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Abstract

Microplastics (MPs) are among the most common contaminants in aquatic environments and pose significant risks to aquatic
organisms. MPs can also act as vectors for other pollutants, including heavy metals, potentially intensifying their biological
effects. This study investigates the impacts of two sizes of polystyrene MPs (20 um and 150 um), both individually and in
combination with copper (Cu) or lead (Pb), on the digestive enzyme activities (protease, amylase, and lipase) of the hard clam
Paphia undulata. Overall, digestive enzyme activities tended to increase between days 5 and 7 of exposure, followed by a decline
toward the end of the observation period. Larger MPs (150 um) induced higher enzyme activity compared to smaller particles (20
pum). Co-exposure to MPs and heavy metals produced significantly greater peak enzyme activity (p<0.05) than exposure to MPs
or metals alone. Among the combined treatments, MPs with Pb elicited stronger and faster digestive enzyme responses compared
to MPs with Cu. Clams exposed to MPs with Cu displayed peak enzyme activity on day 7 (except for amylase), whereas those
exposed to MPs with Pb showed peak activity earlier, on day 5. These findings demonstrate that MPs—especially when combined
with Pb—can disrupt digestive physiology in P. undulata, potentially impairing growth, health, and survival. The accumulation of
MPs and heavy metals in clams also raises concerns about trophic transfer to humans and other consumers within the ecosystem.
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