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Abstract: Marine-coastal sediments are of increasing interest to
stakeholders involved in the Blue Economy field. While they represent
an essential resource for coastal areas facing erosion, they also pose
challenges when removed from ports, lagoons, and river mouths.
Effective and well-planned sediment management can often
determine the feasibility of large-scale projects with significant
economic, political, and social impacts.

The sediments to be handled raise ecological concerns and, given
their potential to interfere with the conservation of marine ecosystems
and the use of the sea as a resource, must be managed appropriately
according to their overall quality. As defining this quality becomes a
crucial aspect in management strategies, optimizing management
approaches is crucial for addressing the diverse challenges
associated with sediment use and recovery, and plays a key role in
marine-related economic activities.

Keywords: Ecotoxicological risk assessment; Dredging; Erosion;
Geochemical anomalies; Circular economy.
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1.

The importance
of the marine
sector for Italy

The marine-coastal zone has always been a natural catalyst for human activities. By the
end of the 20th century, the number of people living along the Mediterranean coast was
close to 136 million (Clark, 1997). In Italy this phenomenon is particularly significant,
given that the country’s coastline stretches nearly 8,000 km. Today, according to a report
published by Teleborsa (2022), Italy derives a substantial contribution from activities
related to coastal and port areas. Recent estimates indicate that the various economic,
commercial, productive, tourism, and energy activities linked to the sea contribute
approximately 25% of the national GDP.

In particular, the tourism sector alone, which is closely tied to the enjoyment of marine
resources, accounts for over 60% of the total annual tourist flow (equivalent to 6% of the
national GDP); with a population of 6.6 million Italian citizens, tourist arrivals by sea are
estimated at 26 million. According to the same data, logistics connected to the so-called
“motorways of the sea” handle around 64% of national imports and 50% of exports. In
this context, port systems represent infrastructures of high strategic, economic, and
social importance, and are expected to be further strengthened in the near future as a
direct consequence of globalized trade (UN ESCAP, 2002). According to Teleborsa as
well, Italy ranks third worldwide in aquaculture, with 800 production facilities
distributed across the country, and it serves as a major hub for gas pipelines, power lines,
and data transmission cables (Teleborsa, 2022).
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2.

Sediment
management: a
sustainability
challenge

Within this broader framework, it is estimated that over the past fifty years, in parallel
with the growing demand for coastal areas for tourism purposes, 35 million square
meters of coastline have been lost, causing significant damage to local economies, as
documented, for example, in the case of the erosion of the Plaja in Catania (Di Stefano,
2023).

In this context, sediments and their management represent a crucial factor that can
substantially interfere with the economic activities described above. It is now well
established that sediments act as a sink for macronutrients and environmental
contaminants (Salomons et al., 1987). In particular, the coastal zone and port
ecosystems, which are subject to the most significant anthropogenic impacts, are
potentially at risk in this regard.

Among the substances that can accumulate in coastal sediments - especially in estuaries,
lagoons (Specchiulli et al., 2011), and ports (Baumard, Budzinski, & Garrigues, 1998;
Baumard, Budzinski, Michon, et al., 1998; Lipiatou et al., 1997; Rogers, 2002) - are
metals and metalloids (e.g., As, Hg, Pb, Zn), xenobiotic compounds (e.g., PCBs,
pesticides, PFOA/S, and PBDEs), and polycyclic aromatic hydrocarbons (PAHs), which
in port environments can reach very high concentrations (Renzi et al., 2009), depending
on the intended use of the area (tourism, commerce, industry, or mixed) (Renzi et al.,
2011).

To assess the risks associated with sediment-related operations, specific regulations were
introduced, beginning with the Ministerial Decree (M.D.) of January 24, 1996:
“Directives concerning the procedures for issuing authorizations pursuant to Article 11
of Law No. 319 of May 10, 1976, and subsequent amendments, related to the discharge
into marine waters or adjacent environments of materials from the dredging of marine or
brackish environments, or from emerged coastal lands, as well as any other movement of
marine sediments.” This was followed by Article 109 of Legislative Decree 152/06
(Environmental Regulations) and the implementing M.D. 173/2016, “Regulation setting
out the methods and technical criteria for the authorization of the disposal at sea of
dredged marine sediments,” which serves as its technical annex.
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3.
Geochemical
anomalies and
local tresholds

The regulatory evolution has been long and complex; the main challenges encountered
throughout this process are detailed in a recent study (Renzi & Provenza, 2022). Briefly,
as of today, while the 1996 decree remains in force only for laying cables and pipelines
(Annex B2), M.D. 173/2016 governs sediment relocation activities for river mouth
restoration, port dredging, and beach nourishment across the entire Italian territory,
excluding national (SIN) and regional (SIR) remediation sites. Operations required to
restore navigational depths and ensure port functionality must be carried out frequently
(Bortone et al., 2004). In parallel, efforts to combat coastal erosion (Teleborsa, 2022)
require sandy materials and thus involve the use of natural resources. In both cases,
significant economic investments are needed—either for removal in the first case, or for
placement in the second.

