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ABSTRACT 

Since many years, research groups throughout the world paying attention on removal of 

heavy metals from water. Saline water and fresh water both are consumed in diverse human 

sectors.Arsenic is a common element that is found in small amounts throughout the 

environment. Acute and chronic poisoning can result from consuming water that contains 

arsenic. Acute arsenic poisoning has no distinct symptoms. Weariness, colitis, loss of 

reflexes, weight loss, weakness, anorexia, gastritis, hair loss, and anorexia are a few of the 

non-specific symptoms of chronic poisoning. As for the pathogenesis of conditions like 

cardiovascular disease (CVD), hyperkeratosis, disturbances of the nervous and peripheral 

vascular systems, hyperpigmentation, circulatory disorders, hepatic and kidney disorders, 

experimental evidence has linked prolonged arsenic poisoning to these conditions (Hall, 

2002) [1].Recent advances for air arsenic removal include using both laboratory-scale and 

pilot-scale methods, as well as numerical modelling to help interpret pilot-scale results. 

Utilizing a tiny packed-bed reactor, new sorbents and removal methods for arsenic removal 

from flue gas are being studied on a lab scale. New sorbents are tested in the reactor system 

to see if they can arsenic from gas streams. These unique sorbents' capacities are calculated 

as a function of temperature and gas composition, and the findings are contrasted with those 

obtained using activated carbons that are readily accessible in the market.  

Keywords: Polyaniline/Fe3O4, nanocomposite; heavy metals;Basic blue 3 dye; FeCl3·6H2O; 

Bioconcentration Factor (BCF); Polymerization; Deprotonation; Protonation; N-

methylpyrrolidone 

 

INTRODUCTION 

Arsenic (As) 

Arsenic appears in three allotropic forms: yellow, black and grey; the stable form is a silver-

grey, brittle crystalline solid. It tarnishes rapidly in air, and at high temperatures burns 

forming a white cloud of arsenic trioxide. Arsenic is a member of group Va of the periodic 

table, which combines readily with many elements. The metallic form is brittle, tarnishes and 

https://www.lenntech.com/aquatic/definitions.htm
https://www.lenntech.com/periodic-chart.htm
https://www.lenntech.com/periodic-chart.htm
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when heated it rapidly oxidizes to arsenic trioxide, which has a garlic odour. The non-

metallic form is less reactive but will dissolve when heated with strong oxidizing acids and 

alkalis [2]. 

Arsenic is one of the well-established toxic elements and has been recognized to have an 

adverse human health hazard such as possible carcinogenic activity [3]. It occurs often in 

human tissues, including the hair, skin, and nails [4]. For the majority of people, drinking 

water is a main source of arsenic [5]. Up to 0.4 mg per day is the suggested tolerance limit for 

its absorption [6]. Inorganic arsenic predominates in drinking water and is present as arsenite 

[(As (III)] and arsenate [As (V)] [7]. Different levels of toxicity for various arsenic 

compounds (organic and inorganic) have been reported by some investigators [8]. The major 

sources of arsenic in natural waters are also from its widespread use in herbicides, pesticides, 

fungicides and insecticides [9]. The allowed concentration of arsenic in drinking water 

reported by the US Environmental Protection Agency (USEPA) is 50 ppb [10]. Living 

organisms are exposed to the toxic arsenic species primarily from food and water. However, 

certain scientific data also support the idea that arsenic should be used in moderation. The 

toxicity of arsenic arises from its ability to react with the sulphydryl groups of the enzyme 

system thereby blocking the action of the thiol groups of enzymes [11]. Inorganic arsenic 

predominates in drinking water and is present as arsenite [(As (III)] and arsenate [As(V)]. 

Arsenic occurs in the natural environmental in four oxidation states: As(V), As (III), As (0) 

and As (-III) depending on pH and redox conditions [12]. Among the different oxidation 

states, because of the ability to complex with certain co-enzymes, arsenite, As (III) is more 

toxic to animal and plants than As(V) (~10 times) and methylated species (~70 times) [13]. 

The mobility and toxicity of arsenic are determined by its oxidation state. The pH of the 

water and the oxidation-reduction conditions affect the valence and species of inorganic 

arsenic [14]. 

Sources of Arsenic in environment 

Arsenic is found widely in Earth’s crust in oxidation states of –3, 0, +3 and +5, often as 

sulfides or metal arsenides or arsenates. In water, it is mostly present as arsenate (+5), but in 

anaerobic conditions, it is likely to be present as arsenite (+3). It often occurs at quantities of 

less than 1-2 g/l in natural waters. However, concentrations can be markedly increased in 

waterways, particularly groundwaters, where there are sulphide mineral deposits and 

sedimentary deposits derived from volcanic rocks [15]. 

