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Explore the effects, combined 
and as single stressors, of 

ocean warming, acidification, 
and Gd (10 µg L-1) on the 

accumulation, elimination and 
biochemical performance of the

bivalve 
Spisula solida
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The results 
highlight the 

enhanced toxic 
effects of Gd in 

a changing 
world
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The biochemical response was triggered, 
however damage occurred

Spisula solida accumulated Gd after just one day
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Humans have exhaustively combusted fossil fuels, 
and released pollutants into the environment, at 

continuously faster rates resulting in global average 
temperature increase and seawater pH decrease. 

We exposed surf clams to 10 μg L-1 of GdCl3 for seven days, under warming, acidification, and 
their combination, followed by a depuration phase lasting for another 7 days and investigated 

the Gd bioaccumulation and oxidative stress-related responses after 1, 3 and 7 days of 
exposure and the elimination phase. 

Gadolinium was not eliminated after 7 days, and elimination is further 
hampered under climate change scenarios. 

The increased superoxide dismutase and catalase values 
demonstrate the combined impact of Gd, warming & 

acidification. 

In a worst-case scenario (i.e, SSP5-8.5), by the 
end of the 21st century, an  increase of up to 3.3–

3.9 ◦C and a decrease of 0.3–0.4 pH units is 
likely to take place in the Mediterranean Sea and 

North Atlantic Ocean 

The escalating applications 
of REE and lack of regulation 
on usage and discharge has 

categorized these elements as 
contaminants of emergent 

concern 

Several advanced and modern-day 
technologies are increasingly reliant on 
these elements for the manufacture of 

batteries, lasers, magnets, 
superconductors, and various others. 

Gadolinium is extensively used as in magnetic resonance 
imaging (MRI) as an injected contract with paramagnetic 

features. Here, this element is required to be applied 
complexed to safeguard the recognized toxic effects of Gd3+ 

The limited literature on Gd-induced 
environmental hazards shows how Gd 

toxicity has been understudied by the 
scientific community 

10 μg L-1

of GdCl3

Warming and acidification, 
and their interaction, did not significantly impact 

Gd concentration. However, there was a significant 
interaction on clam’s biochemical response. 

The augmented total antioxidant capacity and lipid peroxidation values 
show that the significant impacts of Gd on the oxidative stress response 

are enhanced under warming 

Ultimately, lipid damage was greater in clams 
exposed to warming & Gd 


