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ABSTRACT

Biochar as a green, economically efficient, and ecological adsorbent shows a great potential in
tackling water pollutants by its widely availability feedstock, low-cost and favourable surface
characteristics. Eutrophication of water bodies is caused due to large amounts of phospho-
rus and nitrogen elements which are usually discharged into the environment. In this study,
groundnut husk biochar was used to remove nitrate and phosphate from kitchen wastewater
at different dosages. Wastewater of 100 mL was added to each of the groundnut husk biochar
in a conical flask and agitated at 150 rpm for 60 minutes. Adsorption efficiency of groundnut
husk biochar for nitrate ranged from 98.03% to 98.18% and phosphate ranged from 99.92%
t0 99.95%. Nitrate and phosphate showed a maximum adsorption capacity of 9.78 x 10 mg/g
and 4.64mg/g x 107. The adsorption processes for nitrate and phosphate are better described by
heterogeneous interactions than by the uniform monolayer hypothesis, which is simplified by
the Langmuir model. This study showed a very high adsorption efficiency of groundnut husk
biochar. This indicates that low-cost groundnut husk biochar adsorbents can be used for remov-
al of nitrate and phosphate from wastewater. Similar adsorptive experiments can be carried out
using different agricultural waste to produce biochar as this can contribute to environmental
safety and cleanliness.
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Introduction

Wastewater from chemical industries such as
textile tanneries, agrochemical ceramic and
paint effluent, landfills is the attention of the
environmental protection agencies all over
the world (Hossain et al., 2022). Wastewater
encompasses pollutants that are obstinate
and can change into an irrepressible form
which are detrimental to the environment
and human health (Adeola et al, 2021).
One of the most serious issues with water
pollution is eutrophication (Lugo-Arias et al.,

2025) which is caused due to large amounts
of phosphorus and nitrogen elements which
are usually discharged into the environment.
Nitrogen (N) and phosphorus (P) are vital
nutrients that are necessary for the structure,
metabolism, and general functioning of
living things (Haddouk et al., 2026). A major
source of nutrient loading in water bodies is
household sewage, which is frequently high in
these nutrients. High levels of these nutrients
in drinking water can also be harmful to
human health, such as in groundwater sources,
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where nitrates may be found as a result of
the widespread usage of chemical fertilisers
(Bahrami & Amiri, 2022). Industrial effluents,
agricultural runoff, and municipal wastewater
discharge these nutrients into rivers, lakes,
and reservoirs, resulting in accelerated algal
and cyanobacterial development, which
causes dangerous algal blooms and ecosystem
imbalance (Kamel & Ahmed, 2026). Nitrate
concentrations higher than 10 mg/L are linked
to respiratory tract illnesses, infantile cyanosis
syndrome (blue baby syndrome), and cancer,
whilst phosphate levels above 0.5 mg/L can
result in osteoporosis and urine damage (Lugo-
Arias et al., 2024).

The excessive use of chemical
fertilisers and pesticides in agricultural
areas also hastens nutrient runoff into

nearby waterways (Haddouk ef al, 2026).
Furthermore, the build-up of nutrients is
exacerbated by the addition of aquaculture feed
inputs and livestock manure. All of these human
activities, taken together, exacerbate water
eutrophication, which results in ecosystem
collapse, biodiversity loss, algal blooms, fish
death, and major economic consequences (Yin
et al., 2017, Akinnawo, 2023). As a result,
effective, cost-effective, and environmentally
responsible methods for removing N and P are
essential to reduce nutrient contamination and
safeguard the aquatic environment.
Traditional treatment methods of
wastewater such as activated sludge, reserve
osmosis is not efficient in nutrients removal
and are very expensive to treat wastewater
in our developing country. However, these
technologies have some drawbacks, including
inadequacy in pollutants removal at low
concentrations and converting contaminants
completely into less toxic byproducts or
biodegradable, chemical consumption and
high energy, process complexity, and high
operation costs and maintenance among
others (Yang et al., 2018). These challenges

