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Abstract: Arsenic, one of the elements having most terrible impact on the human being, is threatening the world 

continuously. It exists in the combined form in rocks under earth which on dissolution contaminates ground water. By various 

mean, such as industrial activities, it can enter into vital ecological cycle and cause hazards to human health. In the previous 

paper, it is shown that use of activated carbons such as BACI-2017 can assist in removing As (III) at highest level of 455 mg/g 

from contaminated water. In this study, the removal of arsenic (III) is compared when different level of nano iron oxides are 

present. In order to determine the optimal extraction of As (III) in presence of nano iron oxide solutions containing different 

arsenic concentrations, 5 to 400 mg/l with nano iron particles of 0.5 to 0.1g have been used. BACI-2017 with particle sizes, 

mesh 4x8 and 100 or higher been also employed. The separation of As (III) was carried out using 0.1 gram of BACI-2017. The 

maximum As (III) extraction in presence of nano iron oxide and combined nano iron oxide with BACI-2017 are shown to be 

19.47 mg/g and 99.36 mg/g respectively during 15 minutes contact times. 
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1. Introduction 

Arsenic exists in the combined form in rocks under earth. 

Arsenic after dissolution contaminates ground water [1, 2, 3]. 

Arsenic is naturally pseudo-metal, which is very fluid in the 

environment. Its movement largely depends on the mineral's 

origin, the state of oxidation and its mobility mechanisms. 

According to the oxidation state, arsenic can exist in four 

forms, which include arsenite, arsenate, arsenic and arsine. 

Among these four arsenic species, the most common form, 

usually found in water, is arsenite and arsenate [4] The 

concentration of arsenic in natural fresh water sources varies 

from 0.3 to 3.0 µg /L. Generally, high concentrations of arsenic 

are found mostly in groundwater and usually in the form of As 

(III) [5]. About 200 million people worldwide are exposed to a 

concentration of arsenic in drinking water above the limit of 10 

µg /L. The amount set by the World Health Organization 

(WHO) [6]. The purpose of this research is to determine and 

compare adsorption capacity of As (III) in presence of nano 

iron oxide and BACI-2017. BAC-2017 is available in different 

particle size, mesh 4x8 and mesh 100 and higher [7-10].  

2. Experiments 

All chemicals used were of analytical grades and were 

obtained from Merck Chemicals. All the solutions were 

prepared in distilled water. Stock solution of As (III) was 

prepared by dissolving 1.73 g sodium arsenic oxide 

(AsNaO2) in 1 liter of distilled water which resulted in 1.00 

ml of solution containing 1.00 mg of CAs (III). Other 

standard As (III) solutions were prepared by diluting the 

stock solution proportionally. The experimental tests were 

carried out in presence of iron nano oxide of 0.5 and 0.1 

gram and adsorbent BACI-2017 supplied by Beshel 

Activated Carbon. 50 ml of arsenic (III) solution arsenic (III) 

solution with different concentrations of 100, 200, 300, 400, 

500, 1000 mg/l in 100 ml Erlenmeyer glass with stopper. The 

mixture was shaken for one minute vigorously by hand and 
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then after 15 minutes retention time arsenic solution was 

filtrate. In all experiments the pH was about 8.5 and contact 

time was 15 minutes. After the time passed, samples were 

taken in sample containers, until this stage of work at the 

Faculty of Chemistry of Islamic Azad University-Tehran 

North Branch. After filtration with 0.45 micron of Whatman 

marking paper, the samples were measured by hydride 

atomic absorption device Model: SpectrAA-400 + Varian 

(VGA.76). The experiments were done at 25°C. The data 

analysis was performed using by Excel software. 

Furthermore the results were interrogated by the Freundlich 

and Langmuir procedures. 

