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1. Introduction 
Leather has become one of  the most commonly traded markets in the world, 
with a leather industry and a demand for completed leather products like 
shoes, clothing, and bags in every country  (Mpofu, Oyekola, & Welz, 2021; 
Zhao, Wu, Tang, Zhou, & Guo, 2022). With an estimated 1.67 ×109m2 of  

leather produced annually and a global trade value of  US$100×109/year, the 
leather tanning and leather products business play a significant part in the 
developing world's economy (Dixit, Yadav, Dwivedi, & Das, 2015; Masciana, 
2015). Given the abundance of  a  low-cost labour force,   lower treatment, 
less severe environmental regulations and disposal expenditures of  industrial 
wastewater, the developing world holds the largest share and supplies 
(>60%) of  the world's largest skins/hides industry (TWW)(Mottalib, 
Somoal, Islam, & Alam, 2015; Shaibur, Tanzia, Nishi, Nahar, Parvin, & 
Adjadeh, 2022; Swartz, Jackson-Moss, Rowswell, Mpofu, & Welz, 2017). 

Bangladesh is a highly populated nation and its growth, industrialization, 
and unplanned urbanization near river banks have caused severe strain on 
water resources (Das, Rani, Mamun, Howlader, & Shaibur, 2021; Shaibur, 
Parvin, Ahmmed, Rahaman, Das, & Sarwar, 2021). Industrial waste, 
particularly tannery effluent, is one of  the most significant pollutants globally 
and presents a serious environmental challenge in Bangladesh (Mizan, Zohra, 
Ahmed, Nurnabi, & Alam, 2016; Samet & Valiyaveettil, 2018)TDS, BOD5, 
COD and chromic oxide content of  polluted water were reduced 
significantly.Bangladesh J. Sci. Ind. Res. 51(3. The concentration of  Cr (VI) 
in tannery effluent from Hazaribagh in Bangladesh is high, with an average 
of  374.19 mg/L (Asaduzzaman, Hasan, Rajia, Khan, & Kabir,  2016). The 
highest concentration of  939.8 mg/L was found in the surface water near 
Hazaribagh in Dhaka, but it was much lower at 27.65 mg/L in Nowapara in 
Jashore (Shaibur, Tanzia, Nishi, Nahar, Parvin,  & Adjadeh, 2022). 
Discharging untreated tannery effluent into rivers leads to pollution of  
aquatic ecosystems and fish contamination, leading to bio-accumulation of  
Cr (VI) in humans(Hossain, Chowdhury, Jahan, Zzaman, & Islam, 2021; 
Shaibur, Hossain, Khatun, & Tanzia, 2021)Bangladesh. A total of  35 water 
samples were collected from different tea stalls, street side fast food stalls, 
normal restaurants and well-furnished restaurants. The water quality was 
evaluated by determining the distinct physical, chemical and biological 
parameters. The results revealed that the water used in the food stalls and 
restaurants for drinking purpose was in desired quality in terms of  turbidity, 
electrical conductivity, pH, total dissolved solids, nitrate (NO3−. Tanners are 
striving to minimize their water usage, encourage the better chemical 
acquisition, reuse and/or reuse processed liquid, industrial effluent, and/or 
solid waste, decrease substance, and/or eliminate the widespread use of  
certain contaminants, following international attempts for pollution control 
(Younas et al., 2022). However, the majority of  tanneries in the poor 
countries have found it difficult to employ these procedures due to the 
associated extra or capital expenditures, as well as the fear of  jeopardizing 

leather quality. (Mpofu, Oyekola, & Welz, 2019). 
Chloride removal from tannery-soaking wastewater is an important step 

in the treatment of  wastewater generated by the tanning industry. Chloride 
ions are a major component of  dissolved salts in wastewater and are one of  
the main contributors to the total dissolved solids (TDS) in the water. High 
levels of  chloride ions can cause environmental problems and can also be 
harmful to human health if  the water is not properly treated.

