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Abstract:

Continuous exposure to Arsenic or Nitrate above safe value of (10 ppb of Arsenic, 45 ppm for Nitrate)
leads to several health risks. Therefore, there is a need to develop cost effective reusable easy-to-use
techniques for simultaneous removal of both contaminants. In the present work, waste to wealth
development of a Rapikit, a novel, ready-to-use Pouch (2.76 inch * 1.97 inch) using empty teabag sachets
filled with composite of magnetic biochar and chitosan was developed. The prepared composite was
characterized by using Raman spectroscopy, FTIR, SEM, and XRD techniques. The results showed high
porosity and presence of functional groups that are responsible for efficient removal of pollutants. In the
batch adsorption experiment, The composites, in the optimized conditions i.e. pH 10 with a 1.5 g/L dose
within 60 minutes of contact time at 25°C showed 97 % of arsenic removal efficiency as well as, and 90%
removal efficiency for Nitrate at its optimized pH 7 with a 2.0 g/L dose and 80 minutes of contact time.
The isotherm studies revealed that Arsenic adsorption followed the Langmuir isotherm with a maximum
adsorption capacity of 21.37 mg/g and a Separation Factor value of 0.0607, indicating favorable adsorption
for Arsenic. But in case of Nitrate adsorption, the composite fit the Freundlich isotherm (R? = 0.98),
reflecting surface heterogeneity, with a maximum adsorption capacity of 2.43 mg/g for Nitrate.
Importantly, when Rapikit used concurrently in mixed spiked water solutions at pH 6.9, the positive
synergy of the composite enhanced the adsorption kinetics, resulting in a 97.67% Arsenic removal and
90.00% Nitrate removal within just 30 minutes of contact time. It showed negligible reduction in removal
efficacy up to five regeneration cycles. This positive synergy of composite adds the advantages of chitosan
for enhanced adsorption capacity and magnetic properties of biochar that facilitate the strong chemical
interaction with the contaminants. Hence, Rapikit which showed the waste-to-wealth approach by
transforming waste wood biomass into a value-added adsorbent and has great potential for scalability,
provides a portable, eco-friendly, and user-friendly kit for the dual removal of nitrate and arsenic.
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1. Introduction

Water pollution remains a disastrous situation despite industry resolutions for the benefit of people
worldwide [1]. Heavy metals [2], inorganic solutes (Kumar et al., 2023), and organic pollutants [4] due to
industrial leaching or effluent discharge [5] may be caused contamination. Out of them, Arsenic and
Nitrate contamination is the leading issue in front of environmental concerns or public health concerns,
leading to Arsenicosis, skin lesions, cardiovascular disease, or carcinogenesis in humans [6]. Although
Nitrate does not cause health issues, its toxicity, such as methemoglobinemia in young infants, was due to
the reduction of Nitrate into nitrite, which reduced the binding efficiency of hemoglobin for oxygen [7].
In chronic intake, Nitrate causes gastrointestinal disorders and endocrine disruption [8].

Arsenic and Nitrate contamination become an alarming issue, particularly in agricultural regions, because
Arsenic, being of geological origin, can leach into groundwater through natural processes as well as human
activities such as mining and irrigation with polluted water, while excessive fertilizer use, increase the
Nitrate levels in groundwater, resulting in the water of death [9]. Around 300 million people worldwide
got affected by the poisoning of Arsenic [10], or 60 million of the population are associated with chronic
health issues related to the consumption of groundwater contaminated with Nitrate [11]. Keeping in view
the deadly effect, the World Health Organization (WHO) standardized the value of 10 ppb for Arsenic
(World Health Organization, 2019) or 50 ppm for Nitrate in drinking water [12].

To meet the WHO standard, the contaminated water should be treated to remove Nitrate or Arsenic. In a
way, various conventional techniques were used for the removal of Arsenic as well as Nitrate from the
water, such as electrocoagulation [13], [14], chemical precipitation [15], ion exchange [16], [17], reverse
osmosis [18], [19], [20], [21] and electro dialysis [22], [23], [24]. However, these traditional techniques
have significant limitations, i.e., they are costly, less effective, generate high brine by-products, are hard
to operate, and need expertise.

To overcome these adsorption-based technologies, which are based on chemical [25] or herbal-based
adsorbents [26] for the decontamination of water considered as a convenient method because of simple to
operate, minimum chemical use, highly flexible or economical with high efficiency [27]. Various
adsorbent were used for the removal of Nitrate or Arsenic such as activated carbon [28], [29], clay
adsorbents [30], [31], zeolites [32], [33], chitosan [34], [35], metal nanoparticles [36], [37], biochar [38],
[39], activated alumina [29] and carbon nanotubes [40], [41]. Compared to typical adsorbents such as
activated carbon or clay minerals, magnetic biochar and chitosan-based adsorbents have benefits that can
lead to more effective, efficient, and environmentally friendly water treatment solutions. Combining
magnetic characteristics with natural biopolymers can also result in synergies that improve the
performance of both materials in water decontamination.