According to the principles of circular economy, resource enhancement, and recovery of
natural materials, M.D. 173/2016 mandates that the potential use of sediments for beach
nourishment must be assessed as a priority. This option should be considered the
preferred solution for dredged sediment and may be excluded only if environmental risk
classifications provide clear evidence that reuse is not feasible. Furthermore, the
approach promoted by M.D. 173/2016 places primary importance on the assessment of
ecotoxicological risk, while assigning a more marginal role to chemical hazard
evaluation. In summary, conducting a toxicity test provides an integrated assessment of
the potential environmental hazard associated with the handling of the tested sediment
(APAT-ICRAM, 2007).

The innovation introduced by this decree lies in the shift from a tabular to a weighted
assessment approach. Ecotoxicological results are weighted by considering the
sensitivity of the tested species, the statistical significance of the results, the ecological
relevance of the matrix, and the type of exposure. The chemical evaluation considers not
only the type of contaminant that exceeded reference thresholds, but also the number of
contaminants above limits and the extent of the exceedance (Pellegrini et al., 2016). The
overall integration of these independently assessed hazard estimates determines the total
risk associated with sediment relocation. The logic underlying the regulation is based on
the Weight of Evidence (WoE) approach: if experimental evidence does not indicate
harmful effects, the sediment is assigned a no-risk classification and can be used for
beach nourishment (Regoli, 2023).
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4.
Future
challenges

Italy’s volcanic history has created natural geochemical anomalies, resulting in sediment
enriched with metals and metalloids. Examples include the "Elba-Argentario" anomaly
in Tuscany and the Aeolian Arc in Sicily (Bigongiari et al., 2015; Renzi et al., 2015). In
these areas, the threshold levels of chemical contamination defined by Ministerial
Decree 173/2016, which were developed on a national basis, are often too low. Fine-
grained sediments (<63 um) in these regions are naturally rich in feldspars and trace
elements, which are often bound in crystalline structures and not biologically available -
thus not ecotoxic (Herut & Sandler, 2006). In such contexts, site-specific chemical
thresholds, combined with the Weight of Evidence approach, enable a risk classification
appropriate to the specific environmental context. Particularly challenging is the
management of sediments in geographical areas where the presence of a geochemical
anomaly cannot be linked to natural geological conditions, but to a long-standing,
anthropogenic industrial legacy that has become “naturalized” over historical times. In
this context, the presence of minerals responsible for the anomaly in marine sediments is
due to their historical extraction and is widespread over large areas. This is the case, for
example, with background levels of Hg in the Friuli-Venezia Giulia region, where
sediment concentrations range from <LOQ to 25 mg/kg dry weight (Rosset, 2023). Even
in these historically altered areas, local background values should be defined based on
actual environmental conditions.

It is desirable for the future to define locally derived reference values, available for all
national territories affected by this type of anomaly. In this context, the inter-institutional
cooperation agreement aimed at managing geochemical anomalies in the Tuscany
Region is an example - applicable to other territorial contexts - of how virtuous synergies
can be established to define regional-scale local baseline geochemical levels (Masi,
2023), representing an initiative that could be replicated nationwide.

4.1 Installation of cables and pipelines

A revision of the existing regulatory framework is recommended, as it is currently based
on regulations from 1996. It would be necessary to reconsider the indicators used in
sediments as contamination tracers, incorporating the integrated ecotoxicological
approach, which is currently voluntarily included by many stakeholders during the
characterization phase. Furthermore, it would be advisable to define a criterion for
interpreting the results based on an objective risk assessment approach associated with
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the handling activities for the specific project. TERNA is the largest independent
operator of electricity transmission networks in Europe and the most involved entity in
the national territory in terms of the design, scope, economic and social impacts of
environmental characterization activities carried out in accordance with this regulation
(Massara, 2023; Sandulli, 2023). It would be advisable to systematically and structurally
organize the experiences gained over time by operators who have applied this regulation
in its current form.

4.2 Dredging and beach nourishment

Several technical aspects still require attention, such as minimizing interferences in risk
classification due to matrix characteristics or sampling delays. Solutions include
selecting the most appropriate species battery for the specific context, evaluating the
interference of ammonium levels for the selection of species of type III, minimizing the
waiting time for complex matrices rich in organic matter between the sampling time and
the execution of the analysis, and preparing the sediment elutriate according to a
standardized and/or normalized method that ensures repeatability (Provenza & Anselmi,
2023).