There are several methods that can be used to remove chloride ions from 
tannery-soaking wastewater, including: 
1. Lime-Alum process: This process involves adding lime (Ca(OH)2) and 

alum (Al(OH)3) to the wastewater. The lime reacts with the chloride ions 
to form calcium chloride (CaCl2), which is a white solid that precipitates 
out of  the water. Alum reacts with the hydroxide ions (OH-) to form 
aluminum hydroxide (Al(OH)3), which also precipitates out of  the water. 
This process is highly efficient and cost-effective for chloride removal 
(Ayoub, Hamzeh, & Semerjian, 2011; Mottalib, Somoal, Islam, & Alam, 
2015; Selvaraj, Aravind, George, & Sundaram, 2020)20, 25 mA/cm2 with 
cylindrical electrodes (MMO and Ti sheet).

2. Reverse osmosis: This process involves forcing the wastewater through a 
membrane under high pressure, which effectively removes the chloride 
ions and other dissolved salts from the water. 

3. Ion exchange: This process involves passing the wastewater through a 
resin bed that selectively removes the chloride ions from the water (Payel, 
Hashem, & Hasan, 2021)unhairing and liming (termed as liming.

4. Electro chlorination: This process involves passing an electric current 
through the wastewater, which generates chlorine gas. The chlorine gas 
reacts with the chloride ions in the water to form chloride ions, which can 
then be removed by precipitation or filtration (Mustafa, 2014; Mustapha, 
Ndamitso, Abdulkareem, Tijani, Mohammed, & Shuaib, 2019).
Lime-Alum process is only effective for removing chloride ions, other 

dissolved salts such as sodium and sulfates will remain in the water and will 
not be removed by this process, so this process should be used in 
combination with other technologies to achieve the desired results. Indeed, 
the price per m3 of  treated water could be prohibitive. Installation and 
running costs are expensive once the rates are large (tens or even hundreds 
of  m3 of  water per hour). The technique is determined by the water's final 
destination, and everything hinges on the findings of  the scoping study. The 
issue is the cost of  desalinated water.

The available chloride removal technologies are costly and 
time-consuming (Barman, Juel, & Hashem, 2016; Zhao, Wu, Tang, Zhou, & 

Guo, 2022) on the other hand Lime-alum process is easy and cost-efficient 
(Selvaraj, Aravind, George, & Sundaram, 2020). Chlorides react with Calcium 
Hydroxide and Aluminum sulfate then produce Calcium Chloroaluminate 
which is insoluble and precipitated. By taking this mechanism, it has been 
found maximum time saving, temperature, pH. and amount of  alum in which 
maximum chloride is removed from soaking water (Mpofu, Oyekola, & Welz, 
2021).

2. Methodology
A brief  description of  the methodology to be applied in this study has been 
given in this chapter. This includes sample and material collection, 
wastewater preparation, characterization, and process optimization of  the 
lime alum process. A comparison of  the raw and final treated water has also 
been incorporated here.

2.1. Materials
The collection of  raw materials, of  sufficient amount and quality, is a 
fundamental factor in the nanocomposite manufacturing process. Raw 
materials are the primary production components, playing an important role 
in synthesis and testing. In this study, Soaking Wastewater, Alam and Lime 
has been used. Soaking wastewater collected from a renowned tannery in 
Jessore Bangladesh. Alam and Lime have been purchased from Scientific & 
Chemical Mart, Khulna, Bangladesh. Figure 1 illustrated the materials used in 
this study whereas Table I represents the characteristics of  raw soaking 
wastewater.
Table I
The characteristics of  raw soaking wastewater and reference water
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Chloride removal from tannery-soaking wastewater has been a 
significant issue due to the presence of  high levels of  chloride in 
the wastewater produced by the tanning industry. High levels of  
chloride ions are harmful to human health as well as the 
environment if  the water is not properly treated. Traditional 
methods like ion exchange, reverse osmosis, demineralization, 
coagulation, electrodialysis, precipitation, and adsorption are 
costly and often ineffective. The lime-alum process offers a 
promising alternative. This method involves adding lime and 
alum to the wastewater, forming hydroxide and aluminum 
hydroxide flocs that precipitate and remove chloride ions. Our 
research identified the optimal conditions for this process: a pH 
of  10, reaction time of  25 minutes, temperature of  25°C, and 
alum dosage of  0.5 grams. Under these conditions, chloride 
removal reached 635 mg/L. The lime-alum process is 
cost-effective, using inexpensive chemicals and low energy, and 
it can be easily integrated into existing wastewater treatment 
systems. These findings highlight its potential as an efficient 
solution for chloride removal in the tanning industry.
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1. Introduction 
Leather has become one of  the most commonly traded markets in the world, 
with a leather industry and a demand for completed leather products like 
shoes, clothing, and bags in every country  (Mpofu, Oyekola, & Welz, 2021; 
Zhao, Wu, Tang, Zhou, & Guo, 2022). With an estimated 1.67 ×109m2 of  

