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ABSTRACT

The column chromatography method was used with brick sand particles as an adsorbent for the 
removal of heavy metals (Cr, Fe, and Pb) from the aqueous solution. These metals can pollute water, 
and soil and also come in contact with the food chain, causing life-threatening health issues in the 
human body. The pore volume and the specific surface area of the brick sand particles were 
determined using the standard method which was 44.41% and 29.4 m2/g respectively.  The different 
concentrations of toxic metals in the water solution were considered to determine the adsorption 
capacity of the adsorbent. The adsorption methods were able to remove about 94% of Cr, 24% Pb, 
and 69% Fe from the aqueous solution. From the investigation results, we may conclude that raw 
brick sand particles can play a vital role as an adsorbent in the treatment of heavy metal-contaminat-
ed wastewater.  Moreover, the saturated adsorbent can be used as an element of construction materi-
als to prevent further pollution.
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Introduction

Water pollution is a global issue. Due to rapid industrializa-
tion, water pollution is a common problem in Bangladesh. 
Cu, Ag, Cd, Au, Hg, Pb, Cr, Ni, Sn, As, Se, Mo, Mn, and Al 
are known as heavy metals in environmental pollution when 
the density is more than the WHO recommended such as for 
As it is 0.1 µg/l by ICP-MS; 2 µg/l by hydride generation 
AAS or flame AAS (Musa et al. 2013; WHO 2011; Egorova 
et al. 2017; Jarup 2003).  Among the metals, some are essen-
tial for our body (Duffs 2002)), but become toxic in excess 
amounts (over the standard level). The metals cadmium, 
mercury, and lead are highly poisonous to the human body 
(Emslay 2011). Among the toxic metals, Cr, Pb, and Fe are 
the most important elements that are polluting the groundwa-
ter in Bangladesh.

In Bangladesh, Cr is one of the toxic metals that is polluting 
our water sources and life treating human health. The tannery 
industries are one of the main sources of Cr metal pollution in 
water. In the leather tanning process, 40-30% of unused Cr is 
ejected as an effluent in water like rivers, lakes, or ponds. As 

a foreign exchange earner industry, the leather industries are 
contributing 4% of total exports or 0.5 % of the GDP of 
Bangladesh (Jothilingam et al. 2020). Chromium is also 
widely used in electroplating, metallurgy, paints, preserva-
tives, pigments, pulp and papers, fire bricks materials, and 
metal ceramics industries in Bangladesh. Cr (III) and Cr (VI) 
are the most stable forms of Cr metal in the environment.  In 
water, chromium mainly occurs in two oxidation states Cr 
(III) and Cr (VI), and related ion forms depending on pH 
values, redox potential, and the presence of natural reducing 
agents which are highly soluble, can easily pollute water. 
Because of teratogenic and carcinogenic properties (Kousa-
lya1 et al. 2010), it can create serious life-threatening diseas-
es in human life. The standard level of Cr (VI) is 0.05 mg/L 
recommended by WHO (WHO Guidelines, 1996). Depend-
ing on the pH of the aquatic environment Cr (VI) is generated 
from monovalent chromate, dichromate, or divalent 
chromate and it is an oxyanion species (Sankararamakrish-
nan et al. 2006). 

Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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Fig. 1. Schematic diagram of column chromatography
           in experiment

Fig. 2. Atomic absorption analysis of after adsorption of
        Cr, Pb, and Fe solution onto brick particles surface
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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 Fig. 3. XRD of brick particles
 

Table I. Summary of the column chromatography process for removal of Fe, Pb and Cr from 
aqueous solution and adsorbent properties

% Fe removed % Pb removed %  Cr  removed Pore volume of Brick Sand 
Particles 

Specific surface area of Brick 
Sand Particles 

69.0 24.0 94.0 44.41% 29.4 m2/g 

=
( − )

×

=
( − )

× 100

=
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.