The percentage of arsenic extracted was calculated using 

the following formula 1: 

Removal Percentage = [(Co – Ce)/Co]*100             (1) 

Co: As (III) initial concentration (mg/g) 

Ce: As (III) Equilibrium concentration (mg/g) 

3. Results and Discussion 

3.1. Removal Amount 

The experiment was done with 50 ml of As (III) solutions 

at six different concentrations in presence of 0.5g of iron 

nano oxide. The percentage of As (III) removal for each 

solution is shown in Table 1. The average percentage of 

arsenic (III) removed is about 99.8%, see Table 1.  

Table 1. Determination the optimal amount of As (III) extracted in presence of 0.5g of iron nano oxide. 

Sample Co (mg/l) iron nano oxide (g) Time Contact (Minute) Ce (mg/l) % Removal of As (III) 

1 5 0.5 15 0.005 99.90 

2 10 0.5 15 0.010 99.90 

3 20 0.5 15 0.031 99.85 

4 30 0.5 15 0.073 99.76 

5 50 0.5 15 0.198 99.60 

6 100 0.5 15 0.483 99.52 

Similarly, Table 2 shows the percentage of As (III) removed from solution containing seven different concentrations of 

arsenic in presence of 0.1g iron nano oxide. The average percentage removed is around 98.6% in this case.  

Table 2. The amount As (III) extracted from arsenic solutions in presence 0.1g of iron nano oxide. 

Sample Co (mg/l) iron nano oxide (g) Time Contact (Minute) Ce (mg/l) % Removal of As (III) 

1 10 0.1 15 0.435 95.65 

2 30 0.1 15 0.662 97.79 

3 50 0.1 15 0.722 98.56 

4 100 0.1 15 0.830 99.17 

5 200 0.1 15 0.900 99.55 

6 300 0.1 15 0.958 99.68 

7 400 0.1 15 1.060 99.74 

When BACI-2017 (with mesh size of 4x8 particles), is used the extraction of As (III) from seven different solutions in 

presence of 0.1g of nano iron oxide is reduced compared with those in Table 3. The average percentage extraction of Arsenic is 

this case is about 96.2%  

Table 3. Removal of As (III) from different arsenic solutions in presence of 0.1g of nano iron oxide particles and BACI-2017. 

Sample Co (mg/l) iron nano oxide & BACI-2017 (g) Time Contact (Minute) Ce (mg/l) % Removal of As (III) 

1 5 0.1 15 0.572 88.56 

2 10 0.1 15 0.616 93.84 

3 20 0.1 15 0.666 96.67 

4 30 0.1 15 0.716 97.61 

5 50 0.1 15 0.775 98.45 

6 100 0.1 15 0.890 99.11 

7 200 0.1 15 1.290 99.36 

When BAC1-2017 with mesh size of 100 or higher is used, the results show with increasing concentration of arsenic in the 

solutions, its extraction capacity is decreased, see Table 4.  

Table 4. Extraction of As (III) in presence of 0.1g   BACI-2017 (with 100 and higher than 100 mesh sizes). 

Sample Co (mg/l) BACI-2017 (g) Time Contact (Minute) Ce (mg/l) % Removal of As (III) 

1 100 0.1 15 1 99 

2 200 0.1 15 4 98 

3 300 0.1 15 9 97 

4 400 0.1 15 20 95 

5 500 0.1 15 40 92 

6 1000 0.1 15 90 91 
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3.2. Review of Langmuir Adsorption Isotherms 

In addition to the extraction results shown above, the 

percentage removal of As (III) was investigated using 

Langmuir and Freundlich isotherms (5). 

3.2.1. Langmuir Absorbed Isotherm 

Homogeneous layer absorption is fundamental in 

Langmuir's theory. It also assume that absorption of material 

is confined to an area where there is no other absorption 

occurring in that area. The rate of absorption is proportional 

to desorption, surface area and time (5). 

The results of As (III) extractions were plotted on the 

Langmuir graph where 1/Ce is plotted against 1/qe. Where qe 

is obtained from the following formula 2: 

qe = [(Co – Ce)/m]*v                           (2) 

qe: Equilibrium uptake (mg/g)  

v: Volume of solution (L) 

C0: As (III) initial concentration (mg/g) 

Ce: As (III) Equilibrium concentration (mg/g) 

m: Mass of adsorbent material (g) 

The maximum amount of As (III) adsorption inform the 

results in Table 5 calculated according to the Langmuir 

adsorption isotherm is 4.95 mg/g [see Table 5 and Figure 1].  