To the best of the knowledge, no user-friendly reusable adsorption composite has been explored that
demonstrated dual removal effectiveness for Arsenic and Nitrate from water in the batch adsorption, as
well as an easy-to-use kit. To validate the superior performance of the developed magnetic biochar—
chitosan composite, its adsorption efficiency was compared with other adsorbents. The comparison
highlights the improved dual removal efficiency of the present material toward both arsenic and nitrate.
The current study also demonstrates the development of a Novel, ready-to-use Rapikit (2.76 inch * 1.97
inch) , which demonstrates the dual removal efficiency for arsenic as well as nitrate. The Rapikit was filled
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with waste-derived magnetic biochar and chitosan composite, which showed the waste-to-wealth approach
by transforming waste wood biomass into a value-added adsorbent. The use of domestic wood waste for
the composite preparation ensures a low-cost, eco-friendly water decontamination solution and fulfils the
concept of SDG 6 (Clean water). This offers a portable, sustained, user-friendly Rapikit suitability for all
types of users, i.e. rural households as well as common people.

2. Materials and method:

2.1. Chemical and reagents

All the chemicals, including ferric chloride (FeCls), ferrous sulfate (FeSQO4), sodium hydroxide (NaOH),
hydrochloric acid (HCI), glutaraldehyde, acetic acid (CH3COOH), chitosan flakes, ethanol, sodium Nitrate
and sodium meta-arsenite were of analytical grade. They purchased from HI Media Pvt. Ltd. Empty tea
bag sachet purchased from Amazon, manufactured by Lipetol. A stock solution of sodium Nitrate and
Arsenic having a concentration of 100 ppm prepared by adding 0.137 g of sodium Nitrate and 0.173 g of
sodium meta-arsenite in 100 ml of distilled water. All other solutions of Nitrate and Arsenic used in the
study were prepared by the subsequent dilution from the stock solutions, and the experimental results were
analyzed.

2.2.  Preparation of Adsorbent

2.2.1. Collection of shipping waste wood

The waste wood collected from households is used as packaging material. The collected wood was cleaned
and dried in the sunlight for three or four days, and after that, the wood was cut down into small pieces to
prepare adsorbent.

2.2.2. Preparation of Magnetic biochar

The magnetic biochar was prepared using the liquid precipitation method, which was reported to have
some modifications [42]. The wood pieces were transferred into the muffle furnace for the pyrolysis of
the materials at specific conditions, such as temperature 300 °C for 60 minutes. The materials were crushed
using a pestle and mortar and sieved for a uniform size. The black granular biochar was obtained and
washed twice or three times using distilled water followed by ethanol until the filtrate was crystal clear
without coloring properties. Afterwards, the biochar was dried in a hot air oven at 70 °C until all the
moisture evaporated. 1 g of biochar was added to the 100 ml of distilled water and stirred for 10 minutes
till hominization. After that, the mixture of ferric chloride and ferrous sulfate having proportion in ratio
10:3 was added into the suspension of biochar and stirred for 1 hour at 200 rpm using the magnetic stirrer
at room temperature, which was followed by the addition of 1M NaOH solution dropwise into the
suspension for adjusting the pH of the solution to 10. The prepared suspension was incubated for 24 hours
at 25 °C. After the incubation, the black precipitate was filtered and washed several times with distilled
water and ethanol to remove the coloring properly. Then, it was dried at 60 °C in a hot air oven for 2 hours
to remove moisture.

2.2.3. Preparation of Magnetic biochar-chitosan composite

The protonated chitosan was prepared by adding 3g of chitosan flakes into 1 % acetic acid solution and
stirring for 2 hours till hominization of the suspension. After that, 1 g of magnetic biochar (MB) was added
into the chitosan suspension and stirred for 30 minutes using a magnetic stirrer, followed by adding 25 %
glutaraldehyde (Glu) drop by drop into the suspension. After that, the suspension was left for 24 hours for
chemical modification and crosslinking between the protonated chitosan and magnetic biochar. The next
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day, a black gel composite formed after the incubation, which was dried at 60 °C for 6 hours using a hot
air oven. After drying, the product was crushed using a pestle and mortar and sieved for a uniform size.

2.3.  Fabrication of Rapikit for the removal

A sachet (2.76 inch * 1.97 inch) was taken and open the sachet carefully without tearing, followed by the
weighing of the composite powder, i.e. 1.0 g and filled the sachet with the composite powder evenly but
not packed tightly as this does not hinder the adsorption and close the lid of the sachet with the 1-2 pins
of the staple to avoid the separation of powder while in use. Store the sachet in a cool, dry place away
from the moisture area until it is used, as shown in Figure 1. The sachet was dipped into the solution of
Nitrate or Arsenic for minutes, and after that, the sachet was taken out, and the solution was analyzed.