Acknowledgment 

This research work was financially supported by the Univer-
sity Grant Commission through the University of Rajshahi, 
Bangladesh. Grant no. ref. A1380/5/52/ University Grant 
Commission (Bimog) / Engineering/2/18-19 and Department 
of Applied Chemistry and Chemical Engineering, University 
of Rajshahi, Bangladesh.

Conflict of interest: No conflict of interest 

References

Ahmad F, Daud WMAW, Ahmad MA and Radzi R (2013), 
The effects of acid leaching on porosity and surface 
functional groups of cocoa (Theobroma 
cacao)-shell-based activated carbon. Chem Eng Res 
Des. 91: 1028-1038 

Ajamal H, Mohammad A and Anwar S (2001), Sorption 
studies of heavy metals on teak leaves using thin layer 
and column chromatographic technique, Pollut. Res. 
20(3): 425-428.

Al-Ghouti MA and Al-Absi R (2020), Mechanistic under-
standing of the adsorption and thermodynamic aspects 
of cationic methylene blue dye onto cellulosic olive 
stones biomass from wastewater. Sci Rep 10: 15928. 
https://doi.org/10.1038/s41598-020-72996-3

Anbalagan K and Juliet JC (2004), Adsorption of Cr (VI) ion 
onto activated amla dust: Adsorption isotherms and 
kinetics, Indian J. Chem. Technol 43(1): 45-50. 

Ayeni O (2014), Assessment of heavy metals in wastewater 
obtained from an industrial area in  Ibadan, Nige-
ria. RMZ–M&G (Internet) 61: 19-24.

Bishoi N, Bajaj M, Sharma N and Gupta A (2004), Adsorp-
tion of Cr (VI) on activated rice husk carbon and 
activated alumina, Biores. Technol. 91(3): 305-307.

Brown P, Jefcoat I, Parrish A, Dana G, Sarah S and Graham 
E (2000), Evaluation of the adsorptive capacity of 
peanut hull pellets for heavy metals in solution, Adv. 
Environ. Res. 4(1): 19-29.

Chiroma TM, Ebewele RO and Hymore FK (2014), Compar-
ative Assessment of heavy metal levels in soil, vegeta-
bles and urban grey water used for irrigation in Yola 
and Kano, IRJES 3(2): 1-9.

Chun L, Hongzhang C  and Zuohu L (2004), Adsorptive 
removal of Cr(VI) by Fe-modified steam exploded 
wheat straw, Process Biochem 39(5): 541-545. https://-
doi.org/10.1016/S0032-9592(03)00087-6

Devaprasath PM, Solomon JS and Thomas BV (2007), 
Removal of Cr (VI) from Aqueous Solution Using 
Natural Plant Material, Appl. Sci. Environ. Sanit. 2(3): 
77-83.

Duffs JH (2002), Heavy metals - a meaningless term?,   Pure 
and Applied Chemistry 74(5): 793-807.

Egorova KS, Ananikov VP (2017), Toxicity of Metal Com-
pounds: Knowledge and Myths, Organometallics 
36(21): 4071-4090. https://doi.org/10.1021/acs.or-
ganomet.7b00605

Emslay J (2011), Nature’s Building Blocks. Oxford universi-
ty press, Oxford, ISBN: 978-0-19-960563-7.

Gupta VK and Ali I (2004), Removal of lead and chromium 
from wastewater using bagasse fly  ash-a sugar 
industry waste, J. Colloid Interface Sci. 271(2): 
321-328.

Islam MF and Dipti SS (2004), Removal of Cr (III) by immo-
bilized di-0-tolyl phosphoric acid in M brick particles, 
BJSIR 39(1-2): 1-8.