limit their usage particularly at low resources
sittings in developing countries. The usage of
adsorption technology is very effective and
attractive since it does not produce sludge and
has high efficiency (Yang et al., 2018).
Adsorption is one of the simplest, least time-
consuming and cheapest treatment methods
of wastewater that scientists have explored
and researched (Crini et al, 2019). The
employment of waste-derived or natural
adsorbents is particularly appealing since these
materials are frequently plentiful, renewable,
and low cost, which aids in the aims of circular
economy and resource recovery (Haddouk et
al.,, 2026). Agriculture waste is a significant
source of resources for harmful metal removal
using adsorption techniques (Dai et al., 2018).
Biochar has become a very efficient adsorbent
due to its accessible surface area, porous
structure, and adaptable surface chemistry,
which allows it to retain N and P nutrients
(Trivedi et al., 2025). Additionally, its capacity
to retrieve nutrients in plant-available forms
makes it possible to reuse nutrient-rich biochar
beneficially as a soil amendment or fertiliser,
promoting nutrient recycling and circular
economy concepts. Groundnut husk biochar
can be used as biomass-based adsorption
materials for the treatment of wastewater.
Groundnut shells are widely used
food processing and human consumption.
About 260,000 tonnes of groundnut shells
waste is annually produced worldwide (Verma
et al., 2012). The husk of groundnut is often
disposed of without converting it into any other
significant material. This poses environmental
problems as it adds up to agricultural waste,
resulting in challenges with waste management
(Figueroa et al., 2020). These groundnut husks
therefore serve as a rich source of resource that
can be used for the production of adsorbent
for the removal of nitrate and phosphate from
wastewater and the environment at large
due to its unique properties. As a result, an
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effective and practical solution that meets both
commercial and environmental requirements
should be advertised and implemented on a big
scale. Nonetheless, further research is required
to combine readily accessible and low-cost
materials in treatment processes, which might
lower total costs of treatment whilst increasing
effectiveness for harmful metal removal.
Hence, the use of residues from agriculture as
green and economical adsorbents for removing
nitrate and phosphate from wastewaters are
required. The objective was to determine
groundnut shell biochar removal rate of nitrate
and phosphate from kitchen wastewater.

Experimental

Groundnut husk collection and biochar
preparation

The groundnut husk was collected from
various groundnut grind mills in Tamale. Other
materials and foreign biomass were to remove
from the groundnut shell husks. Biochar
was made from groundnut shell husks at the
University for Development Studies (UDS),
Nyankpala Campus's Agricultural ~ Sub-
Sector Improvement Programme (AgSsIP)
Laboratory. Groundnut husks were kept in the
muffle furnace and charred at 500 & 5 °C for 30
min to obtain 503.5 g groundnut husk biochar.
Biochar was then crushed and sieved.

Sample collection

Kitchen wastewater was collected from
five (5) private hostels in Nyankpala into
polypropylene bottles and transported to
the UDS, Spanish laboratory. All sample
equipment (hand gloves, ice chest, marker,
and polypropylene bottles) were thoroughly
cleaned before use. Hand gloves protect the
skin on the hands and prevent direct contact
with kitchen wastewater, which contains toxic
metals and other microscopic species. To
minimise leakage of samples, the ice chest was

utilised to in storing the samples of kitchen
wastewater.

Adsorption experiment

The adsorption experiment was conducted in
the UDS Spanish laboratory. A gram of 0.5,
1.0, 1.5,2.0,2.5, 3.0 and 3.5 g groundnut husk
biochar each was weighted and transferred
into a well-labeled conical flask. And 100
mL of the kitchen wastewater with initial
concentration of nitrate (0.39 mg/L) and
phosphate (2.02 mg/L) was transferred into
the conical flask containing the biochar. The
mixture was then placed onto a rotatory orbital
shaker and stirred at 150 rpm for 60 minutes
(contact time). The pH (4.17) and temperature
(25 °C) were measured using a pH meter.
After 60 minutes, the samples were removed
from the orbital shaker and then filtered
into plastic bottles via glass funnels using
Whatman’s qualitative filter paper (125 mm
@) into a 35 mL. The filtered samples (elutes)
were transported to the University of Ghana
Ecological Laboratory for analysis.

Calculations for adsorption efficiency nitrate
and phosphate using groundnut husk biochar
For each of the nutrient uptake and the
adsorbent concentration all at equilibrium
was calculated using the symbol Qe (Dada et
al., 2012). Hence, calculating the adsorption
efficiency can be denoted mathematically as:

_ G-
Q. m XV [1]
To determine, the percentage adsorption (R
(%), it’s also represented as:

ci—C yi

Rogyy = & x100 2]
Where Q, is the adsorption capacity, C.and C,
is the final and initial concentration of toxic
metals after adsorption, respectively M is
the amount of biochar, and V is the solution
volume.
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Adsorption isotherms

The isotherm models used in computing
have represented mathematically based
on below assumptions by researchers. A
researched work by Zhang et al. (2020)
reported that, elimination of a gas molecule
onto a comparable solid surface was best use
of the Langmuir isotherms model. Mainly,
Langmuir isotherm is used in the adsorption
of atoms onto a uniform surface, this could be
a crystal of materials (solid) with adsorptive
properties (Massoudinejad et al., 2019). This
can be exemplified mathematically in a linear
equation. Below is the equation formular
provided:

L __ 1, G

Qm B K[, Qm:u: anx [3]

Where C,is the adsorbate at equilibrium
concentration (mg/g), @, (mg/g) is the
adsorbed molecules amount on the adsorbent
surface at any time and K, is the Langmuir
constant (L/mg) (Dada et al., 2012).

