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Abstract:

The use of lemon peel powder, a novel, low-cost, and sustainable biosorbent derived from food waste, to remove
arsenic has largely gone unexplored. The feasibility and viability of the As (III) biosorption abilities of lemon
peel powder are compared in this study. The parameters such as contact time, pH, the amount of lemon peels
used, the initial arsenic concentration, and temperature all had an effect on the sorption process. Thermodynamic,
kinetic, and equilibrium were all evaluated. The optimal pH was 6.0, and it lasted until pH 8 with 72.34%
removal efficiency. Lemon peel (LP) has a pH PZC value of 7 and a surface pH of 7. The analysis of kinetics
revealed that the biosorption was regulated by a second-order reaction, as well as the fact that the catalytic region
of the biosorbent was heterogeneous; however, the biosorption process was better defined by the Freundlich and
Temkin isotherms. Finally, it is possible to remove arsenic (III) using waste content. Thermodynamic and
equilibrium analysis have shown that sorption is a natural process that is spontaneous, beneficial, and
endothermic. In addition, Fourier Transfer Infrared Spectroscopy (FTIR) research shows that arsenic reacts with
metal oxides and the -OH functional group in lemon peel. These findings indicate that this peel can be used to
remove arsenic from a simulated aqueous solution as a valuable, low-cost sorbent. This research lays the
groundwork for the potential production of an effective filtration device that uses citrus peel powder as a low-
cost, innovative, and long-lasting biosorbent to treat water polluted with arsenic (III).

Keywords: Arsenic, Equilibrium, FTIR, Isotherms, Kinetic, PZC, Thermodynami

DOI: 10.7176/JNSR/12-14-01

Publication date:July 31% 2021

1. Introduction:

Arsenic is found naturally in the earth's layers, but it is also mobilised into ground and marine water as a result of
human activities such as pesticide and herbicide use [2,33]. Arsenic is one of the World Health Organization's
top ten chemicals to be concerned about. Arsenic in drinking water does not exceed 10pg/L according to WHO
guidelines. According to recent survey results, higher levels of arsenic in ground water can be found in many
areas of eastern Uttar Pradesh and Bihar, posing a health risk [9]. Arsenic poisoning causes severe health
problems in people [12]. Arsenic remediation is a global issue that can be solved to a large degree using many
traditional methods that are very costly and time consuming, dangerous to staff, and by product disposal is not
safe experimentally [9,14]. Arsenic remediation needs a cost-effective, environmentally sustainable solution
right now.

The passive absorption of heavy metals by natural or dead biomass is known as biosorption. Biosorption is
a cutting-edge technique for removing radioactive metals from contaminated streams. It makes use of natural
materials like agricultural residues[15], forestry waste products [16], food waste materials, and fruit peel[18].
For heavy metal decontamination, natural materials have a high potential. The existence of carboxylic, phosphate,
sulphate, amino, amide, and hydroxyl groups, which are typically found in cell walls, is attributed to the metal
entrapment property of these residues,[20,23] Several factors influence biosorption, including contact time,
dosage, pH, temperature, the presence of other metals in the same solution, the type of biosorbent material used,
and so on. Complexation, coordination, chelation, ion exchange, adsorption, and inorganic micro precipitation
are all involved in metal ion absorption through biosorption, which is dependent on the substrate[24].

The bioaccumulation of heavy metals is believed to be caused by a variety of biomolecules, proteins, and
polysaccharides [25,26], [31]. Citrus peel would also have increased metallic ion biosorption potential due to the
existence of a large number of -OH and -COOH functional groups found through FTIR research. Living plants'
biosorption ability appears to be a two-stage process, with the first phase being rapid and the second phase being
sluggish. Surface adsorption (physical and chemical), diffusion into particles, and adsorption and fixation are all
stages in the adsorption process by plant materials. The removal of arsenic from lemon peel powder was 90% in
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the adsorbents screening test, with a surface area of 21.2 ¢cm? and an arsenic removal 4.24% per sq.cm. As a
result of this proof, lemon peel powder was chosen as the biosorbent for the research study.

1.1: Objectives:
a) To design a regulating technology for the adsorption of arsenic from aqueous solution.
b) To design an arsenic-removal water filter.
c) To design a low-cost, environmentally friendly Arsenic adsorption technology.

