator species Mytilus spp., a laboratory experiment
was conducted. Mussels were exposed to La (100 mg/L) via water for 20 days during an
MHW of 5 days with a temperature variation of 5°C. Metal bioaccumulation, catalase,
glutathione S-transferase, lipid peroxidation, and gene transcription were assessed. Results
indicate that although the MHW didn’t affect accumulation, significant changes were
registered in biochemical and molecular responses. Given the mounting combined threats of
MHW and contaminants, understanding their interactions on marine organisms, such as
mussels, is essential for predicting future impacts and establishing monitoring programs,
conservation, and management strategies.
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Diffusive Gradients in Thin-films (DGT) are increasingly used to assess labile metal(loid)
species, bioaccessibility, and toxicity in sediments. However, their application in estuaries
heavily impacted by metal pollution remains limited. This study investigates metal(loid)
distribution in metal-rich sediments of the Huelva estuary (SW Iberian Peninsula) using DGT
devices combined with sequential extraction procedures. This study investigates
metal(loid)s distribution in metal-rich estuarine sediments of the Huelva estuary (SW
Iberian Peninsula) using DGT devices combined with sequential extraction procedures.
Sediments are mainly silty loam (=60% silt) except at the outer site, where sandy loam
reflects stronger coastal influence. They exhibit high metal concentrations, with Fe (mean
9%), Al (6.4%), and S (1.9%) showing notable maxima in specific layers. Mining-related
elements (Cu, Zn, As, Pb) reach very high concentrations, whereas others (V, Cr, Co, Ni, U,
Cd, Cs) occur at lower levels. Concentrations generally decrease in areas more affected by
tidal dynamics. Mineralogical analysis reveals quartz and phyllosilicates with Fe sulfides
and oxides, along with phosphates, barite, and halite in certain sediment layers. DGT
measurements revealed high Fe concentrations (80-14,462 pg/L), with lower for Mn
(15-1,032 ng/L), and Al (82-1,337 ng/L). Mining-related metals such as Cu and Zn occurred
at lower concentrations, and Pb, As, Cd, U, and V generally remained below 10 pg/L. These
DGT-derived concentrations are comparable to other contaminated coastal sediments
worldwide, such as the Pearl River (China) for Fe and Mn ranges. Discrepancies between
DGT measurements and labile fractions from sequential extractions reflect intrinsic
methodological and conceptual differences: sequential extractions define operationally
mobile pools, whereas DGT assesses in situ diffusive fluxes and resupply processes. Further
research is therefore required to better strengthen its application in environmental risk
assessment.
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The widespread occurrence of pharmaceuticals in coastal ecosystems has emerged as a
significant environmental concern due to their potential chronic effects on marine biota.
This study investigates the occurrence and ecological risk of a wide range of multi-class
pharmaceuticals, including antibiotics and psychiatric drugs, in Wastewater Treatment
Plants (WWTPs) within the Bay of Cadiz, characterized by high anthropogenic pressure and
unique hydrodynamics. To better understand local pharmaceutical consumption,
concentrations measured in the raw influent were converted into community consumption
rates utilizing specific substance correction factors within a Wastewater-Based
Epidemiology (WBE) framework. These values were subsequently correlated with official
medical prescription data for the targeted compounds.

Samples were collected from strategic WWTPs across the Bay. Chemical analysis was
performed using Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS),
targeting 72 compounds (Santana-Viera et.al, 2025). The analytical results revealed the
ubiquitous presence of several substances, with carbamazepine, caffeine and cotinine
showing the highest frequencies of detection. Specifically, caffeine and gemfibrozil reached
maximum concentrations of 2 pug/L in the monitored systems. When we convert the
concentrations of these substances in influents into daily intake, we can see high intakes of
acetaminophen and caffeine, which total more than 300 g/day/1,000 inhabitants.

