
Engineering and Technology Journal e-ISSN: 2456-3358 

Volume 11 Issue 01 January-2026, Page No.-8538-8553 

DOI: 10.47191/etj/v11i01.14, I.F. – 8.482 

© 2025, ETJ 

 

8538 Mark Dave Verdejo1, ETJ Volume 11 Issue 01 January 2026 

 

Adsorption of Arsenic from Mine-Wastewater Using Iron Impregnated Activated 

Carbon: Effect of Operating Parameters and Kinetic Modelling 
 

Mark Dave Verdejo1, Djoan Kate Tungpalan2, Candy Mercado
3 

1Master of Science in Environmental Engineering Student, University of the Philippines, Diliman. 
2Department of Mining, Metallurgical, and Materials Engineering, College of Engineering, University of the Philippines, 

Diliman. 
3Department of Mining, Metallurgical, and Materials Engineering, College of Engineering, University of the Philippines, 

Diliman. 

 

Highlights  

 

 

 

• Iron-oxide impregnated activated carbon was 

prepared for arsenic removal. 

• SEM-EDX confirmed iron impregnation via 

surface adsorption and pore filling. 

• Modified activated carbon achieved up to 99% 

arsenic removal efficiency 

• Adsorption followed pseudo-second order 

kinetic. 

• Coexisting metal in mine-wastewater influenced 

arsenic adsorption rate 

 

 

 

 

 

ABSTRACT: Activated carbon presents a promising alternative in arsenic treatment as it is low-cost and does not produce 

hazardous by-product. It has been proven to be effective in removing arsenic in wastewater, however, most of the studies were 

conducted using synthetic wastewater that does not necessarily represent the actual condition of a mine wastewater. The main 

objective of this study is to remove arsenic from mine-wastewater using iron-oxide impregnated activated carbon. Results showed 

that the iron was successfully impregnated to activated carbon through surface adsorption and pore filling based on SEM-EDX 

analysis. The modification enhances the affinity of the activated carbon to arsenic achieving maximum 99% arsenic removal. The 

adsorption of arsenic was not significantly affected by the initial pH due to convergence to near neutral final pH regardless of initial 

pH. And higher adsorbent dosage significantly increased the removal with maximum at 10 g/L adsorbent dosage. The adsorption 

data is well fitted on pseudo-second order suggesting that the rate-limiting step may involve chemisorption and intraparticle 

diffusion contributes to the adsorption process. And the presence of other metals affected the rate of adsorption of arsenic.   

 

 INTRODUCTION 

The presence of arsenic in water and wastewater poses 

significant challenges worldwide because of its toxicity and 

frequency of human exposure (CDCP, 2024). it is also 

included in WHO’s 10 chemicals of major public concern. 

Long term effects of arsenic include skin lesion 

(hyperkeratosis), skin cancer, diabetes, developmental 

effects, and cardiovascular disease. WHO, 2022 estimated 

that approximately 140 million people in 70 countries have 

been drinking water with arsenic above the maximum 
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permissible value of 10 µg/L. According to Podgorski & 

Berg (2020), the primary source of arsenic exposure is 

through the ingestion of contaminated groundwater, a critical 

concern reported in several countries such as Bangladesh, 

China, India, Myanmar, Taiwan, and Mexico (Ahmad et al., 

2018; Liang et al., 2016; Phyu et al., 2020; Alarcón-Herrera 

et al., 2013).  Arsenic can be released into the environment 

through natural processes like volcanic eruptions, rock 

weathering, other geochemical reactions, and anthropogenic 

activities. Anthropogenic sources of arsenic are mining, ore 

processing and smelting, industrial discharge, agricultural 

pesticides, and coal burning. Among these, ore processing, 

mining, and smelting are major sources of arsenic worldwide 

(Garelick et al., 2009) and arsenic contamination is mainly 

derived from arsenic-bearing mining residues (Zhuang et al., 

2023).   