2.0. Lemon Peel Powder Characterization:
In lemon peel powder, FTIR analysis shows the existence of carboxyl groups C-O, organic compounds like
Hydrocarbons (CxHy), Hydroxyl groups, carbonyl C=0, alcohol C-OH group, pectin, hemicellulose, and lignin,
as well as carboxyl groups C-O, organic compounds like Hydrocarbons (CxHy), Hydroxyl groups, carbonyl
C=0, alcohol C-OH group, pectin, Arsenic oxides react with functional groups present in biosorbent[32] based
on the stretching and bending vibrations of these functional groups during biosorption.

Lemon peel contains carbon-rich biochar that can be used for a variety of processes and can also be used as
a biosorbent due to its porous nature [33].

The peaks were observed after the As (III) ions adsorption process, and the peaks gradually faded due to the
interaction of the As ions molecules with the functional groups present on the biomass surface. As a result, the
hydroxyl group and carboxylic acid may play a role in the removal of Arsenic metal.

2.1. Charecterization of Lemon peel before and after adsorption:

SEM analysis of lemon peel powder before adsorption revealed that the surface of lemon peel powder is
typically asymmetrical, highly porous with larger number of pores [8]. The surface of the biomaterial is irregular
and porous allowing a better heterogeneous biosorption due to the large interface moreover, it presents small
white spots which indicate the presence of Calcium, Aluminium and Potassium in its structure [1].

2.1.1. SEM interpretation after adsorption:

From high magnification SEM photographs of the cross section of lemon peel, the surface of the lemon peel was
found to be unsymmetrical, irregular, fibrous, with pores of various sizes, and highly porous in nature, according
to SEM studies [29,30], [8-11], [1,13]. All of the research done on lemon peel has shown its adsorption potential,
indicating that it can be used as a low-cost, environmentally friendly adsorbent. After the adsorption of arsenic
by lemon peel, SEM studies were carried out at different resolutions/ magnifications, as shown in Fig-1(a), (b),

(©). (d), ().

Figure-1: Scanning electorn microscopy (SEM) images after adsortpion: (a) Light and dark shaded clusters
showing the arsenic molecules attaching to the fibrous surface. (b) Reveals the shapes/cross sections of
heterogeneous surfaces of adsorbent which show a mixture of small and large particles, with two distinct stages,
spherical, unsymmetrical, uneven, and various forms of shapes. (c) Layered/Fibrous surface with pore
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morphology on biomaterial is observed confirming the binding/chelation of molecules to the lemon peel portion.
(d) The surface has a wavy nature with various aberrations and hollow pores and a light/dark shaded surface
signifying the presence of arsenic molecules. (¢) Agglomeration has been observed as a result of chelates
formation and two separate phases on the biomaterial are seen with sponge-like porous and thread-like fibrous
structures.

2.1.2. FTIR spectral analysis of lemon peel before and after adsorption:

The FTIR is a critical tool for understanding biosorbent biosorption behaviour. By analyzing the FTIR spectra of
lemon peel before and after adsorption, the biosorption of arsenic molecules can be clarified. According to
previous studies [36] the presence of hydroxyl/ bonded —OH groups in the range of 3949-1, 3987.8, and 3934.2
cm! in the molecular structure of lemon peel before adsorption is suggested by the stretching of hydroxyl groups
in the range of 3949-1, 3987.8, and 3934.2 cm! in the molecular structure of lemon peel. All citrus based peels
display vibrations in the range of 3600-3700 cm-1, which characterize intra and inter hydrogen bonding, O-H
stretching bonding, and the presence of ternary amines that have been moved by widening or a spike change,
indicating arsenic ion adsorption by lemon peel. Before adsorption, adsorption peaks in lemon peel were seen in
the range of 2933-2928 c¢cm’!, which can be related to the stretching asymmetric vibration of the CH group
(methoxy and aliphatic hydrocarbons), which were widened to 2551.4 ¢cm', indicating the chelation of arsenic
ions with the functional groups of lemon peel.