Anthropogenic sources, which account for 82,000 metric tons/year globally [16], are yet 

another significant source of concern for arsenic. Arsenic is typically coupled with other 

metals; it is discharged into the environment during mining or smelting for industrial uses. 

Wood preservatives (chromated copper arsenate [CCA] chemicals), mining of arsenopyrite, 

electrical waste (semiconductors), insecticides, pesticides, weed control, disposal of industrial 

and sewage materials, and paint products are a few examples of anthropogenic industrial 

sources that release arsenic directly or indirectly into the environment [17]. Dietary sources 

of arsenic include fish and shellfish, where it is mostly present in its less deadly organic form. 

There are only limited data on the proportion of inorganic arsenic in food, but these indicate 
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that approximately 25% is present in the inorganic form, depending on the type of food [18]. 

The most significant exposure pathways, aside from occupational exposure, are food and 

drinking water, including drinks manufactured with drinking water. Where the concentration 

of arsenic in drinking-water is 10 µg/l or greater, this will be the dominant source of intake 

[19]. When soups or other similar foods are a regular part of the diet, the amount of drinking 

water used in food preparation will be considerably higher. In locations with natural sources, 

concentrations can be increased (up to 12 mg/l), while levels in natural streams typically 

range between 1 and 2 g/l [20]. 

Polyaniline (Fe3O4) Magnetic Nanocomposite (PANI) 

The chemical substance "Polyaniline (PANI)" is an organic semiconductor and conducting 

polymer that belongs to the same family as semi-flexible rod polymers [21]. Electrical 

conductivity and mechanical properties of this compound has attracted the scientists since the 

1980s [22]. Polyaniline is one of the most studied conducting polymers by scientists, 

researchers and chemists. It is a conducting polymer belongs to a peculiar family of 

compounds composed of monomer units with conjugated chemical bonds that, under certain 

conditions (doping), ensure the electron conductivity of the polymer [23]. From the 

commercial viewpoint, these polymers show promise for the production of materials for 

various applications; they can replace metals and semiconductors, because they feature 

conductivity, low density, and easy processability. Polyaniline (PANI)—a representatives 

from the family of conducting polymers—is distinguished by easy synthesis and high 

environmental stability [24,25]. Polyaniline consists of monomer units built from reduced (n) 

and oxidized (mx) blocks: 

 

 

 

Figure 1.1. Structure of polyaniline 

The protonation and deprotonation and various other physio-chemical properties of PANI can 

be said to be due to the presence of the -NH- group. 

Green and Woodhead [26] were the first to depict PANI as a chain of aniline molecules 

coupled head-to-tail at the para position of the aromatic ring. They have proposed a linear 

octameric structure for PANI. Polyaniline, a typical phenylene based polymer, has a 

chemically flexible NH– group in the polymer chain flanked by phenyl rings on either side. 

The diversity in physicochemical properties of PANI is traced to the –NH– group. Out of 

several possible oxidation states, the 50 % oxidized emeraldine state shows electrical 

conductivity. Because of its exciting physicochemical properties and doping–dedoping 

chemistry, polyaniline (PANI) has been as a potential adsorbent to remove heavy metals from 

saline media.  
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MATERIALS AND METHODOLOGY 

Water sampling 

Water sampling was done from five different sampling stations along the coast of Mumbai 

city, namely Manori, Versova, Bandra, Mahim and Worli.  

The water samples were collected randomly during morning from five different sampling 

stations. The samples were collected and subsequently analysed during the month of October 

2021. The sampling was done during morning between 06:00 a.m. to 08:00 a.m. Grab water 

samples were collected in 2.5 L and 2.0 L Polythene bottles. The bottles were thoroughly 

cleaned with hydrochloric acid, washed with fresh tap water and with distilled water twice to 

render free of acid, again rinsed with the water sample to be collected and then filled up the 

bottle with the sample leaving only a small air gap at the top. The sample bottles were 

stoppered and sealed with paraffin wax. Water samples (500 mL) were filtered using 

Whatman No. 41 (0.45 μm pore size) filter paper for estimation of dissolved Pb, As and Hg. 

Filtrate (500 mL) was preserved with 2 mL nitric acid prevention of metal precipitation. The 

samples were concentrated to tenfold on a water bath and subjected to nitric acid digestion 

using the microwave-assisted technique, setting pressure at 30 bars and power at 700 Watts 

[27, 28]. About 400 mL of the sample was transformed into clean glass separating funnel in 

which 10 mL of 2% ammonium pyrrolidine dithiocarbamate, 4 mL of 0.5 M HCl and 10 mL 

of methyl isobutyl ketone (MIBK) are added. The solution in separating funnel was shaken 

vigorously for 2 min and was left undisturbed for the phases to separate. The MIBK extract 

containing the desired metals was then diluted to give final volumes depending on the 

suspected level of the metals. The sample solution was then aspirated into air acetylene flame 

in an atomic absorption spectrophotometer [29]. 