Environmental risk was evaluated in effluents by calculating the Risk Quotient (RQ), defined
as the ratio between the Measured Environmental Concentration and the Predicted No-
Effect Concentration. Diclofenac and naproxen exhibited RQ values exceeding 1, indicating
a high potential risk to the receiving marine ecosystem, while other substances, such as
cotinine and carbamazepine, showed moderate risk levels suggesting a need for longterm
monitoring. These findings highlight the vulnerability of the Bay of Cadiz to pharmaceutical
pollution. Consequently, this study provides essential baseline data for local environmental
authorities to prioritize management strategies and implement more stringent discharge
regulations to protect the biodiversity of this sensitive Atlantic ecosystem.
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Presence of rare earth elements (REEs) has increased in coastal environments due to a
wider use of those elements in electronic devices (Castro and Basin, 2022). The effect of
those e-waste products on biota is still poorly known (Gutiérrez-Ledn et al., 2024). In this
experiment a natural population of marine microorganisms has been filtered by 20 ym and
exposed to two concentrations (1 and 10 pg-L") of three selected rare earths: gadolinium
(Gd), lanthanum (La) and neodymium (Nd), and the binary mixes of the same elements for
10 days. After that time, organisms were filtered by 0.22 pm and frozen at -40°C for
metagenomic analysis. Differences were found at several levels. Regarding phytoplankton
species’ relative abundance, differences from the controls were found in several treatments
for six selected diatom species (Thalassiosira sp., Th. profunda, Th. oceanica, Mediolabrus
comicus, Chaetoceros tenuissimus and Skeletonema pseudocostatum). The cultures exposed
to Nd and all binary mixes of the assayed elements showed higher differences from the
controls. The dispersion of data among triplicates was relatively low in controls but were
quite high in some of the exposed cultures (such as in the case of 1 pg-L" of La). In
summary, metagenomic approaches could be very useful and informative for microbiome
analysis from a concrete biocenosis. Compared to classical bioassays, metagenomics could
be a more comprehensive method for detecting toxicity of substances or effluents.
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Marine organisms are potentially harmed by human activity in several ways, including the
use of sunscreens and their ingredients. To mitigate this human-induced damage and
protect marine flora and fauna, some companies have developed more environmentally
friendly and sustainable solutions. However, these formulations may still contain
components that could be toxic to organisms. With this in mind, the effects of two sunscreen
formulations on the well-being of adult Artemia franciscana were tested.

Artemia specimens were exposed to two different lotions for 24 hours: an “eco-friendly”
sunscreen (ECO, an ecological, algal-based formulation) and a “non-eco-friendly” sunscreen
(NonECO, a standard formulation). A control treatment was also carried out using
organisms incubated in clean seawater. After this period, survival was determined. In
addition, the following parameters were measured in the surviving organisms: respiratory
parameters (ROz, RCO2), its potential condition (®, ¥) and enzymatic markers (SOD, CAT,
GST) as indicators of potential cell damage.

Both lotions exhibited similar mortality rates (41.9% + 30.2% for ECO and 43.8% %= 20.8%
for NonECO), compared to a 95% survival rate in the control group. This indicates a
comparable level of toxicity for the test organisms. By comparison, the respiratory
parameters of the surviving individuals showed that the ECO sunscreen maintained values
similar to those of the control group, while the NonECO sunscreen showed slightly higher
values. The other parameters measured also showed some variation compared with the
control group and different responses between the two creams studied.

'Eco-friendly' sunscreen may not be as harmless as commonly believed. Therefore, more
studies into the ingredients and their effects, both individually and in combination, are

needed.
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The environmental fate of UV filters is a growing concern due to their widespread use and
persistence in aquatic systems, but their degradations pathways of emerging ones such as
Diethylamino Hydroxybenzoyl Hexyl Benzoate (DHHB), Bemotrizinol (BEMT), and
Ethylhexyl Triazone (EHT) remain poorly understood in aquatic environments (1).

Methods: To address this gap, biodegradation and photodegradation experiments were
carried out under controlled conditions following OECD 306 and OECD 316 guidelines, with
abiotic controls included. Compound concentrations were monitored by liquid
chromatography coupled to high resolucion mass spectrometry to distinguish degradation
processes from physicochemical partitioning effects.

Results: In the results, DHHB showed limited biodegradation (38.5% after one week) but
rapid and complete photodegradation within 48 h, indicating a mainly photodegradation-
driven fate. BEMT exhibited both progressive biodegradation (77.93% after one week) and
efficient delayed photodegradation (90.10% after 72 h), suggesting the combined action of
biological and photochemical processes. In contrast, EHT behaviour was dominated by
adsorption, which masked actual biodegradation and led to only apparent removal from the
aqueous pase (84.4 % after one week), while photodegradation reached 75.43% after 72 h.

