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1. Context of the Project

To support the development of the Quality Status Report (2026-2027) and in line with the
objectives of the Pelagos Agreement’s Management and Action Plan (2022-2027), the
Permanent Secretariat issued a call for technical and scientific consultancies under its 2022—
2023 Work Programme. This report presents the outcomes of the activities conducted under
Call 4: Protocols and assessment of pathological effects, including mortality, resulting
from chemical and biological contamination in cetaceans in the Pelagos Sanctuary.

The Mediterranean Sea, particularly the Pelagos Sanctuary, is exposed to a wide range of
anthropogenic pressures. Its semi-enclosed nature, coupled with intense maritime traffic,
coastal urbanization, industrial activities, oil and gas extraction, and seasonal tourism, results
in high levels of both chemical and biological pollution (Avila et al., 2018; UNEP/MAP, 2012).
Marine mammals, which serve as sentinels of ecosystem health and potential indicators of risks
to human health, are especially vulnerable to these stressors due to their long life spans, high
trophic positions, and proximity to contamination sources (Bossart, 2011; Desforges et al.,
2022; Mazzariol et al., 2018). The chronic exposure of these top predators to persistent toxic
pollutants through biomagnification and bioaccumulation, as well as to emerging contaminants
and microbial agents, can lead to a wide array of adverse health effects, including
immunosuppression, endocrine disruption, reproductive failure, and increased susceptibility to
infectious diseases (Jepson et al., 2016; Marsili et al., 2018).

Despite a growing body of literature highlighting the risks posed by pollutants to cetaceans in
the Mediterranean, many knowledge gaps persist. One of the main limitations is the lack of
harmonized and long-term monitoring protocols that could enable reliable assessments of the
relationships between contaminant exposure and pathological outcomes. Furthermore, most
studies to date have focused on a limited range of substances, especially legacy persistent
organic pollutants and heavy metals, while less attention has been devoted to emerging
chemicals of concern and contaminants of biological origin (ACCOBAMS, 2022a; Bartalini et
al., 2022; Marsili et al., 2018).

Another major gap lies in the difficulty of establishing causal links between pollution and
disease. This challenge stems from multiple, interrelated factors, including the presence of
complex chemical mixtures, the lack of harmonization in toxicological protocols and data
interpretation, and the influence of numerous confounding variables (Reijnders et al., 2018).
Moreover, species-specific sensitivity to various stressors further complicates assessments, as
does the inherent difficulty of studying wide-ranging, long-lived, and legally protected species
such as cetaceans (Weijs and Zaccaroni, 2016).

In recent years, the Mediterranean has also seen a rise in emerging infectious diseases among
marine mammals, often triggered or exacerbated by environmental degradation, chemical
exposure, climate change, and increasing eutrophication (Mazzariol et al., 2018). However, the
role of pollution in altering host-pathogen dynamics remains poorly understood. The same
applies to the potential synergistic effects of multiple stressors, including contaminants,
pathogens, and climate-driven changes, on the health and survival of cetacean populations.

In light of these challenges, this project sought to contribute to closing critical knowledge gaps
in three main areas: the existence and availability of validated and shared protocols for
assessing pathological effects of pollution at Mediterranean level; the feasibility of a
coordinated, cross-border approach to long-term monitoring of pollution threat for cetaceans in
the Pelagos Sanctuary; and the current state of knowledge regarding the links between pollutant
exposure and the incidence of disease in Mediterranean cetaceans. Additionally, the project
explored the impacts of macro- and microplastic ingestion, a growing concern in the region,
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focusing on their potential toxicological effects and the pathways through which they might
contribute to biological harm.

Specifically, the main objectives of the Project were:

- Objective 1: Bibliographic review on existing protocols to assess potential pathological
effects on marine mammal species and relevant legislation at UNEP MAP, EU,
RAMOGE, ACCOBAMS and national level

- Objective 2: Joint protocol (FR, IT, MC) for long-term monitoring of chemical and
biological contamination of marine mammals in the Pelagos Sanctuary and to assess
links between pollutants and occurrence of pathologies

- Objective 3: Overall assessment of the relationship between the incidence of pollutants
and any actual or potential impact of pollutants on individual species’ health, including
the link with any pathologies

- Objective 4: Advisory fact sheet on the actual and potential impact of macro- and
microplastics ingestion including relevant toxicological effects

2. Activities carried out during the Project

All activities were carried out between January 2024 and April 2025.

