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ARTICLE INFORMATION ABSTRACT 

Residual heavy metals in municipal wastewater effluents remain an environmental 

issue of concern to wastewater treatment plants. This is because it is difficult to 

achieve complete removal by conventional treatment processes. The performance 

of a co-precipitated magnetic activated carbon (CP-MAC) fixed-bed adsorption 

column was evaluated for chromium (Cr) and lead (Pb) removal in synthetic 

wastewater (SWW) and spiked municipal wastewater (SPWW) samples. 

Continuous flow experiments were conducted using a 8.50 g of CP-MAC bed at 

an optimized bed height of 18 cm. Also, the influent metal concentration used was 

11 mg/L and flow rate of 6.30 mL/min. Performance was evaluated using 

breakthrough curve analysis, adsorption capacity, treated volume, removal 

efficiency, and bed utilization parameters. The results show that Pb consistently 

exhibited better adsorption behaviour than Cr under both wastewater conditions. 

Under SWW conditions, exhaustion adsorption capacities of 1.78 and 1.65 mg/g 

were obtained for Pb and Cr, respectively, while corresponding values under 

SPWW conditions decreased to 1.27 and 1.13 mg/g. In comparison to SWW, the 

more complex SPWW led to a decline in performance, with adsorption capacity 

reductions ranging from 28.65% to 31.51 %. Additionally, the breakthrough time 

decreased by 29.15% to 36.70%, and the total volume of wastewater treated 

before exhaustion dropped by 20.42% to 28.88%. These changes indicate a faster 

saturation of the adsorption bed and a shorter operational duration for the column. 

In addition, removal efficiencies of around 54.07% for Pb and 44.97% for Cr were 

maintained, demonstrating that the CP-MAC column retained its effectiveness even 

with the presence of competing ions and constituents in the wastewater. It 

becomes clear that wastewater matrix composition plays a significant role in fixed-

bed adsorption performance and the results obtained using SWW alone are likely 

to overestimate treatment efficiency under practical operating conditions. 

Therefore, these results support the use of CP-MAC as a tertiary polishing 

adsorbent for the removal of residual heavy metals from municipal effluents. 
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1.0 Introduction 

Heavy metals are toxic and persistent non-biodegradable contaminants having the tendency to bioaccumulate 

in environmental matrices and living organisms, making their discharge into surface waters a significant risk to 

both the environment and human health (Fu and Wang, 2011; Tchounwou et al., 2012). Conventional municipal 

wastewater treatment plants are configured primarily to treat organic matter, nutrients, and suspended solids, 

and are not specifically engineered for the efficient removal of dissolved heavy metals (Cantinho et al., 2016; 

Hargreaves et al., 2018; Sylwan and Thorin, 2021). This inefficiency allows residual heavy metals such as 

chromium (Cr) and lead (Pb) to be discharged from the effluents into receiving environments such as rivers 

and lakes. 
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Adsorption is among the most preferred method for heavy metal removal, attributed to its simple operation, 

high effectiveness, and suitability for treating effluents containing relatively low metal concentrations (Fu and 

Wang, 2011). Activated carbon remains the most commonly applied adsorbent. This is attributed to its 

favourable physicochemical characteristics, including abundant surface area, pore structure, and surface 

chemical functionalities (Ali and Gupta, 2006). Recently, magnetic activated carbon (MAC), which can be 

synthesised via different routes such as chemical co-presentation and impregnation is receiving attention 

(Nguyen et al., 2011). It is driven by the advantage of possessing high adsorption capacity of activated carbon 

with magnetic properties of iron oxides. This combination solves a major bottleneck by making post treatment 

recovery and regeneration much easier to handle (Ruthiraan et al., 2019; Soares et al., 2018; Yi et al., 2020). 

The performance of adsorption systems is frequently investigated using batch experiments (Patel, 2022), real 

world wastewater treatment plants do not operate this way.  In continuous operation, the performance is 

largely governed by mass transfer processes and hydrodynamic interactions within the system (Dichiara and 

Weinstein, 2015). This operational complexity makes fixed-bed columns more advantageous, as they are 

scalable, easier to manage, and suitable for on-site application (Chattergee et al., 2018; Patel, 2019). 