Conclusions: The three UV filters showed distinct behaviours: DHHB was mainly
photodegraded, BEMT underwent both biodegradation and photodegradation, and EHT was
dominated by adsorption, highlighting the role of their physicochemical properties in
determining environmental fate.
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assessment. Environmental Sciences Europe, 37 (6).
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The European eel is exposed throughout its life cycle to complex mixtures of anthropogenic
contaminants. Among these, fungicides and other emerging contaminants (ECs) are
frequently detected in freshwater ecosystems, yet their combined effects remain poorly
understood. This study evaluated the toxicokinetics and biological responses of the
fungicide tebuconazole (TBC), applied alone and in combination with eight co-occurring ECs
under environmentally realistic conditions. Juvenile eels were exposed during a 34-day
uptake phase followed by a 19-day depuration phase. TBC was administered at 1 ng L1,
while each additional EC in the mixture was applied at 0.125 pg L. TBC concentrations
were measured in liver, muscle, and plasma to assess tissue-specific bioaccumulation and
elimination patterns. Biochemical biomarkers and gene expression in liver and gills were
also analyzed. TBC accumulated mainly in the liver, indicating this organ as the primary site
of bioaccumulation. Co-exposure to the EC mixture modified TBC toxicokinetics in a tissue-
and time-dependent manner, leading to differences in internal concentrations compared
with single-compound exposure. These alterations suggest the occurrence of mixture-
related interactions affecting contaminant uptake and elimination. Changes in TBC kinetics
were accompanied by biochemical and molecular responses. Overall, the findings
demonstrate that environmentally realistic contaminant mixtures can significantly influence
the toxicokinetics and biological effects of tebuconazole in European eels, emphasizing the
need to incorporate mixture scenarios into environmental risk assessment.
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Gambierdiscus are marine microalgae that are related to Ciguatera Poisoning (CP) due to
their production of ciguatoxins (CTXs) and related compounds. Gambierdiscus species were
first described in the western Mediterranean Sea in the Balearic Islands, where several
studies are being conducted. Later it was reported in Alicante. This study reports and
characterizes 14 isolates of G. australes from newly identified hotspots.

Two sampling campaigns, between autumn 2024 and autumn 2025, were conducted across
eight locations along the Mediterranean coast of Spain (Illes Formigues, Illa Maca d’Oros,
Illes Messines, Illes Medes, Illes Columbretes, Tabarca, Isla Grosa, and Islas Hormigas) to
assess the presence of Gambierdiscus spp. By microscopic observation of living samples, a
total of 14 Gambierdiscus strains from three different locations (Illes Columbretes, Tabarca,
Isla Grosa) were isolated by capillarity and cultured in ES medium for their
characterization. The Neuro-2a cell-based assay (CBA) was performed to assess potential
ciguatoxin-like activity, and liquid chromatography coupled to low-resolution mass
spectrometry (LC-MS/MS) and high-resolution mass spectrometry (LC-HRMS) were
employed for toxin profile characterization. In addition, molecular analysis of five strains
was performed for species identification.

Molecular analysis confirmed the identification of G. australes. CBA results did not confirm
the presence of ciguatoxin-like activity, as dose-response curves were attributed to matrix
effects from Gambierdiscus extracts. LC-MS/MS and LC-HRMS confirmed the presence of
maitotoxin 5, 44-methylgambierone, and gambieric acid C and gambieric acid D. However,
no CTX-producing Gambierdiscus strains were confirmed in this study.

Our data report the presence of G. australes in new hotspots in the Western Mediterranean.
In addition, exhaustive toxicological and analytical characterization is essential for CP risk
analysis. Such findings reinforce the need for continued monitoring and further
characterization of Gambierdiscus presence in the Mediterranean.
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Volcanic eruptions release trace metals that can accumulate in marine (Horwitz et al., 2015,
2014; Lozano-Bilbao et al., 2022; Campeny et al., 2023), yet few studies have compared
bioaccumulation patterns between submarine and subaerial events using the same sentinel
species. We measured eight metals (Al, Cd, Cu, Fe, Li, Ni, Pb, and Zn) in the sea anemone
Anemonia viridis at volcanic and control sites on El Hierro (submarine Tagoro eruption,
2011-2012) and La Palma (subaerial Tajogaite eruption, 2021). Two-way PERMANOVA
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revealed that zone (volcanic vs. control) drove significant differences for all metals (p <
0.001), whereas island effects were negligible for seven of eight elements. PERMDISP
confirmed homogeneous multivariate dispersions, validating the PERMANOVA outcomes.
Principal component analysis separated volcanic from control specimens along PC1 (56.4%
of variance), loaded primarily by Cu, Cd, Ni, and Pb. Canonical discriminant analysis
classified 96.3% of specimens to their correct group, with Cu contributing most to group
separation. In contrast, SIMPER analysis showed that dissimilarity between control and
volcanic sites was distributed across multiple metals, with Li (16.4%), Zn (15.7%), Ni
(15.4%), and Pb (14.4%) being the main contributors, while Cu contributed minimally
(5.1%). Enrichment factors at volcanic sites ranged from 1.25 (Zn) to 3.46 (Ni), and the
Metal Pollution Index doubled near both vents (El Hierro: 0.76 = 0.11 vs. 0.35 = 0.06; La
Palma: 0.82 = 0.20 vs. 0.36 = 0.06). Both eruption types produced remarkably similar
multielement fingerprints in A. viridis tissue. These results confirm this anemone as a
reliable biomonitor of volcanic metal input and support a standardised, multi-element toolkit
for assessing environmental impacts on insular coastlines.

