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Materials for the Removal of Nitrate
and Phosphate from Aqueous Medium
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Abstract Nitrate and phosphate are naturally occurring nutrients in the environment,
both essential for plants and animals. However, during the past decades, due to
extended usage of fertilizers and detergents, as well as due to impropriate disposal
of human and animal waste, the presence of nitrate and phosphate in the aquatic
ecosystems became serious environmental and human health issues. Namely, the
excessive loading of streams, rivers, lakes, bays and coastal waters with nitrate and
phosphate can causes excessive algae growth, deteriorating water quality and severely
reduce or eliminate oxygen in the water which, at the end, results with illnesses or
death of large numbers of fish. Some algae also produce harmful toxins, which can be
accumulated in fish and shellfish if they are grown at polluted aquatic environment.
Numerous evidence also confirmed negative effect of elevated nitrate and phosphate
concentrations in drinking water on human health. Ingested via drinking water, nitrates
can cause life-threatening methemoglobinemia for infants. Some epidemiological
studies also associated long-term exposure to high nitrate concentration in drinking
water with the occurrence of diabetes, certain cancers and reproductive problems,
while the chronical exposure to high phosphate concentration was related with
incidence of renal disease, damage of blood vessels and induce of aging processes.

To prevent further environment loading with nitrate and phosphate compounds,
as well to reduce the risk for population health, various techniques were used for
their phosphate removal from drinking and wastewater. This review presents the
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results of studies which tested the possibility of nitrate and phosphate removal from
aqueous solutions using the date palm assisted nanocomposite materials.

Keywords Date palm · Nanocomposite materials · Nitrate removal · Phosphate
removal · Water

13.1 Introduction

Population growth, anthropogenic activities, industrialisation, urbanisation, climate
change and global warming strongly affect natural water bodies worsening water
quality in physical, chemical and microbiological aspects (Alam et al. 2013, 2014).
The International Food Policy Research Institute (IFPRI) and Veolia recently
published the results of global study on water quality and water quantity. Due to
the results of that comprehensive study, the water quality in many countries is in
rapid and incontinent decrease, and over 30% of world population will be exposed to
a high risk of water pollution by 2050 (IFPRI and Veolia 2014). The IFPRI and
Veolia study also emphasized that the main reason for such dramatic decrease of
surface waters quality will be caused by increasing amounts of nitrogen and phos-
phorous in water bodies and increasing values of biochemical oxygen demand
(BOD).

Nitrogen and phosphorous are naturally occurring nutrients in the environment,
but during the past decades their concentrations in water bodies significantly
increased. Increase of nutrients in water bodies is primarily caused by human
activities such as extensive usage of detergents, agricultural fertilizers and manure,
livestock waste disposal, discharge of domestic and industrial wastewaters in the
environment without appropriate wastewater treatment and leaching from sanitary
landfills and garbage dumps. Elevated concentrations of nitrogen and phosphorous
have been determined in numerous aquatic ecosystem all over the world causing its
eutrophication (Kundu et al. 2015; Pandey and Yadav 2017; Álvarez et al. 2017).

Eutrophication (hypertrophication) is the process of excessive growth of plants
and algae caused by elevated concentrations of nutrients (primarily nitrates and
phosphates) in surface water bodies. Oxygen depletion, extensive increase of phy-
toplankton, and, overall, negative effects on biodiversity usually accompany this
process. A natural processes or anthropogenic activities can cause eutrophication
phenomenon. Natural eutrophication occurs due to ageing of water body and a slow
accumulation of organic material, which cause increasing of nutrients during long
period. Human-induced eutrophication occurrences more intensively as the result of
frequent usage of fertilizers and discharge of nitrogen- and phosphorus-rich indus-
trial and domestic waste waters into terrestrial, freshwater and marine ecosystems
(Serrano et al. 2017; Ménesguen and Lacroix 2018).

Besides mentioned negative effect on ecosystem, elevated concentration of
nitrates and phosphates can also have harmful effects to human health. Ingested
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via drinking water nitrates can cause methemoglobinemia (hemoglobin of the red
blood cells forming methemoglobin unable to transmit oxygen in the body) in the
case of acute exposure, or the occurrence of cancer in the case of chronical exposure,
while the ingestion of phosphate can cause incidence of renal disease, damage of
blood vessels and induce aging processes (Sadeq et al. 2008; Espejo-Herrera et al.
2015; Rojas Fabro et al. 2015; Zhai et al. 2017).

