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Contaminants of Emerging Concerns in Marine Ecosystems: 
Evaluation of Presence and Ecotoxicological Effects

Contaminants of Emerging Concern, such as glyphosate (GLY) and its main breakdown product
aminomethylphosphonic acid (AMPA), represent a growing threat to marine ecosystems1. Although these
organophosphorus compounds are frequently detected in aquatic environments - particularly following
agricultural runoff and heavy rainfall - they are not currently regulated in marine ecosystems, where they can
interact with non-target organisms.
Despite GLY is recognized as toxic to aquatic life by ECHA2 , the effects and mechanisms of action in non-
target organisms remain unclear and poorly documented, while its use has recently been renewed in the EU
until 20333. Meanwhile, AMPA, which is often more persistent in the environment, has been largely
overlooked in toxicological assessments.

1.  Matozzo et al., 2019. Ecotoxicological hazard of a mixture of glyphosate and aminomethylphosphonic acid to the mussel Mytilus 
galloprovincialis (Lamarck 1819)

2. ECHA, 2022. Glyphosate. European Chemicals Agency, Helsinki, Finland
3. Commission Implementing Regulation (EU) 2023/2660 of 28 November 2023
4. Drechsel et al., 2024. Glyphosate and aminomethylphosphonic acid induced mortality and residues in juvenile brown trout 

(Salmo trutta f. fario) exposed at different temperatures.

• To evaluate the sub-lethal and long-term effects of chronic exposure to glyphosate (GLY) and
aminomethylphosphonic acid (AMPA), alone and in combination, on key cellular and
physiological processes in Mytilus galloprovincialis.

• To assess the direct and acute toxicity of AMPA through an in vitro screening test in M.
galloprovincialis haemocytes.

• To determine whether decreased salinity scenarios exacerbate the biological effects of AMPA
in two M. galloprovincialis ecotypes, and to compare the sensitivity of these mussel
populations, adapted to different environmental regimes, to combined salinity shifts and
AMPA exposure.
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GLYPHOSATE AND AMPA EFFECTS IN NON-TARGET SPECIES

GLYPHOSATE, AMPA AND THEIR MIXTURE - MECHANISMS OF ACTION AND LONG-LASTING EFFECTS

EXPERIMENTAL CONDITIONS

• Model organism: Mytilus galloprovincialis
• Exposure time: 28 days + 14 days recovery
• Concentrations: 0,5 µg/L
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INVESTIGATED CELLULAR SYSTEMS

• Immunocytes sub-populations and functionality
• Cholinergic response
• Xenobiotic metabolism
• Detoxification mechanisms
• Antioxidant system and oxidative damages
• Lipid metabolism and peroxidation
• DNA damage

ACUTE IN VITRO EXPOSURE: SHORT TERM TOXICITY TEST OF AMPA
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• Cellular damage: lipid peroxidation, protein carbonylation

• Biotransformation enzymes: glutathione-S-transferase,

carboxylesterase

• Antioxidant system and oxidative damages: superoxide

dismutase, catalase, total antioxidant capacity

• Cholinergic response: achetylcolinesterase

MULTIPLE STRESSORS SCENARIO AND ECOTYPES TOLERANCE: IN VIVO EXPOSURE TO AMPA AND SALINITY-STRESS
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EXPERIMENTAL CONDITIONS

• Bioindicator organism: Mytilus galloprovincialis (Adriatic
Sea - Ria de Aveiro) 

• Exposure time: 21 days
• Concentrations: 0,5 µg/L

INVESTIGATED CELLULAR SYSTEMS

• Immunocytes sub-populations and functionality
• Cholinergic response
• Xenobiotic metabolism
• Detoxification mechanisms
• Antioxidant system and oxidative damages
• Lipid metabolism and peroxidation
• DNA damage
• Energy reserves
• Metabolic capacity

AMPA
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HIGHLIGHTS
• Despite limited acute toxicity, both glyphosate and AMPA exhibit significant sub-lethal effects with long-term implications.
• AMPA shows higher toxicity than glyphosate.
• AMPA modulates the biological effects of GLY+AMPA mixtures, suggesting a synergistic or additive interaction.
• Preliminary in vitro assays suggest a relatively limited AMPA toxicity, but this may underestimate chronic or context-dependent effects.
• Exposure under hyposalinity conditions revealed pronounced lipid metabolism disruptions and immunological alterations.

POLICY AND RESEARCH PERSPECTIVES
• Reassessment of glyphosate regulations should consider sub-lethal and long-term effects, especially under environmentally relevant conditions.
• Inclusion of both glyphosate and AMPA in marine environmental monitoring and regulatory frameworks is strongly recommended.
• Comprehensive ecotoxicological characterization of GLY and AMPA in marine ecosystems is urgently needed to support risk assessment and policy development.

HAZARD INDEX

WEIGHT OF EVIDENCE ELABORATION

Results of biological responses are
elaborated through a quantitative
Weight of Evidence approach to
summarize the hazard associated to
each experimental conditions, based on 
toxicological relevance of measured 
biological endpoints, statistical 
significance and magnitude of observed 
variations compared to specific 
thresholds. The elaborated Hazard 
Quotients (HQ) are then assigned to one 
of five classes of hazard, from Absent to 
Severe.
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LIMITED ACUTE TOXICTY -> NEED OF LONG-TERM EFFECTS STUDIES

AMPA EXHIBITS GREATER TOXICITY COMPARED TO GLYPHOSATE

HYPOSALINE CONDITIONS SIGNIFICANTLY EXACERBATE PHYSIOLOGICAL STRESS 
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