Numerous treatment methods are available for the removal 

of arsenic in water including precipitation, ion exchange, 

electrochemical reduction, bioremediation, coagulation, and 

adsorption. However, each of them has its one or more 

drawbacks and limitations such as complexity of process, 

high cost of operation and maintenance, required 

pretreatment, sludge production, and production of toxic 

waste (Zakhar et al., 2018b) (Kobya et al., 2020). Among 

these methods adsorption is the most practical method to use 

because of its ease of operation, cost-effectiveness, no 

hazardous by-products, and high efficiency (Weerasundara 

et al., 2021) (Verma & Singh, 2019).  

Iron impregnated activated carbon (AC) is one of the 

promising alternatives in removing arsenic because of its low 

cost, sustainability, and does not produce hazardous by- 

products (Siddiqui & Chaudhry, 2017a). AC is widely used 

to remove various pollutants due to its high surface area. 

However, raw AC is less effective in removing arsenic due 

to its negatively charge (Kalaruban et al., 2019, Arcibar-

Orozco et al., 2014). This limitation is often addressed by  

 

introducing active agents onto the surface of activated carbon 

(AC), such as iron oxides, which enhance surface reactivity 

and thereby improve the adsorption capacity for arsenic  

(Zhang et al., 2007 and Sigrist et al., 2014). However, it is 

important to note that simply increasing the amount of iron 

oxides does not necessarily result in a proportional increase 

in arsenic adsorption capacity (Sigrist et al., 2014). 

Operational parameters such pH, adsorbent dosage, contact 

time, competing ions, and nature of iron salt play significant 

roles in arsenic removal. Since arsenic speciation is strongly 

dependent on pH, it is considered the most critical parameter 

influencing arsenic adsorption. The pH of the solution not 

only governs arsenic speciation but also affects the surface 

chemistry of the adsorbent, particularly when functional 

groups are present (Siddiqui & Chaudhry, 2017b). Apart 

from pH, when various ions compete for adsorption on the 

same adsorbent surface, this can influence both the 

adsorption capacity and the selectivity of the adsorbent. 

Specific adsorption of heavy metals in affinity sequence is 

related to ionic radius and electronegativity. For instance, 

Shan et al. (2020) reported that in multi-component 

adsorption containing Pb2+, Cd2+, Cu2+, Ni2+, and Zn2+, the 

removal efficiency of each ion decreased compared to single-

component systems due to competitive adsorption. With lead 

showing the smallest reduction in removal efficiency, 

indicating its superior competitiveness in adsorption. 

Similarly, Pawar et al. (2018) observed the removal trend in 

multi-component system follows the trend of Pb2+ > Cd2+ 

>As (V), this is attributed to the ionic radius and 

electronegativity of these metals. On the other hand, 

common anions such as bicarbonate, sulfate, and phosphate 

exert minimal influence on the removal of both As(III) and 

As(V) (Wang et al., 2022). Similarly, the presence of 

competing ions including potassium carbonate (K₂CO₃), 

magnesium sulfate (MgSO₄), sodium nitrate (NaNO₃), and 

calcium chloride (CaCl₂) was found to have little to no effect  

Figure 1:Modification of Activated Carbon (modified from Zhang et al., 2007) 
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on the adsorption of As(V) (Karmacharya et al., 2016).  

Iron impregnated activated carbon is well established to be 

effective in removing arsenic from water. However, previous 

studies are usually explored using synthetic wastewater, 

which do not represent an actual wastewater. The novelty of 

this study is the application of iron-impregnated active 

ted carbon for the removal of arsenic from actual mine 

wastewater, thereby providing a more realistic assessment of 

its performance under practical conditions.  

 

 MATERIALS AND METHOD 

2.1 Materials  

Commercial powdered activated carbon was used in this 

study. The arsenic contaminated mine wastewater is from the 

product of a neutralized-wastewater from leaching of an 

arsenic-bearing copper ore.  