Having global negative trends in water quality and fragility of ecosystems,
regulations and scientists’ effort are generally focused on improvement of current
drinking water and waste water technology efficiencies in order to reduce energy
requirements and environmental impacts. Following those imperatives, the concep-
tion of water treatments is moving towards a circular economy approach and
environmental sustainability. One of possibility to meet those criteria is usage of
adsorption as easy-to-use, economically acceptable, flexible and efficient water
purification technology (Sadeq et al. 2008). Adsorption was primarily used due to
effective removal of organic compounds that are causing unwanted taste and odors
of drinking water. But, with development of science and technology, over the last
two decades, conventional adsorbents were modified and the numerous new porous
materials were synthesized with aim of their effective application in various con-
taminants removal. Such adsorbents are nanocomposites (Figoli et al. 2017).

Nanocomposites are new generation, multiphase materials. They are usually
produced as the solid base material with combination of a bulk matrix and nano-
dimensional phase(s) by in situ polymerization, solvent-assisted methods, and, in the
most cases, melt homogenization and tested for possible application in water puri-
fication processes (Singh et al. 2015). Nanocomposites can be also produced in the
form of colloids, gels, or copolymers with structure characterized by nano-scale
repeat distances between the different phases and dimensions of less than 100 nano-
meters. Since their structures contains various materials, properties of
nanocomposites are defined by the same factors which characterize each
nanocomposite component making the nanocomposite complex adsorbents with
very large interfacial area and high adsorption capacities for different pollutants
(Singh et al. 2015; Figoli et al. 2017). That makes nanocomposites the adsorbents
with a high potential for application in drinking water and wastewater treatments.

In order to make nanocomposite adsorbent cheap and environmentally friendly,
various types of organic materials i.e. agriculture waste were used as a base material
for nanocomposites green synthesis. The agriculture waste is characterized by
presence of variety functional groups and high amount of hemicellulose, hydrocar-
bons, proteins, lipids, lignin, simple sugars, water, and starch (Bhatnagar and
Sillanpää 2010). Several studies reported successful nanocomposite synthesis
using remains of wheat straw, chitosan as well as remains of Imperata cylindrical,
Moringa oleifera, Adansonia Digitata, Vitex trifolia, and Tabernaemontana divar-
icate, Callistemon viminalis, Calotropis gigantean and Theobroma cacao (Rahimi
et al. 2015; Dai et al. 2018; Ding et al. 2018). Several studies also reported good
adsorption capacities of date palm-based nanocomposites (Bhatnagar et al. 2010;
Ahmad et al. 2012; Yadav et al. 2014; Rahimi et al. 2015; Logam and Kumbahan
2018; Yulizar et al. 2018).
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The date palm (Phoenix dactylifera L.) tree is dominant agricultural plant in East
and North Africa grown for providing staple food for local population and basic
material for production of palm oil. During exploitation of date palms, large amount
of agricultural waste have been produced in the form of dry leaves, stems, pits and
seeds. Those remains are usually transform into activated carbons which gained
popularity over the last decades due to its separation performances in water purifi-
cation processes and efficient removal of both organic and inorganic trace contam-
inants (Ahmad et al. 2012). Additionally, due to date-palm fibres, leaf fibres in the
peduncle, baste fibres in the stem, wood fibres in the trunk and surface fibres around
the trunk, date palm waste have been tested in raw form as adsorbent for removal of
heavy metal ions, dyes, pesticides, miscellaneous pollutants and oils (Riahi et al.
2009a; Ahmad et al. 2012, Alghamdi 2016; Hussin et al. 2016; Abdelwahab et al.
2017; Ghazali et al. 2018; Logam and Kumbahan 2018). Figure 13.1 present main
usage of date palm adsorbents.

This chapter present the overview of the studies conducted with the aim to
remove of nitrate and phosphate from aqueous solutions using nanocomposite
materials.