Aspects related to the estimation of microbiological contamination should also be
implemented. The reference to specific regulations for water quality regarding bathing is
not easily transferable to sediments, which involve different methods and result
expressions. The choice of methods and result expression is left open (MPN or CFU),
implying limited comparability of results obtained when different methods and units of
measurement are used. The interpretation of the contamination levels found is left to
expert judgment, as no threshold limits or specific management strategies are defined
based on the values found.

4.3 Specific case studies

Large-scale projects often present high execution complexity and many operations must
be carried out under critical conditions. Notable examples include certain
Commissioner-led projects, such as the construction of large maritime infrastructures
like the “Piattaforma Europa” (D.P.C.M. April 16, 2021) and the dredging of the port of
Casamicciola Terme (D.P.C.M. January 24, 2022).

In the first case, the project concerns the expansion of the Port of Livorno and includes
the construction of a 4 km-long northern breakwater and confined disposal facilities
covering an area of 130 hectares, making it one of the largest maritime works currently
under development in Italy (Pribaz & Lotti, 2023).

In the second case, the dredging of the port of Casamicciola Terme represented an
application of Ministerial Decree 173/2016 to recent alluvial deposits accumulated in the
port basin, leading to significant challenges due to the complexity of the specific
sediment matrix (Terlizzi, 2023).

Another particularly noteworthy case concerns the management of sediments within
lagoon environments. Although lagoons are not covered by M.D. 173/2016 and are
therefore subject to a different regulatory framework, certain marine communication
channels in lagoon systems host small tourist and fishing harbors (e.g., the Orbetello
Lagoon). These environments are inherently complex, and management interventions
must be carefully tailored to the specific characteristics of the system under
consideration.
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The case of sediment management in the Venice Lagoon provides clear evidence that a
context-specific, calibrated approach, such as the Weight of Evidence (WoE) framework,
can be effectively applied to define sediment management strategies based on
ecotoxicological effects and chemical contamination (Campostrini, 2023). This
experience serves as a valuable reference that could be transferred to other lagoon
environments across the national territory that require dedicated management plans.

4.4 Environmental monitoring: an ongoing need

The design of sediment-related interventions cannot disregard environmental
monitoring, an activity explicitly required by the specific regulation Ministerial Decree
173/2016. Although not mandated by M.D. January 24, 1996, environmental monitoring
is also widely implemented by various economic operators during the installation of
cables and pipelines for the construction of major national energy interconnection
infrastructure or fiber-optic networks.

The impacts associated with sediment handling can, in fact, be numerous and diverse.
Documented physical effects include, for example, alteration of the intertidal profile
(Jensen & Mogensen, 2000) or changes in population structure (Bonvicini Pagliai et al.,
1985), as well as mechanical burial of ecologically valuable communities, such as
Posidonia oceanica meadows (Duarte, 2002). There is also evidence of impacts caused
by the release of chemical pollutants from disturbed sediments (Erftemeijer & Robin
Lewis, 2006; Filho et al., 2004), particularly during oxidation processes that occur
during sediment mobilization. These processes can lead to the release of organic matter-
bound contaminants into the water column, potentially causing adverse effects on
aquatic communities (Calevro et al., 1998; Gopalakrishnan et al., 2008).

Monitoring activities are also essential to rule out impacts on productive sectors such as
aquaculture, on nursery areas of commercially important fish species, and on coastal
zones designated for recreational use. Monitoring plans should include phased
implementation and be carefully calibrated to the specific environmental context, with
the aim of achieving a positive cost-benefit balance. Given the significant economic
development of the sector (Teleborsa, 2022), it would be appropriate to optimize specific
guidelines and protocols for monitoring aquaculture-related activities - both in terms of
their own environmental impact and potential interference from nearby dredging
operations in adjacent marine areas (Oliva, 2023).

It is particularly important to consider the objectives behind environmental monitoring,
so that the intervention can be properly adjusted in terms of sampling stations, survey
techniques, and target analytes, based on the specific protection goals. Currently,
environmental monitoring plans are often developed based on general guidelines, relying
heavily on expert judgment, and are typically focused on turbidity as a proxy indicator of
environmental impact. However, this approach is limited, and there is a strong need to
replace it with more context-sensitive methodologies, allowing for a more accurate
assessment of the actual impact of sediment interventions (Tinti, 2023).

