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A B S T R A C T

Excessive phosphorus and nitrogen in water and sediment may cause eutrophication, which poses a potential
risk to drinking water safety and the sustainability of aquatic ecosystems. The research focuses on the removal of
phosphates and ammonium ions from aqueous solutions using a new thermally and microwave-treated glau-
conite. The surface morphology of the samples was studied by SEM. BET surface area, pore volume, and pore size
distribution were measured. Adsorption studies were carried out in static and dynamic conditions. The best fit
for adsorption of both pollutants is given by the Langmuir-Freundlich and BET models. The calcined sample
showed the lowest adsorption capacity for phosphate (1.78 mg/g) but the highest capacity for ammonium
(20.67 mg/g). For the microwave-irradiated sample, the adsorption capacity for ammonium increases from
0.723 to 4.37 mg/g, while that for phosphate remains almost at the same level (101.21 mg/g). In dynamic
conditions, phosphorus was most efficiently retained by natural glauconite (more than 60% retention rate), and
ammonium nitrogen by glauconite that was thermally treated in a muffle furnace (more than 80% retention rate
after 3 h).

1. Introduction

Water pollution is one of the main environmental issues that has
released contaminating substances into freshwater bodies or ground-
water [1]. Natural water sources are polluted by untreated or in-
sufficiently treated wastewater [2]. A variety of methods and technol-
ogies are developed for wastewater treatment. Usually, wastewater is
treated using activated sludge microorganisms or chemical reagents.
Conventional methods effectively remove organic matter from waste-
water, but it is not possible to remove phosphorus completely [3]. Ni-
trogen is another threatening biogenic element that escapes into the
environment with wastewater [4]. In recent years, there has been a
significant focus on the advancement of new technologies for en-
vironmental protection [5–8]. Excessive P and N in water and sediment
can cause eutrophication, which poses a potential risk to drinking water
safety and the sustainability of aquatic ecosystems [5]. Effective re-
moval of phosphorus and nitrogen from wastewater is therefore a key
strategy to control eutrophication. The final stage of technological
processes should be additional treatment with sorbent materials [9].
Adsorption is the most widely used technology for wastewater

treatment [6,10–13]. The simplicity of design, speed, efficiency, and
profitability determine the wide use of sorbents [14]. Commercially
available sorbents are rather expensive, which significantly limits the
range of their application areas [15]. In this context, natural clay mi-
neral adsorbents can be used as an alternative [14]. Natural adsorbents
are inexpensive, environmentally friendly, and available in large
quantities [7,13]. Natural silicates possessing high adsorption, ion ex-
change, and catalytic characteristics deserve special attention [15–18].
Often, nitrogen in wastewater is in the ammonium form, so it can be
removed by ion exchange. Ammonium ions are effectively removed
from water or wastewater by zeolites [19,20]. Most clay minerals
produce a net negative surface charge due to the isomorphic substitu-
tions of Si (IV) by Al (III) or Fe (III) [1]. Iron-based materials exhibit
high efficiency for P immobilization due to their strong affinity with P
[5]. The Fe-rich sorbents can effectively immobilize P in sediment
under oxic conditions through adsorption and/or precipitation [8,21].
However, not all natural clays are suitable for wastewater treatment.
Bauxite and olivine are not applicable due to the presence of significant
amounts of lead and/or nickel [22]. Natural sorbents, which include
glauconite, are of great interest for wastewater treatment. It can
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