Preparation of Polyaniline (Fe3O4) Magnetic Nanocomposite (PANI) 

Aniline (Across) is vacuum-distilled before usage. Simple blue dye, FeCl36H2O (Sigma-

Aldrich, St. Louis, MO, USA), FeSO47H2O, Na2SO4 and Dodecyl benzene sulphonic acid, 

DBSA (Across), have all been utilized in their original forms [30]. The grade of all 

substances should be analytical. The following substances were utilised as doping agents: 

aniline (ANI, 100%, Prolabo), hydrochloric acid (HCl, 37%, Carlo Erba), sulfuric acid 

(H2SO4, 98%, Sigma Aldrich), nitric acid (HNO3, Cheminova, 60%), and phosphoric acid 

(H3PO4, 50%, Panreac). As oxidising agents for the chemical aniline polymerization, 

ammonium persulfate ((NH4)2S2O8, 98%, Biochem), potassium permanganate (KMnO4, 

99%, Fisher), and potassium dichromate ((K2Cr2O7, 99%, Prolabo) were employed. The 

catalyst ink was created using isopropanol (99.5%, Sigma Aldrich) and Nafion® suspension 

(5 wt%) [31]. For the production of polyanilines or for electrochemical characterizations, all 

compounds were employed without additional purification, and electrolytic solutions were 

newly generated. The source of all referred to ultrapure water (MQ) is Milli-Q Millipore 

(18.2 M cm at 20 °C). Captive System S.r.l. created magnetite nanoparticle aggregates using 

a co-precipitation technique that has been described. It is important to note that the process 
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variables and chemicals employed to prepare the particles can have a significant impact on 

their aggregation characteristics, which rely on the pace at which the acidic and alkaline 

solutions mix and the thickness of the organic coating [31]. 

Synthesis of Fe3O4 

Preparation of PANI 

 

Numerous reports on the oxidative polymerization method of PANI manufacture have 

recently been published in research, as shown in Figure 1.2. This approach uses chemical or 

electrochemical processes to concurrently produce polymerization and doping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Preparation of PANI 

 

Chemical Preparation (Oxidative Polymerization)  

 

PANI is produced by chemical oxidation polymerization utilising ammonium persulfate 

(APS) as an oxidant and hydrochloric acid (HCl) or sulfuric acid (H2SO4) as a dopant in an 

aqueous environment. At this point, the oxidant can take a proton from the aniline monomer 

without forming a heavy bond or using the absolute product. At this point, the oxidant can 

take a proton from the aniline monomer without forming a heavy bond or with the absolute 

product. 

Three PANI reactants are needed for chemical synthesis: aniline, an oxidant, and an acidic 

media. While ammonium sulphate ((NH4)2S2O8), hydrogen peroxide (H2O2), sodium 

vanadate (NaVO3), cerium sulphate (Ce(SO4)2), potassium dichromate (K2Cr2O7), potassium 

iodate (KIO3), and potassium free cyanide (K3 (iron (CN)6) may all be utilised as oxidizers in 

the manufacture of PANI, HCl and The most common way to make PANI is by oxidant 

polymerization, when aniline interacts with an acidic material to serve as a neutralizer before 

polymerizing when a drop of an oxidising agent, such as ammonium persulfate (APS), is 
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added at different temperatures. After realisation, an aqueous solution that had been filtered 

served as the mechanism for the 3-hour polymerization process. Rinsing the aforementioned 

solution five to six times with deionized water will provide pure PANI. The filter is 

subsequently made colourless by the addition of alcohol and acetone, which also guarantees 

that all n\/-reactive substances have been eliminated. The substance, termed as PANI 

polymeraldine salt, is slime green and unstable since swords are present in it. Thus, the 

polymeraldine salt transforms into the naturally stable at room temperature PANI-EB 

structure, allowing this precipitate to equilibrate with the proper quantity of NH4OH [32]. 

Chemical polymerization is used to create camphor sulfonic acid (CSA), which is then 

rotated with a spin coater and doped with thin PANI films on plain glass [33]. Due to the 

organic solvent and undesirable organic matter, the thin film adheres to the glass very well. 