3. Characterization of Magnetic biochar-chitosan composite
3.1.  Scanning electron microscope:

Figure 1 depicts (a) The Empty sachet kit (b) Rapikit filled with the waste wood derived magnetic biochar —
chitosan composite

The scanning electron microscope (SEM) studies the sample’s size and morphology (homogeneity or
heterogeneity). It examined the sample topography by focusing the electron beam by spattering a thin
layer of gold to prevent the sample’s electrical charging and provide a homogeneous surface to promote
secondary electron emission for imaging purposes and to analyze the porosity of the surface. The sample
was characterized using a High-resolution field emission scanning electron microscope with EDS (FE-
SEM) 7610F Plus/JEOL with a resolution of 0.8 nm@ 15Kv and 1.0 nm @1Kv.

3.2.  Fourier transform infrared spectroscopy:

It is a technique for identifying the functional groups of the analyte that vibrate either by stretching or
bending by interacting with the specific wavelength of light (infrared region). The sample was analysed
using a Fourier transform infrared spectroscopy (FTIR) Perkin Elmer spectrum IR version 10.6.2 with a
scan range of 4000-400 cm™.
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3.3.  X-ray diffraction :

The X-ray diffraction (XRD) technique examines a sample’s crystalline properties. The sample was
characterized using a multipurpose XRD system model—Smart lab 3kW, make—Rigaku, by applying
voltage 40 eV, thin film XRD2, Range 1 to 157, And an angular scanning speed per minute of 2-10.

3.4. Raman microscopy:
Raman spectroscopy technique is used to characterize the materials based on the molecular vibration. The
sample was characterized using the Renishaw Invia Raman microscope.

4. Application of the Magnetic biochar-chitosan composite for the removal of Arsenic and
Nitrate

The prepared and characterized Magnetic biochar-chitosan composite was utilized to remove Arsenic and
Nitrate in batch mode.

4.1.  Batch adsorption study:

Batch adsorption studies were conducted to determine how modifying factors such as adsorbent dose,
concentration, contact time, and solution pH affect the composite removal effectiveness for Nitrate and
Arsenic removal. The batch experiment assay was conducted separately for the removal of Arsenic having
a concentration of 15 ppb as well as Nitrate having a concentration of 10 ppm by taking an aqueous
solution of 100 ml of solution in 250 ml of a conical flask that was stirred at 300 rpm followed by the
filtration and the filtrate which was analyzed using the Aquasol Arsenic test kit for the Arsenic and
Agquasol Nitrate testing kit or Nitrate standard curve at 202 nm using the Shimadzu UV-Visible
spectrometer for the Nitrate.

4.2.  Optimization of Kinetic parameters:

The optimization of kinetic parameters was done to improve the removal efficiency of adsorbent for the
Nitrate and Arsenic in the aqueous solution. The Kinetic parameters, such as the effect of pH on the
removal efficiency, were analyzed by measuring the adsorption of Nitrate and Arsenic by changing the
pH value from 3.0 to 12 at regular intervals of 2 having a concentration of 15 ppb for Arsenic or 10 ppm
for Nitrate, by keeping other parameters such as temperature, Incubation time and Adsorbent dose
constant.. The pH of the aqueous solution was adjusted using 0.1M NaOH and 0.1M HCI, then measured
with a Eu-Tech pH meter.

The effect of temperature on the removal efficiency of waste derived composite was evaluated by varying
the temperature from 20°C - 40°C. The reading were taken at regular intervals of 5°C, where the
concentration of 15 ppb for Arsenic or 10 ppm for Nitrate for constant pH, incubation time and adsorbent
dose.

The effect of contact time analyzed after optimizing the pH condition for the removal by changing time
intervals of 10 min to 120 min having a concentration of 15 ppb for Arsenic or 10 ppm for Nitrate and
keeping other parameters such as temperature, pH and Adsorbent dose constant.

The effect of adsorbent dose on the removal efficiency of composite for Arsenic as well as nitrate was
studied by varying the dose amount from 10 mg to 250 mg. The reading were taken with regular intervals
of 50 mg for 100 ml of solution having a concentration of 15 ppb for Arsenic or 10 ppm for Nitrate by
keeping other parameters such as pH, Incubation time and Temperature constant.
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The effect of the concentration of analytes was analyzed after the finding of the optimized condition of
the kinetic parameters (adsorbent dose, contact time, temperature and solution pH), and the maximum
removal efficiency for the Arsenic and Nitrate calculated by estimating the percentage of adsorption by
using the given formula:

Percentage of Removal (%) = {(Co — Ct/Co)} % 100

Cois the initial concentration of the analyte, and C.is the final concentration of the analyte, which remained
after the adsorption assay for the particular contact time.