Nonetheless, the effectiveness of these columns depends on a network on interacting factors, including 

external film diffusion, intraparticle diffusion, axial dispersion, contact duration, and bed utilisation. As a result, 

analysing breakthrough curves becomes essential for the proper design and evaluation of column systems 

(Chen and Wang, 2004; Patel, 2019). In fact, fixed-bed experiments provide a realistic insight into how an 

adsorbent performs under continuous operational conditions, offering more reliable predictions of column 

lifespan compared to batch studies (Patel, 2020; Rajandran et al., 2025).  

Researchers like Kargol et al. (2023) and Mahlalela et al. (2017) have noted that SWW is often used to optimise 

treatment systems because it provides a controlled and highly reproducible matrix. Consequently, much of 

existing literature on fixed-bed adsorption of heavy metals with adsorbents such as activated carbon, 

mesoporous materials, or magnetic adsorbents, relies heavily on data derived from SWW (Aboussabek et al., 

2024; Shahbazi et al., 2013). However, this approach has limitations. Real municipal effluents are far more 

complex, containing background dissolved organic matter, suspended solids, and colloidal particles. During 

continuous treatments, these constituents interact with the adsorbent, competing for active sites, blocking 

pore access, and disrupting mass transfer pathways (Cantinho et al., 2016; Hargreaves et al., 2018; O’Flaherty 

and Gray, 2013). As a result, breakthrough profiles and adsorption capacities observed in SWW rarely reflect 

actual performance in practical wastewater treatment scenarios. Prior works by Chen et al. 2020 and Taty-

Costodes et al. (2005) have highlighted these discrepancies, attributing it to the interplay between wastewater 

chemistry, properties of the adsorbent, and operating conditions. To know how newly engineered systems 

will actually perform, testing them under realistic conditions is mandatory.  

Heavy metal removal from fixed-bed adsorption studies have been widely investigated (Malik et al., 2018; Patel, 

2019). However, only few studies have directly compared column performance using synthetic and real 

wastewater matrices to behaviour of breakthrough, adsorption capacity, treated volume, removal efficiency, 

and the utilisation of packed bed (Chatterjee et al., 2018; Abdolali et al., 2017; Patel, 2019). This provides a 

practical basis for assessing the reliability of performance estimates derived from SWW and spiked municipal 

wastewater (SPWW) conditions.  As a result, the effect of wastewater matrix composition on the 

performance of a co-precipitated-magnetic activated carbon (CP-MAC) fixed-bed systems remains 

insufficiently understood. This work investigated the performance of a CP-MAC fixed-bed column as a tertiary 

municipal polishing adsorbent for the removal of Cr and Pb under SWW and SPWW conditions. 

2. Materials and Method  

2.1 Adsorbent Preparation and Properties 

The MAC used in this work was produced through a chemical co-precipitation method adapted from Han et 

al. (2015). 50 g of activated carbon was dispersed in 2 L of deionised water under continuous stirring before 

36.6 g of FeSO4·7H2O and 66.6 g of FeCl3·6H2O were added. The suspension was heated to 70 ℃, then 

cooled to below 40 ℃, before the pH was raised to 11 using 0.5 M NaOH dropwise to precipitate iron oxides 

onto the carbon surface. The mixture was allowed to age through the night before decanting and the resulting 

precipitate was collected using a magnet. The material was rinsed thoroughly with deionised water followed 

by ethanol, and dried at 80 ℃ for 6 hr. The adsorbent was stored in airtight container as CP-MAC.   

The textural and surface characteristics involving the specific surface area and pore volume of the CP-MAC 

was determined using standard nitrogen adsorption-desorption method by Brunauer-Emmett-Teller (BET). 
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The surface neutrality was determined according to point of zero charge pH drift method by Mohan et al. 

(2011), while the Fourier-Transform Infrared (FTIR) spectroscopy was used to determine the surface chemical 

functionalities. 