However, the FTIR data revealed the presence of a dopant and a change in their molecular 

structure for the thin film due to an outstanding CSA extraction fraction (1:8). It has been 

demonstrated that the amorphous aspect of these pure films changes as the amount of CSA 

added to the crystalline structure increases. SEM reveals a transition from smooth to rough 

morphology, as seen in the root of PANI thin films [33]. 

 

RESULT AND CONCLUSION 

 

Characterization  

 

Using scanning electron microscope (SEM, SIRION-100), morphology and particle size of 

synthetic m-[=\gnetic (Fe3O4) nanoparticles were examined (SEM, SIRION-100), TEM an H-

7100 electron microscope, Hitachi) and Almost 150 particles in Scanning Electron 

Microscope image were selected for determination of their particle size and distribution and it 

was done by s/tatistical analysis of at least 150 nanoparticles visible in Scanning Electron 

Microscope image. Chemical structure of samples was analysed by using Fourier-transform 

infrared spectra (FTIR, Nicolet 6700, Thermo Scientific, Boston, MA, USA). The Brunauer–

Emmett–Teller (BET) was applied for specific surface area measurement. The Pb (II) ion 

concentration in saline water was measured by using UV–spectrophotometry (UV-2600) 

using xylenol orange as the complexing agent [34].  

 

Adsorption Experiments  

Using a batch method of experiment, the amount of arsenic (III) removal was investigated. 

Adsorbent and a set volume of arsenic (III) solution were combined in a 250 ml stopper glass 

container. Stoppers were employed to prevent concentration changes brought on by 

evaporation. Until equilibrium was reached, the mixture was shaken mechanically at a speed 

of 400 rpm in an incubator by Remi Equipment, Nagpur, India. The aqueous samples in each 

bottle were decanted after the predetermined contact time, centrifuged for five minutes at 

4500 rpm, and then filtered through Whatman-42 filter paper (pore size: 2.5 mm). The 

arsenic concentration in the filtrate was then determined using an atomic adsorption 

spectrophotometer (AAS). Variable dosage (0.1-1.5 g/100 mL), pH (1-12), contact period 

(10-140 min), temperature (20-80 1C), and beginning concentration were used in the tests 
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(10–270 mg L-1). The following equation was used to determine the arsenic absorption by 

the adsorbing medium when the best experimental circumstances were identified: 

 

Qe = (CO - Ce) V/W……………………..(1) 

 

where V is the volume of the solution, and Qe is the equilibrium uptake (mg g-1) (L). The 

starting concentration of arsenic (III) is C0 (mg L-1), the equilibrium concentration of arsenic 

(III) is Ce (mg L-1), and the mass of the adsorbent material is W. (g). Anions were used in 

research to determine the impact of competing ions on the adsorption of arsenic (III) 

(bicarbonate, carbonate, sulphate and nitrate). These anions' sodium and potassium salts were 

used to create solutions of the anions. While the initial concentration of the other anions 

ranged from 50 mg L-1 to 150 mg L-1, arsenic (III) had a consistent beginning concentration 

of 50 mg L-1. Software from Origin pro (version 9, origin lab corporation) and MS-Excel 

(version 2019, Microsoft 2019) were used to create the best fit models and analyse errors in 

the current experiments. Error bar plot, regression correlation coefficient (R2), standard 

deviation (SD), and chi-square analysis (2) were used to exclude the best fit [35]. 

 

 

Effect of adsorbent dose, pH, and initial arsenic concentration on the removal of arsenic 

(III) 

The effect of adsorbent dose on removal of arsenic (III) was studied at pH 5, stirring speed of 

25 r min
-1

 at temperature 25 °C and represented in Fig. 1.3. As expected the removal of 

arsenic (III) increases from “49% to 97.62%, 45.41% to 95.81% and 43.50% to 93.99%” with 

increase in adsorbent dose from 1.1 to 1.5 g/100 ml respectively at a selected contact time of 

1 hour keeping initial solute concentration at 50 mg L
-1

, 100 mg L
-1

 and 150 mg L
-1

 . It is 

found that after dosage of 10 g L
-1

, there is no significant change in percentage removal of 

arsenic. The increase in percentage removal could be attributed to the availability of a greater 

number of adsorption sites at the solid phase. Availability of specific surface area and 

micropore volume plays a vital role for surface adsorption process [36].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1.3. The effect of adsorption dose 
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Figure 1.4. FTIR patterns of synthesised Fe3O4 before and after adsorption 

However, in the current experiment, the removal extent remained nearly constant with 

additional increases in adsorbent dose, showing the saturation of adsorption sites. The 

saturation of the active sites may also be due to the overlapping of active sites at higher 

dosage as well as the decrease in the effective surface area resulting in the accumulation of 

exchanger particles. So, 13 g L
-1

 is considered as the optimum dose and is used for further 

study. Percentage removal of arsenic at different pH (1–12) was studied using 13 g L
-1

 of 

adsorbent dose at room temperature (26 1C), and contact time of 60 min for initial arsenic 