The equilibrium sorption study for the removal of Arsenic and Nitrate was carried out by taking optimized
kinetic parameters concerning different concentrations of analytes, i.e. 15 ppb to 100 ppb for Arsenic and
2 ppm to 20 ppm for Nitrate in 250 ml of conical flask stirred at 200 rpm on the magnetic stirrer. After
that, the solution was filtered and analyzed, and the quantity of analytes adsorbed in the solution was
determined by using the mass balance equation that Vanderborght and VVan Griekenm reported.

Adsorption Capacity Qo (mg/gm) = [(Co - Ce)] x V/m

Where Q= the amount of analytes adsorbed by the adsorbent from the solution, V= volume of the analyte
solution that had taken, m= weight of adsorbate in grams, C, is the initial concentration of the analyte, and
Ce s the final concentration of the analyte that remained after the adsorption assay. After that, the data
was used to compute the adsorption isotherm model and fitted with the Langmuir, Freundlich and Temkin
isotherm model.
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5. Result and discussion
5.1. Characterization of the waste derived Magnetic biochar-chitosan composite

5.1.1. Scanning electron microscope (SEM):

The SEM image of Magnetic biochar showed a rough, porous structure with the numerous of cavities and
irregular texture of the surface as shown in Figure 2 (a) and crosslinking as shown in figure 2 (b) formed
the Composite, it showed comparatively smoother surface because of the chitosan coating as in Figure 2
(c) it showed the partially covered of the porous structure by the chitosan layer which appeared as thin
film or aggregated flakes on the surface of the composites. There morphological difference confirmed the
successful modification of the composite surface.

Figure 2. Scanning electron microscopy (SEM) images of the Magnetic biochar-chitosan composite (a)
Magnetic biochar (b) the crosslinking or mesh like structure of the composite. (c) Chitosan— Magnetic biochar
Comnonsite
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5.1.2. X-ray diffraction (XRD):

XRD was used to determine the crystallinity or amorphous nature of adsorbents. The results revealed a
broad and small peak 2 0 between 20 and 90 °, indicating the amorphous nature of the adsorbent, and a
large peak with high sharpness at 25 °, indicating some percentage of crystallinity with a crystallinity
index of 0.3977 and a full width at half maximum (FWHM) of 0.5888 with a maximum grain size of 14.47
nm, implying chemical modification for the experimental study as shown in Figure 3.
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Figure 3. X-ray diffraction pattern of the Magnetic biochar- chitosan Composite

5.1.3. Fourier Transform Infrared spectroscopy (FTIR):

The functionalities relating to chemical bonds and surface functional groups were observed using Fourier
Transform Infrared spectroscopy (FTIR) with a scan range of 4000-400 cm™, as shown in Figure 4. The
emergence of a strong and broad peak at around 3443.57 cm™ was attributed to the stretching vibration of
the OH-functionalities of alcohol or the aldehyde class. The peak at 2920 cm™ or 2854 cm™ was due to
the antisymmetric stretching vibration of C-H bonds [43]. A modest or wide peak at 1623 cm™ was
associated with the N-H bending vibration of the amine class, corresponding to the chemical alteration of
the adsorbent with glutaraldehyde. When compared to magnetic biochar, an absorption peak at 1383 cm™
was found to be Stronger and sharper, indicating chemical alteration with S=O bond stretching. Magnetic
loading revealed an absorption peak at 625 cm™ caused by stretching vibrations of the Fe-O groups, and
similar result was reported by Azari et.al.2016 in the study of mercury extracting from aqueous solution
by using the Iron oxide modified chitosan nanocomposites [44]. A small absorption signal at 1217 cm™
suggested a C-N (amino) bond and efficient glutaraldehyde crosslinking of the adsorbent confirmed with
the similar result reported by Li et.al. 2013 in synthesis and characterization and antibacterial activity of
cross-linked chitosan by using the glutaraldehyde [45].

IJTAS26091408 Volume 17, Issue 9, September 2026 8
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Figure 4. FTIR spectrum of the Magnetic biochar-chitosan composite

5.1.4. Raman spectroscopy:

The Raman spectroscopy method was used to analyze the degree of graphitization of carbon-based
materials, as well as the degree of defects caused by changes in the materials' chemical lattice structure.
Figure 5. Depicts the Raman spectra of the magnetic biochar chitosan composite adsorbent. The result
showed the presence of the D band and G band at the specific value of 1386 and 1600 with blue shifting
or the increment in the intensity of peaks, which manifestation marks for the linking between the
protonated chitosan and magnetic biochar. The D band, named the disorder band, was generated by the
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D band-1386

20000 —
15000 —

10000 —
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Figure 5. Raman Spectra of the Magnetic biochar-chitosan composite

breathing mode of the sp? carbon atom and initiation by defects in carbon structure that appeared as a high

IJTAS26091408 Volume 17, Issue 9, September 2026 9
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value of disorder in the case of material that caused shifting from 1350 to 1386 in the case of adsorbent.
The intensive value of ratio Ip/lc observed as the extent of disorder and graphitization of materials, which
appeared as 0.76 for the adsorbent, which resulted in the formation of composite adsorbent for the removal

of Nitrate as similar results was reported by the Reis et al 2023 in study of nitrogen doped biochar for the
removal of acidic dye [46].