13.2 Nitrate Removal from Water by Palm Biomass–Based
Adsorbents

Nitrogen as a major constituent, which is present in the biosphere as ammonia,
nitrite and nitrate. Nitrate in environment is usually product of nitrogen denitrifi-
cation and it is a highly soluble nutrient, essential for living beings. However, as
the results of uncontrolled and excessive usage in various anthropogenic activities,
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(According to Ahmad et al.
2012)
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nitrate concentrations in natural waters become a worldwide environmental prob-
lem and threat to human’s health (Khan et al. 2016; Naushad et al. 2014). Due to
high solubility and stability in water, conventional water treatment techniques as
coagulation with flocculation and lime softening, bout followed by filtration, does
not remove nitrate enough efficiently.

As efficient nitrate removal techniques following methods have been used:
reverse osmosis, biological and chemical denitrification, electrodialysis,
functionalized graphene nanostructured membrane, ion exchange and adsorption
(Bhatnagar and Sillanpää 2011; Loganathan et al. 2013; Nur et al. 2015; Kalaruban
et al. 2016a; Jahanshahi et al. 2018; Kalaruban et al. 2018). Among water treatments
that efficiently removes nitrate, adsorption shows significant benefits: easy-to-use
and easy-to-operate technique, cost-effective, low space requiring, high efficiency
and easy upgrade water treatment. Various materials have been tested for nitrate
removal showing good adsorption capacities: synthetic adsorbents, agricultural
waste, fly ash, surfactant-modified zeolite, carbon nanotube, alunite and cement
(Bhatnagar and Sillanpää 2011; Hu et al. 2015; Nur et al. 2015).

Tyagi et al. (2018) emphasized that efficient removal of nitrate imply its reduction
to nitrogen gas and nitrogen monoxide. Following reagents shown good nitrate-
reducing performances: active metals, ammonia, iron, hydrazine, borohydride,
hydroxylamine, hydrogen, and formate, as well as so-called “energy methods”
such as electrochemical, thermal, or photocatalytic reactions. Nitrate reduction also
can be effective in the presence of powerful catalysts. Therefore, todays researches
are focused on synthesis of new materials which should small surface area, high
catalytic properties and excellent reducing potential, i.e. to enable nitrate reduction
to ammonia (NH3), nitrogen gas (N2), nitrite (NO2

�) or ammonium (NH4
+),

depending on used nanocomposite material (Tyagi et al. 2018).
Drinking water is generally produced from surface waters (river and lakes) or

groundwaters. Occurrence of nitrogen in surface waters is mostly the result of
excessive use of inorganic fertilizers and discharges of untreated wastewaters,
while nitrate occurrence in groundwaters can be caused by the same reasons and
geological composition of the aquifer (Singh et al. 2005; Bonometto et al. 2017).

Nitrate presence in drinking water is sensorially undetectable and present the
health hazard. Namely, ingested by drinking water in heightened concentration,
nitrate is transformed to nitrite. Transformation begin in the digestive system and
nitrite enters the circulatory system where nitrite oxidizes the iron in the hemoglobin
and form methemoglobin. Methemoglobin does not have the oxygen-carrying ability
which causing an abrupt drop in blood oxygen and appearance of blue skin. The
overall reduced ability of the red blood cell to release oxygen to tissues results with
hypoxemia and the condition known as methemoglobinemia (“blue baby syn-
drome”). Most humans over 1 year of age have the ability to rapidly convert
methemoglobin back to oxyhemoglobin, but methemoglobinemia can be fatal for
infants under 6 months of age (Afzal 2006; Sadeq et al. 2008). Besides methemo-
globinemia, transformation of nitrate ions from nitrite also causes a subsequent
generation of carcinogenic nitrosamine (Meghdadi 2018). Therefore, the primer
reason for nitrate removal from drinking water is public health.
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Following materials have been tested as adsorbent for nitrate removal from
drinking water: carbon-based materials (powder activated carbon, carbon cloth,
carbon nanotubes, commercial activated carbon, ZnCl2 treated granular activated
carbon, iron oxide-dispersed activated carbon fibers), natural adsorbents (clay,
zeolite, sepiolite) agriculture wastes (sugarcane bagasse, rice hull, coconut shells,
wheat residues, almond shell, sugar beet pulp), industrial waste (fly ash, red mud,
slag), biosorbents (chitosan, bamboo powder, Chinese reed) and miscellaneous
adsorbents (layered-double hydroxides/hydrotalcite-like compounds/
hydroxyapetite, nano-alumina, mesoporous silica, cement paste), Nanoscale Zero
Valent Iron (NZVI), nanotubes, nanofibres etc. (Bhatnagar and Sillanpää 2011;
Olgun et al. 2013; Motamedi et al. 2014; Hu et al. 2015; Kalaruban et al. 2016a,
b; Dai et al. 2018; He et al. 2018; Meghdadi 2018; Tyagi et al. 2018).

