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This seems fishy:
Technology-Critical Elements as a
growing concern to aquatic biota
and elasmobranchs in particular
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Laboratoério de Avaliagdo e Promogéao da Saude Ambiental, Instituto Oswaldo Cruz, Fundagdo Oswaldo
Cruz (Fiocruz), Rio de Janeiro, Brazil

Human activities have significantly impacted our natural environments, resulting
in extensive degradation, with chemical contamination emerging as a critical
concern. This type of pollution has far-reaching implications, affecting ecological
health and socioeconomic dimensions. The concept of “contaminants of
emerging concern” encompasses newly recognized environmental pollutants,
highlighting their diverse and often understudied effects. This category includes
microplastics, antibiotics, pharmaceuticals, and metals, among others, many of
which lack adequate regulations and understanding of their ecological and human
impacts. A subset of these pollutants, termed Technology-Critical Elements
(TCEs), holds significance in high-tech industries but also poses environmental
challenges due to increased extraction, manufacturing, and disposal. Aquatic
environments, the ultimate chemical contaminant sinks, require heightened
attention with regard to TCE dynamics and effects. Despite increasing research
on TCEs in various aquatic taxa, a lack of comprehensive data hinders further
knowledge assessments. In this scenario, fish, key environmental health indicators
and links to human contamination, demand focused studies. Cartilaginous
fish, specifically, are often overlooked, although ecologically and economically
significant, warranting research into TCE effects. This type of research displays
the potential to shed light on TCE dynamics, ecological outcomes, and guide
conservation strategies for these species and their habitat, also aligning with
the One Health concept, acknowledging the interconnectedness of humans,
animals, and the environment and contributing to SDG goals, underpinning marine
ecosystem conservation.

KEYWORDS

contaminants of emerging concern, metals and metalloids, ecotoxicology, fish,
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1. Introduction

The Anthropocene has led to the massive degradation of our natural environments
in many ways. Chemical contamination stands out as one of the main environmental
issues of our times, as millions of harmful compounds are now widespread throughout all
environmental compartments, i.e., air, water, soil, and biota, underscoring the magnitude
of this problem. This matter has far-reaching implications, from many unforeseen
health consequences to living organisms to direct reflections on socioeconomic and
public-health dimensions.

Within the chemical contamination scenario, the term “contaminants of emerging
concern” is often used interchangeably with the term “emerging contaminants,” usually
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applied to new synthetic molecules which have been recently
identified as environmental pollutants (Khan et al.,, 2022). This
expression, however, may also be applied in an alternative context,
referring, instead, to recent concerns due to new and emerging
uses of well-known compounds, their detections at higher-than-
expected concentrations and the deleterious effects and risks they
may pose to both environmental and human health (OECD, 2018;
Batley and Campbell, 2022).

Contaminants of emerging concern include many different
chemical classes, such as microplastics, antibiotics, drugs,
Pharmaceuticals and Personal Care Products (PPCPs), Per- and
Polyfluoroalkyl Substances (PFAS), pesticides, and metals (Kroon
et al., 2020). Although these compounds are increasingly being
detected in different environments, they are mostly not monitored
or regulated, safe exposure limits are still lacking for many of them
(Miller et al., 2020), and their potential ecological and human
effects and interactions and still understudied and, often, unknown.
Metals, in particular, are of significant concern in this scenario, as
they are environmentally persistent and may present highly toxic
effects at even very low concentrations (Singh and Kalamdhad,
2011).

1.1. Technology-Critical Elements

Several metals have been recently deemed of emerging concern,
such as nickel and cobalt, increasingly used in the emerging nickel-
cobalt extraction industry in tropical and subtropical regions of the
globe (Reichelt-Brushett and Hudspith, 2016). Some, in addition
to being classified as contaminants of emerging concern, are also
categorized as Technology-Critical Elements (TCEs), including
titanium, rubidium, Rare Earth Elements (REEs), Platinum Group
Metals (PGMs, including platinum, palladium, and rhodium)
lithium, cobalt, graphite, indium, tantalum, gallium, and antimony,
among others (Romero-Freire et al., 2019; European Commission,
2020). This classification encompasses the growing demands for
previously underutilized elements but that now serve as a robust
foundation for current industries, generating a diverse array of
products and applications used in everyday life and modern
technologies (Cobelo-Garcia et al, 2015). Technology-Critical
Elements, therefore, now play a crucial role in high-tech industries
and in emerging technologies on a global scale (Romero-Freire
et al, 2019). The increasing use of TCE has led to dramatic
alterations in the cycling of these elements in environmentally
relevant systems, resulting in increased attention to their potential
environmental impacts (European Commission, 2020; Batley and
Campbell, 2022), especially during the last five or so years.