2.1.0bjective 1: Bibliographic review on existing protocols to assess potential pathological
effects on marine mammal species and relevant legislation at UNEP MAP, EU,
RAMOGE, ACCOBAMS and national level

The first objective of the Project involved conducting a comprehensive bibliographic review of
existing protocols to assess the potential pathological effects of chemical and biological
contamination on marine mammal species, as well as an overview of relevant environmental
legislation at national and international levels (UNEP MAP, EU, RAMOGE, ACCOBAMS).
Following the contract signature on December 27th, 2023, contact was immediately established
with key experts in the field of environmental law, as advised by the Pelagos Secretariat. The
consultants engaged with Dr. Cristiana Roppo (Pelagos Working Group on Laws) and Dr.
Matthieu Duchemin (DM Conseil), who provided critical input for the legislative review.
The analysis considered:
- International conventions and programmes, including the UNEP Mediterranean Action
Plan (MAP), particularly the Barcelona Convention and its protocols;
- European directives, such as the Habitat Directive (92/43/EEC), the Marine Strategy
Framework Directive (2008/56/EC), the Water Framework Directive (2000/60/EC);
- Regional agreements, notably RAMOGE and ACCOBAMS;
- National monitoring and conservation strategies for marine mammals in France, Italy,
and Monaco.
The legal analysis revealed that while current EU and regional frameworks provide a solid
foundation for marine environmental protection, their application to marine mammals,
particularly in relation to chemical and biological contamination, remains limited and
fragmented.
International agreements focused on cetacean conservation, such as the Habitats Directive
(Directive 92/43/EEC), the Washington Convention (CITES), the Bern and Bonn Conventions,
the Convention on Biological Diversity (CBD) and ACCOBAMS, acknowledge pollution as a
significant threat to cetacean populations. However, they generally provide only broad and
unspecific references to pollution sources and indicators and rarely include detailed protocols
or action plans for monitoring or evaluating actual impacts on marine mammal health.
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At the international level, several frameworks contribute to water pollution control and the
protection of marine ecosystems in the Mediterranean, including the UNEP/MAP Barcelona
Convention and its protocols, the Basel Convention, the RAMOGE Agreement, the Marine
Strategy Framework Directive (Directive 2008/56/EC), and the Water Framework Directive
(Directive 2000/60/EC). The MSFD in particular promotes an ecosystem-based and
precautionary approach to marine management. Marine mammals are formally recognized
under Descriptor 1 (Biodiversity) and can theoretically be selected as bioindicators for
Descriptor 8 (Contaminants) and Descriptor 10 (Marine Litter). However, despite being
acknowledged as good indicators of marine ecosystem health by both the Barcelona Convention
and the MSFD, marine mammals are rarely explicitly considered under contamination-related
descriptors or indicators. Monitoring efforts under Descriptor 8 have so far focused on chemical
pressures in environmental matrices (e.g., water, sediment) and on lower trophic level
organisms (e.g., fish, bivalves).
The absence of standardized, cross-border protocols for assessing long-term and cumulative
contaminant exposure in cetaceans represents a significant gap. This is particularly critical for
the Pelagos Sanctuary, where the lack of harmonized methodologies hampers regional-scale
assessment and coordinated action.
In recent years, France has increasingly recognized the importance of long-term contaminant
monitoring in marine mammals. A national strategy is currently being developed to
systematically monitor contaminant levels in these species, with a dual objective:

- To meet MSFD Descriptor 8 Criterion 1 (D8C1) requirements regarding the presence

of hazardous substances in biota;
- To enable future assessment of associated biological effects, in line with Criterion
D8C2.