2.2 Wastewater Characterisation 

The effluent from a municipal wastewater treatment facility in Abuja, Nigeria, employing a conventional 

biological process was collected and analysed to obtain baseline characteristics. Using standard APHA (2017) 

method, the pH, biochemical oxygen demand (BOD5), chemical oxygen demand (COD), nutrients, and 

selected heavy metals were determined. The obtained results were used as the basis for preparing SWW with 

characteristics comparable to those of the effluent. The same concentration was adopted in the SWW and 

SPWW for consistency in evaluating fixed-bed column performance. 

2.3 Spiked Wastewater Preparation  

The SPWW was prepared by spiking the effluent from the municipal treatment plant with stock solutions of 

K2Cr2O7 and Pb(NO3)2 to raise the concentrations of Cr and Pb to 11 mg/L according Chatterjee et al. (2018). 

This concentration was adopted from prior preliminary optimisation experiment. The pH of the SPWW was 

regulated with 0.5 M HCl or NaOH. For quality assurance, the Cr and Pb concentrations were confirmed 

using atomic Absorption Spectrophotometer (280FS AA, Agilent Technologies, USA) according to standard 

analytical methods.  

2.4 Synthetic Wastewater Preparation 

The SWW was prepared by dissolving simultaneously 160 mg of peptone, 110 mg of meat extract, 30 mg of 

urea, 7 mg NaCl, 4 mg of CaCl2·H2O, 2 mg of MgSO4·7H2O, and 28 mg of K2HPO4 in a litre of distilled water 

according to OECD (2001). The solution was agitated vigorously, sterilised at 120 ℃ for 15 min by autoclaving, 

and then kept to age in darkness for a week.  

To obtain a SWW with physicochemical characteristics comparable to those of the characterised municipal 

effluent, the aged solution was diluted with tap water until a BOD5 of approximately 25mg/L was achieved. 

The Cr and Pb concentrations were adjusted to 11 mg/L using stock K2Cr2O7 and Pb(NO3)2 solutions and the 

pH regulated with 0.5 M HCl or NaOH.   

2.5 Fixed-Bed Column Experimental Setup 

The CP-MAC fixed-bed column setup for the experiment using the SWW and SPWW is shown in Plate 1. 

The column geometry was an internal diameter of 1.0 cm and column height of 22.50 cm. The CP-MAC was 

packed to a bed height of 18 cm, corresponding to an adsorbent bed mass (𝑚) of 8.50 g. The influent 

wastewater was supplied in a down-flow mode at the flow rate of 6.30 mL/min using a pump (KK300-S25, 

Kamoer, China).  

Prior to each experiment, the packed bed was flushed to remove trapped air to ensure uniform bed packing. 

Adsorption tests were conducted using both SWW and SPWW, with effluent samples collected at specific 

time intervals until the column reached its saturation point. Separate adsorption experiments were performed 

for SWW and SPWW.  

2.6 Heavy Metal Analysis 

The influent concentration (𝐶0) and effluent concentrations (𝐶𝑡) of Cr and Pb were determined using an atomic 

absorption spectroscopy. Samples were digested according to standard analytical methods. 

2.7 Evaluation of Fixed-Bed Column Performance  

The adsorption performance of the column was evaluated by constructing breakthrough curves (plot of the 

effluent to influent concentration ratio, 𝐶𝑡 𝐶0⁄  against time, 𝑡). The breakthrough time (𝑡𝑏), 50% breakthrough 

time (𝑡50), exhaustion time (𝑡𝑒), and saturation time (𝑡𝑠) were determined at 𝐶𝑡 𝐶0⁄  values of 0.10, 0.50, 0.90, 

and 0.95, respectively.    
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Metal mass balance calculations were used to determine the total influent metal mass, total effluent metal 

mass, adsorbed metal mass, treated volume, and adsorption capacities at breakthrough, exhaustion, and 

saturation. Adsorption front propagation and bed utilisation were assessed using the mass transfer zone (MTZ) 

and length of unused bed (LUB). All parameters were calculated using the equations summarised in Table 1 

based on established fixed-bed adsorption relationships reported by Calero et al. (2009) Rout et al. (2017), 

Ronda et al. (2018) Juela et al. (2021) and Mani and Bhandari (2022). 

