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METHOD

Fluoride contamination in drinking water is a global 

challenge due to its adverse health effects, including 

dental and skeletal fluorosis. The limitations of 

conventional removal methods, drive the search for 

sustainable and low-cost adsorbents. Coffee grounds, 

an abundant agro-industrial residue rich in carbon, show 

great potential as a precursor for activated carbon. 

Surface modification with citric acid, including its natural 

source from lemon juice, can significantly enhance 

adsorption capacity and provide a low-cost process 

accessible to rural communities, thereby promoting self-

sufficiency in safe water treatment locally.

The results demonstrate that agro-industrial residues, 

when converted into functional adsorbents, can provide 

viable, sustainable, and low-cost alternatives for fluoride 

removal in drinking water. This innovative approach 

reinforces the role of circular economy strategies and 

technological innovation in decentralized sanitation, 

particularly in vulnerable rural communities lacking 

access to conventional solutions.

• Rashid, U. S.; Bezbaruah, A. Chemosphere, 252:126639. 2020. 
https://doi.org/10.1016/j.chemosphere.2020.126639

• Martins, T. A.; Tovar, B. A.; Pereira, J.; de Sá, F. P.; de Oliveira, T. F. Des. Water Treat., 
322:101134. 2025. https://doi.org/10.1016/j.dwt.2025.101134

• dos Santos, H.; Cuba, R.; Scalize, P.; Teran, F. J. Eco. Eng., 25:244-260. 2024. 
https://doi.org/10.12911/22998993/194494

• Bergamini, M.; de Oliveira, S.; Scalize, P. Environ. Sci. Pollut. Res., 30:91276-91291.
2023. https://doi.org/10.1007/s11356-023-28825-x

• Alvez-Tovar, B.; Scalize, P.S.; Angiolillo-Rodríguez, G.; Albuquerque, A.; Ebang, M.N.; de 
Oliveira, T.F. Sustainability, 17, 2036. 2025. https://doi.org/10.3390/su17052036

Activated carbons derived from coffee grounds were 

prepared under different activation conditions: non-

activated (N2 160ml.min-1) CO₂-activated (250ml.min-1), 

and H₃PO₄-activated (25% 1:1) and subsequently 

impregnated with citric acid or lemon extract (0,3M). 

Adsorption experiments using sodium fluoride solutions 

were conducted to evaluate performance (Figure 1). The 

removal percentage (R%) and adsorption capacity (qe) 

were calculated using the following equations:

CO₂-activated carbon impregnated with citric acid 

exhibited the highest adsorption capacity, reaching 

0.16 mg g⁻¹ after 6 hours of contact (Figure 2).

Material R(%)

non-activated 8,32

CO₂-activated 24,35

H₃PO₄-activated 3,24

non-activated + citric acid 92,45

CO₂-activated + citric acid 98,46

H₃PO₄-activated + citric acid 17,57

non-activated + lemon extract 90,23

CO₂-activated + lemon extract 93,64

H₃PO₄-activated + lemon extract 20,15

Figure 1: Preparation of adsorbent materials and adsorption experiments

Figure 2: Adsorption capacity of diferentes materials

Table 1: Removal percentage

of diferentes materials
Table 1 presents the

removal percentages for all

materials, highlighting the

activated carbon produced

with CO₂ and impregnated

with citric acid, which

achieved a removal

efficiency of 98.46%.
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