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Pharmaceutical and personal care products (PPCPs), like caffeine, are emerging

contaminants in water bodies, posing risks to human and environmental health.

Caffeine, found in coffee, tea, and cacao, boosts alertness by blocking adenosine

receptors but is not fully metabolized, leading to its presence in wastewater and aquatic

ecosystems. This contamination disrupts marine and coastal species' growth,

reproduction, and metabolism. Conventional wastewater treatment plants (WWTPs)

struggle to remove caffeine, necessitating alternative methods. Adsorption using

activated carbon (AC) is effective but costly, prompting exploration of cheaper,

sustainable plant-based adsorbents. This study evaluates plant-based adsorbents for

caffeine removal, focusing on specific surface area, adsorbent dosage, pH level,

maximum adsorption capacity, adsorption isotherms, and kinetics.

A systematic literature review was conducted to identify research trends in caffeine

adsorption using plant-derived adsorbents:

• Planning: Identified relevant keywords, selected publication dates, and used

databases to filter papers automatically.

• Selection: Manually checked papers to ensure they met review criteria.

• Extraction: Employed data extraction and cross-referencing to identify patterns.

• Execution: Used the search equation "caffeine" AND "type" AND "adsorption

isotherm" in ScienceDirect, interchanging "type" with terms like fruit, fiber, stalk, and

others, resulting in 1946 studies.

• Filtering: Applied PRISMA guidelines, reducing 1946 studies to 66 after removing

duplicates and examining titles.

• Eligibility: Assessed abstracts, leaving 17 papers for final analysis.

The review evaluated specific surface area (SSA), adsorbent dosage, pH level,

maximum adsorption capacity (MAC), adsorption isotherms, and kinetics.

Figure 2. Adsorbents MAC against different characteristics: (a) MAC vs SSA; (b) MAC

vs Dosage; (c) MAC vs pH.

Figure 1. Adapted systems and methodologies: (a) Systematic Literature Review

Adapted from Okoli (2015) [1]; (b) Adapted PRISMA Diagram from Page et al. (2021) [2].

RESULTS & DISCUSSION

RESULTS & DISCUSSION
The study analyzed various parameters affecting caffeine adsorption using plant-derived

adsorbents:

• The average SSA was 609.65 m²/g, with 15 adsorbents below 500 m²/g also showing

lower MAC.

• The highest SSA and MAC were observed in TWPC-800 and GSAC, respectively,

highlighting the complexity of factors affecting adsorption beyond SSA alone.

• The average adsorbent dosage was 2.67 g/L, with GSAC demonstrating high

efficiency at 1 g/L.

• The optimal pH for adsorption was found to be around 5.57, although GSAC

achieved the highest MAC at pH 4.

• Langmuir and Sips isotherms were flexible across adsorbents, with pseudo-second-

order kinetics describing most adsorption processes efficiently.

• GSAC, TWPC-800, and Pi/1:1/800/2, derived from grape stalks, tea wastes, and

pines, respectively, showed promising results, indicating cost-effective and

sustainable alternatives to commercial activated carbon.

These findings suggest potential for further research into similar natural adsorbents,

advancing towards commercial application.

Table 1. Summary of properties of different adsorbents derived from plant sources and

parameters of the adsorption process.

• Optimal adsorption typically requires a low dosage and acidic conditions, though

these may vary by material.

• Langmuir and Sips isotherms, along with pseudo-second-order (PSO) kinetics,

effectively describe the adsorption process.

• Promising results from grape stalks, tea wastes, and pines indicate the need for

further research and upscaled experiments.

• Despite current study limitations, the trend towards naturally derived adsorbents for

caffeine removal is expected to grow as methods improve.
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