To obtain maximum adsorption capacities, various adsorbents demands various
conditions and efficiency of adsorbent is mainly defined by adsorbent type, initial
nitrate concentration in raw water, pH and temperature (Singh et al. 2018).

Due to its loose and porous structures, abundantly of functional groups such as
the carboxyl- and hydroxyl- groups, renewability and low cost, various agriculture
and industrial waste were tested as adsorbents for nitrate removal from water. Agro-
industrial waste materials and their maximum capacities for nitrate adsorption are
presented in Table 13.1.

Various palm biomass–based adsorbents were tested as potential low-cost adsor-
bents. Ohe et al. (2003) used coconut shells to prepare activated carbon for nitrate
removal. Obtained activated carbon was ground up and sieved to obtain adsorbent
with the size of particles in the range from 0.3 to 0.5 mm. Authors tested obtained
adsorbents for nitrate removal as a function of contact time, pH, temperature and
initial nitrate concentration. Prepared palm biomass–based adsorbents shown high
selectivity for nitrate anions and inversely proportional of adsorption capacity and

Table 13.1 Agro-industrial waste materials for nitrate removal from aqueous solutions

Adsorbent qmax References

Chitin 200 mg g�1 Morghi et al. (2015)

Wheat straw anion exchanger
(WS-AE)

58.8 mg g�1 Xu et al. (2010)

Coconut granular activated carbon 1.7 mg g�1 Bhatnagar et al. (2008)

Red mud (unmodified) 1.859 mmol g�1 Cengeloglu et al. (2006)

Red mud (modified) 5.858 mmol g�1 Cengeloglu et al. (2006)

Quaternized Chinese reed 7.55 mg g�1 Namasivayam and Sangeetha
(2006)

Activated carom from coconut shells 2.66�10�1 mmol g�1 Ohe et al. (2003)

Activated carbon from bamboo 1.04�10�1 mmol g�1 Ohe et al. (2003)

Rice hull 1.32 mmol g�1 Orlando et al. (2002)

Sugarcane bagasse 1.41 mmol g�1 Orlando et al. (2002)

Pure alkaline lignin 1.8 mmol g�1 Orlando et al. (2002)

Pure cellulose 1.34 mmol g�1 Orlando et al. (2002)
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temperature. As highest capacity of coconut shells based activated carbon, authors
reported 3.06 mmol g�1 noted at room temperature. They also emphasized that
nitrate removal of 70% was obtained at pH 4 (Ohe et al. 2003).

Namasivayam and Sangeetha (2006) modified coir pith in order to produce ZnCl2
loaded activated carbon as adsorbents for removal of nitrate and several other con-
taminants. Coir pith was dried in sunlight for 5 h and then zinc chloride activated coir
pith carbon was prepared by adding the coir pith in a boiling solution of zinc chloride.
After filtration and drying, adsorbent was carbonized at 700 �C. After cooling,
carbonized material was sieved to 250–500 μm particle size and tested as adsorbent
used for adsorption studies. Authors reported more than 90% removal of nitrate at
pH 6.2 and adsorbent dose of 400 mg/50 ml (Namasivayam and Sangeetha 2006).

Kalaruban et al. (2016a, b) studied nitrate removal by chemically surface-
modified coconut copra. Chemical surface modification implied incorporation of
amine groups with the aim to increase the surface positive charges. Authors reported
that maximum nitrate adsorption capacity of 59 mg/g was obtained by modified
coconut copra at pH 6.5 (Kalaruban et al. 2016a, b).