5.2.  Adsorption study and optimization of the Kinetic parameters

The batch study was done by changing the concentration of Analytes i.e. Arsenic and Nitrate solution with
the Standard method of analysis followed by the experiments that determined the optimized conditions
including pH of solution, temperature, incubation time, Adsorbent dose and concentration of the solution
to attain the maximum removal of the analyte from the solution.

5.2.1. Optimization of pH

The result showed that in the case of Arsenic the removal efficiency for the Arsenic from the aqueous
medium was gradually increased with increasing the pH from 5.0 to 10.0 as shown in Figure 6 (a), and at
10.0, maximum removal efficiency for Arsenic was observed because of at pH 10 electrostatic interaction
between the Arsenic ion and functionalities (Carboxyl group, amine group) in the surface of composite
was enhanced, formed the stable complexes as compared and less interference from other ions [47]. So,
further optimization experiments were done by keeping the pH 10 in case of Arsenic removal. In the case

80

80 (a) 60 ( )

50
60 —

50 404

Removal efficiency (%)
Removal effieciency (%)

40 104

30+

20

T T T T T
2 4 6 8 10 12
pH

Figure 6 Effect of pH change on the removal efficiency (a) for Arsenic (b) for Nitrate

of Nitrate, the removal efficiency was increased from 3 to 7 and reached maximum removal at pH 7, as

shown in the Figure 6(b). Further experiments for the optimization were done by keeping the optimized
pH either for the Arsenic or the Nitrate removal.

IJTAS26091408 Volume 17, Issue 9, September 2026 10
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5.2.2. Optimization of contact time

The result showed that the removal percentage increased as the contact time between the adsorbate and
solution increased from 10 to 120 minutes by keeping the other kinetic parameters constant. The removal
efficiency was reached at a maximum after the contact time of 60 minutes, as shown in Figure 7. That is
why the result concluded that further experiment study done by keeping the pH 10 solution for 60 minutes
of contact time in case of Arsenic removal. In the case of Nitrate, the percentage effectiveness of removal
increased from 20% after 10 minutes of contact time to 90% after 80 minutes, as indicated in the figure 7
(b). After that point, the efficacy remains constant due to the saturation of available pore areas or the

limited availability of active binding sites for electrostatic interaction with Adsorbate at that adsorbent
dosage.
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Figure 7 Effect of contact time on the removal efficiency (a) for Arsenic (b) for Nitrate

5.2.3. Effect of Temperature

The effect of temperature on the removal efficiency of Magnetic Biochar — chitosan composite (MBC-
Composite) for Arsenic as well as Nitrate was studied at optimized contact time and pH with the regular
intervals of 5°C. The result showed the increase in removal efficiency as the temperature increased and
showed the maximum removal efficiency at 25°C because of enhanced mobility of Arsenic ions and
increased interaction with the functional group present on the surface of MBC- Composite Above this
temperature, the efficiency gradually decreased might due to weakening of bond interaction, desorption,
alteration in surface integrity of the composite (Figure 8(a)). But in case of Nitrate the result showed the
increase in removal efficiency as the temperature increased and showed the maximum removal efficiency
at 25°C because of enhanced energy which promote the interaction between the Nitrate ion and active

IJTAS26091408 Volume 17, Issue 9, September 2026 11



https://www.ijtas.com/

.7+ International Journal of Technology and Applied Science (IJTAS)

G;%.i
E-ISSN: 2230-9004 e Website: www.ijtas.com e Email: editor@ijtas.com

IJTAS

120
115 ]
10 1

105 90

~ 954 i ]

g | o _
o _ | < I

£ 85 1 £

=
£ 804
=
= 754
H
E 70
£
# 654 I
50 (a 5. (b
85+ 50
N il AN
50+
45+

40— T T T 20 2 30 35 40
20 25 30 3B 40

Temperature (°C)
Temperature (°C)

Figure 8 Effect of temperature on the removal efficiency (a) for Arsenic (b) for Nitrate

surface of MBC- Composite, and above this temperature, the efficiency gradually decreased because of
high temperature might be attributed to the weakening of adsorption bond between the MBC- Composite
surface and Nitrate and desorption of previously adsorbed Nitrate. The high temperature might cause the
weakening of chitosan functional group or hydrogen bonding on the surface as shown in Figure 8 (b).