 

Plate 1: Setup for the CP-MAC fixed-bed column experiments 

Table 1: Equations used for evaluating fixed-bed adsorption column performance. 

Parameter Equation Description 

Influent mass (mg) 𝑀𝑖𝑛 = 𝑄𝐶0𝑡 Mass of metal entering the column. 

Effluent mass (mg) 𝑀𝑜𝑢𝑡 =
𝑄

1000
∫ 𝐶𝑡𝑑𝑡
𝑡

0

 Mass of metal leaving the column. 

Adsorbed metal mass (mg) 𝑀𝑎𝑑𝑠 = 𝑀𝑖𝑛 −𝑀𝑜𝑢𝑡 Mass metal retained by the adsorbent 

Adsorption capacity (mg/g) 𝑞 =
𝑀𝑎𝑑𝑠

𝑚
 

Metal uptake normalised to mass of 

adsorbent. 

Treated volume (mL) 𝑉 = 𝑄𝑡 Volume of wastewater treated. 

Mass Transfer zone (cm) 𝑀𝑇𝑍 = 𝑍 (1 −
𝑡𝑏
𝑡𝑒
) 

Region within the column where active 

adsorption occurred. 

Length of unused bed (cm) 𝐿𝑈𝐵 = 𝑍 (1 −
𝑞𝑏
𝑞𝑒
) 

Portion of the bed that remained unutilised at 

breakthrough point.  

3. Results And Discussion 

3.1 Characterisation of Co-Precipitated Magnetic Activated Carbon 

The textural and surface characteristics of the synthesised CP-MAC are presented in Table 2, while the FTIR 

spectrum and corresponding functional group assignments are shown in Figure 1 and Table 3, respectively. 

The adsorbent exhibited a BET surface area of 254.61 mg/g, a total pore volume of 0.13 cm3/g, and a point of 

zero charge of 5.30, indicating the presence of a porous adsorbent with surface characteristics favourable for 

heavy metal adsorption. 

Table 2: Textural and surface characteristics of CP-MAC. 
Parameter Measured value  

BET surface area (m2/g) 254.61 

Total pore volume (cm3/g) 0.13 

Point of zero charge 5.30 
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The FTIR results indicate that oxygen containing functionalities and iron oxide species coexist on the surface 

the CP-MAC. Their presence provides a variety of active sites available for binding with dissolved metal ions 

through pathways like electrostatic attraction, surface complexation, ion exchange, and coordination, as 

reported for MACs (Figueiredo et al., 1999; Yi et al., 2020; Zhang et al., 2013). Additionally, combined with 

the porous structure of the adsorbent, these surface features help explain the adsorption behaviour observed 

during the fixed bed column experiments. 

 

Figure 1: FTIR spectrum of the synthesised CP-MAC. 

Table 3: Selected surface chemical functionalities on the synthesised CP-MAC. 

Wavenumber (cm-1)  Functional group Assignment 

3652.8 O-H  Hydroxyl 

2978.1 C-H  Aliphatic 

1699.7 C=O  Carbonyl 

1617.7 C=C  Aromatics 

1118.2 C-O  Alcohol/Ether 

790.2 Fe-OH  Iron hydroxyl 

879.7 Fe-O Iron oxide 

3.2 Characterisation of Real Wastewater Effluent 

The wastewater quality parameters of the treated municipal effluent are presented in Table 4. It was observed 

that the low BOD5 and COD values indicate that the biological treatment process was effective. However, 

the residual concentrations of Cr and Pb remained above the NESREA (2009) stipulated discharge limit of 

0.10 mg/L. This is an indication that these metals were not completely removed during treatment using the 

conventional activated sludge system. 

Table 4: Characterisation of collected effluent for baseline physicochemical properties. 

Parameter Measured value  NESREA Guideline 

pH 7.10 6.0-8.0 

DO (mg/L) 6.2 7.0-10.0 

BOD5 (mg/L) 23 50 

COD (mg/L) 71 100 

Cr (mg/L) 0.58 0.10 

Pb (mg/L) 0.48 0.10 

Cd (mg/L) ND 0.10 

ND = Not Detected   
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The presence of other constituents such as dissolved organic matter and inorganic ions typical of municipal 

wastewater created a more complex adsorption matrix than the SWW which could influence adsorption by 

competing for available adsorption sites. For this reason, the treated effluent provided a more realistic medium 

for evaluating the performance of the CP-MAC fixed-bed column under conditions closer to those 

encountered in practice. 