Adebayo et al. (2016) tested palm kernel shell as nitrate removal material.
Preparation of adsorbent implied soak of biosorbent in warm deionized water,
washing with NaOH, and rinsing with deionized water. pH neutral adsorbent was
further oven-dried, ground, and sieves to obtain particles size 53-74 μm. Adsorbent
particles were put in a flask for 2 h for treatment with acid solution and heated reflux
(95 �C). After 2 h, adsorbent was rinsed with deionized water until neutral pH. Palm
biomass–based adsorbents was than dried at 60 �C, pulverized to 0.45 mm, heated
for 2 h at 200 �C, and tested for nitrate removal. The adsorption capacitiy of the
adsorbent was tested by 50 mL solutions with initial nitrate concentrations ranged
from 50 to 500 mg L�1 and 0.2 g of the adsorbents. As maximum adsorption
capacity 85.73 mg g�1 was reported (Adebayo et al. 2016).

Bashir et al. (2018) tested low-cost bioadsorbent obtained by chemical modifica-
tion of palm kernel shells. Effect of initial nitrate concentration, pH and temperature
on nitrate removal was tested. Authors reported the maximum adsorption capacity of
54.18 mg/g and removal efficiency of 79.6%. Palm biomass–based adsorbent
removed effectively nitrate in a wide range of pH 4–8 and temperature (20–40 �C)
(Bashir 2018).

13.3 Phosphate Removal from Water by Palm Biomass–
Based Adsorbents

Phosphate is an inorganic compound, which is considered as a non-toxic for humans.
The United States Food and Drug Administration (FDA) reported that inorganic
phosphates, as food ingredients, are considers as “generally safe”. FDA also quoted
that average phosphate levels found in a litre of drinking water are about 100 times
lower than the average phosphate levels found in the average American diet.
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Phosphate in water bodies is undesirable due to a worldwide problem of eutrophi-
cation. Phosphate in water resources mainly originates from fertilizers, detergents
which contains sodium tripolyphosphates and untreated wastewater. But, nowadays,
wastewater has been recognized as alternative source of phosphorus, and newest
trends in wastewater treatments are now focused on phosphate recovery from
wastewater as a potential respond to overcome the global challenge of phosphorus
scarcity (Weiner et al. 2001; Length 2012).

Various physical, biological and chemical techniques have been tested for the
phosphates removal from water and wastewaters including ion exchange, chemical
precipitation/coagulation and adsorption (Length 2012). Among all mentioned
methods, adsorption is widely accepted as efficient phosphate removal method.

Phosphate removal by adsorption is tested by decades and adsorption capacities
of numerous unmodified and modified materials have been investigated such as:
activated alumina, clay, fly ash, calcite, graphene, activated carbons, iron oxide,
modified zeolite, dolomite, aluminum oxide, lanthanum hydroxide hybrid material,
pumice powder, nanocomposite, brucite-periclase materials etc. (Onar et al. 1996;
Prochaska and Zouboulis 2006; Islam et al. 2014; Nur et al. 2014; Mehrabi et al
2015; Andrés et al. 2018). Adsorbents obtained from agriculture and industrial waste
were also tested and their maximum capacities for phosphate removal are presented
in Table 13.2.

The palm biomass was in the focus of several adsorption studies for phosphate
removal from aqueous solutions. Riahi et al. (2009a) studied the removal of phos-
phate ions from domestic wastewater by date palm fibers. Date-palm fibers filter
media whit diameters 0.2–0.5, 0.5–0.8 and 0.8–1.2 mm were tested in glass column.
Fixed-bed up-flow filter media was between 12 and 72 mL min�1. Results shown
that efficiency of adsorbent depend on initial phosphate concentration, pH, and
adsorbent dosage. Amount of adsorbed phosphate increased with the increase of
its initial concentration, while increasing pH values had negative effect on adsorp-
tion. The highest phosphate removal (cca 57%) was obtained when filter material
with smallest particle size was used. Authors emphasized that tested date-palm fibers
filter most suitable for small water supply systems (Riahi et al. 2009a).

