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The impact of plastic waste and ocean acidification on marine life
A.L. Buthaina Mohammed Jassim Hammadi
General Directorate of Education, Anbar Governorate
Abstract

This research is a comprehensive scientific study exploring the complex and
accelerating environmental impacts resulting from the synergistic interaction
between ocean acidification and the accumulation of microplastics and nanoplastics
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in the marine environment. The research problem lies in the scientific and
governance failure to keep pace with the nonlinear and complex interactions
between these two environmental pressures, leading to an unprecedented
acceleration in biodiversity loss and disruption of marine ecosystem functions. It
raises critical questions about the ability of living organisms to adapt and the
sustainability of environmental services and fishery resources. The study is based on
methodological hypotheses that confirm the existence of a synergistic effect, that
exceeds the sum of the individual effects, leading to disruption of calcification
mechanisms, osmotic imbalance, and increased permeability of cell membranes to
toxins, as well as accelerating the trophic transfer of pollutants through the food
chain, threatening both ecological outputs and food security. The importance of this
research lies in its significant theoretical and practical contributions; it fills a deep
knowledge gap in understanding the molecular and biochemical mechanisms of
interaction between nanoplastics and carbonate chemistry in acidic environments. It
also develops advanced mathematical and statistical models capable of simulating
future scenarios and quantifying environmental risks, paving the way for the
development of integrated and effective coastal and marine management policies.
The research methodology was based on a rigorous methodological synthesis,
combining a descriptive-analytical approach to monitor the phenomenon, an
inductive approach to interpret the biochemical mechanisms, a comparative
approach to assess the response of different species, and an indirect experimental
approach through critical analysis of available laboratory and field data, using an
advanced set of statistical tools such as systematic review, meta-analysis, two-way
analysis of variance, and structural equation modeling to ensure accuracy and
reliability. The research concluded with a series of alarming and extremely important
findings, most notably: the detection of a massive increase in the accumulation of
plastic particles in living tissue, reaching 118% under the influence of acidification;
a catastrophic decline in calcification rates, reaching 60.5%; and a food
magnification factor (TMF) of plastic pollutants of 4.40, confirming their transfer
and accumulation in top predators and humans, as well as a sharp exacerbation of
oxidative stress indicators such as a 178.2% increase in malondialdehyde levels and
a partial collapse of enzymatic defense systems such as catalase. Taken together,
these results represent a stark scientific warning calling for a radical change in the
global approach, so that the climate crisis and plastic pollution are addressed as a
single, indivisible package, within the framework of integrated and urgent
international environmental governance.

Keywords: ocean acidification, microplastics, synergistic effect, bloating, oxidative
stress.
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! Dayananda, Nalika R., et al. "Ocean Warming, Acidification, Plastic Pollution, and Water
Quality Deterioration: A Multifaceted Crisis Unveiled.” Coastal and Marine Pollution: Source to
Sink, Mitigation and Management (2025): 111-138.
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