Jarup L (2003), Hazards of heavy metal contamination, 
British Medical Bulletin 68(1): 167-182. https://-
doi.org/10.1093/bmb/ldg032 

Jawad AH, Razuan R, Appaturi JN and Wilson LD (2019), 
Adsorption and mechanism study for methylene blue 
dye removal with carbonized watermelon (Citrullus 
lanatus) rind prepared via one-step liquid phase H2SO4 
activation, Surf Interfaces 16: 76-84. https://-
doi.org/10.1016/j.surfin.2019.04.012

Jothilingam M, Pratheeba P and Janardhanan G (2020), 
Options for Utilization of Tannery Sludge, IJITEE 
9(6): 699-703 

Karim MA, Hossain D, Hossain MI, Dipti SS and Azad 
MAK (2024a), Efficient and cost-effective adsorbent 

brick sand nanoparticles used for removal of heavy 
metals, Water Science 38(1): 109-127. DOI: 10.1080/ 
23570008.2024.2307197 

Karim MA, Ahmed S, Hossain D, Hossain MI, Hossain MS, 
Hossain A, Rahman MH, Dipti SS and Azad MAK 
(2024b), Adsorption Isotherms and Kinetics Studies on 
Adsorption of Malachite Green onto Activated Char-
coal from Aqueous Solution, Journal of Science and 
Engineering Papers, 1(1): 18-25. https://doi.org/ 
10.62275/josep.24.1000004 

Kinuthia GK, Ngure V, Beti D, Lugalia R, Wangila A and 
Kamau L (2020), Levels of heavy metals in wastewater 
and soil samples from open drainage channels in 
Nairobi, Kenya:  community health implication, 
Sci. Rep. 10: 8434. 

Kousalya GN, Gandhi MR and Meenakshi S (2010), Remov-
al of Toxic Cr (VI) Ions from Aqueous Solution Using 
Nanohydroxyapatite-based Chitin and Chitosan 
Hybrid Composites, Adsorb Sci Technol 28(1): 49-64

Mayakaduwa SS, Kumarathilaka P, Herath I, Ahmad M, 
Al-Wabel M, Ok YS and Abduljabbar A (2016), 
Equilibrium and kinetic mechanisms of woody biochar 
on aqueous glyphosate removal. Chemosphere 144: 
2516-2521. doi: 10.1016/j.chemosphere.2015.07.080

Musa OK, Shaibu MM and Kudamnya EA (2013), Heavy 
metal concentration in groundwater around Obajana 
and its environs, Kogi State, North Central Nigeria, 
American International Journal of Contemporary 
Research 3(8): 170-177.

Namasivayam C and Höll HW (2004), Chromium (III) 
removal in tannery wastewaters using Chinese  r e e d 
(Miscanthus Sinensis), a fast-growing plant, Holz. 
Roh. Werkst 62: 74-80.

Obey GB, Itayama T, Dang BT, Nguyen TD, Ramaraj R, 
Osamu N,  Shuji T and Maseda H (2022), Adsorption 
analysis of ciprofoxacin and delafoxacin onto the corn 
cob derived‐biochar under diferent pyrolysis condi-
tions. Biomass Conversion and Biorefinery, https://-
doi.org/10.1007/s13399-022-03156-y 

Rahaman A, Hosen MR, Hena MA, Naher UHB and Moniru-
zzaman M (2016), A Study on removal of chromium 
from tannery effluent treatment of chrome tanning 
waste water using  tannery solid waste, IJHCUM 
1(4): 237-242. DOI: 10.22034/ijhcum.2016.04.001

Rai AK and Surendra K(1999), Removal of Cr (VI) by using 
brick kiln and flyash, Indian  J. Environ. Health 41(1): 
65-73.

Sankararamakrishnan N, Dixit A, Iyengar L and Sanghi R 
(2006), Removal of hexavalent chromium using a 
novel cross linked xanthated chitosan, Bioresour. 
Technol. 97(18): 2377-2382. https://doi.org/10.1016/ 
j.biortech.2005.10.024

Sharma A and Bhattacharya D (2005), Utilisation of biosor-
bent based on Azadirachta indica (Neem) leaves for 
removal of water-soluble dyes, Indian J. Chem. 
Technol. 12(3): 285- 295.