5.2.4. Optimization of adsorbent dose

The result revealed that the effectiveness of the material for the removal of Arsenic was rising as the
dosage of the adsorbate increased from 10 mg to 250 mg for 100 ml of Arsenic solution having
concertation of 15 ppb by maintaining other kinetic parameter in optimized conditions as depicted in figure
9 (a). The material’s adsorbate dose of 1.5 g/l resulted in a maximum Arsenic removal effectiveness of 97
percent. In case of Nitrate removal, the result showed that increasing the adsorbent dose from 50 mg to
300mg /100 ml, which typically enhances Nitrate removal, as more active sites are available for Nitrate
ion adsorption. However, the trends follow till the 200 mg/100 ml (2.0 g/L) showed the maximum removal
percentage, beyond which the removal efficiency showed no significant change in value, as shown in
Figure 9(b). Above certain adsorbent dosages, the available adsorption sites become saturated, resulting
in a lower effective surface area per unit mass of adsorbent. Furthermore, high-dose adsorbent might cause
agglomeration, restricting the adsorbent's interaction with the Nitrate ions.

IJTAS26091408 Volume 17, Issue 9, September 2026 12
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Figure 9 Effect of adsorbent dose on the removal efficiency (a) for Arsenic (b) for Nitrate

5.3.  Adsorption isotherm study

The equilibrium sorption experiments for Arsenic or Nitrate were assessed by utilizing the optimal dosage
of the adsorbate in 100 ml of various concentrations of solutions, which were filtered and the removal
efficiency was examined. In the case of Arsenic, the percentage of removal was evaluated in a
concentration ranging from 15 ppb to 100 ppb in the optimized condition of pH 10 for 60 minutes of
contact time as shown in Table 1. The solution was filtered, and analyze the removal efficiency. But in
the case of Nitrate as given in Table 2, the concentration ranged between 2 ppm to 20 ppm, and the data
obtained were fitted for the following isotherm model, i.e. Langmuir isotherm, Freundlich isotherm and
Temkin as presented.

5.3.1. Langmuir isotherm model

The Langmuir model demonstrated the monolayer adsorption phenomenon, indicating that only a limited
number of sites on the adsorbent surface are accessible for adsorbate adsorption; thereafter, the adsorbent
surface displayed saturation for adsorbate adsorption. This model demonstrated the equilibrium
distribution of analytes between the adsorbent’s surface and the solution (Vermeulen et al.,1966). A finite
number of adsorption sites result from a homogeneous quantity of adsorption energy, which has no
relationship with coverage degree. The Langmuir adsorption model is given by the following equation:

_ QoKiCe

" 1+ K.Ce

Where Qe showed the amount of adsorbate per gram adsorbed by the adsorbent at the stage of equilibrium
(mg/g), Qo is the maximum monolayer adsorption capacity of the adsorbent for the adsorbate, K1 isotherm
constant (L/mg) and Ce is the final equilibrium concentration of the analyte that remained after the
adsorption. To compute the value of adsorption capacity and the isotherm constant, the plot was linear
fitted concerning the equation given below:

Qe

1 1 1

Qe - @-I_ QoK;Ce
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Where, the plot of 1/ Qe and 1/ Ce yields a straight line, with the slope representing K. and the intercept
indicating Qo. RL is computed to determine if the sorption process is favorable or unfavorable. When the
RL value exceeds one, the sorption process is unfavorable, but it is favorable when the value is less than
1. In the case of Arsenic, Adsorption studies in the Langmuir plot showed the maximum adsorption
capacity of 21.37 mg/g, indicating good linearity as shown in Figure 10 with the K. (adsorption
equilibrium parameter) value of 0.9649 as shown in Table 1. The result revealed that the value of R is
0.0607, which is concluded to be a favorable condition for the adsorption of Arsenic on the surface of the
material. Instead, the Langmuir plot for Nitrate adsorption indicates low linearity with an R?value of 0.82.
It concluded that the adsorption was not based on the monolayer adsorption phenomenon because of a
limited number of sites for the Nitrate interaction.

0.16 5

0.14 . “7 Langmuir Isotherm
wd @ ol
L

© 0.10 o
g Cos
T / -

008 o
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S 044
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[ }
0044 m 0.2
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0.0 05 1.0 15 20 25 0 5 10 15 20 25
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Figure 10 Langmuir adsorption isotherm plot of the Magnetic biochar-chitosan composite under optimized
conditions for the removal of (a) Arsenic (b) Nitrate

5.3.2. Freundlich isotherm model
The Freundlich equation was proposed to examine the physiochemical parameters of the heterogeneous
surface of the adsorbate, which is shown below.

Q. = KfCel/n
Where Qe showed the amount of adsorbate per gram adsorbed by the adsorbent at the stage of equilibrium
(mg/g), Kr As Freundlich isotherm constant (mg/g), the n showed the adsorption intensity and the
adsorbate heterogeneity parameter.
The plot was linear and fitted between Log Qe and Log Ce, as shown by the linear equation, to quantify
the strength of adsorption or heterogeneity and maximum adsorption capacity.