2.2 Modification of Activated Carbon  

The modification was done by first applying surface 

oxidation using 1N nitric acid for 5 hours at room 

temperature without agitation to modify its surface property. 

Then, it was mixed to a solution of 𝐹𝑒2(𝑆𝑂4)3 and 5M of 

NaOH for 10 minutes at 70 oC, 100 rpm, and pH 10.5, 

modified from (Zhang et al., 2007).  The solution was then 

filtered and washed with DI water until no iron was  detected 

on the filtrate. Finally, the AC was calcinated at 300  oC  for 

3 hours. The iron-impregnated activated carbon is referred to 

as Fe-MAC (Figure 1).  

2.3 Batch Adsorption Experiment 

Adsorption experiments were carried out in end-over end 

shaker at constant agitation of 80 rpm and at ambient 

temperature for 24 hours. The pH of the mine wastewater 

was varied to determine its influence on the adsorption of 

arsenic. Different adsorbent dosages were also investigated. 

All experiments were carried out in duplicates (Figure 2). 

The treated mine-wastewater was analyzed in the ICP-OES 

for arsenic, copper, nickel and iron, along with other 

elements. 

 

 

 
 RESULTS AND DISCUSSION 

3.1 Characterization of Mine-Wastewater 

The multi-element ICP analysis revealed that the mine-

wastewater contains high concentration of arsenic and other 

metals such as nickel and copper. The major elements 

present in the mine-wastewater is presented in  

Table 1

 

Table 1: Elemental Concentration of Mine-Wastewater 

Parameter Value Unit Parameter Value 

As 149.41 ppm pH ≈7 

Al 17.45 ppm Odor Rotten Egg 

Fe 15.26 ppm Color Yellowish 

brown 

Ni 3.72 ppm   

Cu 3.92 ppm   

Figure 2: Summary of Methodology 
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3.2 Characterization of Activated Carbon 

3.2.1 Morphology and Elemental Mapping  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Elemental Mapping and Composition of Activated Carbon Before and After the Modification 
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The raw-AC contains 76.1% carbon confirming that the 

material is predominantly carbonaceous and 16.7% oxygen 

indicating a presence of oxygen containing functional groups. 

Iron was also detected in the raw AC suggesting that the 

carbon contains trace level of iron (Figure 3). To confirm the 

attachment of iron on AC after the impregnation, SEM-EDX 

analyses were conducted. Figure 3 showed that changes were 

observed on the atomic percent concentration of the elements 

before and after the impregnation. The iron content increased 

from 0.2% to 0.37% confirming the impregnation of iron. The 

increase in carbon content from 76.1 % to 88.5% suggests the 

successful removal of non-carbon impurities, as evidenced by 

the decrease in aluminum content from 6.4 % to 0.4% and 

oxygen content from 16.7 % to 10.2% after the modification. 

This to the decrease can be due to the decrease of oxide from 

the aluminum oxide.  

To determine the homogeneity of iron impregnation, other 

spectra with smaller coverage and brighter reflection of 

particles were picked, as brighter appearance in the SEM 

image means higher atomic number (Waseem, 2023). The 

atomic numbers of C, Al, Si, and Fe are 6, 13, 14, and 26 

respectively, thus the lighter appearance of spectrum 7 

compared to 6 was due to the increase of concentrations of 

these elements including iron as shown Figure 5. The results 

indicate that the impregnated iron is unevenly distributed 

among the particles, suggesting non-homogeneous 

dispersion. This could be due to several reasons, such as 

insufficient impregnation time of only 10 minutes, low 

agitation speed (100 rpm) during impregnation, as evidenced 

by observed particle settling, and the variability of surface 

properties of the Raw-AC such pore sizes, porosity, and 

particle size as observed in the SEM image. On the other 

hand, the SEM EDX analysis of a randomly picked particle 

of Fe-MAC showed homogenous distribution of iron within 

particle. Nonetheless, the SEM EDX analysis of a randomly 

picked activated carbon particle of Fe-MAC showed 

homogenous distribution of iron within the particle (Figure 

3b).  

