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Highlights
Sediments > biofilms for adsorption; multilayer adsorption predominates; biofilms generate more AMPA; desorption risk at high loads; BET/Freundlich best explain adsorption.
Abstract
Glyphosate and its metabolite AMPA are ubiquitous in agricultural aquatic environments and interact strongly with sediments and epilithic biofilms, modulating mobility, persistence, and bioavailability. This study evaluated sorption/desorption, kinetics, and thermodynamics of glyphosate and AMPA formation in these natural matrices. Samples were collected at 10 sites in a second-order watershed (Erveira River) and a first-order sub-basin (Trilha River), Dois Vizinhos, Paraná, Brazil (Cfa climate; Ferralsol/Nitisol). Biofilms were grown in cages with basalt rocks, and sediments were accumulated in time-integrating samplers (“torpedoes”). After lyophilization (biofilms) and sieving (sediments), batch assays were performed with 50 mg adsorbent in 5 mL solution (0.02 M CaCl₂): equilibrium at 25 °C (1–100 mg L⁻¹), kinetics (5 min to 24 h; 40 mg L⁻¹), and thermodynamics (15–45 °C; 40 mg L⁻¹). Glyphosate/AMPA were quantified by UHPLC-MS/MS. Modeling considered Langmuir, Freundlich, and BET isotherms (mono/multilayer) and diffusional resistances (film and intraparticle) using a phenomenological approach. Equilibrium data exhibited sigmoidal (type-S) profiles, with higher retention capacity in sediments: at an initial concentration of 100 mg L⁻¹, experimental capacities were 8.75 (S1) and 7.80 mg g⁻¹ (S2) versus 5.11 (B1) and 5.05 mg g⁻¹ (B2). In biofilms, sorption was ≈100% at 1 mg L⁻¹ (B1 99.23%; B2 99.12%), decreasing to ~51% at 100 mg L⁻¹; in sediments it remained >95% up to 40–50 mg L⁻¹, dropping to 88% (S1) and 78% (S2) at 100 mg L⁻¹. AMPA at equilibrium increased with C₀ and was more pronounced in biofilms: B1 ranged from 0.0006 to 0.4750 mg L⁻¹ and B2 from 0.0017 to 2.2600 mg L⁻¹; in sediments it was lower (S1: 0.0010–0.0570; S2: 0.0001–0.1630 mg L⁻¹). Model fitting indicated BET best described biofilms, whereas sediments were well represented by Freundlich and BET. BET monolayer capacities (q_m), 4.28 (B1), 4.07 (B2), 4.48 (S1), 4.11 mg g⁻¹ (S2), reveal a dominant multilayer contribution to total sorption: ~83.7% (B1), 80.6% (B2), 51.2% (S1), and 52.7% (S2), with higher K_L in S1/S2 supporting stratified retention. We conclude that sediments act as more efficient sinks, with predominantly multilayer retention and potential desorption under higher loads; biofilms function as hotspots for AMPA formation even after lyophilization, suggesting abiotic pathways mediated by functional groups. Selected references: Mazuryk et al., 2024; Rheinheimer et al., 2020, 2023; Fernandes et al., 2019, 2020, 2021; Yang et al., 2018; Yu et al., 2021; Giles et al., 1974; Fiorentin et al., 2010; Alberti et al., 2023; Scheufele et al., 2016.
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