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ABSTRACT

According to the World Health Organization, arsenic is one of the most dangerous 

chemicals in the world, due to its potential of causing a wide variety of diseases 

since diabetes until lung and skin cancers, among others. Therefore, it is important 

to develop techniques to remove it from drinking water. This study evaluated the arsenic removal 

efficiency from water using two sorbent media, iron oxides and artisanal activated carbon, in 

experiments conducted by duplicate for carbon and by triplicate for the sequential treatment 

iron oxides-carbon. The assays were carried out using activated carbon with two particles size 

of (2-4 and 0,6 mm) and two contact times (6 and 12 h) to treat samples spiked with three 

working concentrations (10, 25 and 50 μg As/L). The analysis of the remaining arsenic in water 

were carried out using the international standard methodology, atomic absorption using the 

technique of hydrides generation. The highest arsenic removal efficiencies were achieved with 

the sequential treatment iron oxides-activated carbon: 54, 50 and 58 %, respectively, for the 
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three assayed concentrations. The analysis of variance did not find significant differences 

between contact time (6 and 12 h), but between particles size of activated carbon. Due to these 

findings it is recommended to use the shortest contact time (6 h) and the smallest particles size 

of activated carbon (0.6 mm) for arsenic removal.

1. INTRODUCTION

According to the World Health Organization (WHO), Arsenic (As) is one of the most 

dangerous substances in the world, so it recommends a maximum allowable value for human 

water consumption of 10 μg As/L (WHO, 1995). This metalloid is found in rocks of volcanic 

origin such as arsenopyrite (FeAsS) and by the system of geological faults I could leach to the 

groundwater, being a danger due to its toxicity and carcinogenicity in humans (Esparza, 2006).

In Latin America, arsenic has caused problems in human health since a UN report mentions 

Argentina, Chile and Mexico as countries in which groundwater contaminated by arsenic has 

been found. Several studies correlate the intake of inorganic arsenic with lung, skin, bladder and 

other internal organs (Ferreccio, et al., 2000). Also, there are several non-carcinogenic effects 

related to arsenic intake at low concentrations, which include: cardiovascular diseases, diabetes, 

anemia, reproductive, immunological, neurological disorders and complications in pregnancy, 

such as abortion and premature delivery (Kapaj, Peterson, Liber, & Bhattacharya, 2006).

In Nicaragua, the presence of arsenic levels above the maximum permissible limits in 

water for human consumption was detected in 1996 in a drilled well in Zapote, Matagalpa, with 

a concentration of 1 320 μg As/L (UNICEF, 2002). Since that date the arsenic has been detected 

in other areas of the country, among them are: the Kinuma region in the Municipality of La 

Libertad, Chontales in which a well with a concentration of 106.7 μg As / L was registered and in 

Cerro de Agua Mine in the Municipality of Villanueva, Chinandega, a well with a concentration 

of 12.5 μg As/L was registered (UNICEF, 2004). In addition, in Sébaco located in the department 

of Matagalpa, arsenic concentrations were detected in 21 wells between the range 10 to 122 μg 

As/L (Altamirano E, 2005)

There are different methods for arsenic removal such as: precipitation processes including 

coagulation-filtration, direct coagulation filtration, flocculation and softening (Han, Runnells, 

& Wickramasinghe, 2002), anion exchange processes (DeMarco, SenGruta, John, & Greenleaf, 

2003), membrane filtration (USEPA, 2007) and adsorption processes that include adsorption 

with iron (III) salts (Mohan & Pittman, 2007). The latter is a process of low cost and high 

efficiency widely used for the removal of arsenic, in which this metal reacts with the alkalinity 

of the water to form ferric hydroxides, compounds that form small insoluble conglomerates 
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called “flocs”. Arsenic is linked to floccules formed of ferric hydroxide, which are subsequently 

removed by sedimentation and / or filtration in granular beds (Amirtharajah & O’Melia, 1990).

On the other hand, activated carbon is widely used in adsorption processes of pollutants 

(Universidad Politecnica de Sevilla, 2002) so it can remove arsenic flocs formed in the process 

of complexing with iron oxides. Adsorption is a process whereby the transfer of dissolved 

molecules in a liquid phase to a solid phase occurs in several stages on the surface of activated 

carbon (Ngai, Dangol, Murcott, & Shrestha, 2005).

This study was based on the laboratory-scale assessment of the efficiency of hand-made 

activated carbon based on the jícaro sabanero shell (Crescentia alata) and its combination with 

iron oxides to remove arsenic from water.

2. METHODOLOGY

2.1. Experimental design

Tests for the determination of optimal carbon time and size for the removal of arsenic 

were performed by subjecting three known concentrations of As (10, 25 and 50 μg As/L) in 

deionized water prepared from a solution of 1 000 μg As/L diluted from a Titrisol vial, two 

sizes of activated carbon (2-4 mm and 0.6 mm) and during two contact times (6 h and 12 h). 