(III) concentration of 10 mg L
-1

, 50 mg L
-1

, and 100 mg L
-1

. The results are presented in 

figure 4.3. After the adsorbent is added, the pH of the solution does not change; it stays at pH 

7. The graph clearly shows that at pHr5, the removal is maximum at "97.62% for 50 mg-1, 

95.81% for 100 mg-1, and 93.99% for 150 mg-1, respectively." The following factors might 

be to blame for the reduction in arsenic removal with a rise in pH. (1) When the concentration 

of As ions is more in water solution, then the magnitude of positive charge over amino group 

is more and (2) competition for active sites by excessive amount of hydroxyl ions present in 

the water in alkaline pH, the above attained pH indicates a good agreement with zero-point 

surface charge (pHzpc) study [37]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 1.5. Adsorption effect of pH 
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Figure 1.6. Isoelectric effect of PANI/Fe3O4 

 

Contact time and adsorption kinetic studies  

 

The effect of contact time on the removal of arsenic (III) was studied in the range of 10 min 

to 140 min by using 13 g L
-1

 of adsorbent at room temperature (26 °C), at pHr5. From the 

Figure 4.8, it is understood that the effective removal achieved within 120 min, which is 

“97.62%, 95.81% and 93.99%” for initial concentration of 50 mg L
-1

, 100 mg L
-1

 and 150 mg 

L
-1

 respectively. Since there is no change in the removal % after 120 minutes, 120 minutes 

was taken into consideration as the actual adsorption equilibrium period. Because there are 

more open adsorption sites in the adsorbent at first and there is a larger gradient of solute 

concentration, the rate of removal is initially higher. Several kinetic models, including the 

Lagergren first order rate equation and second order rate equation, are used to test the 

experimental data using initial concentrations of 50 mg L-1, 100 mg L-1, and 150 mg L-1 in 

order to look at the controlling mechanisms of the adsorption process, such as mass transfer 

and chemical reaction. Below is a representation of the integrated linear pseudo-first order 

rate equation and second order rate equation [38, 39, 40]. 

 

Table 1.1. Kinetic parameters of As (III) adsorption at 25 °C. 

 

Polyaniline 

magnetic 

nanocomposite 

Fe3O4 

Pseudo first  

order equation 

Pseudo second  

order equation 

K1 R
2
    K2  R

2
 

50 mg L
-1

 0.03 0.98 1.99 0.99 1.99        1.33 

100 mg L
-1

 0.04 0.95 9.11 0.10 9.11      1.20 

150 mg L
-1

 0.05 0.94 17.34 0.06 17.34 1.32 
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……………………. (2)              

) ………………………………………(3) 

 

Where qe and qt (both in mg g
 -1

) are the amount of arsenic (III) adsorbed at equilibrium and 

at time “t” respectively, K1 is adsorption rate constant of pseudo-first order adsorption, K2 is 

the rate constant of second order rate equation (g mg
-1

 min
-1

), and qc is the maximum 

adsorption capacity (mg g
-1

) for the second order adsorption. The values obtained from the 

plots were represented in Table 1.1. 

 

Figure 1.7. Pseudo-First order modelFigure 1.8. Pseudo-Second order model 

 

CONCLUSION 

The arsenic contamination in all ecosystem has become a major environmental problem 

which results in adverse environmental impacts as well as cause serious threat to plants, 

animals and human beings. Accordingly, there is need to understand the chemistry, 

toxicology, contamination and to research on removal technologies of arsenic from different 

mediums.  

According to literature review the arsenic is a naturally occurring element of the earth's crust 

and is found in large quantities in the air, water, and land. It is exceedingly toxic in its 

inorganic form. People are exposed to large amounts of inorganic arsenic by smoking 

cigarettes, eating contaminated food, drinking polluted water, and utilising contaminated 

water for crop irrigation and food preparation. Long-term exposure to inorganic arsenic, often 

through food and water consumption, can cause chronic arsenic poisoning. Skin cancer and 

skin lesions are the most recognisable outcomes. Individuals, population groupings, and 

geographical regions all experience long-term high inorganic arsenic exposure differently in 

terms of symptoms and indications. Thus, the sickness brought on by arsenic lacks a common 

definition. This makes it more difficult to determine how harmful arsenic is to human health. 

The analysis examined the six main remediation procedures currently in use to remove 

arsenic from water: oxidation; coagulation; precipitation; and filtration. Adsorption, 
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membrane technology, bio-remediation, and ion exchange round out the list. Some 

techniques and technology for clean-up combined these kinds. 