Table 5. Data for Langmuir isotherm for the case when 0.5 g of nano iron oxide is used (see Table 1). 

No. qe (mg/g) Ce (mg/l) 1/qe 1/Ce 

1 0.25 0.005 4.01 200 

2 0.50 0.010 2.00 100 

3 1.00 0.031 1.00 32.26 

4 1.49 0.073 0.67 13.7 

5 2.48 0.198 0.40 5.05 

6 4.95 0.483 0.20 2.07 

 
Figure 1. Langmuir adsorption isotherm for As (III) removal when 0.5g of nano iron oxide is used. 

Similarly, the maximum amount of As (III) adsorption capacity in experiment where 0.1 g of nano iron oxide is used 

calculated by Langmuir adsorption isotherm to be 19.47 mg/g [see Table 6 and Figure 2].  

Table 6. Data to determine Langmuir isotherm for where 0.1g of nano iron oxide is present (see Table 2). 

No. qe (mg/g) Ce (mg/l) 1/qe 1/Ce 

1 0.28 0.435 3.54 4.55 

2 1.17 0.662 0.86 1.31 

3 2.14 0.722 0.47 1.45 

4 4.59 0.830 0.22 1.13 

5 9.55 0.900 0.10 0.98 

6 14.52 0.958 0.07 3.82 

7 19.47 1.06 0.05 0.65 
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Figure 2. Langmuir adsorption isotherm study for extraction of As (III) when 0.1g of nano iron oxide was used. 

The maximum As (III) extractable calculated by Langmuir adsorption isotherm was 99.36 mg/g [Table 7 and Figure 3]. 

When 0.1g of nano iron oxide and BACI-2017 with mesh size of 4x8 are used.  

Table 7. Data to determine Langmuir isotherm for extraction of As (III) when both 0.1 g nano iron nano oxide and BAKI-2017 with mesh size (4x8) are 

present.  

No. qe (mg/g) Ce (mg/l) 1/qe 1/Ce 

1 2.21 0.572 0.45 1.75 

2 4.69 0.616 0.21 1.62 

3 9.67 0.666 0.10 1.50 

4 14.64 0.716 0.07 1.40 

5 24.61 0.775 0.04 1.29 

6 49.56 0.890 0.02 1.12 

7 99.36 1.290 0.01 0.78 

 
Figure 3. Langmuir adsorption isotherm for extraction of As (III) when both nano oxide (0.1g) and BAKI- 2017 with mesh size (4x8) are used. 

3.2.2. Freundlich Absorption Isotherm 

In this model, contrary to the Langmuir model, multi-

layers adsorption is allowed. The Freundlich model responds 

to low concentrations of metals in solutions, but not so well 

at high concentrations. This model shows higher absorption 

than the actual experimental values. It is assume the mode of 

biological adsorbents to be heterogeneous in terms of their 

energy levels. Therefore, at low concentrations the model's 

prediction is proportional to the experimental values, but at 

higher concentrations after the absorption layer the metal ion 

tendency to re-adsorb on the pre-adsorbed layer decreases 

surface. In this case the predicted values differ from those 

which are measured (8). The results of the samples are 

plotted on the Freundlich diagram based on LnCe and Lnqe. 

qe is obtained from the equation 1. The maximum As (III) 

adsorption from solutions when 0.5g nano iron oxide is 

present calculated by Freundlich adsorption isotherm is 4.95 

mg/g [Table 8 and Figure 4], which is the same as that 

predicted by the Langmuir method. 

Table 8. Data to determine Freundlich isotherm for 0.5 g iron nano oxide. 