R, can also be employed as separation factor. It

is a constant. R, can be denoted as:
1

R 1+ K G [4]

Where C is the adsorbate initial concentration
and K, is the Langmuir constant (L/g).

When the R, > 1 indicates it could be non-
conducive adsorption, R, = 1 indicates linear,
R, =0isirreversibleand 0 <R, <1 is favourable
(Dada et al., 2012).

The mathematical of the Freundlich isotherm

is:
Qe: K'L;Cel/n [5]

where n is the intensity of the adsorption anld
K, is the adsorption gapacity (L mg"‘). The n
shows how energy is relatively distributed
and how heterogeneous the adsgrption sites

simoare (Dada et al., 2012). If = < 1 means
normal adsorption, = > 1 indicates that there
is co-operative adsorption, n = 1 means there
are two-phase partition that does not depend
on concentration has occurred (Dada et al,
2012).

Results and discussion

Adsorption efficiency of nitrate and phosphate
by groundnut husk biochar in kitchen
wastewater

Adsorption efficiency of groundnut husk
biochar for nitrate and phosphate was > 98.03%
and > 99.92%, respectively as presented in
table 1. This illustrates a very high adsorption
efficiency of groundnut husk biochar. Biochars
have a much pore volume and larger surface
area than their source raw material, making
them superior adsorbents to the raw materials
(Ahmad et al., 2014). Depending on the type
of biochar, contaminants can be removed
through a variety of mechanisms including
electrostatic  interactions,  complexation,
precipitation, and physical sorption (Inyang
et al., 2016). The most non-polar ions in soil
structure such as NO,, NH," and PO are
thought to be absorbed by biochar through
surface adsorption (Dai et al., 2020).
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TABLE 1
Adsorption of nitrate and phosphate by groundnut
husk biochar in kitchen wastewater

Metals Dosage Initial concentra- Percent-
() tion (mg/L) age (%)
Nitrate 0.5 0.39 98.18
1.0 0.39 98.15
1.5 0.39 98.18
2.0 0.39 98.15
2.5 0.39 98.13
3.0 0.39 98.15
3.5 0.39 98.03
Phos- 0.5 2.02 99.95
phate 1.0 2.02 99.95
1.5 2.02 99.93
2.0 2.02 99.92
2.5 2.02 99.93
3.0 2.02 99.92
3.5 2.02 99.93

In comparison, the production of biochar is less
expensive and requires less energy (Zheng et
al., 2010). The functional groups on a biochar
influence its physicochemical properties
and adsorption capacity (Deng et al., 2017).
The biochar porous structure, large specific
surface area, and surface functional groups
are important characteristics that promise high
contaminant removal efficiencies (Yao et al.,
2016). Rice husk ash was also investigated
for phosphate removal and demonstrated up
to 89% (a maximum removal) using a 2 g/L
dose for 120 minutes at a pH of 6 (Mor et al.,
2016). The biochar is applied to the slurry to
effectively remove nitrate and it was discovered
that adsorption of N is higher at concentrations
of 500 mg/L (89%) and 250 mg/L (81%), than
at higher concentrations of 1250 mg/L (80%)
and 1000 mg/L (76%) (Kizito et al., 2015).
The removal of phosphorus from wastewater
is accomplished by treating calcium-rich
biochar in an aqueous solution. The initial
phosphorous concentration rate in the solution
differs linearly with calcium-rich biochar (Dai
et al., 2020).