Notably, the increasing development of technology-driven
industries has resulted in heightened demands for TCEs. Several
TCEs, however, exhibit limited supplies and availability, with
many geopolitical complexities linked to their production and
distribution (Nuss and Blengini, 2018). Accordingly, efforts
are currently underway to broaden TCE exploration from
different sources, enhance recycling and recovery technologies and
develop alternative materials to reduce societal reliance on these
elements, ensuring the continued development of cutting-edge
technologies (Krishna et al., 2023). This however, will, in turn and
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indubitably, lead to heightened environmental contamination by
these elements, as a result of increased mining and extraction and
manufacturing processes, product use and disposal, combustion
emissions, atmospheric deposition, runoff and leaching and
wastewater discharges, among others.

Aquatic environments are of significant interest in the TCE
context, as they comprise the ultimate sink for most environmental
contaminants (Bashir et al., 2020). These ecosystems also play a role
in cycling many elements, including TCE, back to land, directly
or indirectly through the hydrological cycle, as well as through
seafood consumption, affecting both environmental and human
health (Kite-Powell et al., 2008; Herman and Gellasch, 2021). In
this regard, a significant knowledge gap is noted for the dynamics
and effects of many TCEs in aquatic ecosystems, especially as these
elements do not exhibit uniform chemical properties, as some, like
rare earth elements, are metals, while others, such as tellurium and
gallium, are non-metals. This gap extends, but is not limited to,
TCE environmental concentrations, potential speciation processes
and consequent bioavailability, as well as mechanisms of action
and bioaccumulation and biomagnification potential throughout
aquatic food webs.

2. Discussion

Numerous studies examining TCEs have been conducted across
various aquatic taxonomic groups, encompassing algae, mollusks,
crustaceans, and fish, and some valuable reviews have been recently
conducted detailing their specific properties and sources, their fate
and distribution in the marine environment and their interactions
with marine biota (for example, Abdou et al., 2023). Data, however,
is still very disperse in the scientific literature, hindering adequate
specific knowledge gap assessments and further evaluations on
the topic.

Assessments concerning TCEs in fish, in particular, are
paramount, as these organisms are excellent environmental health
indicators, indicative of ecosystem resilience and allow for the
early detection of contaminants or pollution trends (Hook et al.,
2014; Impellitteri et al, 2023). They are also the main link
between environmental and human contamination. However,
most of the available studies on TCEs, in both fish and in
other organisms, simply present determined TCEs concentrations,
without delving into metabolic or physiological implications.
While these investigations certainly contribute valuable data
on TCEs concentrations in aquatic biota, they fall short in
elucidating potential TCEs effects. Therefore, the need to integrate
physiological investigations and aquatic ecotoxicology focusing on
TCEs becomes clear and, indeed, paramount.

Significantly, most fish studies concentrate exclusively on
teleosts, while research on cartilaginous fish (sharks, rays, and
chimeras), remains notably scarce. In fact, a huge delay in the
scientific literature is noted concerning pollution assessments in
elasmobranchs, as, historically, most studies assessments for this
groups centered around ecology, overfishing, and bycatch issues.
This will be elaborated upon in the following section.

As noted by Alves et al. (2020), despite the ecological
and economic significance associated with elasmobranchs, their
management is still a low priority compared to other marine
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predators. Particularly, chemical pollution has only recently been
considered a priority for these animals (Consales and Marsili,
2021; Cooke et al, 2021). This has led to a paradigm shift,
as a growing recognition of their vulnerability and ecological
significance and, consequently, their role as valuable ecosystem
service providers (Serrat et al., 2023), has become more widely
known. These include their role in trophic regulation, preventing
the abundance of certain prey species and maintaining healthy prey
populations by preying on weak prey, carbon sequestration and
nutrient cycling, among others. This has led to a surge of attention
directed toward pollution effects in elasmobranchs in recent years
aiming at their conservation and management, by identifying
pollution hotspots, assessing exposure levels, and evaluating health
effects, aiming at guiding mitigation strategies, informing policy
decisions, raising public awareness and education, and contributing
to global conservation initiatives. Studies on TCEs, however, are
still notably lacking.

Concerning TCEs, some findings in bony fish have indicated
developmental, genotoxicity, mutagenicity, and reproductive
effects for some TCEs, such as titanium and rubidium and some
REE, such as lanthanum and praseodymium, as well as potential
trophic web biomagnification, directly affecting not only individual
health but also ecosystem dynamics (Campbell et al., 2005; Dubé
et al,, 2019; Zhao et al,, 2021; Santos et al., 2023). Extrapolating
these findings to cartilaginous fish, significant physiological and
ecological effects of TCEs in this highly vulnerable taxonomic
group are probable, due to certain specific life-history traits, such
as slow maturation rates, low fecundity, long lifespans, and mostly
meso- and top predator positions (Ward-Paige et al., 2012).