leather produced annually and a global trade value of  US$100×109/year, the 
leather tanning and leather products business play a significant part in the 
developing world's economy (Dixit, Yadav, Dwivedi, & Das, 2015; Masciana, 
2015). Given the abundance of  a  low-cost labour force,   lower treatment, 
less severe environmental regulations and disposal expenditures of  industrial 
wastewater, the developing world holds the largest share and supplies 
(>60%) of  the world's largest skins/hides industry (TWW)(Mottalib, 
Somoal, Islam, & Alam, 2015; Shaibur, Tanzia, Nishi, Nahar, Parvin, & 
Adjadeh, 2022; Swartz, Jackson-Moss, Rowswell, Mpofu, & Welz, 2017). 

Bangladesh is a highly populated nation and its growth, industrialization, 
and unplanned urbanization near river banks have caused severe strain on 
water resources (Das, Rani, Mamun, Howlader, & Shaibur, 2021; Shaibur, 
Parvin, Ahmmed, Rahaman, Das, & Sarwar, 2021). Industrial waste, 
particularly tannery effluent, is one of  the most significant pollutants globally 
and presents a serious environmental challenge in Bangladesh (Mizan, Zohra, 
Ahmed, Nurnabi, & Alam, 2016; Samet & Valiyaveettil, 2018)TDS, BOD5, 
COD and chromic oxide content of  polluted water were reduced 
significantly.Bangladesh J. Sci. Ind. Res. 51(3. The concentration of  Cr (VI) 
in tannery effluent from Hazaribagh in Bangladesh is high, with an average 
of  374.19 mg/L (Asaduzzaman, Hasan, Rajia, Khan, & Kabir,  2016). The 
highest concentration of  939.8 mg/L was found in the surface water near 
Hazaribagh in Dhaka, but it was much lower at 27.65 mg/L in Nowapara in 
Jashore (Shaibur, Tanzia, Nishi, Nahar, Parvin,  & Adjadeh, 2022). 
Discharging untreated tannery effluent into rivers leads to pollution of  
aquatic ecosystems and fish contamination, leading to bio-accumulation of  
Cr (VI) in humans(Hossain, Chowdhury, Jahan, Zzaman, & Islam, 2021; 
Shaibur, Hossain, Khatun, & Tanzia, 2021)Bangladesh. A total of  35 water 
samples were collected from different tea stalls, street side fast food stalls, 
normal restaurants and well-furnished restaurants. The water quality was 
evaluated by determining the distinct physical, chemical and biological 
parameters. The results revealed that the water used in the food stalls and 
restaurants for drinking purpose was in desired quality in terms of  turbidity, 
electrical conductivity, pH, total dissolved solids, nitrate (NO3−. Tanners are 
striving to minimize their water usage, encourage the better chemical 
acquisition, reuse and/or reuse processed liquid, industrial effluent, and/or 
solid waste, decrease substance, and/or eliminate the widespread use of  
certain contaminants, following international attempts for pollution control 
(Younas et al., 2022). However, the majority of  tanneries in the poor 
countries have found it difficult to employ these procedures due to the 
associated extra or capital expenditures, as well as the fear of  jeopardizing 

leather quality. (Mpofu, Oyekola, & Welz, 2019). 
Chloride removal from tannery-soaking wastewater is an important step 

in the treatment of  wastewater generated by the tanning industry. Chloride 
ions are a major component of  dissolved salts in wastewater and are one of  
the main contributors to the total dissolved solids (TDS) in the water. High 
levels of  chloride ions can cause environmental problems and can also be 
harmful to human health if  the water is not properly treated.