3.3 Evaluation of Breakthrough Behaviour and Column Performance under SWW 

The CP-MAC fixed-bed column breakthrough curves for Cr and Pb adsorption are presented in Figure 2. 

Typical of continuous fixed-bed adsorption, characteristic sigmoidal curves for both metals were obtained. 

Malik et al. (2018) and Patel (2019) reported that such behaviour reflects the gradual occupation of adsorption 

sites as the column approached saturation. 

 

Figure 2: Breakthrough curves for Cr and Pb adsorption on CP-MAC using SWW 

Although the breakthrough trends appeared similar, Pb demonstrated significantly better dynamic adsorption 

performance compared to Cr. The breakthrough point for Pb was observed much later, occurring at 64.04 

min, whereas Cr reached breakthrough at 23.05 min. Similarly, the exhaustion time was prolonged, with Pb 

lasting up to 408.66 minutes before saturation, in contrast to 378.78 min for Cr. This longer timeline indicates 

a stronger surface affinity for Pb, which helped maintain the operational stability of the adsorption bed for a 

greater duration. Conversely, the Cr breakthrough curve was notably steeper, indicating a more rapid 

progression of the adsorption front through the column and resulting in earlier bed saturation. Such kind of 

breakthrough behaviour in fixed-bed systems is linked to differences in the nature of speciation of the metals, 

their affinity for adsorption, and how the adsorbate interacts with the adsorbent surfaces (Chen and Wang, 

2004; Lim and Aris, 2014; Shahbazi et al., 2013). 

From the CP-MAC column parameters presented in Table 5, Pb showed superior performance, with 

exhaustion adsorption capacities of 1.78 and 1.65 mg/g for Pb and Cr respectively. At saturation, the capacities 

increased only slightly to 1.83 mg/g (Cr) and 1.73 mg/g (Pb). According to Dwivedi et al. (2008) and Shahbazi 

et al. (2013), the superior performance of Pb over other metals usually suggest stronger adsorbate-adsorbent 

interaction especially with the surface oxygen functionalities. 

In terms of throughput of wastewater treated, Pb recorded higher volumes of 403.44 and 2574.53 mL 

compared to Cr (145.22 mL and 2386.31 mL) at breakthrough and exhaustion, respectively. This greater 

volumes for Pb can be attributed to the delayed breakthrough recorded. At exhaustion, comparable removal 

efficiencies were achieved even with differences in the breakthrough behaviour between the metals (53.64% 

for Pb and 53.57% for Cr). This resulted in both adsorption systems of the metals achieving similar utilisation 

of the packed bed.   

Cr exhibited a wider MTZ of 16.90 cm compared to 15.18 cm for Pb. Calero et al. (2009), Rout et al. (2017), 

and Mani and Bhandari (2022) reported that wider zone points to a more sluggish mass transfer and a less 
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efficient movement of the adsorption front. This directly aligns with Cr early breakthrough. Similarly, LUB 

values of 17.34 cm and for Pb and 17.14 cm for Cr in the 18 cm packed bed. This indicates that breakthrough 

occurred before complete utilisation of the bed (Chatterjee et al., 2018; Patel, 2019; Ronda et al., 2018). 

Table 5: Adsorption performance parameters for Cr and Pb in the CP-MAC fixed-bed column using SWW 
Parameter Chromium Lead 