Recognizing the transboundary nature of marine mammal populations, the French approach
also emphasizes the need for enhanced regional coordination. While some mechanisms, such
as the OSPAR Convention’s expert group on marine mammals, are already in place at the
European level, further efforts are needed to ensure coherent and harmonized monitoring across
borders. In this context, the French Observatoire PELAGIS has been leading national efforts to
assess GES with respect to marine mammals. In 2019, it reviewed concentrations of 14 trace
elements and 56 persistent organic pollutants in stranded marine mammals, based on MSFD
monitoring lists. Results were published in a technical report (Méndez-Fernandez et al., 2019).
The Pelagos Agreement has also taken important steps in this direction in recent years. Prior to
the current Call for Consultancies, it funded specific initiatives, such as Convention No. 2018-
03, aimed at assessing, monitoring, and mitigating biological and toxicological contamination
in cetaceans. Among the key outcomes of this project were the development of two standardized
protocols: one for the collection and analysis of terrestrial pathogens, and another for
toxicological sampling and analysis in stranded individuals.
These developments underscore the urgent need to strengthen the alignment between
overarching legal and policy frameworks, such as the MSFD, ACCOBAMS, and the Barcelona
Convention, and concrete operational protocols for monitoring contaminant levels and their
health impacts in marine mammals. In this context, particularly relevant is the establishment of
a joint ACCOBAMS/ASCOBANS working group to foster collaboration with the MSFD,
supporting the achievement of GES in critical cetacean habitats. The new ACCOBAMS
Strategy (Res.7.4/2019) further promotes synergies with key international frameworks,
including the MSFD, Barcelona Convention, CBD, IWC, and GFCM, with the overarching goal
of enhancing the conservation status of cetaceans and their habitats by 2030.
The results of this legal and policy review are presented in the Preliminary Technical Report
(Deliverable 2) of Call 4. This foundational analysis directly informed the next phase of the
project, namely the development of a proposal for a joint (France, Italy, Monaco) long-term
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monitoring protocol on chemical and biological contamination in cetaceans of the Pelagos
Sanctuary.

2.2.0bjective 2: Joint protocol (FR, IT, MC) for long-term monitoring of chemical and
biological contamination of marine mammals in the Pelagos Sanctuary and to assess
links between pollutants and occurrence of pathologies

The second objective of the project focused on developing a joint protocol among France, Italy,
and Monaco for the long-term monitoring of chemical and biological contamination in marine
mammals of the Pelagos Sanctuary. The protocol also aims to facilitate the assessment of
potential links between pollutant exposure and the onset of pathological conditions in cetacean
species.

Designed as a harmonized and operational tool for the Pelagos Agreement Parties, the protocol
provides a unified framework for monitoring both stranded and free-ranging cetaceans in the
area. It fosters cross-border collaboration to tackle the growing impact of pollution on marine
mammals and serves as a pivotal step toward establishing a shared database encompassing data
on chemical and biological exposure in cetaceans across the region.

The protocol integrates and harmonizes existing frameworks and recommendations from
ACCOBAMS, EU regulations, and national stranding networks. It draws extensively on
international best practices, notably the Joint ACCOBAMS and ASCOBANS document “Best
practice on cetacean post mortem investigation and tissue sampling” (ACCOBAMS, 2019;
IJsseldijk et al., 2019), which provides a detailed tiered approach to necropsy and sampling.
Additionally, it incorporates the contaminant watchlist compiled by the European
Commission’s Joint Research Centre (JRC) under the MSFD, which provides a standardized
catalogue of substances of concern in marine environments (Tornero and Hanke, 2017). The
protocol also builds upon previous outputs of the Pelagos Agreement, such as Convention No.
2018-03 (Berio et al., 2020).

The protocol begins with an overview of how national stranding networks operate in Italy and
France, highlighting the pivotal role of marine mammal tissue banks for long-term
epidemiological and toxicological studies.

From a technical standpoint, the protocol offers a detailed framework for sample collection,
analytical procedures, and data harmonization. The sampling section is divided between
stranded and free-ranging cetaceans. For stranded individuals, it describes procedures for
necropsy and tissue sampling stratified by decomposition condition codes (DCC), ensuring data
comparability even under varying carcass preservation states, as stated in the
ACCOBAMS/ACOBANS reference protocol. It outlines gross pathological, histological, and
biomolecular investigations, while emphasizing precise recommendations on tissue types,
aliquot volumes, and storage conditions to optimize the analytical value of the samples for
toxicological, microbiological, and molecular assessments.

For free-ranging individuals, the protocol details biopsy collection strategies that allow for
minimally invasive sampling, supporting contaminant monitoring and emerging molecular
approaches such as -omics and fibroblast culture analyses (ACCOBAMS, 2022b; Fossi and
Marsili, 2011).