Furthermore, cartilaginous fish hold significant economic
importance, as they are highly consumed worldwide and comprise
a cheap source of protein for millions of people around the globe
(Giovos et al.,, 2022), particularly for communities who may suffer
from limited alternatives in terms of protein sources, such as fishers
and traditional peoples, as well as vulnerable populations, like
children and marginalized communities. The previously noted lack
of studies in this regard for cartilaginous fish, however, has also
hindered human health risk assessments, as most TCEs have not yet
been evaluated concerning safe exposure limits. Certain studies in
this field suggest both primary and secondary human health effects
due to the consumption of fish contaminated with TCE (Gwenzi
etal., 2018; Bu-Olayan and Thomas, 2020), but, as cited previously,
no standards or guidelines, as well as comprehensive assessments
addressing this issue, have been established to date.

The One Health concept is key in this setting. This framework
recognizes the interconnection between people, animals, plants,
and their shared environments, encompassing a collaborative,
multisectoral and transdisciplinary approach at local, regional,
national, and global levels (FAO, 2021). It emphasizes that
the health and wellbeing of these components are intricately
linked, and that actions affecting one can have cascading
effects on the others, requiring collaboration among various
disciplines, including medicine, veterinary science, ecology,
environmental science, and public health. Technology-Critical
Elements assessments in marine organisms are, therefore, crucial
in this sense, due to their paramount and irreplaceable role
in maintaining marine ecosystem health and stability through
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ecosystem services, including roles in biodiversity maintenance,
nutrient cycling, food web dynamics, climate regulation, pollution
control, and finally, socio-economic value (Holmlund and
Hammer, 1999; Worm et al., 2006).

Although studies applying the One Health approach for
elasmobranchs are still in their infancy, the interconnectedness of
these animals and humans, including as important ecological roles,
subsidizing important ecosystem services, among others, should
be considered in a broader context, as declines in elasmobranch
populations can have far-reaching consequences for both ecological
and human health.

Furthermore, pursuing these aims by carrying out TCEs
pollution assessments in elasmobranchs also aligns with and
significantly contributes to the achievement of multiple dimensions
of the 2030 Agenda, a global initiative to address a wide range
of social, economic, and environmental challenges now faced
worldwide. For example, assessing TCE pollution in elasmobranchs
directly aligns with SDG 3—Human Health and WellBeing, as
TCE contamination in elasmobranchs can lead to human health
risks due to bioaccumulation of toxic compounds in their edible
tissues, particularly resonating with SDG 3-9, which aims to
significantly diminish the toll of deaths and illnesses stemming
from hazardous chemicals and environmental pollution, in this
case, the potential hazards of TCEs present in elasmobranch meat.
Monitoring TCE pollution in elasmobranchs also offers insight
on the overall health of marine ecosystems, aligned with SDG 14
(Life Below Water, which focuses on conserving and promoting
the sustainable utilization of oceans, seas, and marine resources.),
and contributes to the preservation of biodiversity, in line with
SDG 15 (Life on Land and Life Below Water). In addition,
this type of assessment can also lead to sustainable practices in
fisheries and aquaculture, encouraging responsible consumption
and production patterns (SDG 12, Responsible Consumption
and Production) by ensuring that seafood is safe for human
consumption and harvested sustainably. Finally, Some TCEs, like
rare earth elements, are essential for clean energy technologies, i.e.,
wind turbines and electric vehicles. Thus, assessing their potential
impacts in elasmobranchs supports the development of sustainable
technologies, aligning with SDG 13 (Climate Action).

Comprehensive investigations into the potential effects of TCEs
on elasmobranchs, along with their broader ecological implications,
will, therefore, comprise a pivotal step in understanding the
dynamics of these contaminants of emerging concern in aquatic
ecosystems, contributing to their sustainable preservation and
the intricate relationships between contaminants, ecosystems, and
human health. Thus, increased and extensive research on TCEs
in elasmobranchs worldwide should be implemented, directing
a novel field of research. Specifically, species inhabiting varied
habitats such as coastal zones, deep ocean waters, and coral reef
ecosystems, and occupying different ecological niches should be
pursued for analysis, as distinct diets, mobility, and life history traits
probably display different metabolism and physiology responses
to TCEs. This may, in turn, shed light on how TCEs enter and
become distributed throughout different food webs, as well as
how they may impact the health and functionality of aquatic
organisms and, ultimately, provide valuable insights in their
ecological outcomes, guiding informed conservation strategies
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and sustainable management practices for elasmobranchs and
their habitats.
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