These tests were carried out in duplicate in 355 mL plastic bottles. The lowest concentration 

tested (10 μg/L) was selected since WHO has regulated this value as the maximum allowable 

amount of arsenic in water for human consumption and the maximum concentration tested (50 

μg As/L) was selected as it has been reported that chronic exposure to similar concentrations is 

associated with various conditions (Hughes, 2002).

Using the results obtained in the previous tests, the time and size of activated carbon 

in which the best removal percentages were obtained; the arsenic removal percentages were 

determined by means of iron oxides and activated carbon. These experiments were carried out 

with water from the perforated well of the community of El Bonete, to which different volumes 

of standard arsenic solution were added to obtain 14, 29 and 54 μg As/L; respectively. Then it 

was proceeded to put in contact with the iron oxides and the activated carbon produced by hand 

based on jícaro shell (Crescentia alata) of 0.6 mm for 6 h. These tests were performed in triplicate.

The natural water used was collected from the perforated well with a depth of 100 

feet, located in the community of El Bonete, municipality of Villanueva in the department of 

Chinandega, which presented a concentration of 3.6 μg As/L and has the following Basic physical-

chemical characteristics: pH = 7.37, Electrical conductivity = 475 μS/cm and Total hardness = 

220 mg/L (as CaCO3). The sample was collected and preserved with 2 ml of HNO3 per liter of 
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sample and transferred in a thermos with ice to the Laboratory of Metal Pollutants of CIRA/

UNAN for analysis, following the Chain of Custody Protocol of CIRA / UNAN (PROC -CM-02).

 2.1.1. Application of activated carbon (2 - 4 mm and 0.6 mm) and two contact times 
(6 and 12 h)

In this study, handmade funnels made from plastic bottles (355 mL) were used, then 4 g 

of activated carbon from jícaro husk (2-4 mm for each funnel) were weighed; 200 mL of each of 

the previously prepared As solutions (10, 25 and 50 μg As/L, was added to each funnel (quickly 

stirred with a glass rod). After 6 hours of contact, filtration was carried out. This same procedure 

was repeated for 12 h of contact (they were performed in duplicate) The final concentrations of 

the liquid remnant were determined using the hydride generation technique.

This same procedure was applied for tests with activated carbon with a diameter (0.6 

mm) at 6 and 12 h contact.

 2.1.2. Preparation of half-inch (1/2 ”) rusty iron nails

The nails of 1/2 ”  inch non-galvanized irons were placed in a corduroy with water, leaving 

them in contact for 2 weeks. After two weeks the nails were removed from the water and left 

in the sun for two days, with the objective of eliminating any water particle (AMEC, 2015) This 

procedure was carried out to produce iron oxides, which was used to retain arsenic.

 2.1.3. Determination of arsenic removal by continuous removal with iron oxides 
and activated carbon (0.6 mm and 6 h)

In this part, 4 g of previously oxidized ½ inch nails were weighed, which were deposited 

in each funnel. Subsequently, 200 mL of each of the solutions with concentrations of 14, 29 and 

54 μg As/L were added. After 6 hours of contact, the liquid was separated, then transferred to 

other funnels, previously prepared with 4 g of activated carbon (0.6 mm). The solutions were 

left in contact with the activated carbon for 6 h. After the contact time, the liquid phase was 

separated for further analysis (these determinations were made in triplicate).

This methodology was taken from the Kanchan filter developed by researchers from 

the Massachusetts Institute of Technology (MIT), the Nepal Environment and Public Health 

Organization (ENPHO) and the Rural Water and Sanitation Supply Support Program (RWSSSP) 

of Nepal, based on slow filtration filters and iron hydroxide (Ngai, Dangol, Murcott, & Shrestha, 

2005).

Once the final concentrations of arsenic were obtained after being subjected during a 

period of contact with the adsorbent media, the percentages of arsenic removal were calculated 

by means of activated carbon produced artesanally based on jícaro shell with sizes 2 - 4 mm; 0.6 

mm and at different contact times (6 and 12 h):
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Equation No. 1. To calculate the removal percentages

Where:

Ci: Initial concentration of As (μg As/L)  Cf: Final concentration of As (μg As/L)

2.2. Description of the analytical methodology

In the laboratory of Metallic Contaminants of CIRA / UNAN Managua, the concentrations 

of total arsenic to the samples obtained in each test were determined. The determination was 

carried out by atomic absorption spectrometry (Varian Spectr AA-240 FS spectrometer) with 

the hydride generation technique (VGA 77). The detection limit of the method is 0.99 μg As/L 

for the analyzed matrix (SMWW, 2005).

3. RESULTS AND DISCUSSION

3.1. Arsenic removal after 6 and 12 h contact time with activated carbon (2-4 mm)

 3.1.1. Test with contact time of 6 h

Graph 1 shows the averages obtained from the final arsenic concentrations of 10 μg As/L, 

24 and 50 μg As/L (initial of 10, 25 and 50 μg As/L), for a percentage of arsenic removal of 3%, 

5 and 0.5% respectively.