In lemon peel, the picture of COOH and COOCHj3 vibrations/absorption peaks is attributed to about 1700-
1750 cm!. The peaks have widened to 1923.7, 1869.7 cm™! after adsorption, and the FTIR spectral behaviour has
changed. Before adsorption (carbonate ion vibrations), 1420 cm™ and 1430 cm™! peak can be seen, which are
moved after adsorption to 1278.5, 1243.1 cm™’. The finger print area of lemon peel fibre is located between 800
and 1200 cm™. C-O-C stretching and O-H bonding has been significantly altered in response to CH; deformation.
These peaks, 1278.5, 1243.1, and 782.7 cm’!, suggested that the fibre nature/structure of lemon peel promoted
arsenic adsorption. There is evidence of NO,, Carbon- Carbon (C=C) bonding, and Carbon- Oxygen (C-O)
bonding in the sugar components of lemon peel. The bonding of arsenic ions with the established active centres
was revealed by FTIR studies.

FTIR is the essential tool user for explaining the biosorbent biosorption behaviour. The biosorption of
lemon peel in adsorption of arsenic molecules is explained by interpreting FTIR spectra of lemon peel before and
after adsorption. From the previous studies [36] the lemon peel (raw) has characteristic peaks in the range of
3300-3400 cm! before adsorption indicates the presence of hydroxyl/ bonded ~OH groups which is indicated of
the stretching of hydroxyl groups in the range of 3949-1, 3987.8, and 3934.2 in the molecular structure of lemon
peel. Vibrations are shown in the range of 3600-3700 ¢m™ in all citrus based peels which characterize intra, inter
hydrogen bonding, O-H stretching bonding and presence of ternary amines which have been shifted by widening
or a spike shift is observed which indicates the adsorption of arsenic ions by lemon peel. Adsorption peaks are
seen in the range of 2933-2928 cm™ in lemon peel before adsorption which can be assigned to stretching
asymmetric vibration of CH group (methoxy and aliphatic hydrocarbons which were widened to 2551.4 cm’!
indicating the chelation of arsenic ions with the functional groups of lemon peel.

The image of vibrations/absorption peaks for COOH and COOCHj is attributed around 1700-1750 cm™! in
lemon peel. After adsorption the peaks have widened to 1923.7, 1869.7 and there is modification in the FTIR
spectral behaviour. 1420 cm!, 1430cm™! peaks are seen before adsorption (carbonate ion vibrations) which are
shifted after adsorption (1278.5, 1243.1 cm™). The region 800-1200 cm! represents the finger print region of
lemon peel fibre. Corresponding to CH3 deformation C-O-C stretching and O-H bonding which has modified to
great extent. Three peaks 1278.5, 1243.1, 782.7 cm™ indicated the lemon peel promotion for the arsenic
adsorption with fibre nature/ structure of lemon peel. Involvement of NO,, Carbon- Carbon (C=C) bonding
Carbon- Oxygen (C-O) of sugar components of lemon peel is observed as reported in Fig-2. FTIR studies
revealed the bonding of arsenic ions with the identified active centres.

2.1.3. XRD image analysis: Sharp peaks indicated amorphous nature, while peaks between 20 and 22 displayed
the fibrous nature of lemon peel on the XRD graph shown in Fig-3.

3.0. Results and Discussion

3.1. Contact time — Arsenic Biosorpiton:

The experiment was carried out with a 50 pg/L arsenic concentration and a dosage of 1 gm lemon peel powder to
determine the time required for the removal of arsenic species, and the plot of biosorption percentage and
biosorption time revealed that the rapid removal of arsenic species was observed from 20 min to 40 min, with the
rate stabilizing at 40 min, which is considered the optimum contact time as shown in Fig-4. Since there was more
surface area available for metal biosorption during these minutes, the arsenic metal ratio was higher. Later, due
to the sheathing of lemon peel powder particles around the binding sites, the binding sites become very limited,
which may be due to the development of centrifugal forces between the arsenic on the solid surface and the
liquid phase[34].