Analytically, the protocol defines a core panel of contaminants, encompassing both legacy
compounds, such as PCBs, organochlorine pesticides (DDTs, HCB), PBDEs, PAHs, PCDD/Fs,
and trace elements, and emerging contaminants including PFAS, plastic additives (phthalates,
bisphenols), halogenated flame retardants (HFRs), and halogenated natural products (HNPs).
For each contaminant class, the most appropriate tissue matrices are identified (e.g., blubber
for lipophilic POPs, liver for trace elements, etc.), and, when available, reference toxicological
thresholds are reported. While legacy pollutants such as PCBs, DDTs, and mercury remain
central to ongoing surveillance efforts, the protocol stresses the need to broaden the monitoring
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scope to include under-studied yet highly toxic substances such as dioxins and PAHSs, as well
as key emerging contaminants like PBDEs and PFAS. The inclusion of these compounds is
particularly urgent given their persistence, bioaccumulation potential, and synergistic toxicity.
A set of recommended analytical approaches for assessing toxic chemicals in cetaceans from
the Pelagos Sanctuary is outlined in the protocol. Rather than prescribing a single methodology,
the document underscores the importance of regular intercalibration exercises, the definition of
a minimal and standardized panel of priority compounds, and the systematic reporting of
Quality Assurance/Quality Control (QA/QC) procedures, as key elements for establishing a
robust and consistent long-term monitoring framework.

Notably, the protocol also incorporates procedures for assessing macro- and microplastic
ingestion. It describes the full workflow, from gastrointestinal tract (GIT) extraction to multi-
sieve separation (Corazzola et al., 2021), classification of marine litter items and natural
food/non-food remains in the GIT, polymer identification via FTIR/Raman spectroscopy, along
with standardized criteria for reporting results (ACCOBAMS, 2022b).

The scope of investigation is further expanded to include biological contaminants. The protocol
outlines the main infectious agents of concern, both marine and terrestrial in origin, with a focus
on those with zoonotic and epizootic potential. These include morbilliviruses, Toxoplasma
gondii, Listeria spp., Salmonella spp., Escherichia coli, and Erysipelothrix rhusiopathiae, as
documented in previous studies (Berio et al., 2020; Mazzariol et al., 2018). It also recommends,
where feasible, the inclusion of harmful algal toxins in the monitoring plan. Diagnostic
strategies include a combination of molecular (PCR/RT-PCR), microbiological, and
histopathological analyses.

In addition, the protocol highlights non-invasive biomarker approaches, omics technologies,
and the development of cell and organotypic cultures from skin biopsies as powerful tools for
advanced cetacean ecotoxicology. These techniques allow for the detection of sublethal and
chronic effects through changes in gene expression, protein levels, hormone concentrations,
and other physiological endpoints (Fossi and Marsili, 2011; Godard-Codding and Fossi, 2018;
Marsili et al., 2012). In vitro models derived from fibroblast cultures and organotypic systems
now represent a critical advancement in cetacean toxicology, enabling mechanistic studies in
species for which in vivo experimentation is ethically or logistically unfeasible (Marsili et al.,
2019, 2000).

The full protocol is provided as Deliverable 3 of this consultancy: “Joint protocol (FR, IT, MC)
for long-term monitoring of chemical and biological contamination of marine mammals in the
Pelagos Sanctuary and to assess links between pollutants and occurrence of pathologies” by
Capanni F., Centelleghe C., Labach H. and Marsili L. (2024).

By systematically addressing previous gaps, such as inconsistent analytical approaches across
countries, exclusion of marine mammals from national MSFD monitoring plans, and
insufficient integration of health and contaminant data, this protocol lays the groundwork for a
harmonized, transboundary, and multidisciplinary monitoring strategy. It promotes
standardized sampling and analytical procedures and proposes a set of indicators for chemical
and biological contamination. By doing so, it represents a step forward the development of a
centralized, cross-border database that can foster the comparability, accessibility, and long-term
utility of monitoring data across the Sanctuary. This, in turn, strengthens the capacity to detect
spatial and temporal trends, assess cumulative impacts, and support informed conservation and
management decisions.

By bridging the gap between contaminant exposure data and health outcome indicators, it
facilitates a more integrated and evidence-based understanding of cumulative pressures on
cetacean populations. This integration is essential not only for assessing environmental status
under regional agreements (e.g., the Barcelona Convention and MSFD), but also for informing
public health risk assessments and ecosystem-based management approaches. In this sense, the

7117



£ /cjg 2023 Call for technical and scientific consultancy of the Pelagos Agreement - Final Report

protocol contributes to the practical implementation of the "One Health” and "One Ocean”
principles within the context of marine mammal conservation.

2.3.0bjective 3: Overall assessment of the relationship between the incidence of pollutants
and any actual or potential impact of pollutants on individual species’ health, including
the link with any pathologies

The third objective of the project consisted in an overall assessment of the levels of key
chemical contaminants in marine mammals within the Pelagos Sanctuary, and their actual or
potential impact on individual species’ health, including links with specific pathologies.