In many cases, the vast amount of data collected through environmental monitoring
activities, including those conducted on a national scale and covering extensive areas, is
not shared on public platforms. As a result, a significant body of acquired knowledge is
at risk of being lost, despite its potential to serve as a key informational resource for the
development of specific, standardized guidelines to be shared with regulatory bodies and
ministerial research institutions. Within this context, the case of TERNA represents a
notable added value that should be leveraged, given the availability of nationwide
historical datasets derived from the past ten years of environmental monitoring. These
data could contribute significantly to the development of targeted and effective
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monitoring guidelines, in line with current needs for harmonization and transparency
(Massara, 2023).

More broadly, in relation to both monitoring plans and their implementation under the
existing regulatory frameworks, it would be highly desirable to establish a dialogue with
the regional observatories and commissions operating at the national level. An example
is the fisheries commission established under M.D. 173/2016, which has been adopted
by many Italian regions. Such bodies could provide valuable insights into the
conservation of fish stocks and the protection of nursery areas.

4.5 New technologies and the role of scientific research

Scientific research offers promising perspectives both in terms of optimizing methods,
procedures, and processes (Anselmi, Cavallo, et al., 2023; Anselmi, Pastorino, et al.,
2023), and in the selection of test species for assessing the ecotoxicological hazard
classification of sediments (Broccoli et al., 2021; Pellegrini, 2023). Among the emerging
areas of interest is a topic that remains underexplored in current regulatory frameworks
and monitoring programs but holds significant potential impact: plankton seed banks in
marine sediments.

During sediment handling operations, phytoplankton resting stages may be released into
the water column and reactivated, potentially triggering microalgal blooms, including
those involving toxic species, which can affect trophic networks and have consequences
for human health and aquaculture activities (Boero, 2023). Dredging operations pose
major technological challenges and operational complexities that must be addressed by
companies operating in the sector, which are part of the broader marine economy supply
chain. These enterprises require innovative solutions to optimize dredging processes,
which must also be accepted by regulatory authorities (Cucco, 2023).

Among the potential innovative technologies, “bubble barrier” systems have been
patented and are also included in M.D. 172/2016, which regulates dredging operations in
nationally significant sites under Article 5-bis, paragraph 6, of Law No. 84 of January
28, 1994. Additionally, ejector-based pumping systems have been patented as effective
tools for the routine management of sedimentation issues caused by the interaction
between port infrastructure and natural marine current dynamics, particularly at port
entrances and in basins (Saccani et al., 2023).
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5.

Fostering dialogue
and discussion:
recent experiences

In this context, it is hoped that widely recognized guidelines will be developed - also
with the endorsement of regulatory bodies - to support the optimized and standardized
selection of technical and technological solutions tailored to the specific characteristics
of each intervention.

Among the most relevant stakeholders is the Expert Observatory established under M.D.
173/2016 by the Ministry for the Environment (now the Ministry of Enterprises and
Made in Italy, MISE), which has been operational since November 2019 and coordinated
by ISPRA during its first four-year term (2019-2023). The observatory includes
representatives from national research institutions (ISPRA, CNR, ISS), five regional
environmental protection agencies (ARPAs), and two regional representatives appointed
by the State-Regions Conference. Its role is to evaluate the national application of M.D.
173/2016 in terms of authorization procedures and to collect feedback and
implementation challenges from local stakeholders, identifying possible solutions
(Pellegrini, 2023).

Among the key issues under debate are aspects related to intervention design, especially
the representativeness of the sampling grid and coring relative to the total volume of
sediment to be handled (Marconi & Doronzo, 2023; Pribaz & Lotti, 2023).

In this context, the National Technological Cluster BIG — Blue Italian Growth, as an
institutional representative in the field of Blue Economy, could play a strategic role by
promoting dialogue and interaction among stakeholders through the organization of
workshops, conferences, and working groups focused on sediment management. The
ultimate goal is to foster virtuous processes of economic valorization and circular
economy approaches to marine resources, while ensuring environmental protection. An
important step in this direction was the workshop organized by Cluster BIG in Naples on
July 3, 2023, which marked the beginning of a collaborative process with participating
stakeholders. The aim is to develop a summary document highlighting the needs and
gaps related to sediment management that should be brought to the attention of the
Ministry.

Given its nature and mission, Cluster BIG is well-positioned to serve as an interface
between the business sector, stakeholders, and regional and/or ministerial regulatory
bodies, bringing to the attention of legislators and technical institutions the critical issues
and development roadmaps identified by all relevant actors. Accordingly, a dedicated
internal working group has been established to draft a comprehensive and shared
document summarizing the key outcomes, insights, and challenges that emerged during
the workshop. This document will be circulated among all relevant stakeholders
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