Breakthrough time, 𝒕𝒃 (min)  23.05 64.04 

Exhaustion time, 𝒕𝒆 (min) 378.78 408.66 

Saturation time, 𝒕𝒔 (min) 457.86 498.68 

50% breakthrough time, 𝒕𝟓𝟎 (min)  205.27 209.80 

Adsorption capacity at exhaustion, 𝒒𝒆 (mg/g) 1.65 1.78 

Adsorption capacity at saturation, 𝒒𝒔 (mg/g) 1.73 1.83 

Treated volume at exhaustion, 𝑽𝒆 (mL) 2386.31 2574.53 

Removal efficiency at exhaustion, 𝑹𝑬𝒆 (%) 53.57 53.64 

Mass transfer zone, 𝑴𝑻𝒁 (cm) 16.90 15.18 

Length of unused bed, 𝑳𝑼𝑩 (cm) 17.14 17.34 

3.4 Evaluation of Breakthrough Behaviour and Column Performance under SPWW 

The CP-MAC fixed-bed adsorption breakthrough curve for Cr and Pb using SPWW (Figure 3) also produced 

sigmoidal breakthrough curves, signalling the gradual saturation of adsorption sites in the system. The curves 

obtained under SPWW shifted towards shorter operating times when compared to the SWW condition. Pb 

continued to exhibit better dynamic adsorption behaviour than Cr. This shift indicates that the more complex 

wastewater matrix reduced the adsorption performance of the column. 

 

Figure 3:  Breakthrough curves for Cr and Pb adsorption on CP-MAC using SPWW 

It took longer time for Pb to have a breakthrough (40.54 min) compared to Cr (16.33 min). This indicates that 

even under a more competitive wastewater condition, similar trend to SWW is maintained. According to 

Chen and Wang (2004) and Shahbazi et al. (2013), such behaviour is commonly associated with the stronger 

adsorbent affinity and adsorbate-adsorbent interactions. 

As summarised in Table 6, at exhaustion, adsorption capacities of 1.27 and 1.13 mg/g were obtained for Pb 

and Cr, respectively, increasing slightly to saturation capacities of 1.31 and 1.14 mg/g. In comparison to the 

SWW experiment, these values showed significant decline. This reduction can be attributed to the complex 

nature of the wastewater, which contains background constituents such as dissolve organic matter and 

inorganic ions. This blocks access to pores, disrupts mass transfer, and forces target contaminants to compete 

for a limited number of active adsorption sites (O’Flaherty and Gray, 2013; Taty-Costodes et al., 2005).  
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Table 6: Adsorption performance parameters for Cr and Pb in the CP-MAC fixed-bed column using SPWW 

Parameter Chromium Lead 

Breakthrough time, 𝒕𝒃 (min)  16.33 40.54 

Exhaustion time, 𝒕𝒆 (min) 301.43 290.64 

Saturation time, 𝒕𝒔 (min) 351.05 388.18 

50% breakthrough time, 𝒕𝟓𝟎 (min)  116.00 164.78 

Adsorption capacity at exhaustion, 𝒒𝒆 (mg/g) 1.13 1.27 

Adsorption capacity at saturation, 𝒒𝒔 (mg/g) 1.14 1.31 

Treated volume at exhaustion, 𝑽𝒆 (mL) 1899.00 1831.01 

Removal efficiency at exhaustion, 𝑹𝑬,𝒆 (%) 44.97 54.07 

Mass transfer zone, 𝑴𝑻𝒁 (cm) 17.02 15.49 

Length of unused bed, 𝑳𝑼𝑩 (cm) 17.15 17.30 

The effects of the matrix were also evident in the treated wastewater volumes. The breakthrough volumes 

were measured at 255.39 mL for Pb and 102.90 mL for Cr, while the exhaustion volumes reached 1831.01 

mL and 1899.00 mL, respectively. Notably, these treatment volumes were significantly lower than those 

observed under SWW conditions, indicating an accelerated bed saturation. In addition, the removal efficiencies 

at exhaustions were 54.07% for Pb and 44.97% for Cr, suggesting greater susceptibility of Cr adsorption to 

interference from co-existing wastewater constituents. It is noteworthy that similar reductions in adsorption 

performance have been reported elsewhere using SWW suspension (O'Flaherty and Gray, 2013; Taty-

Costodes et al., 2005). 

