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ABSTRACT


ABSTRACT
Around the world, the accelerating transition toward low-carbon technologies—batteries, offshore wind, photovoltaics, advanced electronics—has drastically increased the extraction, use, and environmental release of trace elements and Critical Raw Materials (CRMs). These elements circulate across continents through atmospheric transport, ocean currents, international supply chains, and waste streams, yet their biological impacts on marine wildlife remain poorly understood at the global scale.
Here, we present new empirical data (2019–2025) from marine mammal species in the North Sea—one of the most industrialised and intensively monitored marine regions worldwide—providing an early-warning signal on how modern technological development may reshape elemental contamination patterns. Using ICP-MS, DMA-80, and stable isotope analysis, we document tissue- and species-specific accumulation of CRMs, rare earth elements (REEs), and other trace metals in seals, porpoises, and dolphins. Increasing temporal trends in elements such as Al, Nb, and Sb between 1999–2001 and 2019–2024 suggest rising environmental inputs linked to global technological production rather than local sources alone.
These findings carry broader significance for regions experiencing rapid industrialisation, offshore renewable expansion, or increased waste flows—including South and East Asia, South America, and the Arctic. They underscore the need for international monitoring strategies addressing CRMs as emerging global contaminants, complementing existing programmes focused on POPs and mercury.
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