Changes in surface morphology of the Fe-MAC as seen in the 

SEM image confirmed the attachment and pore filling of iron 

after the impregnation. In Figure 4 (b and d), it can be 

observed that multiple spherical particles are attached to and 

deposited on the surface and within the pores of Fe-MAC that 

is not present on the Raw-AC (Figure 4 -a and c). These 

spherical particles could be the iron. The measured particle 

size of suspected iron deposits is within the range of 4-65 nm 

with mean of 31 nm.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Surface Morphology of Activated Carbon Before and After Modification 
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Figure 6: Particle Size Distribution of Activated Carbon 

Figure 7: Pore Size Distribution of Activated Carbon Before (a) and After (b) Modification 

Figure 5: Comparison of Oxide composition of Raw-AC and Fe-MAC based on EDX 

Analysis 
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3.2.2 Zeta Potential  

The zeta potential before and after the modification of 

activated is shown in Figure 8. The point of zero charge 

(PZC) for AC and Fe-MAC was 3.12 and 4.29 respectively. 

The surface charge of Fe-MAC is positive when the solution 

pH is below 4.29 and becomes negative at pH values above 

this. This shift of zeta potential to the right resulting to more 

positive surface charge region due to iron impregnation was 

also observed in the studies of Kalaruban et al. (2019b) and 

Arcibar-Orozco et al. (2014b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8: Zeta Potential of Activated Carbon Before and After the Modification 

3.3 Batch Adsorption Results 

The adsorption of arsenic on Fe-MAC was successful as 

suggested by the significant decrease of arsenic in the treated 

mine-wastewater with a maximum removal of 99% at initial 

arsenic concentration of 13.34 ppm, pH 9, and 8 g/L 

adsorbent dosage. The SEM image and elemental mapping of 

Fe-MAC after adsorption (Figure 10 and 11) provided 

evidence of arsenic being adsorbed onto the surface of the 

activated carbon. Distinct changes in the surface morphology 

were evident on Fe-MAC before and after the adsorption.  

The   surface of the Fe-MAC before adsorption (Figure 10-a) 

appears clean and the pores are open and clear, while after 

adsorption (Figure 10-b), the pores are either partially or 

totally blocked indicating the presence of adsorbed arsenic 

and other elements.  The EDX result in Figure 9 shows the 

elemental distribution of arsenic and iron on the surface of 

Fe-MAC.  In Figure 9 (a), it can be observed that the arsenic 

is present and distributed throughout the surface of Fe-MAC.  

In addition, it is noticeable that, majority of the arsenic is 

distributed on the surface of the AC the same as the 

distribution of the iron (Figure 9-a and b). However, there is 

a certain part wherein no arsenic was adsorbed as highlighted 

by the red dashed line in Figure 9-c. Other elements are also 

adsorbed on the surface of the Fe-MAC. This reduced the 

available sites for adsorption of arsenic. Table 2 shows the 

concentrations of arsenic, and other elements on the Fe-MAC 

after the adsorption which supports the adsorption of arsenic 

and other metals.  
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Figure 9: Elemental Mapping of Activated Carbon after Adsorption 

Figure 10: EDX Image and Elemental Mapping (a), distribution of iron (b), and arsenic (c) of Fe-MAC after the Adsorption 
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Table 2: XRF Analysis of Fe-MAC after Adsorption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.1 Effect of Initial pH of Mine Wastewater

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The effect of initial pH of the mine wastewater was 

determined as it is crucial factor affecting in any adsorption. 