In this research work extensive study on arsenic problems and analysis of removal of arsenic 

from saline water using polyaniline magnetic nanocomposite/Fe3O4 has been carried out. 

The polyaniline magnetic nanocomposite/Fe3O4 were created. Briefly, deionized water was 

used as the solvent to dissolve ferrous chloride tetrahydrate (FeCl2.4H2O) and ferric chloride 

hexahydrate (FeCl3.6H2O). With a molar ratio of Fe
3+

/ Fe
2+

=2, the solution of FeCl3 and 

FeCl2 was combined. Co-precipitation happened after adding ammonium hydroxide 

(NH4OH) as a precipitating agent to the solution while it was being vigorously stirred.  

Polyaniline magnetic nanocomposite/Fe3O4 can be potential adsorbents for the removal of 

Arsenic from water due to their great capacity for adsorption and simplicity in separating 

from water in the presence of a weak external magnetic field. Comparing the magnetic 

properties of Fe3O4 and polyaniline doped Fe3O4 nanoparticles was found to be more 

effective.  

The second-order kinetic equation and the Langmuir isotherm model both provide excellent 

explanations of the mechanism of arsenic adsorption on the Fe3O4. The largest amount of 

arsenic that could be adsorb by the Fe3O4 at pH 3 and 298 K was 115.113 mg/g. The 

following reasons could explain why the elimination of arsenic declines when pH rises. (1) 

When the concentration of hydroxyl ions in a solution of water increases, the magnitude of 

the positive charge over the amino group increases, and (2) An excess of hydroxyl ions 

present in the water at an alkaline pH competes for active sites; the aforementioned pH 

indicates a good agreement with the zero-point surface charge (pHzpc) study. It has been 

demonstrated through the investigation of thermodynamic parameters that the process of 

arsenic adsorption by the polyaniline magnetic nanocomposite/Fe3O4 is a spontaneous 

endothermic reaction. Because of its excellent adsorption capability, good water stability, and 

ease of preparation, the polyaniline magnetic nanocomposite/Fe3O4 has a wide range of 

potential applications for eliminating As (III) from waters.  

References: - 

1. Ritter, Keith Solomon, Paul Sibley, Ken Hall, Patricia Keen, GevanMattu, Beth Linton, 

L. (2002). Sources, pathways, and relative risks of contaminants in surface water and 

groundwater: a perspective prepared for the Walkerton inquiry. Journal of Toxicology 

and Environmental Health Part A, 65(1), 1-142. 

2. Pagano, C., Navarra, G., Coppola, L., Savarese, B., Avilia, G., Giarra, A., ... &Laezza, C. 

(2023). Impacts of Environmental Pollution on Brain Tumorigenesis. International 

Journal of Molecular Sciences, 24(5), 5045. 

3. Silva-Bessa, A., Forbes, S. L., Ferreira, M. T., &Dinis-Oliveira, R. J. (2023). 

Toxicological analysis of drugs in human mummified bodies and proposed 

guidelines. Current Drug Research Reviews Formerly: Current Drug Abuse 

Reviews, 15(1), 62-72. 



REMOVAL OF AS (III) FROM SALINE WATER MEDIUM VIA ADSORPTION ONTO POLYANILINE/Fe3O4 MAGNETIC 

NANOCOMPOSITE 

Section A-Research paper 

ISSN 2063-5346 

4135 

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4124-4137 

 

4. Raju, N. J. (2022). Arsenic in the geo-environment: A review of sources, geochemical 

processes, toxicity and removal technologies. Environmental research, 203, 111782. 

5. Samarajeewa, U. (2022). Food safety. Journal of the National Science Foundation of Sri 

Lanka, 50, 541. 

6. Medina, S., Zhang, H., Santos-Medina, L. V., Yee, Z. A., Martin, K. J., Wan, G., ... & 

Liu, K. J. (2023). Arsenite Methyltransferase Is an Important Mediator of Hematotoxicity 

Induced by Arsenic in Drinking Water. Water, 15(3), 448. 

7. Genchi, G., Lauria, G., Catalano, A., Carocci, A., &Sinicropi, M. S. (2022). Arsenic: A 

review on a great health issue worldwide. Applied Sciences, 12(12), 6184. 

8. Singh, P., Raj, A., & Yadav, B. (2022). Impacts of agriculture-based contaminants on 

groundwater quality. In Sustainability of Water Resources: Impacts and Management (pp. 

249-261). Cham: Springer International Publishing. 