To achieve this aim, an extensive literature review and comparative analysis was conducted,
that results in the selection of 60 peer-reviewed studies, spanning nearly five decades of
research (1973-2022) and covering multiple cetacean species. The most studied species were
striped dolphins, fin whales, and common bottlenose dolphins, with data derived from both
stranded individuals and remote biopsies from free-ranging animals.

Building on the indicators proposed in the joint monitoring protocol (Objective 2, Deliverable
3), the assessment considered a wide range of contaminant classes: persistent organic pollutants
(e.g., PCBs, DDTs, PBDEs, PAHS, dioxins and furans), trace elements, and emerging pollutants
(e.g., PFAS, plastic additives).

As already highlighted in Deliverable 3, the dataset revealed a high degree of variability in
terms of the chemical compounds analyzed, biological matrices sampled, and analytical
methodologies employed across studies. Moreover, contaminant levels were often reported
only as totals, and raw data were frequently unavailable. Most critically, contaminant
concentrations, especially for emerging or under-investigated compounds, were rarely linked
to information on the health status of the analyzed specimens, such as cause of death or
diagnosed pathologies.

As a result, the available data did not allow for an integrated statistical analysis of contaminant
burdens, trends and their potential biological effects. Nonetheless, in order to explore possible
long-term health risks associated with chemical exposure, the measured contaminant levels in
both stranded and free-ranging individuals were compared with established toxicity thresholds.
These included general benchmarks derived from historical in vivo studies on captive marine
mammals or extrapolated from field-based epidemiological data, as well as species-specific
reference values such as the canonical (CAN) indices developed for Mediterranean striped
dolphins (Marsili et al., 2004).

The authors acknowledge that the applicability of toxicity thresholds across different species
and contexts is inherently limited, particularly because marine mammals are exposed to
complex mixtures of pollutants rather than individual substances. Confounding biological
factors, including age, sex, reproductive and nutritional status, and species-specific
physiological and metabolic traits, further complicate direct comparisons and interpretations.
However, the use of reference thresholds remains a precautionary tool, allowing for biologically
meaningful interpretation of contaminant levels and the identification of potential health risks
(Murphy et al., 2018).

By comparing observed concentrations with literature-derived toxicity thresholds and, where
available, integrating pathological findings, this review seeks to identify cases in which
pollutant exposure may plausibly contribute to compromised health status in individual
cetaceans.

The analysis revealed that many individuals, particularly striped and bottlenose dolphins,
exhibit tissue burdens of PCBs and other organochlorine compounds that substantially exceed
established toxicity thresholds associated with immunosuppression and reproductive
impairment (Jepson et al., 2016; Murphy et al., 2015). While data indicate a slow decline in
PCB levels across the region since the 1990s, current concentrations still remain of concern and
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a possible remobilization of legacy pollutants from sediments and soils has been hindered (Dron
etal., 2022). As expected from their higher trophic level and metabolic differences, odontocetes
generally display greater contaminant burdens than mysticetes. Nevertheless, fin whales in the
Pelagos Sanctuary, while showing lower average concentrations, often present values within
the same order of magnitude and, in some cases, above levels known to be associated with
physiological disturbances.

High PCB concentrations have been repeatedly linked to increased vulnerability to infectious
diseases in cetaceans. Notably, elevated levels of immunotoxic PCB congeners have been
associated with Dolphin morbillivirus (DMV) outbreaks in striped dolphins from the Pelagos
Sanctuary (Casalone et al., 2014; Dron et al., 2022), and with lymphoid tissue depletion and
DMV infection in bottlenose dolphins (Grattarola et al., 2023). According to individual-based
modelling simulations, the chronic PCB exposure documented in Mediterranean bottlenose
dolphin populations may be affecting population-level parameters, including immune
competence and calf survival (Hall et al., 2018).

More broadly, a number of multidisciplinary studies conducted in the Pelagos Sanctuary shown
a recurrent association between high levels of organochlorine compounds and the presence of
lymphotropic viruses such as morbillivirus and herpesvirus. These findings are frequently
accompanied by signs of immunosuppression and increased susceptibility to opportunistic or
zoonotic pathogens such as Brucella spp., Listeria monocytogenes, and Toxoplasma gondii.
Although a direct cause-effect relationship cannot be conclusively established, and not all
studies are fully consistent in their results or interpretations, the overall body of evidence
suggests that immunotoxic contaminants may play a significant role in impairing immune
function and increasing disease susceptibility in cetaceans, particularly when acting in
combination with other stressors. In this context, it is important to recognize that disease
susceptibility in marine mammals is inherently multifactorial. Chronic exposure to complex
mixtures of environmental contaminants, especially in heavily human-impacted areas such as
the Pelagos Sanctuary, represents one of several interacting elements. Other contributing factors
include nutritional stress, habitat degradation, climate-driven changes, and anthropogenic
disturbance. This complexity makes it difficult to isolate single-agent toxic effects, but
nonetheless supports a precautionary interpretation of observed pathologies in highly exposed
individuals.