There are several methods that can be used to remove chloride ions from 
tannery-soaking wastewater, including: 
1. Lime-Alum process: This process involves adding lime (Ca(OH)2) and 

alum (Al(OH)3) to the wastewater. The lime reacts with the chloride ions 
to form calcium chloride (CaCl2), which is a white solid that precipitates 
out of  the water. Alum reacts with the hydroxide ions (OH-) to form 
aluminum hydroxide (Al(OH)3), which also precipitates out of  the water. 
This process is highly efficient and cost-effective for chloride removal 
(Ayoub, Hamzeh, & Semerjian, 2011; Mottalib, Somoal, Islam, & Alam, 
2015; Selvaraj, Aravind, George, & Sundaram, 2020)20, 25 mA/cm2 with 
cylindrical electrodes (MMO and Ti sheet).

2. Reverse osmosis: This process involves forcing the wastewater through a 
membrane under high pressure, which effectively removes the chloride 
ions and other dissolved salts from the water. 

3. Ion exchange: This process involves passing the wastewater through a 
resin bed that selectively removes the chloride ions from the water (Payel, 
Hashem, & Hasan, 2021)unhairing and liming (termed as liming.

4. Electro chlorination: This process involves passing an electric current 
through the wastewater, which generates chlorine gas. The chlorine gas 
reacts with the chloride ions in the water to form chloride ions, which can 
then be removed by precipitation or filtration (Mustafa, 2014; Mustapha, 
Ndamitso, Abdulkareem, Tijani, Mohammed, & Shuaib, 2019).
Lime-Alum process is only effective for removing chloride ions, other 

dissolved salts such as sodium and sulfates will remain in the water and will 
not be removed by this process, so this process should be used in 
combination with other technologies to achieve the desired results. Indeed, 
the price per m3 of  treated water could be prohibitive. Installation and 
running costs are expensive once the rates are large (tens or even hundreds 
of  m3 of  water per hour). The technique is determined by the water's final 
destination, and everything hinges on the findings of  the scoping study. The 
issue is the cost of  desalinated water.

The available chloride removal technologies are costly and 
time-consuming (Barman, Juel, & Hashem, 2016; Zhao, Wu, Tang, Zhou, & 

Guo, 2022) on the other hand Lime-alum process is easy and cost-efficient 
(Selvaraj, Aravind, George, & Sundaram, 2020). Chlorides react with Calcium 
Hydroxide and Aluminum sulfate then produce Calcium Chloroaluminate 
which is insoluble and precipitated. By taking this mechanism, it has been 
found maximum time saving, temperature, pH. and amount of  alum in which 
maximum chloride is removed from soaking water (Mpofu, Oyekola, & Welz, 
2021).

2. Methodology
A brief  description of  the methodology to be applied in this study has been 
given in this chapter. This includes sample and material collection, 
wastewater preparation, characterization, and process optimization of  the 
lime alum process. A comparison of  the raw and final treated water has also 
been incorporated here.

2.1. Materials
The collection of  raw materials, of  sufficient amount and quality, is a 
fundamental factor in the nanocomposite manufacturing process. Raw 
materials are the primary production components, playing an important role 
in synthesis and testing. In this study, Soaking Wastewater, Alam and Lime 
has been used. Soaking wastewater collected from a renowned tannery in 
Jessore Bangladesh. Alam and Lime have been purchased from Scientific & 
Chemical Mart, Khulna, Bangladesh. Figure 1 illustrated the materials used in 
this study whereas Table I represents the characteristics of  raw soaking 
wastewater.
Table I
The characteristics of  raw soaking wastewater and reference water
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1. Introduction 
Leather has become one of  the most commonly traded markets in the world, 
with a leather industry and a demand for completed leather products like 
shoes, clothing, and bags in every country  (Mpofu, Oyekola, & Welz, 2021; 
Zhao, Wu, Tang, Zhou, & Guo, 2022). With an estimated 1.67 ×109m2 of  

leather produced annually and a global trade value of  US$100×109/year, the 
leather tanning and leather products business play a significant part in the 
developing world's economy (Dixit, Yadav, Dwivedi, & Das, 2015; Masciana, 
2015). Given the abundance of  a  low-cost labour force,   lower treatment, 
less severe environmental regulations and disposal expenditures of  industrial 
wastewater, the developing world holds the largest share and supplies 
(>60%) of  the world's largest skins/hides industry (TWW)(Mottalib, 
Somoal, Islam, & Alam, 2015; Shaibur, Tanzia, Nishi, Nahar, Parvin, & 
Adjadeh, 2022; Swartz, Jackson-Moss, Rowswell, Mpofu, & Welz, 2017). 