References: Campeny, M., Menéndez, 1., Ibanez-Insa, J., Rivera-Martinez, J., Yepes, J.,
Alvarez-Pousa, S., Méndez-Ramos, J., Mangas, J., 2023. The ephemeral fumarolic
mineralization of the 2021 Tajogaite volcanic eruption (La Palma, Canary Islands, Spain).
Sci. Rep. 13, 6336.
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analysis. Sci. Rep. 5, 8779.

Lozano-Bilbao, E., Lozano, G., Gutiérrez, A.J., Hardisson, A., Rubio, C., Paz, S., Weller, D.G.,
2022. The influence of the degassing phase of the Tagoro submarine volcano (Canary
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113964.

124



MICROPLASTICS AND MERCURY INDUCE OXIDATIVE
STRESS AND ALTER ENERGY METABOLISM IN
GAMMARUS LOCUSTA

Autores:
Ines L. Pereira, NOVA FCT
Topic: SIQUIMAR - Ecotoxicology an Marine Pollution
Presenter Name: Inés L. Pereira
Keywords: Bioaccessibility, Bioaccumulation, Bioavailability, Contaminant mixtures, Oxidative stress

Microplastics (MPs) and mercury (Hg) are ubiquitous environmental pollutants that pose
risks to aquatic wildlife and public health. In highly contaminated environments such as
estuaries, MPs-Hg interactions are inevitable, however, their impacts on benthic ecosystems
remain underexplored. The sediment-dwelling amphipod Gammarus locusta plays a
significant role in benthic food webs, reflecting ecosystem’s integrity. Due to its sensitivity
to environmental stressors, this species is a reliable indicator of pollutant ecotoxicity. To
investigate the toxic effects of MPs-Hg interactions in estuarine organisms, G. locusta were
exposed for 14 days to 4 treatments: C-Control, MP-Waterborne polystyrene MPs at 1000
MP L*, Hg - Hg** and methylmercury at 40 and 0.2 ug g, respectively, in the sediments
and MPHg - a mixture of MPs and Hg forms, at the same concentrations and routes. MP
ingestion was observed in amphipods exposed to MP and MPHg groups, ranging from 1 to 6
particles per individual. Compared to C, HgT concentrations in organisms from Hg
treatment increased by ~ 5.1-fold, while those from MP-Hg increased by ~ 3.9-fold. G.
locusta exposed to Hg alone bioaccumulated ~1.32 fold more Hg than those exposed to
MPHg (not statistically significant). Survival, reproduction and the neurotoxicity biomarker
acetylcholinesterase were not affected by the treatments. The amphipods’ antioxidant
responses were significantly induced by both Hg and MPHg treatments, namely, the
activities of glutathione S-transferase and catalase. However, Hg’s effects on catalase
activity were mitigated by co-exposure with PS-MPs, showing significant differences
between groups. Lactate dehydrogenase was significantly decreased by the MPHg mixture,
indicating alteration of energy metabolism. The findings suggest that while MPs don’t seem
to influence Hg’s bioavailability, they might alter its bioaccessibility, transfer and
accumulation. This study highlights the importance of mimicking environmentally relevant
exposure routes for in vivo experiments and demonstrates that contaminant mixtures might
cause pathway-dependent effects.
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Sea anemones act as effective bioindicators of trace metal contamination by integrating
dissolved and particulate fractions in coastal environments. This study quantified ten
elements (Al, Zn, Fe, Ni, Cr, Cu, Pb, Cd, V and Li) in 240 individuals of Anemonia viridis
collected monthly at Banaderos (Gran Canaria, NE Atlantic) from January 2022 to December
2023 using ICP-OES. Al, Zn and Fe were the most abundant elements throughout the study
period, reaching maximum values in August 2023 (37.2, 56.1 and 40.4 mg kg=! w.w.,
respectively). PERMANOVA pairwise comparisons revealed significant interannual
differences for these elements, mainly during spring and summer, whereas Pb and Cd
showed low variability and no clear seasonal pattern. Temporal variability was further
assessed using linear and spline models, which indicated a gradual increase in Al and Zn
over time combined with a strong seasonal component. Decomposition of the time series
confirmed that seasonality accounted for most of the observed variability in Al, Zn and Fe.
Principal component analysis supported these findings, with these elements driving the
main temporal separation among sampling months. Overall, this two-year dataset provides a
baseline for trace metal exposure in an intertidal bioindicator species and highlights the
importance of high-frequency sampling to resolve seasonal dynamics and detect episodic
contamination events in coastal systems.
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Seaweed, along with various invertebrates, is commonly used as bioindicators of pollution in
marine ecosystems. This study evaluated the concentrations of heavy metals and trace
elements (Al, Cu, Fe, Li, Zn, Sr, and Ba) in two locations in Tenerife (Punta del Hidalgo and
El Médano), comparing control areas with those influenced by outfalls. The
bioconcentration factor (BCF) was also calculated to estimate the accumulation capacity of
each species.