Graph 1. Final concentrations of As (µg / L) after being exposed for 6 hours of contact with activated carbon of 
2-4 mm size.
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The highest removal is for the concentration of 25 μg As/L and the lowest for that of 50 

μg As/L, possibly because the pores of the activated carbon were saturated by decreasing the 

contact area between the analyte and the adsorbent agent. The ability of an activated carbon 

to retain a given substance is not only given by its surface area, but by the proportion of pores 

whose size is adequate (Ures Rodríguez, Suárez López, & Jácome Burgos, 2015)

 3.1.2. Test with contact time of 12 h

The final concentration values of Arsenic removal after the 12 h contact time, analyzed 

under the same concentrations previously established for the 6 h tests, reflected similar removal 

results 9, 23 and 50 μg As/L as shown in Graph 2. The resulting values in percentages correspond 

to 6, 6 and 1% respectively, being the highest removals obtained for the concentrations of 10 

and 25 μg As/L.

Based on the results obtained from the two contact times of 6 and 12 h, the mean 

difference test was applied, which allowed us to verify that there is no significant difference 

between the adsorbed concentrations in the two contact times (P > 0.05) .

Graph 2. Final concentrations of As after being exposed for 12 hours of contact with activated carbon of 2-4 mm size.

3.2. Arsenic removal after 6 and 12 h contact time with activated carbon (0.6mm) 
produced by ADECAB

 3.2.1. Test with contact time of 6 h

In general, the results obtained for arsenic removal using three different concentrations 

(10, 25 and 50 μg As/L), in 6 hours of contact with 0.6 mm activated carbon, were higher 

compared to those obtained with a size of 2-4 mm, obtaining final concentrations of 9, 23 and 
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43 μg As/L, respectively (Graph 3). The highest removal percentage was obtained at 50 μg As/L 

with 14%.

The low adsorption of activated carbon may be due to the size of its pores, macropores 

and mesopores may largely prevail, since this is a very important and decisive property of 

adsorbent materials is the size of its pore, most of the total surface area found in micropores, 

therefore, these are the most available adsorption centers for molecules with relatively low 

molecular weight (Ures Rodríguez, Suárez López, & Jácome Burgos, 2015).

Graph 3. Final concentrations of As after being exposed for 6 hours of contact in activated carbon with a size of 0.6

 3.2.2. Test with contact time 12 h

The final concentrations of the three arsenic solutions tested (10, 25 and 50 μg As/L) 

when subjected to contact with activated carbon of 0.6 mm for 12 h, were 9, 23 and 43 μg As/L 

(Figure 4). The removal percentages correspond to 7, 10 and 15%, respectively. Reaching the 

highest removal percentage in the 50 μg As/L solution.
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Graph 4. Final concentrations of As after being exposed for 12 hours of contact in activated carbon with a size of 0.6 
mm.

Compared to the sizes of activated carbon, the adsorption capacity is greater than 0.6 

mm, this is perhaps due to the fact that adsorption is generally considered proportional to 

the specific surface area of contact, so the more finely divided and more porous the carbon 

is activated, the higher the expected adsorption performance per unit of adsorbent weight as 

indicated (Ures Rodríguez, Suárez López, & Jácome Burgos, 2015).

However, the mean differences test showed that there is no significant difference between 

the adsorbed concentrations in the two contact times P > 0.05, so that the contact times do not 

significantly influence the removal percentages.

3.3. Arsenic removal after 6 hours of contact with iron oxides and activated carbon 
(0.6 mm)

The final arsenic concentrations of the three solutions tested with rusty iron nails (½ 

inch nails) and artisanal activated carbon of 0.6 mm (14, 29 and 54 μg As/L) produced final 

concentrations of 6, 14 and 22 μg As/L, respectively (Graph 5).

In the sequential treatment with iron oxides and activated carbon, the highest arsenic 

removal in the highest concentration solution (54 μg As/L) was given with 58%. This high 

removal rate could be due to a surface complexing reaction between iron oxides and arsenic thus 

forming a floc, followed by the adsorption of these flocs (Amirtharajah & O’Melia, 1990), where 

these iron particles are loaded with arsenic were retained by activated carbon (Ngai, Dangol, 

Murcott, & Shrestha, 2005).
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Graph 5. Final concentrations of As after undergoing slow filtration by iron oxides and then exposed for 6 h of activated 
carbon contact with size 0.6 mm.

The larger molecules are adsorbed on activated carbon better than smaller molecules, 

this is because the adsorption occurs in the micros (size less than 2 nm) and mesopores (2-50 

nm) of the activated carbon; mesopores are of greater predominance and that is why the flocs 

adsorb more easily (Gregg & Sing, 1982).

4. CONCLUSIONS

The highest percentages of arsenic removal were obtained for sequential treatment with 

iron oxides and artisanal activated carbon of 0.6 mm and with a contact time of 6 hours (54, 

50 and 58%, respectively, for the three concentrations treated). No significant differences were 

detected between the results obtained during the contact times and sizes of activated carbon.
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