Bangladesh is a highly populated nation and its growth, industrialization, 
and unplanned urbanization near river banks have caused severe strain on 
water resources (Das, Rani, Mamun, Howlader, & Shaibur, 2021; Shaibur, 
Parvin, Ahmmed, Rahaman, Das, & Sarwar, 2021). Industrial waste, 
particularly tannery effluent, is one of  the most significant pollutants globally 
and presents a serious environmental challenge in Bangladesh (Mizan, Zohra, 
Ahmed, Nurnabi, & Alam, 2016; Samet & Valiyaveettil, 2018)TDS, BOD5, 
COD and chromic oxide content of  polluted water were reduced 
significantly.Bangladesh J. Sci. Ind. Res. 51(3. The concentration of  Cr (VI) 
in tannery effluent from Hazaribagh in Bangladesh is high, with an average 
of  374.19 mg/L (Asaduzzaman, Hasan, Rajia, Khan, & Kabir,  2016). The 
highest concentration of  939.8 mg/L was found in the surface water near 
Hazaribagh in Dhaka, but it was much lower at 27.65 mg/L in Nowapara in 
Jashore (Shaibur, Tanzia, Nishi, Nahar, Parvin,  & Adjadeh, 2022). 
Discharging untreated tannery effluent into rivers leads to pollution of  
aquatic ecosystems and fish contamination, leading to bio-accumulation of  
Cr (VI) in humans(Hossain, Chowdhury, Jahan, Zzaman, & Islam, 2021; 
Shaibur, Hossain, Khatun, & Tanzia, 2021)Bangladesh. A total of  35 water 
samples were collected from different tea stalls, street side fast food stalls, 
normal restaurants and well-furnished restaurants. The water quality was 
evaluated by determining the distinct physical, chemical and biological 
parameters. The results revealed that the water used in the food stalls and 
restaurants for drinking purpose was in desired quality in terms of  turbidity, 
electrical conductivity, pH, total dissolved solids, nitrate (NO3−. Tanners are 
striving to minimize their water usage, encourage the better chemical 
acquisition, reuse and/or reuse processed liquid, industrial effluent, and/or 
solid waste, decrease substance, and/or eliminate the widespread use of  
certain contaminants, following international attempts for pollution control 
(Younas et al., 2022). However, the majority of  tanneries in the poor 
countries have found it difficult to employ these procedures due to the 
associated extra or capital expenditures, as well as the fear of  jeopardizing 

leather quality. (Mpofu, Oyekola, & Welz, 2019). 
Chloride removal from tannery-soaking wastewater is an important step 

in the treatment of  wastewater generated by the tanning industry. Chloride 
ions are a major component of  dissolved salts in wastewater and are one of  
the main contributors to the total dissolved solids (TDS) in the water. High 
levels of  chloride ions can cause environmental problems and can also be 
harmful to human health if  the water is not properly treated.

There are several methods that can be used to remove chloride ions from 
tannery-soaking wastewater, including: 
1. Lime-Alum process: This process involves adding lime (Ca(OH)2) and 

alum (Al(OH)3) to the wastewater. The lime reacts with the chloride ions 
to form calcium chloride (CaCl2), which is a white solid that precipitates 
out of  the water. Alum reacts with the hydroxide ions (OH-) to form 
aluminum hydroxide (Al(OH)3), which also precipitates out of  the water. 
This process is highly efficient and cost-effective for chloride removal 
(Ayoub, Hamzeh, & Semerjian, 2011; Mottalib, Somoal, Islam, & Alam, 
2015; Selvaraj, Aravind, George, & Sundaram, 2020)20, 25 mA/cm2 with 
cylindrical electrodes (MMO and Ti sheet).

2. Reverse osmosis: This process involves forcing the wastewater through a 
membrane under high pressure, which effectively removes the chloride 
ions and other dissolved salts from the water. 

3. Ion exchange: This process involves passing the wastewater through a 
resin bed that selectively removes the chloride ions from the water (Payel, 
Hashem, & Hasan, 2021)unhairing and liming (termed as liming.