Four macroalgal species (Halopteris filicina, Padina pavonica, Dasycladus vermicularis, and
Cystoseira humilis) and two invertebrate species (Anemonia viridis and Phorcus atratus)
were analyzed. Samples were processed by muffle furnace incineration and subsequent
metal determination by ICP-OES. PERMANOVA analysis showed significant differences
between control and outfall areas in both organisms and water. Sessile organisms showed
high BCF values, especially macroalgae, confirming their accumulation capacity.

These results indicate that both anthropogenic pressures and natural conditions influence
metal distribution and support the use of these organisms in coastal environmental
monitoring programs.
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Engineered nanomaterials (ENMs) are increasingly released into marine ecosystems, yet
their biological effects at environmentally realistic concentrations remain poorly
understood. In this study, the sub-chronic effects of citrate-capped gold nanoparticles (cit-
AuNPs; 0.75 pg L-1) were evaluated in the marine bivalve Ruditapes philippinarum using an
untargeted iTRAQ-based proteomic approach. Gold accumulation in digestive gland tissues
confirmed nanoparticle uptake under semi-static exposure conditions. A total of 2,508
proteins were identified, revealing coordinated molecular responses associated with
nanoparticle-induced cellular stress.

Exposure to cit-AuNPs induced the exclusive expression of d(3,5)- d(2,4)-dienoyl-CoA
isomerase, suggesting activation of mitochondrial B-oxidation and metabolic reprogramming
linked to increased energetic demand. Additional overexpressed proteins were associated
with lipid metabolism, cytoskeletal remodeling, and extracellular matrix organization,
indicating adaptive responses to nanoparticle-induced stress. In contrast, several proteins
involved in antioxidant defense, protein folding, calcium signaling, cytoskeletal
maintenance, and ribosomal activity were significantly downregulated, pointing to impaired
proteostasis, weakened oxidative stress defenses, disruption of cellular signaling pathways,
and suppression of protein synthesis.

Overall, these findings demonstrate that even environmentally relevant concentrations of
cit-AuNPs can disrupt cellular homeostasis and metabolic balance in marine bivalves. The
identification of treatment-specific mitochondrial enzymes highlights their potential as
sensitive biomarkers of nanoparticle exposure and supports the integration of high-
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resolution proteomics into marine ecotoxicological monitoring frameworks.
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Mass tourism constitutes a major socioeconomic driver in numerous regions worldwide.
Canary Islands represent one of Spain’s principal tourist destinations, attracting millions of
visitors annually. Nevertheless, this sustained influx may exert environmental pressures
through the continuous introduction of pollutants and the generation of waste associated
with routine human activities.

Las Canteras beach (Gran Canaria, Spain) is a highly frequented coastal area, where the
extensive use of personal care products (PCPs), particularly sunscreens, leads to the release
of compounds such as ultraviolet filters (UVFs) into the marine environment.

The present study examines the distribution of ten organic UVFs (4-MBC, BMDBM, BP-3,
DTS, EHS, HMS, IMC, OC, OD-PABA, and OMC) within the water column in Las Canteras
beach. Both dissolved and particulate fractions were simultaneously assessed across
different depths, sampling stations and tidal conditions to characterize their environmental
behaviour. Results reveal a spatial and vertical homogeneity in UVF concentrations due to
the confined scale of the study area. Water-solid partition coefficients (K,) indicate that
hydrophobicity (log K,,) alone is insufficient to explain the affinity of these substances for
particulate matter, underscoring the relevance of particle characteristics and local
resuspension dynamics. Tidal state exerted a moderate, compound-specific influence,
particularly for BP-3, OC, BMDBM, and OMC. It is necessary to integrate additional
environmental variables to achieve a more comprehensive understanding of the fate of
UVFs in urban coastal ecosystems.
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Phthalate acid esters (PAEs) are emerging contaminants mainly used in plastic
manufacturing (Zaman et al., 2025). Their presence in marine environments has been
reported (Zhang et al., 2017), however the role of coastal hydrodynamics in their
distribution is poorly characterised, particularly in oceanic islands. In this study, a SPE-
UHPLC-MS/MS was optimised and validated to determine six PAEs and the hydrodynamics
influence was evaluated through seawater sampling at two urban beaches of Las Palmas de
Gran Canaria (Canary Islands, Spain).