Results showed that significant removal was observed for all 

pH. The mine wastewater with initial pH 6.85 yielded the 

lowest arsenic removal of 84% followed by pH 8 with 85% 

removal.  The highest arsenic removal of 95% was obtained 

from the mine-wastewater with an initial pH 6 as shown in 

Figure 12. It can be seen in Figure 13 that the final pH of the 

mine-wastewater after the adsorption was in the range of 5-8 

regardless of the initial pH.  Similar behavior was reported by 

Ha et al. (2021), Kalaruban et al. (2019), Liu et al. (2012) and 

Yang et al. (2009) where the final pH of the treated 

wastewater was close to neutral regardless of the initial pH. 

The authors attributed this to the residual alkalinity of iron 

impregnated activated carbon. In this study, the behavior of 

having a near neutral final pH after the adsorption across 

initial pHs could have been influenced by the alkalinity of the 

Fe-MAC and the acidic reaction during the adsorption of 

Element 
Concentration 

(ppm) 

As 4039 

Cu 8.9 

Ni 8.7 

Figure 12: Effect of pH 

Figure 11: SEM Image of Fe-MAC Before (a-b) and After (c-d) Adsorption 
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certain elements onto the Fe-MAC. This is further discussed 

in the succeeding sections. However, it is suggested that a 

further study be conducted on the behavior or performance of 

Fe-MAC when the pH changes during the adsorption.  

In the succeeding tests, the initial pH ≈9 was selected as the 

operational initial pH of the mine-wastewater despite having 

a slightly lower arsenic removal (91%) than the highest 

observed removal of 95% at pH 6. This is in consideration of 

the large amount of acid required to lower the pH of the mine-

wastewater if applied in a large-scale operation. In terms of 

adsorption mechanism, the result of the effect pH does not 

support the electrostatic attraction as adsorption mechanism 

due to charge repulsion. At acidic pH, As (III) and As (V) 

exist majority as H3AsO3
o and H2AsO4

- respectively. And at 

pH 9.2, As (III) H3AsO3
o

 starts to deprotonate to H2AsO3
- 

while for As (V) the H2AsO4
- starts to deprotonate at pH 7 

H2AsO4
2- (Smedley & Kinniburgh, 2002b). At the operating 

pH of 9, the Fe-MAC is negatively charge as seen in Figure 

5, while and the arsenic species exist are H3AsO3
o and 

H2AsO4
2- for As (III) and As (V) respectively (Smedley & 

Kinniburgh, 2002b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2 Effect of Adsorbent Dosage  

The effect of adsorbent dosage on the removal of arsenic and 

adsorption capacity of the Fe-MAC was investigated. The 

Results is shown in Figure 14. It is apparent that increasing 

the adsorbent dosage increases the removal. This is due to 

more adsorption sites available as the adsorbent dosage was 

increased. In contrast, the adsorption capacity decreases with 

increasing adsorbent dosage. Note that the initial 

concentration of arsenic in the mine-wastewater and contact 

time were set constant. Hence, the higher adsorption dosage 

means more adsorption sites and less likely that these sites 

will be saturated quickly. With lower adsorbent dosage, the 

adsorption sites were limited leading to saturation with 

arsenic and other ions. The adsorbent has achieved or almost 

achieved its adsorption capacity, hence the high adsorption 

capacity. At higher adsorbent dosage, lower adsorption 

capacity indicates more remaining adsorption sites 

unoccupied. The adsorption capacity is not achieved due to 

more available adsorption sites than the particles to be 

adsorbed.  

 

Figure 13: pH Shift Before and After the Adsorption 
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3.4 Kinetic Modelling  

The adsorption data is well fitted in pseudo-second order 

(PSO) model with R2 of 0.997. The predicted maximum 

adsorption capacity of pseudo-second order was closer to the 

actual. On the other hand, the pseudo first order has an R2 of 

0.84 and was not able to predict the adsorption capacity 

(Table 3). This suggests that the pseudo-second order is the 

better predictive model of the adsorption, indicating that the 

rate-limiting step may involve chemisorption. The Weber-

Morris model depicted in Figure 13 does not result in a good-

fit, hence does not support an intraparticle diffusion as rate-

limiting step.  