Halogenated flame retardants (HFRS) have been reported in only a limited number of studies,
which constrains the ability to fully assess their impact on marine mammals in the Pelagos
Sanctuary. Among these, polybrominated diphenyl ethers (PBDES) are the most frequently
investigated. In only a few documented cases have PBDE concentrations in cetaceans exceeded
the toxicity threshold associated with thyroid hormone disruption in seals (Hall et al., 2003).
However, the levels detected in several individuals from the Sanctuary approach concentrations
that, in other species, have been linked to endocrine-disrupting effects and adverse health
outcomes. While the current evidence is limited, these findings warrant attention, particularly
in light of the known persistence and bioaccumulative properties of PBDEs, and their potential
to act synergistically with other contaminants.

Mercury (Hg) emerged as the most extensively studied and concerning trace element in marine
mammals from the Pelagos Sanctuary. Exceptionally high hepatic concentrations were reported
in several odontocete species, particularly striped dolphins, bottlenose dolphins, and Risso’s
dolphins (Delgado-Suarez et al., 2023; Savery et al., 2013). These elevated levels are likely
linked to the so-called “Mediterranean Hg anomaly”, a phenomenon characterized by naturally
high background concentrations of mercury in the region (Bargagli and Rota, 2024). Higher
concentrations were recorded in striped dolphins from the Pelagos area as compared to other
sectors of the Mediterranean Sea. Recent studies suggest a potential increasing trend in this
area, in contrast to the stabilization or decline observed elsewhere in the basin (Dron et al.,
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2024; Wafo et al., 2014). This upward trend has been accompanied by a decrease in the Se:Hg
molar ratio, raising concerns about the diminishing capacity of selenium to mitigate mercury
toxicity. Notably, the onset of this increase coincided with a morbillivirus outbreak in 2007-
2008, prompting hypotheses that mercury-induced immunosuppression, potentially acting in
combination with elevated levels of persistent organic pollutants, may have contributed to the
increased susceptibility to viral infection observed in affected individuals (Dron et al., 2024).
Assessing mercury toxicity remains complex due to species-specific responses and factors like
seasonality, diet, and selenium availability. Given naturally high background levels in the
Mediterranean, context-specific thresholds should be developed, though existing reference
values still provide a useful precautionary basis for risk interpretation (Dietz et al., 2022;
O’Hara et al., 2011). Predictably, all available studies on marine mammals from the Pelagos
Sanctuary report hepatic mercury concentrations that exceed the threshold associated with
lipofuscin accumulation and liver damage in common bottlenose dolphins (Rawson et al.,
1993), often by one or two orders of magnitude, except for fin and sperm whales. When
applying risk categories developed for Arctic marine mammals (Dietz et al., 2022) to
individuals from the Pelagos area, the majority fall within the highest risk category for adverse
health effects. Furthermore, mercury levels measured in the brain tissue of Risso’s dolphins,
striped dolphins, and bottlenose dolphins from the Sanctuary are consistent with concentrations
associated with neurological impairment, up to clinical signs of neurotoxicity (Krey et al.,
2015). Overall, the data support the role of mercury as a significant toxicological stressor with
possible implications for neurotoxicity and immunosuppression in cetaceans.

Despite their well-established toxicity, particularly in terms of carcinogenicity and
immunotoxicity, dioxins, furans (PCDD/Fs), and PAHs remain significantly under-investigated
in cetaceans from the Pelagos area. Only a handful of studies have quantified these compounds,
mostly focusing on PAHS, with highly variable results. The low number of studies, together
with the lack of integrated toxicological and pathological other health-related information,
currently prevents any conclusive assessment of their occurrence or impact. Given their
persistence and biological potency, these compounds should be prioritized in future
assessments.