9. Stratton, S. A., Ettinger, A. S., Doherty, C. L., & Buckley, B. T. (2023). The lead and 

copper rule: Limitations and lessons learned from Newark, New Jersey. Wiley 

Interdisciplinary Reviews: Water, 10(1), e1620. 

10. Squibb, K. S., & Fowler, B. A. (1983). The toxicity of arsenic and its 

compounds. Biological and environmental effects of arsenic, 233, 269. 

11. Yang, Y., Zhang, R., Chen, S., Zhu, J., Wu, P., Huang, J., & Qi, S. (2022). Arsenic (iii) 

removal from aqueous solution using TiO 2-loaded biochar prepared by waste Chinese 

traditional medicine dregs. RSC advances, 12(13), 7720-7734. 

12. Ali, H., Ahmed, S., Hsini, A., Kizito, S., Naciri, Y., Djellabi, R., ... & Ajmal, Z. (2022). 

Efficiency of a novel nitrogen-doped Fe3O4 impregnated biochar (N/Fe3O4@ BC) for 

arsenic (III and V) removal from aqueous solution: Insight into mechanistic 

understanding and reusability potential. Arabian Journal of Chemistry, 15(11), 104209. 

13. Ainiwaer, M., Zeng, X., Yin, X., Wen, J., Su, S., Wang, Y., ... & Zhang, N. (2022). 

Thermodynamics, Kinetics, and Mechanisms of the Co-Removal of Arsenate and 

Arseniteby Sepiolite-Supported Nanoscale Zero-Valent Iron in Aqueous 

Solution. International Journal of Environmental Research and Public Health, 19(18), 

11401. 

14. Khan, S. S., & Flora, S. J. S. (2023). Arsenic: Chemistry, occurrence, and exposure. 

In Handbook of Arsenic Toxicology (pp. 1-49). Academic Press. 

15. Khan, S. S., & Flora, S. J. S. (2023). Arsenic: Chemistry, occurrence, and exposure. 

In Handbook of Arsenic Toxicology (pp. 1-49). Academic Press. 

16. Chakraborty, M., Mukherjee, A., Ahmed, K. M., Fryar, A. E., Bhattacharya, A., Zahid, 

A., ... & Chattopadhyay, S. (2022). Influence of hydrostratigraphy on the distribution of 

groundwater arsenic in the transboundary Ganges River delta aquifer system, India and 

Bangladesh. Bulletin, 134(9-10), 2680-2692. 

17. Fathi-Gerdelidani, A., Towfighi, H., &Shahbazi, K. (2022). Kinetic studies on arsenic 

release from geogenically enriched soils under oxidized and reduced conditions. Journal 

of Geochemical Exploration, 242, 107083. 

18. Khosravi-Darani, K., Rehman, Y., Katsoyiannis, I. A., Kokkinos, E., &Zouboulis, A. I. 

(2022). Arsenic Exposure via Contaminated Water and Food Sources. Water, 14(12), 

1884. 



REMOVAL OF AS (III) FROM SALINE WATER MEDIUM VIA ADSORPTION ONTO POLYANILINE/Fe3O4 MAGNETIC 

NANOCOMPOSITE 

Section A-Research paper 

ISSN 2063-5346 

4136 

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4124-4137 

 

19. Hossain, M., Bhattacharya, P., Frape, S. K., Ahmed, K. M., Jacks, G., Hasan, M. A., ... 

&Mörth, C. M. (2023). A potential source of low-manganese, arsenic-safe drinking water 

from Intermediate Deep Aquifers (IDA), Bangladesh. Groundwater for Sustainable 

Development, 21, 100906. 

20. Shaw, C., Knopf, K., &Kloas, W. (2022). Fish feeds in aquaponics and beyond: A novel 

concept to evaluate protein sources in diets for circular multitrophic food production 

systems. Sustainability, 14(7), 4064. 

21. Srivastava, D., & Shukla, R. K. (2020). electrochemical properties and band gap variation 

of polyaniline due to the presence of ZnO. Proceedings of the National Academy of 

Sciences, India Section A: Physical Sciences, 90, 309-318.  

22. Ismail, A. H., Yahya, N. A. M., Mahdi, M. A., Yaacob, M. H., &Sulaiman, Y. (2020). 

Gasochromic response of optical sensing platform integrated with polyaniline and poly 

(3, 4-ethylenedioxythiophene) exposed to NH3 gas. Polymer, 192, 122313. 

23. Nogueira Pedroza Dias Mello, H. J., &Mulato, M. (2022). Impedimetric and Capacitive 

Transducer Platform for Chemical Sensors Based on Electrodeposited Polyaniline Thin 

Films. The Journal of Physical Chemistry C, 126(29), 12222-12229. 