 

Table 3: Parameter Values of Batch Adsorption for Kinetic Modelling  

Pseudo-First 

Order 

qe mg/g 2.314 

k1 h-1 0.24 

  R2 0.84 

Pseudo-Second 

Order 

qe mg/g 4.35 

k2 h-1 0.3 

  R2 0.997 

Weber and 

Morris 

k2 mg/g/h1/2  0.659 

  R2 0.742 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Effect of Adsorbent Dosage 
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Figure 11: Kinetic Modelling of Arsenic Adsorption Data Fitted Using Pseudo-First Order 

Model 

Figure 12: Kinetic Modelling of Arsenic Adsorption Data Fitted Using Pseudo-Second-Order 

Model 
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The adsorption behavior of arsenic and other metals from 

mine-wastewater over time revealed distinct trends that 

provide insights into the interaction between arsenic species, 

competing ions such as copper and nickel, and the Fe-MAC. 

At the beginning, the adsorption of arsenic on iron 

impregnated activated carbon was rapid. In the first hour, 

53% of the arsenic was already removed and then a transition 

rate was observed reaching only 58% for the next two hours 

until the maximum adsorption was reached. This could be due 

to other metals also being adsorbed such as copper and nickel. 

These metals occupy some adsorption sites reducing the 

available sites for arsenic. Hence, for the succeeding hour, the 

arsenic species took more time to find available adsorption 

sites. For Fe, alternating increase and decrease in 

concentration were observed until a peak at 4 h, followed by 

a sharp drop at 8 h and a gradual decline up to 24 h. This trend 

suggests that the Fe was possibly initially leached from the 

Fe-MAC and re-adsorbed then re-desorbed alternately. Note 

that the leaching of iron from Fe-MAC did not affect the 

arsenic adsorption suggesting instability of iron on the Fe-

MAC when contacted with high ionic strength solution at 

dynamic pH.  

 

For Cu, 82 % removal was already achieved at only 15 

minutes contact time and decreased to 64% at 4 hours contact 

time. It reached 80% removal at equilibrium indicating that 

the Cu has underwent adsorption-desorption. Studies showed 

that, copper adsorption on iron impregnated activated carbon 

is typically influenced by electrostatic attraction, surface 

complexation, ion exchange or the combination of the three 

mechanisms (Shan et al., 2020; Peacock & Sherman, 2004; 

J.-K. Yang et al., 2009). At low pH (2-6.5) copper occurs 

mainly as cation (𝐶𝑢2+) whereas above pH 7 it exists 

primarily as 𝐶𝑢2(𝑂𝐻)2
2+ as a result of hydrolysis (Peacock & 

Sherman, 2004). Generally, copper adsorption using Fe-AC 

favors high pH (≈ >5.5) where surface complexation with 

impregnated iron occurs according to Eq.1. (J.-K. Yang et al., 

2009). The complexation generated H+ which could have 

contributed to the lowering of pH of the of the mine-

wastewater after the adsorption.   

 

𝐹𝑒 − 𝑂𝐻 + 𝐶𝑢2+ → 𝐹𝑒 − 𝑂 − 𝐶𝑢+ + 𝐻+ 

For Ni, rapid adsorption occurred within the first 30 minutes, 

achieving 94% removal.  This was followed by a gradual 

decrease of removal up to 2 hours (Figure 14) suggesting 

possible desorption of the metal ions. Subsequently, a 

complete removal was achieved at equilibrium time. 

Research studies showed that the adsorption of nickel 

increases at increasing pH. This is attributed to the 

competition of H+ and the nickel at lower pH (Abd El-Magied 

et al., 2018). Below pH 8, nickel exists as Ni2+ while Ni 

(OH)2
0 and Ni (OH)3

-1 exist at higher pH. The rapid removal 

at first 30 minutes is likely due to the favorable electrostatic 

attraction of the negatively charged Fe-MAC and the 

positively charged Ni2+ and Ni (OH)+ at initial pH of 9. 