Sampling campaigns were conducted from April to June 2025 at Las Canteras and Las
Alcaravaneras beaches. The analytical method provided high sensitivity with average
recoveries close to 80%, low detection limits and precision values below 15%. Total PAEs
concentrations ranged from 45.94 to 1716 ng-L™.

Spatial differences were observed depending on water renewal. Las Alcaravaneras, a semi-
enclosed beach with limited water exchange, exhibited the highest concentrations and
diversity of PAEs. In contrast with La Cicer sector of Las Canteras, exposed to stronger
wave action and greater water renewal, showed minimal PAEs levels. On the other hand, La
Puntilla sector of Las Canteras, that experienced lower water renewal, showed higher and
more frequent concentrations. These results provided relevant evidence that hydrodynamics
strongly affects the distribution and accumulation of PAEs in coastal environments with
different water renewal rates.
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The expected increase in the intensity and frequency of extreme climatic events is likely to
affect considerably coastal shallow areas. We studied the impact of a windstorm event
(WSE) on relevant biogeochemical characteristics in the water column and intertidal
sediments of the inner Cadiz Bay (Spain), as a model for shallow coastal environments.
Samples were collected before, during and after a WSE in two sites with different sediment
characteristics, sandy and muddy, located in opposed sides of the inner bay to cover
maximum variability. Total suspended solids (TSS), chlorophyll a (Chla) and most dissolved
inorganic nutrients increased transiently in the water column during WSE, showing an
evident transfer of matter from the sediment. In addition, TSS and Chla in water column
were linearly related among them and with wind speed. TSS and Chla estimated by
Sentinel-2 imagery confirmed the impact of windstorm on the water column properties but
highlighted a high spatial heterogeneity within the inner bay basin. WSE affected sediment
O, vertical distribution, net metabolism, Chla, organic carbon, total nitrogen and inorganic
nutrients in pore water in different degree depending on sediment characteristics and
hydrodynamics conditions. Windstorms are likely to induce strong system-shift that affected
both water column and sediment ecological and biogeochemical characteristics, clearly
increasing benthic-pelagic coupling by resuspension and exchange of nutrients. However,
the system returned only after a few days to pre-WSE conditions, demonstrating its
resilience to these events. During WSE the outwelling rate of TSS and Chla was estimated
to increase by a factor higher than 3, and inorganic nutrients by a factor between 1.3 and
2.6, depending on the specific nutrient. Higher outwelling rates during WSE from these
shallow tidal coastal lagoons are likely to increase considerably coastal productivity in
adjacent coastal areas.
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Estuaries occupy less than 4% of the global coastal area, but they play a relevant role in the
productive coastal ecosystems. Although they can act as CO, sinks, their contribution to
greenhouse gases (GHGs) fluxes is uncertain, due in part to the high spatio-temporal
variability and their interplay with the changing climate. As climate change increases the
frequency and intensity of marine and coastal heatwaves (HWs), GHGs emissions from
estuarine sediments are expected to rise. To evaluate the effects of heatwaves on sediment-
derived GHGs, such as methane (CH4) and oxide nitrous (N20) emissions and bacterial
community composition in the intertidal zone of the Guadalquivir Estuary (SW Spain),
sediment cores were exposed to temperatures ranging from 10 to 42 °C during a four-day
heatwave simulation, followed by a seven-day recovery period. GHGs fluxes were monitored
throughout the experiment, while bacterial communities were characterized before
warming, at the end of the heatwave and after recovery. CHa fluxes increased exponentially
with warming, reaching rates up to 209 times higher at 42 °C than under control conditions.
N:20 emissions also increased with temperature, peaking at 34 °C (307 = 5.97 pymol m=2 d-?)
before declining at higher temperatures and during the recovery period. Despite that, no
significant changes were detected in bacterial community composition, suggesting microbial
resilience to short-term thermal stress. These results demonstrate that extreme warming
can substantially enhance estuarine GHGs emissions without causing significant
modifications in bacterial community structure. As heatwaves become more frequent under
future climate scenarios, estuarine sediments may therefore represent an increasingly
important source of atmospheric GHGs, even more in intertidal environments already
exposed to strong natural thermal variability.
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Abstract: The variation in the concentration of greenhouse gases (CH, and N,0), dissolved
inorganic carbon (DIC), and the isotopic composition of DIC (6*3C-DIC) with depth was
studied in sediments from different coastal areas of the Bay of Cadiz (Guadalete River, San
Pedro River, Sancti Petri Channel, and the Bay of Cadiz, including both the inner and outer
basins). Sampling campaigns were carried out in July 2025. CHs and N:20 concentrations
were analyzed using gas chromatography, while DIC concentrations were estimated based
on measurements of pH and total alkalinity. 6*3C-DIC was determined using an isotope ratio
mass spectrometer (IRMS). The obtained profiles showed high spatial and depth-related
variability, indicating a marked spatial heterogeneity of the studied sediments. In most
stations, CH4, N20 and DIC concentrations increased with depth, highlighting the
importance of diagenetic processes in the production of these compounds. The Guadalete
River particularly stands out, where CH, concentrations in the sediment reached the highest
values, several orders of magnitude higher than those recorded in the water column. In the
San Pedro River, the highest DIC concentrations were achieved (15 mM). 6*3C-DIC values
ranged between -9.1 and 5.7 %o and generally showed an increase with depth. The results
indicate that the sediments act as a source of greenhouse gases and inorganic carbon to the
water column, with marked differences observed in the diffusive fluxes among the different
studied systems.
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Coastal zones are land-ocean transition areas where materials arriving from land undergo
various physical and chemical processes before being transported into open ocean waters.
Among these materials are metals that, in addition to being toxic pollutants (Pb, Cd), can act
as essential micronutrients (Co, Fe), or can present both characteristics depending on their
concentrations (Zn, Cu).