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) l'—,i,!
Vol.12, No.14, 2021 “s E

3.2. Lemon peel Dosage:

To research the arsenic biosorption percentages, lemon peel powder was used in variable dosages of 0.5, 1.0, 1.5,
2.0, 2.5, and 3.0 gm as biosorbent with initial Arsenic concentrations and a fixed contact period of 40 minutes.
The high efficiency in Arsenic removal was found with gradual increases in dosages from 0.5 to 3.0 gm due to
the availability of more functional groups on the biosorbent surface, and the decrease in biosorption capacity
could be associated with the reduction in available sites as biosorbent particles agglomerated at higher doses.
The optimum dosage of lemon peel powder is 2.0 gm as shown in Fig-5.

The statistical analysis of FTIR spectra of lemon peel powder revealed a possible connection between
biosorbent efficiency and the chemical structures of the biosorbent surfaces. Higher levels of —OH of alcohols,
phenols, and lower amounts of carboxylic acids of C-H, C-O-C, C-N, and P-O of polysaccharides and C=C of
lipids, lignin moieties resulted in more potential in arsenic biosorption at higher dosages due to higher affinities
to —OH of alcohol groups and other above functional groups due to the availability of more functional groups.

3.3. Arsenic initial Concentration:

When the initial concentration of As (III) was changed, the biosorption potential of lemon peel powder changed,
with the optimal contact time 20 minutes and dosage 2.0 gm. The As (III) biosorption potential of Lemon peel
powder was enhanced when the original As (III) concentration was increased from 10pg/L to 60pg/L. (Fig-6).
The biosorption potential of this biosorbent did not significantly increase when the original As (III)
concentration was increased to 80ug/L. In lemon peel powder, the optimal initial concentration of As (III) (in
terms of biosorption efficiency) was discovered to be 60pug/L. The availability of less biosorption sites on the
surface of the lemon caused saturation of As (III) biosorption at higher initial concentrations [20].

Higher As (III) mass transfer at the surface of the biosorbent [21] accounts for the higher biosorption
potential at higher initial As (IIT) concentrations. The results show that the biosorption ability of lemon peel was
unaffected by As metal ions capture and may provide structural integrity that aids in the development of an
effective As (III) removal filtration technology using bio sorbents.

3.4. Effect of p" on Arsenic biosorption:

In arsenic (IIT) metal speciation in solution, the operational parameter pH is critical for adsorption studies. The
pH parameter is used to determine the ionization state of functional groups on the biosorbent surface. The
increase in As (III) biosorption potential was triggered by increasing the pH range from 2 to 6. In Fig-7, the rate
of biosorption remained constant from 6 to 8. As a result, the optimal pH for lemon peel was determined to be 6
with a 72% removal rate. Arsenic adsorption decreases as pH rises, i.e., in an alkaline medium, the same findings
were found in one of the literatures [3,5]. This could happen because the biosorbent's net surface charge is
negative, decrease the biosorption rate. The pH pzc of lemon peel was found to be nearly neutral [6,17] ranging
from 6 to 6.91, resulting in an increase in carboxyl content due to saponification of protein and other organic
matter in the adsorbent.

Since functional groups including carboxyl and hydroxyl on the biosorbent are more accessible when the P
of arsenic solution reaches the p"! PZC value (neutral) of Lemon peel, the arsenic biosorption rate increases.

Because of the ligands of the biosorbent, the movement of metal cations to the biosorbent surface is limited
at lower pH 1.0-4.0, and there may be a close association with hydronium ions [19].

The biosorption rate in the acidic medium is lower before pH 5.0 due to protonation of functional groups
such as carboxyl and hydroxyl present on biosorbent. From pH 6.0 to 8.0, the functional groups deprotonate,
increasing the negative charge density on the biosorbent surface and increasing the biosorption rate.

This can also be shown in the following way: As the pH rises, the solubility of the Arsenic metal ion
decreases, resulting in a lower degree of hydration of the metal ions (less energy required for removal of water
molecules related to hydration with metal ion) reported similar findings in their PFB1 analysis by Suhasini et al
[19].

3.5. Biosorption of arsenic at different temperatures:

The arsenic biosorption is investigated at various temperatures ranging from 20°C to80°C using various Arsenic
concentrations. As shown in Fig-8, the quality of arsenic biosorption has improved, resulting in 42% to 82%
elimination. According to the biosorption principle, as the temperature rises, desorption of adsorbed molecules
from the surface of the sorbent occurs, resulting in a decrease in the biosorption rate. In the paper Cd (II)
biosorption on C.Vulgaris; the same conclusion was reached.