 

Adsorption favored the removal of nickel (𝑁𝑖2+) over copper 

(𝐶𝑢2+) achieving 100% removal at 20 hours contact time.  

This result could be due to the nickel having smaller ionic 

radius of 0.69 Å as compared to 0.72 Å of copper which 

Figure 13: Kinetic Modelling of Arsenic Adsorption Data Fitted Using Weber-Morris Model 
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allows it to diffuse into the pores of AC (Khelifi et al., 2022). 

The higher removal of copper at the beginning of contact 

could be due to the  stronger affinity  of copper than nickel 

(Zheng et al., 2021). Furthermore, the slower removal rate of 

arsenic at initial stages of adsorption as compared to copper 

and nickel could be attributed to its relatively large ionic 

radius of 1.33 Å.  Other metals such as Na, Cr, and Ca were 

also detected (Table 3).  Their presence could have may have 

influenced the adsorption behavior of arsenic and other co-

existing metals.

  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 SUMMARY AND CONCLUSION  

The growing reliance of the mining industry to arsenic 

bearing ore may lead to higher risk of arsenic exposure and 

contamination. With this, sustainable treatment method is 

necessary to protect the environment and the people from risk 

of arsenic contamination. This study focused on the removal 

of arsenic from mine wastewater using a modified activated 

carbon. The modification involved impregnating the 

activated carbon with iron.  

The batch adsorption experiments results showed that the iron 

impregnated activated carbon (Fe-MAC) is effective in 

removing arsenic and other ions from mine-wastewater 

achieving a maximum of 99% As removal efficiency. The 

optimum pH of the adsorption is 9. The pH after adsorption 

converged to near neutral regardless of the initial pH. The 

optimum adsorbent dosage is 10 g/L. The removal increases 

with increasing adsorbent dosage due to more adsorption sites 

at higher dosage, while the adsorption capacity decreases 

with increasing adsorbent dosage due to unutilized adsorption 

sites at higher dosage.  

The adsorption data is well fitted on pseudo-second order 

suggesting that the rate-limiting step may involve 

chemisorption. The predicted adsorption equilibrium is 20 

hours. Other metals were also adsorbed such as copper and 

nickel. The adsorption of arsenic was rapid initially at first 3 

hours along with copper and nickel followed by slow rate 

adsorption until adsorption equilibrium. This suggests that 

arsenic required more time to access available adsorption 

sites due to competition from other metal ions. Moreover, 

iron was initially leached from the activated carbon and 

subsequently re-adsorbed, indicating its instability under the 

conditions of mine-wastewater.  

The results of this research showed that the iron impregnated 

activated carbon (Fe-MAC) successfully remove the arsenic 

from the mine wastewater. Specifically, the following 

conclusion can be drawn: 

a. The iron impregnation successfully enhanced the 

surface properties of activated carbon achieving 

maximum 99% arsenic removal, indicating high 

affinity to arsenic.  

b. The iron impregnation shifted the point zero charge 

of AC, resulting to widened positive surface charge 

region. 

c. The adsorption performance was found to be weakly 

influenced by the pH due to the convergence to near 

neutral final pH regardless of the initial pH. In 

contrast, increasing the adsorbent dosage 

significantly enhanced the removal efficiency, with 

maximum removal achieved at 10 g/L.  

d. The kinetic analysis showed that the arsenic 

Figure 14: Removal Behavior of Arsenic and Competing Metals as a Function of Contact Time 
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adsorption followed pseudo-second order model 

suggesting that the rate-limiting step may involve 

chemisorption.  

Due to resources limitation, arsenic speciation analysis was 

not established in this study, which could provide deeper 

insights into the adsorption mechanisms.   
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