The levels of these elements in coastal zones depend on their sources of entry, which in
these areas are typically varied and diverse (domestic and industrial discharges, riverine
inputs, atmospheric deposition, etc.), and also depend on the physical, chemical, and
biological processes that determine their distribution among different environmental
matrices (water-particulate matter-biota), and on oceanographic and meteorological
phenomena (upwelling rates, rainfall, and runoff) that have been altered in recent decades
by global change.

This study shows the distribution of metal concentrations along the salinity gradient in the
Vigo Ria over the course of an annual cycle. Initial analyses indicate that some metals, such
as lead and zinc, exhibit a conservative behaviour during estuarine mixing; however, others,
such as arsenic, copper, and nickel, tend to increase in more saline waters indicating the
presence of lateral inputs. Finally, metals like cobalt and iron tend to decrease following
flocculation and/or precipitation.

Nevertheless, within these general patterns, differences are observed between the various
sampling periods, as the concentrations of some metals (Cu, Pb and Zn) increase during
periods of heavy rainfall, while others (As and Cd) increase during upwelling events.

In conclusion, we can say that the intensity of the various oceanographic and meteorological
events that have been altered by global change will influence the biogeochemical cycles of
metals in coastal areas.
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The Guadalquivir estuary (southwest Spain), regulated by the Alcald del Rio dam, represents
a case of a heterotrophic, turbid and highly impacted system, whose role as a source of
greenhouse gases has not yet been determined with sufficient precision.

In late April 2026, concentrations of nitrous oxide (N20), methane (CHa), dissolved organic
carbon (DOC), and the isotopic composition of dissolved inorganic carbon (6*3C-DIC) were
measured along the estuarine salinity gradient aboard the R/V UCADIZ.

pCO, values were also obtained from TA and pH measurements. In general, an increase in
gas concentrations is observed as one moves into the inner part of the river, where waters
are more turbid and richer in organic matter. pCO, and dissolved CH, and N,O show values
ranging between 400 and 3000 patm, 20 and 200 nM, and 5 and 100 nM, respectively.