Table 13.2 Agriculture and industrial waste materials for phosphate removal from aqueous
solutions

Adsorbent qmax/mg g�1 References

Alkaline residue 2.2 mg g�1 Yan et al. (2014)

Granular date stones 8.7 mg g�1 Ismail (2012b)

Palm surface fibres 5.5 mg g�1 Ismail (2012a)

Wheat straw 8.43 mg g�1 Ma et al. (2011)

Wheat straw anion exchanger (WS-AE) 45.7 mg g�1 Xu et al. (2010)

Date palm fibres 4.34 mg g�1 Riahi et al. (2009a)

Red mud (raw) 0.23 mg g�1 Huang et al. (2008)

Red mud (HCl treated) 0.58 mg g�1 Huang et al. (2008)
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The same year (2009b) Riahi et al. published result of similar study conducted
with the aim to test natural fibers from the surface of P. dactylifera L. date palm for
phosphate removal. Used date palm surface fibers had 0.2–0.8 mm diameter. Prior
usage, date palm fibers were washed with distilled water and dried at 105 �C for 24 h.
Adsorption tests were preformed with various initial phosphate concentrations and
contact time at room temperature. Obtained results shown that pH, initial phosphate
concentration and adsorbent dosage were key factor for effective removal.

With initial pH in range 5–8, about 4.35 mg of phosphate was adsorbed on 1 g of
adsorbent (Riahi et al. 2009b).

In the year of 2017, Riahi et al. published the results of a kinetic modeling study
of phosphate adsorption onto Phoenix dactylifera L. date palm fibers conducted in
batch mode in order to define the mechanisms and kinetic model for phosphate
sorption. Test were performed by the solutions with initial phosphate concentration
in the range from 30 to 110 mg/L. Using seven statistical functions, authors
estimated that Elovich equation and pseudo second-order equation provide the
best fit to experimental data. Authors emphasized that adsorption in time dependent.
They reported that over 88% of phosphate was adsorbed within 30 minutes in the test
performed when solution with initial phosphate concentration of 110 mg/L was used
(Riahi et al. 2017).

Ismail (2012) tested palm fibres and the granular date stones obtained from the
trunk surface of a Phoenix dactylifera L. date palm for phosphate removal. The
effects of contact time, initial phosphate concentrations, sorbent dosage and pH were
examined. Author reported that increase of adsorbents dosages from 1 to 10 g L�1

increased efficiencies of phosphate removal from 25% to 85%, although maximum
adsorption capacities were obtained after the adsorbent amount exceeded 5 g L�1.
Tested palm-based adsorbents untaken more phosphate with decreasing the
pH. Ismail reported that maximum adsorption capacity of granular date stones
were 8.70 mg P g�1, and maximum adsorption capacity of palm surface fibres
8.50 mg P g�1 (Ismail 2012).

13.4 Conclusions

Industrialisation, population growth and agriculture activities are the main factors
that significantly interrupted the quality of aquatic ecosystems during the last
decades. Although various water bodies are characterized by different chemism,
anthropogenic eutrophication driven by general increasing of phosphate and nitrate
in surface water becomes global environmental and health issue. Therefore, signif-
icant efforts are daily given by many scientists all over the world for finding the most
cost-benefit solutions for nitrates and phosphates removal from drinking water and
wastewater in order to prevent further nitrate and phosphate loading of the
environment.

One of the eco-friendly solution for nitrate and phosphate removals is water
treatment by biosorbents i.e. adsorbents obtained from biomass which is, in the most
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cases, classified as agriculture waste. Using biosorbents for nitrate and phosphate
removal contribute to achievement of circular economy goals. The other benefit of
biosorbents usage is that after their saturation with nutrients they can be used organic
fertilizers i.e. source of bioavailable nitrogen and phosphorous for crops.

The palm biomass-based adsorbents have been tested, with or without prior
modification, as adsorbents for nitrate and phosphate removal from water. Authors
of adsorption studies reported good performances and adsorption capacities of raw
palm-based adsorbents which were additionally improved by chemical modifica-
tions of materials.

Effective removal of nitrate and phosphate, as well as guidelines for agriculture
waste management are the main reasons which will keep palm biomass as attractive
base material for further research and applications in water treatments.
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