Data on emerging contaminants such as PFAS, plastic additives and halogenated natural
products (HNPs) are still limited for cetaceans in the Pelagos Sanctuary. However, preliminary
studies have confirmed their presence in odontocetes and mysticetes species. Although
concentrations of PFAS and HNPs were generally lower than those of legacy POPs, they are
subject to biomagnification processes. Notably, both PFAS and HNPs have been shown to cross
the blood-brain barrier, raising additional concerns regarding their potential neurotoxicity. The
toxicological implications of these compounds in cetaceans remain largely unknown, although
research in other taxa suggests endocrine-disrupting and immunomodulatory effects. Phthalates
and bisphenols have also been detected in a limited number of tissue samples from marine
mammals in the area, but available data are insufficient to draw conclusions, and further
investigation is warranted. Currently, no established toxicological reference thresholds exist for
these contaminant classes in cetaceans. The scarcity of data represents a substantial knowledge
gap and underscores the urgent need to include emerging contaminants in long-term,
standardized monitoring frameworks for marine mammal health assessment.

This assessment is provided as Deliverable 4 of this consultancy: “Overall assessment of the
relationship between the incidence of pollutants and any actual or potential impact of pollutants
on individual species’ health, including the link with any pathologies” by Capanni F.,
Centelleghe C., Labach H. and Marsili L. (2025).

This work underlines the complex, multifactorial nature of contaminant-related health effects
in cetaceans. While establishing direct cause-effect relationships remains scientifically and
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ethically challenging, the weight-of-evidence approach applied here supports the view that
chemical pollution constitutes a significant risk factor for marine mammal health.

By reviewing available toxicological data and aligning them with established toxicity reference
values, this assessment provides a precautionary, science-based foundation for the future
development of health monitoring frameworks in the Pelagos Sanctuary. It reinforces the
necessity of integrating contaminant analysis with pathological data collection during
necropsies and biomarker approach, and supports the continued inclusion of cetaceans as
sentinel species for environmental and human health in the Mediterranean region.

2.4.0bjective 4: Advisory fact sheet on the actual and potential impact of macro- and
microplastics ingestion including relevant toxicological effects

The fourth objective of the project focused on producing an advisory fact sheet on the actual
and potential impacts of macro- and microplastic ingestion in cetaceans, with particular
reference to species within the Pelagos Sanctuary. The deliverable aimed to provide a
scientifically grounded yet accessible synthesis of current knowledge on plastic pollution
exposure routes, biological effects, and knowledge gaps, supporting conservation and policy
efforts under the One Health and One Ocean frameworks.

The fact sheet opens by framing the issue of plastic pollution in the Mediterranean Sea,
highlighting that this semi-enclosed basin is one of the world's most significant accumulation
zones for marine litter, often described as the sixth oceanic gyre. Within the Mediterranean, the
Pelagos Sanctuary is recognized as a hotspot for plastic debris, with some of the highest
recorded concentrations of both floating macrolitter and microplastics. Major sources include
land-based runoff, riverine discharge, port activities, and abandoned fishing gear. Additionally,
seasonal hydrodynamics promote the formation of transient retention zones, particularly around
the Tuscan Archipelago (Galli et al., 2023).

Data indicate widespread interactions between cetaceans and marine debris, ranging from
ingestion to entanglement and bycatch. A brief overview of these latter threats is included.
Filter-feeding mysticetes such as fin whales are considered particularly vulnerable to
microplastic ingestion due to their high volumes of water intake. Estimated microplastic
ingestion rates in fin whales range from tens of thousands to millions of particles per day, via
both direct filtration from seawater and trophic transfer (Kahane-Rapport et al., 2022). Ingestion
of macroplastics has been associated with severe health consequences, including fatal
outcomes, especially in deep-diving odontocetes such as sperm whales and Cuvier’s beaked
whales. Odontocetes may ingest microplastics via prey, surface inhalation, or during feeding.
Documented effects include gastrointestinal obstruction, perforation, and septicemia. However,
the assessment of sublethal effects remains a major challenge due to limited post-mortem data
and the lack of standardized necropsy protocols. To date, only a few studies have quantified
micro- and mesoplastic ingestion rates in cetaceans within the Pelagos Sanctuary (Fossi et al.,
2025; Mattioda et al., 2024).

From a toxicological perspective, plastics can act as vectors for persistent organic pollutants
(e.g., PCBs, PAHS), plastic additives (e.g., phthalates, bisphenol A, PBDES), and biological
agents. These contaminants can be transferred to cetaceans, potentially increasing toxicity and
enabling the spread of pathogens and antimicrobial resistance. The interaction between
microplastics, chemicals, and pathogens may amplify their harmful effects. Human health risks
must also be considered, especially given the shared nature of marine ecosystems.