This current study results for nutrient removal
effectiveness are in line with patterns seen
in the literature for biochar systems using
different doses. At 20 g/L, the elimination of
NH," reached 80%, which is equivalent to
biochars, which usually have NH," adsorption
capabilities of less than 20 mg/g (Zhang et al.,
2020). The trends showed that higher biochar
dosages increase total removal efficiency
whilst decreasing unit adsorption capacity. At
20 g/L, the 70.8% removal of PO,* is greater
than 38.1% reported by Cui et al. (2016).
The NO,” removal was 74% at 20 g/L, which
is significantly higher than the majority of
unmodified biochars, which typically have
extremely poor NO,™ sorption (Zhang et al.,
2020).
Langmuir  and  Freundlich
isotherms

The nitrate maximum adsorption capacity
was 9.78 x 10* mg/g and an adsorption
equilibrium (K,) of 3.04 x 10 L/mg (Table
2). R, for nitrate in the study was 0.38 and a
correlation coefficient (R?) of 0.25 (Figure 1).
For phosphate, an adsorption equilibrium (K)
of 0.94 L/mg and the maximum adsorption
capacity was 4.64x10° mg/g (Table 2). R,
for phosphate in the study was 1.04 and a
correlation coefficient (R?) of 0.46 (Figure 2).
Nitrate and phosphate showed a maximum
adsorption capacity of 9.78 x 10* mg/g and
4.64 x 10° which was lower as compared
to 0.78 mg/g and 3.40 mg/g, respectively,
as reported by Sayadi et al (2020). This
present study had K, of 3.04 x 10 L/mg and
0.94 for nitrate and phosphate respectively,
as compared to 0.04 L/mg and 18.22 L/mg
reported by Sayadi et al. (2020). The R, for
nitrate was 0.38 which suggest the shape of
the isotherm for adsorption by groundnut husk
shell was favourable since when 0<R <1
(Ayawei et al., 2017).

adsorption
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The Freundlich isotherm provides
an expression for describing heterogeneous
adsorbent surfaces and the exponentially
scattered active sites and energies on them
(Ayawei et al., 2017). The K, recorded for the
adsorption process was 102.90 L/g and 203.75
L/g for nitrate and phosphate, respectively
(Table 2). The '/ documented for nitrate and
phosphate was 0.20 and 0.001, respectively,
this shows that, the normal adsorption '/ is
less than 1 (Ayawei et al, 2017). The N values
for nitrate and phosphate was 5 and 1000,

respectively. The R? for nitrate and phosphate
shows that the data does not fit well with both
Langmuir and Freundlich adsorption isotherm.
However, the K, suggest the better fit of the
Freundlich model implying that nutrient
adsorption onto groundnut husk biochar takes
place on a heterogeneous surface with an
uneven distribution of active sites, and that
multilayer adsorption is probably involved.
This implies that the adsorption processes for
nitrate and phosphate are better described by
heterogeneous interactions than by the uniform
monolayer hypothesis, which is simplified by
the Langmuir model.

TABLE 2
Modelling of the results of groundnut shell biochar

Ion Langmuir parameter Freundlich parameter
Metal Q.. (mg/g) K, (L/g) R, A N K, (mg/g) R,
NO, 9.78 x 10 3.04 x 10 0.38 0.25 0.20 5.00 102.90 0.25
PO,* 4.64 x 107 0.94 1.04 0.46 0.001 1000 203.75 0.47
201.98
19 201.96 ¥ =215.6x +201.62 LI
e 201.94 R?=0.458 o
3838 . . . 20192 e
38.6 ° e 2019
o ey 210228 +31.045 g .
5 384 TR o 2 20188
] T T 20186
S 382 < 2018
SO 201.82
38
201.8
37.8 201.78 .
376 201.76
: ° 0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018
374 Ce (mg/L)
0007 00071 0.0072 0.0073 0.0074 0.0075 0.0076 0.0077 0.0078
Ce (mg/L)

Fig. 1: Langmuir isotherm for nitrate in kitchen
wastewater by groundnut husk biochar

Fig. 2: Langmuir isotherm for phosphate in
kitchen wastewater by groundnut husk biochar
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pH is above 7 owing to increased competition
with hydroxide ions, whereas the removal is
low when the pH is below 7 due to the oxides
instability at lower pH (Katal et al., 2012).
This study result is comparable to adsorptive
nitrate removal at pH 7 using red mud and
lower removal at advanced pH values (Katal et
al.,, 2012). A study by Manhooei et al. (2019)
reported an optimum removal efficiency of
nitrate of 86.5% was obtained at pH 7, room
temperature, an initial concentration of 20
mg/L, and a 3 g/L dose within 10 minutes. The
adsorption of nitrate was found to be affected
by anions (Manhooei et al., 2019).

Conclusion
The removal efficiency of nitrate and
phosphate from kitchen wastewater by

groundnut husk biochar adsorbents was
very effective. The adsorption processes for
nitrate and phosphate are better described by
heterogeneous interactions than by the uniform
monolayer hypothesis, which is simplified
by the Langmuir model. Similar adsorptive
experiments can be carried out using different
agricultural waste to produce biochar as this
can contribute to environmental safety and
cleanliness.
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