Sharma YC (2001), Adsorption of Cr (VI) onto wallastonite: 
Effect of pH, Indian J. Chem. Technol. 8: 191-194.

Shrivastava RK, Ayachi AK and Mora M (2001), Removal of 
Cr (VI) by utilization of Bidi  leaves, Pollut. Res. 
20(4): 639-643.

WHO Guidelines for Drinking Water Quality (1996), World 
Health Organization, Geneva, Switzerland, 2nd Ed. 
vol.2

WHO (World Health Organization) (2011), Guidelines for 
Drinking Water Quality, 4th Ed. WHO Press, Geneva.

Yu LJ, Shukla SS, Dorris K, Shukla A and Margrave JL 
(2003), Adsorption of chromium from  a q u e o u s 
solutions by maple sawdust, J. Hazard. Mater. 
100(1-3): 53-63. https://doi.org/10.1016/ S0304-3894 
(03)00008-6

Fig. 4. Surface morphology of a) raw brick particles; b) after adsorption of Cr; c) after adsorption of Pb 
ppm solution; (d) after adsorption of Fe solution

Fig. 5. Brick particles Point zero charge (pHPZC) for the
           adsorption process
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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Fig. 6. EDX spectroscopy analysis of (a) raw brick particles; (b) brick particles with adsorption of Cr; (c) after 
adsorption of Pb; (d) after adsorption of Fe solution
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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Pb contamination can usually occur by aerosol and inhaling 
lead-contaminated dust particles. But it can also come from 
contaminated water and food as well. Pb is a possible 
carcinogenic substance for the human body, it can also 
damage the liver, kidneys, brain, nervous system, heart, etc. 
(Kinuthia et al. 2020). The Environmental Protection Agency 
(EPA) has set an action level for lead in public drinking water 
at 15 µg/L (micrograms per liter). According to the Depart-
ment of Public Health Engineering, Bangladesh, the water 
quality parameters standards for lead and WHO guidelines 
are 0.05 and 0.01 ppm respectively (Chiroma et al. 2014; 
Ayeni  2014, Kinuthia et al. 2020).

Iron in water does not usually present a health risk. Our body 
needs iron to transport oxygen in the blood. Most iron comes 
from food since the body cannot easily absorb iron from 
water directly. Iron may present some concern if harmful 
bacteria have entered as well. Some bacteria need iron to 
grow and survive, so they can easily enter our body through 
iron-contaminated water. If there is iron in the water, it may 
be harder to get rid of harmful bacteria. Note that one 
treatment cannot prevent or cure all iron-bacteria-related 
problems. The recommended iron level in water is usually 
below 10 mg/L.

In the literature, the researcher reported on many different 
methods to remove toxic metals from aqueous solution like 
evaporation, reverse osmosis, zeolites, membrane separation, 
ion exchange, etc. (Kinuthia et al. 2020; Devaprasath  et al. 
2007). Due to the cost, and not complete removal of metals, 
and toxic sludge as well as some operational complications, 
many methods have not become popular or successfully used 
as unique methods (Kinuthia et al. 2020; Rahaman et al. 
2016). To remember the Socioeconomic condition of Bangla-
desh, this study was targeted on two points: one is cost and 
the other is a simple operational method that will be econom-
ically viable and encourage industrial people to remove toxic 
metals from industrial effluent. 

The adsorption method is the most economical, effective, and 
easy operational technique the all others (Kinuthia et al. 
2020; Karim 2024a, Karim et al. 2024b). Many types of 
low-cost and efficient adsorbents have been reported and 
used for removal of heavy metals like fly ash, brick kilns (Rai 
et al. 1999), peanut hull (Brown et al. 2000), teak leaves 
(Ajamal et al. 2001), neem leaves (Sharma et al. 2005), 
Wallastonite  (Sharma 2001), bidi leaves (Shrivastava  et al. 
2001), amla dust (Anbalagan et al. 2004), Chinese reed 
(Namasivayam et al. 2004), rice husk (Bishoi et al. 2004), 
bagasse (Gupta et al. 2004), wheat straw (Chun et al. 2004), 
sawdust (Yu et al. 2003). Therefore, if we can ensure the 
availability of low-cost adsorbent and simply operation-

al-oriented adsorption methods could be more viable to the 
Socioeconomic status of our country to treat industrial 
effluent. 

