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ABSTRACT

Systematic Review Article

Background: Water contamination with the herbicide 2,4-Dichlorophenoxyacetic acid (2,4-
D) poses a serious environmental challenge, as its residues not only degrade drinking water
quality but also threaten aquatic ecosystems and the food chain. The aim of this systematic
review was to summarize and critically evaluate existing research on the performance of
various biochars in removing this persistent compound from aqueous environments.
Materials and Methods: A systematic literature review was conducted following the
PRISMA guidelines by searching major scientific databases including Web of Science, Scopus,
ScienceDirect, and Google Scholar. The search covered studies published between 2008 and
2025 that investigated the adsorption of 2,4-D onto biochars. Articles were analyzed based on
feedstock type, pyrolysis conditions, chemical or physical activation methods, and operational
parameters affecting adsorption efficiency.

Results: Reported adsorption capacities of biochars varied widely (from below 10 mg g™ to
over 300 mg g™), mainly depending on the feedstock source, pyrolysis temperature, and
surface modification technique. The Langmuir isotherm and pseudo-second-order kinetic
models were most frequently identified as the best-fitting, indicating chemisorption and
monolayer adsorption behavior. Acidic conditions (pH = 2-3) consistently yielded the highest
removal efficiency. Nonetheless, several challenges remain, including limited data on
regeneration performance, real-water applications, and the influence of coexisting ions and
organic compounds.

Conclusion: This review highlights the potential of biochars derived from agricultural residues
as cost-cffective and sustainable adsorbents for 2,4-D removal. Improving surface chemistry
and structural properties through optimized activation methods could enhance adsorption
efficiency and facilitate large-scale and environmentally sound applications in water and
wastewater treatment.
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