The fact sheet concludes by advocating for the adoption of a harmonized, tiered monitoring
approach to the assessment of plastic ingestion threat in cetaceans across the Pelagos Sanctuary.
It emphasizes the importance of consistent data collection, integration of necropsy and
ecotoxicological protocols, in line with recent recommendations and guidelines (ACCOBAMS,
2022b; 1Jsseldijk et al., 2019). t also includes recommendations for reducing marine litter
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impacts. This deliverable, annexed as Deliverable 5, is presented as six graphically designed
A4 pages.

3. Main results

The project led to several key outcomes that can directly contribute to strengthening the
capacity of the Pelagos Parties to monitor and assess the impacts of pollution on marine
mammals.

First, the bibliographic and legislative review (Objective 1) highlighted that, although marine
mammals are widely recognized as sentinels of both environmental and human health, they are
seldom explicitly included in contamination-related descriptors or indicators within
environmental directives. This omission reflects major gaps in current regulatory and
operational frameworks at both national and Mediterranean levels, particularly the absence of
harmonized protocols and indicators to assess pollution-related threats in cetaceans. Greater
integration between environmental directives and cetacean health assessment tools is therefore
urgently needed.

Second, under Objective 2, the development of a joint protocol for France, Italy, and Monaco
marked a major step toward establishing a shared, operational framework for long-term, cross-
border monitoring of chemical and biological contamination in cetaceans. The protocol
combines best practices from international guidance documents with national experiences. It
covers both stranded and free-ranging cetaceans and includes detailed methodologies for
contaminant analysis, macro- and microplastic ingestion assessment, and biological sampling
for health evaluation. This harmonized approach is intended to facilitate data comparability
across countries and over time, enabling more robust assessments of pollution trends and their
potential impacts on cetacean populations within the Sanctuary.

Third, Objective 3 provided a synthesis of existing evidence on the toxicological significance
of contaminant concentrations in cetaceans from the Pelagos Sanctuary. Through a critical
review of peer-reviewed literature and necropsy data, the project results highlight that resident
cetacean populations in the area are exposed to concerning levels of contamination. Although
data heterogeneity limited direct statistical analysis, the comparison with established toxicity
thresholds supported the use of specific contaminant levels as indicators of health risk.
However, the findings also emphasize the importance of integrating such data with biological
and health status information of the investigated individuals, in order to identify potential causal
relationships between pollution and health deterioration. Moreover, the analysis revealed
significant knowledge gaps and helped define key priorities for future research efforts. This
reinforces the need for continued biomonitoring and more integrated ecotoxicological
assessments in stranded animals.

Finally, Objective 4 led to the development of a fact sheet intended for outreach purposes,
summarizing current knowledge on the impacts of macro- and microplastics on cetaceans. The
document outlines main pathways of exposure, potential (sub-lethal) effects, and interactions
with other contaminants, while also identifying knowledge gaps and future research priorities.

4. Conclusion and recommendations

This project aimed to further build the basis for a multidisciplinary and cross-border approach
to the conservation of cetaceans, and, more broadly, the marine environment, within the Pelagos
Sanctuary. As post-mortem investigation protocols become increasingly harmonized, there is a
growing opportunity to consolidate contaminant and health data across studies and geographic
areas. The ultimate goal is to create comprehensive baseline datasets and support robust
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epidemiological analyses to better understand the long-term toxicological impacts of
environmental pollutants on cetaceans and overall ecosystem health.

The results of this project, and its future developments, will contribute to generate data that can
support authorities in their efforts to reduce the release of contaminants and waste into the
marine environment.

To build on these achievements, the following actions are recommended:

Promote the adoption of the standardized protocol for the collection and analysis of
samples related to chemical contaminants and terrestrial pathogens by relevant national
authorities and institutions involved in marine mammal conservation;

Support the long-term monitoring of key indicators identified in the protocol to ensure
continuity and data consistency over time;

Advance research on emerging contaminants, which remain poorly characterized but
may pose increasing risks to marine mammal health;

Maintain and strengthen efforts to investigate causes of cetacean mortality in the
Sanctuary, with particular attention to the potential links between pollutant exposure,
immunosuppression, and the occurrence of infections and parasitic diseases;
Encourage data sharing among scientists and institutions working on biological and
chemical pollution, as well as on biological responses and health parameters in
cetaceans, to foster collaboration and maximize the value of available information.
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