Our research goal is to find a highly effective, cost-effective 
adsorbent and method that will be affordable to use for indus-
trial people for the removal of toxic metals from industrial 
effluent. In our previous work, we treated brick sand particles 
with di-0-tolyl phosphoric acid to remove Cr (III) from the 
solution (Islam et al. 2004, Karim et al. 2024a). In this 
research, we take third-class bricks, the bricks were then 
crushed into small particle sizes and the brick particles were 
used without any pretreatment like our previous work (Karim 
et al. 2024a). The untreated brick particles were used for the 
removal of heavy metals like Chromium, Lead, and Iron from 
aqueous solution by column chromatography method. The 
performance of brick sand particles to remove heavy metals 
from the aqueous solution was analyzed by Atomic absorp-
tion spectroscopy, Scanning Electron Microscope, and 
Energy Dispersive respectively.

Materials and method

Bricks particles (from grade 3 brick collected locally), Potas-
sium dichromate (Sigma-Aldrich, ≥99.5%), Iron (II) sulfate 
heptahydrate (Sigma-Aldrich, ≥99.0%), Lead (II) nitrate(Sig-
ma-Aldrich, ≥99.0%), Double distilled water.

Preparation of hexavalent Chromium solution:  Two types of 
hexavalent Chromium solution (200 ppm and 300 ppm) were 
prepared using dilution from the standard stock of metal ions. 
Similarly, Fe and Pb solutions for experimental purposes 
(100 ppm and 200 ppm for each metal) were prepared for this 
experimental process. 

Adsorbent preparation:  Class 3 or 3-grade bricks were 
collected from a brick field near the University Rajshahi 
campus, Bangladesh. First, bricks were cleaned by an air 
blower and then crushed into small sizes by using a locally 
available crusher machine. The desired brick particles were 
obtained by using a screening analysis process. To remove 
moisture from the brick particles, it was kept in the oven for 
24 hrs. at 100oC temperature.  After removing moisture, the 
adsorbent was ready for the experiment. 

Investigational System: The column chromatography method 
was using with brick particles as adsorbent as packing mate-
rials. The glass wool was used at the bottom of the packing 
column (as shown in Fig. 1). The two concentrated solutions 
of Cr (VI) (200 ppm and 300 ppm), Pb (100 ppm and 200 
ppm), and Fe (100 ppm and 200 ppm) were used in this 
experiment. The aqueous solution of the heavy metals was 

passed through the column carefully which was packed with 
brick particles (as shown in Fig. 1). 

Adsorbent Characterizations: After passing metal aqueous 
solution through the column, column filtrate solution was 
collected from the bottom of the column (as shown in Fig. 1). 
The collected solution is now ready to analyze AAS to see the 
percentage of removal of metals. The brick particles which 
were saturated with metal ions analyzed by SEM to see the 
surface morphology, EDX for elemental analysis to confirm 
the removal of metals. 

Pore volume: The pore volume of the adsorbent brick sand 
particles was measured. It is an important parameter of adsor-
bent. From the effective pore volume, the efficiency of the 
adsorbent can be assumed (Obey et al. 2022).

The effective pore volume was measured by the equation:

Effective pore volume percentage  

………………………………. ..........................................(1)

Here, ρ= the density of water, Ww= wet weight in g, Wd = dry 
weight in g of brick sand particles.