3.6.Isotherms of biosorption:

The position of As (IIT) biosorption by lemon peel powder was identified by using isotherm models such as
Langmuir, Freundlich, and Temkin to analyze the best-fitting equilibrium data when solute biosorption occurs by
monolayer biosorption, and it can also interpret arsenic biosorption using the biosorbent lemon peel powder.
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3.6.1. Isotherm of Langmuir Biosorption:

Table-1 shows a negative slope between ce and ce/qe, indicating that the biosorption of As (III) did not obey the
Langmuir isotherm model. This meant that arsenic biosorption did not occur in a monolayer and that the arsenic
biosorption could not be interpreted. Correlation coefficients (R») are lower in this model than in other isotherm
models. Figure-9 shows that the Arsenic biosorption on lemon peel powder did not fit into the Langmuir
biosorption isotherm model.

3.6.2. Isotherm of Freundlich Biosorption:

The plots of ce versus qe show that As (III) biosorption follows the Freundlich isotherm model, implying that
As(IIT) sorption on the surface of biosorbent occurs in heterogeneous layers. This was made possible by
converting carboxylic acid groups to Na carboxylic acid with an alkali treatment, resulting in improved affinity
and binding ability for successful biosorption. As a result, R, values ranged from 0.999 to 0.991 (Table-1), and
the linearized form of the Freundlich Isotherm can be seen in Fig-10. The K¢ values for lemon peel are 0.5 and
0.6 mg/g, while the n values are greater than 1 (n<1), indicating a dynamically favourable state for As (III)
biosorption on the biosorbent surface.

Nevertheless, the biosorbed As (III) reformed the biosorbent surface at the time of initial biosorption,
making it more conducive to subsequent biosorption [21,22]. This finding is consistent with previous research on
Se (IV) fitted to Freundlich on a variety of sorbents, including layered double hydroxide (LDH) nanoparticles
and iron oxide impregnated carbon nanotubes [4,27]. Lemon peel powder has a high ranking and maximum
biosorption potential, according to the current literature.

3.6.3.. Isotherm of Temkin Biosorption:

As lines were passed from the y-axis that is close to origin, the Arsenic adsorption slightly fitted to the Temkin
biosorption isotherm, as shown in Fig-11. As shown in Table-1, the correlation coefficient values are higher than
Freundlich and not lower than Langmuir. As a result, Temkin Isotherm can be used to interpret Arsenic
biosorption to some degree.

3.7. Kinetics of biosorption Isotherm:

Kinetic experiments are carried out to investigate Arsenic biosorption kinetics using pseudo first and second
order kinetics, Elovich and intra particle diffusion, or the Weber-Morris model. The statistical data provided in
this analysis will determine the most appropriate model for the current research data.

3.7.1. Pseudo first and second order kinetics:

The constant and correlation coefficient values obtained from the kinetic models revealed that pseudo first order
kinetics did not control the biosorption mechanism because the lines were not passed through the origin (Fig-12)
and k; values were less than unity (Table-2). As a result, the Arsenic biosorption could not be described by the
pseudo first order kinetic model. The correlation coefficients were similar to unity (Table-2) and the lines were
nearly parallel to the origin, confirming that arsenic biosorption followed the pseudo second order equation (Fig-
13). The calculated qe values are in relation to the pseudo second order kinetic's definite values. Several studies
have made similar observations [19].

3.7.2. Elovich and Weber Morris Diffusion Models:

The Elovich and Weber Morris models were used to examine the better correlation of equilibrium data, but the
application of these two models did not result in a straight line passing through the origin, as shown in Fig-14
and 15, indicating that intraparticle diffusion was not the rate determining phase. Table-2 shows that the Arsenic
biosorption onto Lemon peel powder did not follow the Elovich and Weber Morris diffusion model due to the
non linearity of both plots and negative slope values.

