Investigating the Use of Biochar for Nitrate and
Ammonium Removal from Aqueous Solutions
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Aim of the current research

To assess the potential of SCG biochar
for NOz— and NH4+* adsorption,
promoting sustainable nutrient

management and waste valorization
within a circular economy framework

WASTE MANAGEMENT ™

Introduction

Spent coffee grounds (SCG), generated in large quantities by coffee shops and food-service activities, represent a
significant organic solid waste stream that is often underutilized or disposed of in landfills [1]. The valorization of
SCG through thermochemical conversion into biochar offers a sustainable waste-management strategy aligned
with circular-economy principles, promoting waste minimization, resource recovery, and the production of value-
added materials [2].

Biochar possesses a highly porous structure, a large specific surface area, and diverse surface functional groups, -
which enhance its ability to retain and adsorb nutrients and contaminants [3]. In agricultural systems, losses of
nitrate (NO3~) and ammonium (NHa4*) through leaching contribute to groundwater contamination, eutrophication
of surface waters, and reduced nutrient-use efficiency [4].
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In this context, SCG-derived biochar may provide dual environmental benefits: k [ } 4
(i) sustainable management and valorization of organic solid waste streams and F I

(ii) mitigation of nitrogen losses through the adsorption of nitrate and ammonium ions.
Such an approach supports circular economy principles by converting waste into a functional material that can n_(./)
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improve nutrient management, reduce environmental pollution, and enhance the sustainability of agricultural
systems.
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enhances electrostatic attraction between the biochar surface and nitrate
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Fig. 2: Effect of pH on ammonium removal by SCG-

derived biochar. Experiments were conducted at an

initial ammonium concentration of 2 mg L-1 and a

contact time of 3 h. Maximum ammonium removal
was observed at pH 9.
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Fig. 4: Effect of contact time on ammonium
removal by SCG-derived biochar at the optimum
pH (pH 9). Ammonium removal increased gradually
with contact time, reaching 20% after 3 h.
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* These findings indicate that SCG-derived biochar is a promising adsorbent
for nitrate removal and may contribute to sustainable nutrient management,
water-quality protection, and waste valorization within a circular economy
framework.

[1] Mussatto, S. 1., Machado, E. M., Martins, S., & Teixeira, J. A. (2011). Production, composition, and application of coffee and its industrial residues. Food and

This research is conducted under the AGROECOLOGY PARTNERSHIP bioprocess technology, 4(5), 661-672.

project “Innovating for future-proof agroecological, biodiverse, and Y

sustainably productive landscapes of Europe (ecoFABULANdSs, P o W "I cesnnci %o_f;nded byu '\:‘{:,' Bzgiiﬁroggzag Commission: Directorate-General for Environment, 2020 Circular Economy Action Plan — International aspects, Publications Office of the European
" . . _ - w PARTNERSHIP the European Union AV Y ' ] ] ] ] ] ]
EP/AGROECOLOGY/0424/0006)" which is co-funded by the EU within ronEATer [3] Lehmann, J., & Joseph, S. (Eds.). (2024). Biochar for environmental management: science, technology and implementation. Taylor & Francis.

- Republic of Cyprus

the framework of the Cohesion Policy Program “THALIA 2021-2027"

_ A [4] Yao, Y., Gao, B., Zhang, M., Inyang, M., & Zimmerman, A. R. (2012). Effect of biochar amendment on sorption and leaching of nitrate, ammonium, and phosphate
and through the Research and Innovation Foundation in Cyprus.

in @ sandy soil. Chemosphere, 89(11), 1467-1471.




	Slide 1