Specific Surface Area: We determine the specific area of the 
adsorbent brick sand particles according to the literature 
(Ahmad et al. 2013; Jawad et al. 2019). The specific surface 
area of the sample was obtained using the following formula: 

Specific surface area                           ..……………….... (2)

Here V = the volume of 0.1 M NaOH required to raise the pH 
from 2.0 to 12.0. The pH point of zero charge (pHpzc) of the 
adsorbent was estimated according to (Karim et al. 2024a) 
with slight modification.

Point zero charge: In a 250 mL conical flask, we take 1.5 
g brick sand particles with 30 g NaCl and dissolve them 
with 100 mL distilled water while stirring for 5 minutes.  
The solution pH was adjusted to 2 and titrated the solution 
by 0.1M NaOH until the solution pH reached 12. The 
required volumes of NaOH change the pH from 2 to 12 
(Karim et al. 2024). 

Results and discussions

Our experimental schematic diagram is shown in Fig. 1 for 
the removal of heavy metals Fe, Cr, and Pb from aqueous 
solution using the column chromatography method. From the 
column chromatography experiments, the fraction collected 
from column chromatography was passed through brick sand 
particles packed column. This liquid was used for analysis by 
AAS and the percentage of metals was removed. 

AAS study: Fig. 2 represents the AAS analysis of the 
removal of heavy metals. The results indicate that the 
highest removal of Cr metal from 200 ppm concentrated 
solution was about 94% (actually 93.64%). In the case of 
300 ppm concentrated Cr solution, the column chromato-
graphic adsorption method was able to remove about 92% 
(actually 92.38%).  Similarly, 24% of Pb and 69% of Fe 
were removed from aqueous solution. The column chroma-
tography adsorption results and brick particles adsorbent 
properties are summarized in Table I.   

The % removal of metals was calculated using the following
equation

                       100 .........................................…………… (3)

Here, Ci represents the initial concentration.; Cf represents 
the final concentration. 

Removal of Pb in percentage: 

% Removal =                             …...........………………. (4)

Here, Ci represents the initial Concentration of Pb and Cf 
represents the final concentration of Pb.

XRD for analysis: The particles size of the brick particles was 
calculated from XRD ((Bruker D8 Advance) analysis data by 
Scherrer equation as follows:

                   ...............……………………….…………….(5)

Here, D is referred to Crystalline size in nm, K is Scherrer 
Constant (0.9), β refers to FWHM -Radians, θ is the position 
of the peak in Radians respectively.

By using origin software, the position of the peak is 
FWHM radians. The brick particles' average sizes 
were 204.7 nanometers. The XRD spectrum is shown 
in Fig. 3.

SEM analysis

The brick particle surface morphological study was investi-
gated by SEM as represented in Fig. 4.  The SEM images 
give information on the adsorbent surface status, indicating 
the changes that occurred due to the column chromatographi-
cal adsorption process. Cavities were also observed in the 
images suggesting a high surface area (Al-Ghouti et al. 
2020). The SEM images showed the presence of many 
micropores in brick particles in Fig. 5 before (a) and after (b) 
adsorption. We also calculated the pore volume using 

equation (1) which was 44.41%. To understand the adsorp-
tion process, it is also important to know the specific surface 
area. For that, we also determined the specific surface area of 
brick particles using equation (2), which was 29.4 m2/g.  Raw 
brick particles image in Fig. 4(a), Fig. 4 (b) surface morphol-
ogy of brick particles after adsorption of Cr solution, 4 (c) 
surface morphology of brick particles after adsorption of Pd 
solution and 4 (d) morphology of brick particles after adsorp-
tion of Fe solution. In Fig. 4(a), the micropores are more 
visible. The surface was so rough and had an irregular distri-
bution of clumps in SEM images after and before the adsorp-