3.8. Thermodynamics and the Equilibrium Constant:
As the temperature ratios increase, such as 273, 293, 303, 313, 333 K, the AG® values rise, indicating that the
biosorption process is endothermic, as shown in table-3 and Fig-16 and 17. The negative value of AS° indicated a
decline in randomization [4,28]. Since the process is endothermic, these findings showed that high temperatures
are needed for Arsenic biosorption onto lemon peel powder. As the temperature rises, the thickness of the
boundary layer thickens, resulting in a higher sorption capacity.

The Ry (Equilibrium constant) of various temperatures was reported as Ri>1, indicating that arsenic
bisorption using lemon peel powder is spontaneous and advantageous.

3.9. Conclusion:

Due to the higher biosorption potentiality on carboxyl groups, lemon peel powder was investigated as one of the
strongest and cheapest biosorbents for the removal of Arsenic ions from solution. The biosorption potential
increased with increasing pH from 6.0 to 8.0, after which it remained constant until pH 10.0, when Arsenic
hydroxide precipitation began. The alteration of functional groups and the intensification of peaks were clearly
visible in the FTIR spectrum. The increase in the number of grooves seen in the SEM image of Lemon Peel
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explains the increase in biosorption capability. Freundlich isotherm and pseudo-second-order kinetic model were
used to model biosorption. Lemon Peel Powder was found to be effective in treating synthetic wastewater that
contained a variety of competing ions.
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Fig- 2: FTIR image of Lemon peel powder after Arsenic adsorption
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Fig-3: XRD image of lemon peel powder after adsorption
Table-1. Biosorption isotherm constants and their statistical comparison values for Arsenic adsorption by Lemon f
powder

Teampaatme 'C
[ 20 40 50 g0
R? 0.999 0987 0987 0.997 0991
ol ASS 0013 0072 0072 0.032 0060
L+ 0.005 0.005 0005 0005 0004
by 0482 0498 0508 0515 0512

R? 0927 0.923 0912 0985 0985
o2 ASS 0173 0172 0191 0093 0077
Logks 0507 0563 0547 0639 0657
¥n 0130 0119 0159 0061 0054
E? 0.883 0.903 0338 0945 0954
o3 ASS 0057 0049 0057 0027 0022
ar 0226 0247 0250 0287 0303
br 1.242 1.192 1.323 1.066 1.037
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Table-3: Kinetic parameters for adsorption of Arsenic by Lemon peel

S Mo Parawrwebess Arceric Arcerse .o Ao Arcerc
concenivatuarn
L& = L& L& = L& ~
(50 pz/L)
(10 /L) (20 pg/L) GopgL (0 pz/L)
Faenin firzt oanley kinetic smaded

ol r? o907 0902 0974 098G 0986

ASS (<445 b8 o013 o001 o000 o000

K 0006 0006 0004 0003 0003

Peomle secoml ey Knetie sranlel

02. K2 0914 0890 0871 0897 0842

ASS 0001 o015 0020 o014 o027

K 0351 0448 0532 1625 1026

Fhovich ymaded

o3_ r? 0981 0984 O 9E0 0955 0928

ASE 0001 0000 0001 0004 0008

- 3 0159 O 156 0145 o112 0107

B 10-E3 1010 933 T2R 537

e e—— ——

04 R 0954 0949 0963 0950 0957

ASS o000 o004 0004 0003 0003

ki 1538 1505 1393 1058 101E

Fi 1433 1351 1237 o553 B 537

Table-4: Thermodynamic parameters of Arsenic adsorption by Lemon peel powder
s TNo e — AL (BN STy A (BN oy AT (BB i)
1_ 273 —63_ 55 37 14 O OBS
2 293 SE_15
e 313 ST 65
- 333 —SE 13
3] 353 — 6 95
Table-5: Equilibrium parameter Ry values at different concentrations and temperatures.
S No T emngeeratere [ o= : o A ac (i) amd B, valmes
o
AN, Shme/H. Sime/N.

o1 L1 ] O 1005 033 O 20
02 20 1005 .33 0200
03 440 o 1005 o033 0200
L) a0 O 1005 033 O 20
o5 B0 o1 D1 o033 O_ 20
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Fig-9: Arsenic removal by the Langmuir Isotherm
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Fig-17: shows the relationship between In (Kc), 1/T, and
ge for the removal of
Arsenic by lemon peel powder.
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