24. Vasylenko, V. (2020). DETERMINATION OF PHYSICAL PROPERTIES OF NEW 

COMPOSITE TEXTILE MATERIALS. BBC 30, 12. 

25. N.J. Pinto, R. Gonzalez, J. Alan T. Johnson, A.G. MacDiarmid, Electrospun hybrid 

organic/inorganic semiconductor Schottky nanodiode, Appl. Phys. Lett. 89 (2006) 

033505.  

26. A.G. Green and A.E. Woodhead, J. Chem. Soc.97, 2388–2403, (1910). 

27. Aragay, G., &Merkoçi, A. (2012). Nanomaterials application in electrochemical detection 

of heavy metals. Electrochimica Acta, 84, 49-61. 

28. Finney, L. A., & O'Halloran, T. V. (2003). Transition metal speciation in the cell: insights 

from the chemistry of metal ion receptors. Science, 300(5621), 931-936. 

29. Hossain, S. Z., & Brennan, J. D. (2011). β-Galactosidase-based colorimetric paper sensor 

for determination of heavy metals. Analytical chemistry, 83(22), 8772-8778.  

30. Muhammad, A., Shah, A. U. H. A., Bilal, S., & Rahman, G. (2019). Basic Blue dye 

adsorption from water using Polyaniline/Magnetite (Fe3O4) composites: Kinetic and 

thermodynamic aspects. Materials, 12(11), 1764. 

31. de Sousa, L., Harmoko, C., Benes, N., & Mul, G. (2021). Optimizing the Ink Formulation 

for Preparation of Cu-Based Gas Diffusion Electrodes Yielding Ethylene in 

Electroreduction of CO2. ACS ES&T Engineering, 1(12), 1649-1658. 

32. Sipponen, M. H., Lange, H., Ago, M., &Crestini, C. (2018). Understanding lignin 

aggregation processes. A case study: budesonide entrapment and stimuli controlled 

release from lignin nanoparticles. ACS sustainable chemistry & engineering, 6(7), 9342-

9351. 

33. Accogli, A., Bertoli, L., Panzeri, G., Gibertini, E., Pesce, R., Bussetti, G., &Magagnin, L. 

(2021). Electrochemical characterization of magnetite (Fe3O4) nanoaggregates in acidic 

and alkaline solutions. ACS omega, 6(41), 26880-26887. 



REMOVAL OF AS (III) FROM SALINE WATER MEDIUM VIA ADSORPTION ONTO POLYANILINE/Fe3O4 MAGNETIC 

NANOCOMPOSITE 

Section A-Research paper 

ISSN 2063-5346 

4137 

Eur. Chem. Bull. 2023, 12 (Special Issue7), 4124-4137 

 

34. Shaikh, I., &Sartale, S. (2023). Spin coated Ag NPs SERS substrate: trace detection study 

of methylene blue and melamine. Applied Physics A, 129(5), 1-12. 

35. Genies, E.M., Boyle A., Lapkowski, M., Tsivantis, C., Synth. Met., 1990,36 139S. 

Carrara, V. Bavastrello, D. Ricci, E. Stura, and C. Nicolini, Sensors and Actuators B: 

Chemical, 109 (2), pp. 221-226. (2005). 

36. Kuppu, S. V., Senthilkumaran, M., Sethuraman, V., Balaji, M., Saravanan, C., Ahmed, 

N., ... & Stalin, T. (2023). The surfactants mediated electropolymerized poly 

(aniline)(PANI)-reduced graphene oxide (rGO) composite counter electrode for dye-

sensitized solar cell. Journal of Physics and Chemistry of Solids, 173, 111121. 

37. Sumdani, M. G., Islam, M. R., Yahaya, A. N. A., &Safie, S. I. (2022). Recent 

advancements in synthesis, properties, and applications of conductive polymers for 

electrochemical energy storage devices: A review. Polymer Engineering & 

Science, 62(2), 269-303. 

38. Worou, C. N., Chen, Z. L., &Bacharou, T. (2021). Arsenic removal from water by 

nanofiltration membrane: potentials and limitations. Water Practice and 

Technology, 16(2), 291-319. 

39. Mohammad, A. W., Teow, Y. H., Ang, W. L., Chung, Y. T., Oatley-Radcliffe, D. L., 

&Hilal, N. (2015). Nanofiltration membranes review: Recent advances and future 

prospects. Desalination, 356, 226-254. 

40. Algieri, C., Pugliese, V., Coppola, G., Curcio, S., Calabro, V., & Chakraborty, S. (2022). 

Arsenic removal from groundwater by membrane technology: Advantages, 

/disadvantages, and effect on human health. Groundwater for Sustainable Development, 

100815. 