No. qe (mg/g) Ce (mg/L) Lnqe LnCe 

1 0.25 0.005 -1.39 -5.30 

2 0.50 0.010 -0.70 -4.61 

3 1.00 0.031 0.00 -3.47 

4 1.49 0.073 0.40 -2.62 

5 2.48 0.198 0.91 -1.62 

6 4.95 0.483 1.60 -0.73 
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Figure 4. Freundlich adsorption isotherm for extraction of As (III) when 0.5 g of nano iron oxide is used. 

The maximum As (III) adsorption capacity when 0.1g of nano iron oxide is present calculated by the Freundlich adsorption 

isotherm is 19.47 mg/g [Table 9 and Figure 5], which is incidentally the same as those predicted by the Langmuir method. 

Table 9. Data to determine Freundlich isotherm for when nano iron oxide (0.1 g) is used. 

No. qe (mg/g) Ce (mg/L) Lnqe LnCe 

1 0.28 0.435 -1.26 -0.83 

2 1.17 0.662 0.16 -0.41 

3 2.14 0.722 0.76 -0.33 

4 4.59 0.83 1.52 -0.19 

5 9.55 0.9 2.26 -0.11 

6 14.52 0.958 2.68 -0.04 

7 19.47 1.06 2.97 0.06 

 

Figure 5. Freundlich adsorption isotherm for extraction of As (III) when nano iron oxide is 0.1g. 

The maximum As (III) adsorption capacity for the batch experiment where 01.g nano iron oxide and BACI-2017 (with mesh 

size of 4x8) are present calculated by Freundlich adsorption isotherm is 99.36 mg/g [Table 10 and Figure 6]. Again this value 

is the same as that obtained by the Langmuir method. 

Table 10. Results to determine Freundlich isotherm when both 0.1g of nano iron nano oxide and BACI-2017 with mesh size (4x8) are used. 

No. qe (mg/g) Ce (mg/L) Lnqe LnCe 

1 2.21 0.572 0.79 -0.56 

2 4.69 0.616 1.55 -0.48 

3 9.67 0.666 2.27 -0.41 

4 14.64 0.716 2.68 -0.33 

5 24.61 0.775 3.20 -0.25 

6 49.56 0.890 3.90 -0.12 

7 99.36 1.290 4.60 0.25 
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Figure 6. Freundlich adsorption isotherm for removal of the As (III) for when both 0.1g nano iron oxide and BACI-2017 with mesh size (4x8) are used. 

And finally, the maximum As (III) removal capacity calculated by Freundlich adsorption isotherm is found to be 455 mg/g 

[Table 11 and Figure 7] for the tests where 0.1g BACI-2017 with mesh sizes of 100 or higher are used. 

Table 11. Results to determine Freundlich isotherm for when both BACI-2017 with 100 mesh or higher and 0.1g  

No. qe (mg/g) Ce (mg/L) Lnqe LnCe 

1 49.5 1 3.90 0 

2 98.00 4 4.58 1.39 

3 145.50 9 4.98 220 

4 190.00 20 5.25 3.00 

5 230.00 40 5.44 3.69 

6 455.00 90 6.12 4.50 

 
Figure 7. Freundlich adsorption isotherm for removal of As (III) in presence of BACI-2017 with 100 mesh or higher and 0.1g  

4. Conclusion 

In this study the adsorption capacity of removing As (III) 

from contaminated water with BACI-2017 with mesh size 

(4x8) and mesh size of 100 or higher was compared where 

nano particles of iron oxide were also present. The maximum 

capacity of As (III) removal in presence of nano iron oxide 

was found to be 19.47 mg/g whereas for combined nano iron 

oxide and BACI-2017 was significantly raised to 99.36 mg/g. 

The experimental data were analyzed using Langmuir and 

Freundlich models. The adsorption data are best predicted by 

Freundlich model. The results show, as expected, with 

decreasing the article size of BACI- 2017 the adsorption 

capacity was dramatically increased. Most importantly, it is 

demonstrated that the presence of BACI-2017 adsorber is 

advantageous in removal of As (III) from contaminated water 

in a short period of time as short as 15 minutes.  
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