1
log Qe = log Ky + Elog C.
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In this equation, the intercept of the graph is used to determine the K value, while the slope of the
Freundlich plot between Log Qe and logCe is used to calculate 1/n values that show the intensity of

0.8+
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1.34 0.6
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g ] G 04
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Figure 11 Freundlich adsorption isotherm plot of the Magnetic biochar-chitosan composite under optimized
condtions for the removal of (a) Arsenic (b) Nitrate

adsorption. Adsorption intensity (1/n) less than 1 indicates normal adsorption, whereas values over 1
indicate cooperative adsorption.

The experimental data revealed that the Freundlich plot for Arsenic showed good linearity with an R?
value of 0.96 and showed the surface having small heterogeneous sites for the adsorption of Arsenic on
the surface of the material as shown in figure 11 (a). The values of K and n are parameter characteristics
of either the Arsenic or Nitrate and the sorbate system. The calculated value of Kr9.46 and 1/ n (adsorption
intensity) is 0.277, showing the normal adsorption between the Arsenic and the adsorbent. The Freundlich
plot for the Nitrate adsorption concluded a good linearity with an R? value of 0.98, indicating the Nitrate
adsorption based on surface heterogeneity as shown in Table 2. The data concluded the maximum
adsorption capacity for the Nitrate is 2.43 mg/g, and the small value of 1/n, i.e. 0.272, concluded the more
significant heterogeneity favorable for the normal Nitrate adsorption as shown in Figure 11 (b).
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5.3.3. Temkin Isotherm model
But in the case of Tamkin isotherm, the equilibrium data calculated from a linear plot against the Arsenic
sorption showed an R? value (0.9773) as in figure 12 (a) and for nitrate it showed 0.9358 as shown in

30 6
25 '_:_' :_' 5 |—I—|
g'ﬂ 20 = g 4 I—I—|
S 15 ) e 311
= —_— -
() N (<)) —
S & 42
— e y = 4.1014x + 9.9305 o4 T Y 07515 + 2.9363
> R?=0.9773 —o= 1 " 1R2=0.9358
0 )
-2 0 2 4 6 6 4 2 0 2 4
In Ce InCe

Figure 12. Temkin adsorption isotherm plot of the Magnetic biochar-chitosan composite under optimized
condtions for the removal of (a) Arsenic (b) Nitrate

figure 12 (b), which suggested the adsorption was based on physisorption followed by chemisorption.
As in case the adsorption study revealed the optimization condition for the removal of arsenic as pH of
10, temperature (25 °C) within 60 minutes of contact time for the 97 % of removal followed by the
isotherm study which concluded that the removal of arsenic follow the Langmuir isotherm model with
maximum adsorption capacity of 21.37 mg/g as shown in table 1.

Table 1. It showed the results of kinetic parameters optimization and maximum adsorbent capacity for the
removal of Arsenic by waste derived composite

Sr.No. parameters Optimized result
1 pH 10
2 Temperature 25°C
3 Contact time 60 min
4 Adsorbent Dose 1.59/l
5 Removal Efficiency 97%
6 Maximum Adsorbent capacity 21.37 mg/g,
Langmuir isotherm model (R?=
7 Isotherm model 0.976)
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But in case of nitrate removal the study revealed the optimization condition for the removal of nitrate by
using the magnetic biochar and chitosan composite as pH of 7.0, temperature (25 °C) within 80 minutes
of contact time for the maximum 90 % of removal followed by the isotherm study which concluded that
the removal of nitrate followed the Freundlich isotherm model with maximum adsorption capacity of 2.43
mg/g as shown in table 2.

Table 2. It showed the results of kinetic parameters optimization and maximum adsorbent capacity for the removal
of Nitrate by waste derived composite

Sr.No. parameters Optimized result
1 pH 7.0
2 Temperature 25°C
3 Contact time 80 min
4 Adsorbent Dose 2.0g/
5 Removal Efficiency 90 %
6 Maximum Adsorbent 2.43 mglg
capacity
7 Isotherm model Freundlich isotherm model (R?= 0.98 )

5.4.  Application of a Rapikit for the removal of Arsenic and Nitrate.

The Rapikit is based on the principle of “Dip and treat” within minutes of contact time, where the prepared
waste-derived magnetic biochar-chitosan composites adsorb both the contaminants from water. The
experiment involved immersing the empty sachet and the fabricated Rapikit in a spiked solution (100 ml)
having neutral pH containing Arsenic and Nitrate, specifically at concentrations of 10 ppb for Arsenic and
10 ppm for Nitrate as shown in Figure 13. The study revealed that the empty sachet showed a negligible
removal efficiency for the target analytes i.e. Arsenic (1.76%) and Nitrate (0.97%), which indicated weak
adsorption by the empty sachet. However, the Rapikit filled with waste-derived magnetic biochar—chitosan
composite demonstrated about 90% removal of Arsenic and 50% removal of Nitrate within 10 minutes of
contact time. When the time of contact was prolonged to 30 minutes it showed removal of Arsenic
(97.67%) and 90% removal of Nitrate. The result showed that the synergistic presence of the both
contaminants or the combined interactive forces within the mixed sachet configuration accelerates the
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initial adsorption Kkinetics, allowing the Rapikit to hit near- equilibrium removal rate in just 30 minutes,
even before the complete individual saturation is achieved.