In addition, 6*3C-DIC values become more negative in the inner sector of the estuary, which,
together with Oz undersaturation and the high pCO2 and CH4 concentrations, indicates
intense degradation of organic matter. Greenhouse gas fluxes to the atmosphere increase
toward the upper estuary, and the system as a whole acts as a source of these gases to the
atmosphere.
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Coastal systems often act as a source of greenhouse gases into the atmosphere, making it
particularly important to characterize the influence of these systems on climate change.
This study measured the concentrations of 3 greenhouse gases (COz, CHs4, and N20) in 5
coastal systems in the Bay of Cadiz (Outer Bay, Inner Bay, San Pedro River, Guadalete
River, and Sancti Petri Channel). Sampling was conducted in the summer of 2025 and
winter of 2026 aboard the R/V Ucadiz and an inflatable boat. The concentrations of CH, and
N,O were measured using a gas chromatograph equipped with a flame ionization detector
(FID) and an electron capture detector (ECD). CO2 was calculated based on pH and total
alkalinity. Air-sea fluxes have been estimated using the parameterization proposed by Jiang
et al. (2008). The spatial distribution of the gases varies greatly across the systems as a
whole, where the outer and inner Bay showing the lowest concentrations, with values
ranging from 15-91 nM for CHs4, 5-8 nM for N:20, and 444-933 patm for pCO2. However, in
the internal systems, an increase in concentration is observed toward the interior, with a
maximum concentration in the inner zone of the Guadalete (3900 nM CH,, 620 nM N,0, and
5100 patm pCO,). The highest CO2 fluxes exceed 200 mmol m2d" in the inner reaches of the
Guadalete River during the summer. All systems in the Bay of Cadiz act as sources of
greenhouse gases to the atmosphere.
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THE MORIA2 PROCESS STUDY: MEDITERRANEAN
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Mediterranean Outflow Water (MOW) is a key component of the Atlantic thermohaline
circulation. Exiting through the Strait of Gibraltar, MOW cascades along the Gulf of Cédiz
and flows northward as an intermediate contour current (700-1400 m depth; T: 10.5-14°C,
S: 36.5-37.5), entraining Eastern North Atlantic Central Waters and injecting salt and heat
into the subtropical and subpolar gyres. Modeling studies indicate that changes in MOW
export volume or salinity can significantly alter Atlantic Meridional Overturning Circulation
(AMOC) intensity, with implications for global climate.

The MORIA project (Mediterranean Outflow Reach and Impact into the North Atlantic) is an
internationally endorsed GEOTRACES Process Study — the first Spanish oceanographic
cruise to receive this recognition — designed to characterize MOW export using a multi-
parameter geochemical approach. Two objectives drive the project: (1) characterize the
present-day distribution and mixing of MOW from the Cantabrian Sea to Iceland using Nd
isotopes, Rare Earth Elements (REE), and trace metals (Fe, Cu and their organic speciation)
alongside hydrographic parameters (T, S, Oz, pH, alkalinity, nutrients); and (2) establish a
geochemical sedimentary archive along the export pathway for paleoceanographic
reconstruction of past MOW variability.

The first MORIA cruise (R/V Sarmiento de Gamboa, September-October 2025) completed
sampling of the Iberian margin and Iceland shelf, but severe North Atlantic storm conditions
forced abandonment of the critical mid-pathway section west of Ireland and Scotland.
MORIA 2 (R/V Odoén de Buen, June-July 2026, Vigo-Reykjavik) will complete these transects
using the same sampling strategy: CTD/rosette water column casts, clean Go-Flo sampling
in a dedicated onboard clean-laboratory container, and a full sediment coring programme
(gravity, multi- and box corers). Together, both cruises will deliver first results from the first
basin-wide geochemical characterization of the MOW export pathway, enabling
quantification of its role in North Atlantic biogeochemical cycling and long-term climate.
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Ocean acidification and warming, driven by anthropogenic and natural sources such as
volcanic degassing, significantly influence the biogeochemical cycling of trace metals. While
anthropogenic acidification results from atmospheric CO, uptake by the ocean, volcanic and
hydrothermal emissions generate localized low-pH environments with distinct chemical
characteristics. This makes the Canary Islands an exceptional natural laboratory for
investigating environmental stress impacts on marine trace metal dynamics.

Within the FeRIA project, Fe biogeochemistry was investigated in coastal environments
influenced by volcanic CO, emissions in La Palma (Fuencaliente and Tazacorte) and
anthropogenic CO2-driven acidification in Gran Canaria (Gando Bay and El Pajar). Although
both settings experience acidification, volcanic emissions introduce additional reduced
chemical species that can substantially modify Fe speciation, reactivity, and cycling.

Our results show that Fe(II) oxidation kinetics vary significantly across sites as a function of
physicochemical conditions (pH, temperature, salinity, dissolved oxygen) and
biogeochemical factors (pH, temperature, salinity, dissolved oxygen) and biogeochemical
factors, particularly the composition of dissolved and particulate organic matter. Ocean
acidification generally slows Fe(II) oxidation, increasing its persistence in seawater,
whereas warming accelerates oxidation, promoting the less bioavailable form. Organic
matter exerts a dual role, either stabilizing or enhancing Fe(II) oxidation depending on its
molecular characteristics, which are closely linked to local ecosystem structure, from newly
formed volcanic delta environments to established coastal systems This study assesses the
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extent to which volcanic CO, emission sites can serve as natural analogues for predicting
the impacts of anthropogenic ocean acidification and warming on coastal Fe
biogeochemistry.
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