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Deterioration of water quality has become a critical global challenge. Commonly contamination of ground-
water is caused by human activities at the surface including petroleum leakage from fuel stations, leakage
of substances used and produced within manufacturing and chemical industries, and also importantly sub-
stances used in the farming industry [1]. The contaminants of significance include a vast array of chemicals
such as polyfluoroalkyl substances, fertilizers, pesticides, and antibiotics. Investing in new technologies to
improve the quality of water resources is the key to resilience in a changing world.

Biochar is a stable and porous carbon-rich adsorbent material that is used to remove contaminants fromwater
[2]. Biochar is produced through the pyrolysis process using relatively inexpensive and sustainable material
(biomass) as feedstock. The performance of biochar depends on the biomass properties and the parameters
of the pyrolysis process (such as pyrolysis temperature and heating rate). Pristine biochar with low surface
functionality and small pore sizes offers limited adsorption capacity. A key consideration in improving biochar
adsorption efficiency is to choose suitable biomass and activation of biochar [3,4]. Chemical activation is
commonly used in which chemicals (e.g., acid or alkali, metal oxide or metal salt) are used to activate biochar.

Here we focus on contaminants introduced to the environment as a result of processes usedwithin the farming
and textile industries. Methylene blue (MB) is a dyewhich causes contamination in textile industrywastewater
streams. Nitrate (NO3-) is a major contaminant that is caused by excessive use of fertilizers in the farming
industry. MB removal from water has been researched significantly, in particular, sorbents such as activated
carbon and biomass have been studied extensively. NO3- removal is more challenging, therefore, in most cases
nitrate levels in water are reduced through dilution rather that removal. Here we report on the efficiency of
clay-biochar composites for removal of NO3- and MB.

Synthesis of functional clay biochar offers an economical method to remove contaminants from water [5]. We use wheat straw as the feedstock since it is abundantly available in the northeast of England and is considered as a waste product of farming industry in the region. To prepare the wheat straw was dried and milled. Kaolinite, montmorillonite, and bentonite clay powder was suspended in deionized (DI) and mixed with milled wheat straw. The mixture was stirred for 24h and then separated through sieving. The clay feedstock was oven dried and pyrolyzed at 600°C in a tube furnace to get clay-biochar. The characterization of functionalized biochar was performed using SEM, XRD, TGA and FTIR. We show that the clay-biochar can remove MB with over 99.5\% efficiency at pH of 11. Our experiments show that clay-biochar cannot remove nitrate from water. We compare our results against pristine biochar and the clay minerals used. In conclusion, modification of biochar causes changes in its surface functional groups which contribute to biochar hydrophilicity, negative charge, and sorption ability for cations. This experiment shows that clay-biochar is a cost-effective and high-performance material for removal of MB in high pH environments.
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