The MTZ values were 15.49 cm for Pb and 17.02 cm for Cr within the 18 cm bed depth. The broader MTZ 

observed for Cr indicates greater mass transfer resistance and less efficient progression of the adsorption 

front (Mani and Bhandari, 2022; Rout et al., 2017). The observed LUB of 17.30 cm for Pb and 17.15 cm for Cr 

suggest that the adsorption process reached breakthrough prior to the exhaustion of the entire packed 

column. The close similarity in LUB values across different wastewater samples implies that the bed was not 

fully utilised at the point of breakthrough. This indicates that other factors may be affecting the movement of 

the adsorption front and the efficiency of the column. Such insights point to potential avenues for optimising 

the operation of fixed-bed systems to enhance their performance.   

3.5 Performance Comparison of the Fixed-Bed Column under Synthetic and Spiked 

Wastewater Conditions 

Table 7 summarises the evaluation of CP-MAC column operation under SWW and SPWW. The increased 

complexity of the wastewater matrix in real samples led to diminished column performance, evidenced by 

shorter breakthrough times, and reduced removal efficiencies. In contrast to synthetic samples, real municipal 

effluents contain various background substances that can compete with target contaminants for adsorption 

sites and hinder mass transfer processes during treatment (O.Flaherty and Gray, 2013; Taty-Costodes et al., 

2005).  

Table 7: Performance parameters comparison of the CP-MAC fixed-bed column under SWW and CPWW 

Parameter SWW SPWW Reduction (%) 

Chromium 

Adsorption capacity at exhaustion (mg/g) 1.65 1.13 31.51 

Breakthrough time (min) 23.05 16.33 29.15 

Exhaustion time (min) 378.78 301.43 20.42 

Treated volume at exhaustion (mL) 2386.31 1899 20.42 

Removal efficiency at exhaustion (%) 53.57 44.97 16.05 

Lead 

Adsorption capacity at exhaustion (mg/g) 1.78 1.27 28.65 

Breakthrough time (min) 64.04 40.54 36.70 

Exhaustion time (min) 408.66 290.64 28.88 

Treated volume at exhaustion (mL) 2574.56 1831.03 28.88 

Removal efficiency at exhaustion (%) 53.64 54.07 -0.80 
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The wastewater matrix effect was evident for both metals. Cr was more strongly affected by the wastewater 

matrix than Pb. Comparing between the SWW to SPWW conditions, Cr adsorption capacity at exhaustion, 

breakthrough time, exhaustion treated volume decreased by 31.51%, 29.15%, 20.42%, respectively. This 

reduction pattern remained closely aligned for Pb. The removal efficiency for Cr declined from 53.57% to 

44.97% while Pb maintained almost the same removal efficiency under both wastewater conditions. This 

behaviour suggests that Pb retained a stronger affinity for the CP-MAC surface and was less affected by 

competition. Dwivedi et al. (2008) has reported the stronger affinity of Pb to activated carbon surfaces 

compared to other heavy metals. These changes indicate the CP-MAC fixed-bed column under SPWW 

resulted in faster bed saturation and less effective bed utilisation (Malik et al., 2018; Patel, 2019). Practically, 

this means reduced operating life and increase in adsorbent regeneration or replacement. According to 

Chatterjee et al. (2018) and Patel (2022), this would very much likely have an impact on the wastewater 

throughput and treatment cost.  

4. Conclusion 

Wastewater matrix had a profound influence on the behaviour of the CP-MAC fixed-bed column for 

adsorption of Cr and Pb from SWW and SPWW. The exhaustion adsorption capacities reached 1.78 mg/g for 

Pb and 1.65 mg/g for Cr when SWW was used. As the column was operated with SPWW, the capacity 

decreased to 1.27 mg/g (Cr) and 1.13 mg/g (Pb), which represents a reduction of about 28.65% to 31.51%. 

Similar trends in performance reduction were observed with regards to breakthrough time falling from 29.15% 

to 36.70% and treated volume (20.42-28.88%). Despite these reductions in performance, the CP-MAC column 

achieved removal efficiencies of 44.97% for Cr and 54.07% for Pb under SPWW conditions.  

This indicates that CP-MAC relatively maintained effectiveness even in conditions that more accurately 

simulate real municipal wastewater. The findings underscore the significance of validating fixed-bed adsorption 

processes using realistic wastewater samples and highlight the potential of CP-MAC column as a tertiary 

treatment option for polishing residual heavy metals from municipal effluents.    
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