tion of heavy metals. The brick particles' porous structure 
ensures a high possibility of adsorption of the metal ions in 
the pores after adsorption. The adsorbent surface showed 
blurry pores indicating that adsorption had occurred (Al-Gh-
outi et al. 2020). Fig. 4 shows surface structural proof of 
modified with toxic metals loaded onto the adsorbents. The 
raw brick particles SEM image was mostly rough and micro 
pores visible surface. In the case of adsorption of Cr metal, 
the surface was highly rough and had many micro pores than 
that of raw brick particles.  It might be due to the reaction 
between hexavalent ions of Cr and the electrical negative 
charge of brick particles. The surface morphology of the 
adsorption of Pb by brick particles is represented in Fig. 4(c). 
The Pb metal-saturated brick particles surface morphology is 
also rough and some holes or cavities appeared. Fig. 4(d) is 
representing the adsorbent for the Fe solution and the surface 
morphology of the brick particles appeared with some 
cavities. From Fig. 4(b-d) is markedly viewed that the adsor-
bent surface is covered by heavy metals. With the SEM 
images, it is not easy to observe or explain the adsorption 
process of heavy metals onto the brick particles. This is 
because brick particles themselves contain some other 
element in it. 

The pH of the solution can control the adsorption process 
and affect the adsorbent surface charge (Mayakaduwa et al. 
2016). The point of zero charges can be explained by the 

pH function in the adsorption process. The point of zero 
charge value of brick particles was 7.5 as shown in Fig. 5. 
When the pH of the solution is lower than pHpzc, the 
adsorbent surface is predominating by a negative charge, 
and when the pH is above pHpzc, the adsorbent surface is 

positive in charge. The SEM images are agreed with the 
concept of pHPzc.

EDX analysis

To confirm the adsorption of heavy metals onto brick 
particles, we analyzed the EDX experiment to get a clear idea 
about adsorption elements. The saturated brick particles EDX 
image were taken only for 200 ppm solution adsorbed by the 
adsorbent for every heavy metal as shown in Fig. 6.

Fig. 6 and the inset table represent the wt% and atomic % of 
the elements that are present in raw brick particles (Fig. 6(a)) 
as well as the after-absorption process in 200 ppm of Cr (Fig. 
6(b)), Pb (Fig. 6(c)) and Fe (Fig. 6(d)). The atomic number of 
oxygens is increased for chromium in Fig. 6(b) and Pb in 6(c) 
was increased compared to raw brick particles in Fig. 6(a). It 
is because of the thin layer formation of metal Cr and Pb on 
the surface of brick particles. The atomic % of oxygen 
elements in the inset table of Fig.s 6(b) and 6(c) confirmed 
the adsorption of Cr and Pb metals on brick particles.  Fig. 
6(d) shows a somewhat strong signal of Fe Kα which indicat-
ed the adsorption of Fe onto the brick particles surface.  

Therefore, from the EDX analysis, we may conclude that 
toxic metals Cr, Pb, and Fe were accumulated onto the 
surface of bricks particles. 

Conclusions 

In this study, the heavy metals (Cr, Pb & Fe) were successful-
ly removed by using a column chromatography process with 
low-cost, easily available adsorbent brick particles. We 
removed 94% Cr, 24% Pb, and 69% Fe from the aqueous 

solution through this process. Therefore, we may conclude 
from the percentage of removal of the metals that the brick 
particles might be a better adsorbent to remove Cr metal from 
the aqueous solution by the low-cost and effective chroma-
tography method. The average particle size of the brick 
particles used in the adsorption process was analyzed by 
XRD which was 204.7 nm. The surface of the adsorbent 
(analyzed by SEM) indicates the adsorption of the metals 
onto the brick particle surface is successfully done, and forms 
a thin layer onto the adsorbent surface. The EDX analysis 
confirms the adsorption of toxic metals onto the adsorbent 
surface by elemental analysis.

Moreover, the saturated adsorbent can be used as an element 
in construction. The application of adsorbent as a construc-
tion element can control further environmental pollution.  
Considering the socio-economical condition in our country, 
the low-cost and easily available brick particles can be a 
better choice of adsorbent for the removal of toxic heavy 
metals from solution or wastewater.
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