Figure 13 depicts (a) The Empty sachet kit Dipped into Spiked solution (b) Rapikit filled with the waste
wood derived magnetic biochar —chitosan composite dipped into spiked solution

5.5. Reusability study

To improve the cost-effectiveness of the proposed decontamination procedure, the pollutant-loaded
Magnetic biochar-chitosan composite-based Rapikit was regenerated for reuse. To increase profitability,
the active agent should be able to renew through desorption using the Alkaline solution (0.1 M NaOH
Solution) for arsenic and 0.1 M NaCl solution for displaced adsorbed Anions through the anion exchange
without compromising material integrity.

Keeping the above points in mind, the recyclability of the Rapikit was tested with several desorption
reagents, including acid, basic, and phosphate media, at varying concentrations and volumes. The
reusability study was checked for five removal cycles. It showed the percentages of removal efficiency
calculated as 90%, 90 %, 88%, 85%, and 80%. There was no decrease in removal effectiveness after as
many as five cycles, and adsorbent loss during adsorption and desorption was minimal, as shown in Figure
14.

100 —
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]
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Removal efficiency (%)
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|

T T T T T
1 2 3 a 5
Cycle of Regeneration

Figure 14 Graphical representation of the reusability study of the magnetic biochar-chitosan composite based
Rapikit w.r.t. removal efficiency against 5 cycle.
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As shown in Table 3, the developed composite exhibited a significantly higher removal efficiency (97%
for arsenic and 90% for nitrate) as compared with the most reported adsorbents, which generally showed
less removal efficiency for nitrate as well as arsenic and also only removed one of the contaminants. But
in case of our developed composite it showed superior removal performance and dual removal which may
be attributed to the synergistic effect of magnetic biochar and chitosan, providing abundant active sites

and enhanced surface interaction with the analytes.

Table 3. It showed the Comparison of various adsorbents used for the removal of Arsenic and Nitrate

Removal
Sr.No. Contaminants | Adsorbent efficiency pH References
(%)
Magnetic
1 As(1I) Biochar 94.9 9.0 [48]
Magnetic
2 As(IIl) Biochar 81 7.0 [49]
FeaMnC
(Waste wood)
Magnetic
3 As(III) Biochar 80.8 3.0 [49]
FeiMn4C
Magnetic
4 As(IIT) Chitosan 96.73 4.0 [50]
composite
Garden waste
5 NOs derived 62.11 2.0 [51]
biochar
Hydrogel rice
6 NOs husk biochar 34.3 3.0 [52]
composite
Chitosan
7 NOz Zeolite 40.28 - [53]
composites
Chitosan 66.9 -
8 NOs Bentonites 49.5 [54]
Waste
derived
magnetic 97.67 %
9 As(IIT) + NOz biochar- (As(I1ID)) 6.9 Our Work
chitosan /90% (NO3)
composite
(Rapi-Kit)
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Conclusion

The present study demonstrates the high effectiveness of the Rapikit filled of Waste derived magnetic
biochar-chitosan composite for the removal of Nitrate as well as Arsenic from the water. The fabricated
Rapikit showed 97.67 % removal of arsenic and 90 % of Nitrate within 30 minutes of contact time for 10
ppb arsenic and 10 ppm of Nitrate spiked solution. The characterization techniques approve the
modification by analyzing the surface topography as well as the functional group analysis of the composite
material. The waste derived composite in the batch study, showed 97 % removal efficiency for the Arsenic
under optimized conditions such as pH 10 and 60 minutes of contact time with a 1.5g/l dose of adsorbent.
In the case of Nitrate effectiveness, around 90 % removal efficiency was found under optimized conditions
such as pH 7, a contact time of 80 minutes with 2.0g/l dose of adsorbent. The equilibrium data plotted
against the isotherm models revealed that the adsorption of Arsenic well fitted with the Langmuir isotherm
model, showing the maximum adsorption capacity of 21.37 mg/g and R (0.0607), which concluded the
favorable condition for the adsorption of Arsenic. However, in the case of Nitrate, the equilibrium data
was well fitted with the Freundlich isotherm, having good linearity with an R? value of 0.98, indicating
the Nitrate adsorption based on surface heterogeneity. The data concluded the maximum adsorption
capacity for the Nitrate is 2.43 mg/g. Batch studies include drawbacks, such as a filtration procedure and
drying of the material. Therefore the Rapikit offer a portable sustained user friendly solution for the dual
removal functionality for the arsenic and nitrate. The result is the enhanced efficiency for removal and
paving the way for more sustainable, cost-effective, and scalable solutions in future water decontamination
technologies.
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