4. Electro chlorination: This process involves passing an electric current 
through the wastewater, which generates chlorine gas. The chlorine gas 
reacts with the chloride ions in the water to form chloride ions, which can 
then be removed by precipitation or filtration (Mustafa, 2014; Mustapha, 
Ndamitso, Abdulkareem, Tijani, Mohammed, & Shuaib, 2019).
Lime-Alum process is only effective for removing chloride ions, other 

dissolved salts such as sodium and sulfates will remain in the water and will 
not be removed by this process, so this process should be used in 
combination with other technologies to achieve the desired results. Indeed, 
the price per m3 of  treated water could be prohibitive. Installation and 
running costs are expensive once the rates are large (tens or even hundreds 
of  m3 of  water per hour). The technique is determined by the water's final 
destination, and everything hinges on the findings of  the scoping study. The 
issue is the cost of  desalinated water.

The available chloride removal technologies are costly and 
time-consuming (Barman, Juel, & Hashem, 2016; Zhao, Wu, Tang, Zhou, & 

Guo, 2022) on the other hand Lime-alum process is easy and cost-efficient 
(Selvaraj, Aravind, George, & Sundaram, 2020). Chlorides react with Calcium 
Hydroxide and Aluminum sulfate then produce Calcium Chloroaluminate 
which is insoluble and precipitated. By taking this mechanism, it has been 
found maximum time saving, temperature, pH. and amount of  alum in which 
maximum chloride is removed from soaking water (Mpofu, Oyekola, & Welz, 
2021).

2. Methodology
A brief  description of  the methodology to be applied in this study has been 
given in this chapter. This includes sample and material collection, 
wastewater preparation, characterization, and process optimization of  the 
lime alum process. A comparison of  the raw and final treated water has also 
been incorporated here.

2.1. Materials
The collection of  raw materials, of  sufficient amount and quality, is a 
fundamental factor in the nanocomposite manufacturing process. Raw 
materials are the primary production components, playing an important role 
in synthesis and testing. In this study, Soaking Wastewater, Alam and Lime 
has been used. Soaking wastewater collected from a renowned tannery in 
Jessore Bangladesh. Alam and Lime have been purchased from Scientific & 
Chemical Mart, Khulna, Bangladesh. Figure 1 illustrated the materials used in 
this study whereas Table I represents the characteristics of  raw soaking 
wastewater.
Table I
The characteristics of  raw soaking wastewater and reference water
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1. Introduction 
Leather has become one of  the most commonly traded markets in the world, 
with a leather industry and a demand for completed leather products like 
shoes, clothing, and bags in every country  (Mpofu, Oyekola, & Welz, 2021; 
Zhao, Wu, Tang, Zhou, & Guo, 2022). With an estimated 1.67 ×109m2 of  

leather produced annually and a global trade value of  US$100×109/year, the 
leather tanning and leather products business play a significant part in the 
developing world's economy (Dixit, Yadav, Dwivedi, & Das, 2015; Masciana, 
2015). Given the abundance of  a  low-cost labour force,   lower treatment, 
less severe environmental regulations and disposal expenditures of  industrial 
wastewater, the developing world holds the largest share and supplies 
(>60%) of  the world's largest skins/hides industry (TWW)(Mottalib, 
Somoal, Islam, & Alam, 2015; Shaibur, Tanzia, Nishi, Nahar, Parvin, & 
Adjadeh, 2022; Swartz, Jackson-Moss, Rowswell, Mpofu, & Welz, 2017). 

Bangladesh is a highly populated nation and its growth, industrialization, 
and unplanned urbanization near river banks have caused severe strain on 
water resources (Das, Rani, Mamun, Howlader, & Shaibur, 2021; Shaibur, 
Parvin, Ahmmed, Rahaman, Das, & Sarwar, 2021). Industrial waste, 
particularly tannery effluent, is one of  the most significant pollutants globally 
and presents a serious environmental challenge in Bangladesh (Mizan, Zohra, 
Ahmed, Nurnabi, & Alam, 2016; Samet & Valiyaveettil, 2018)TDS, BOD5, 
COD and chromic oxide content of  polluted water were reduced 
significantly.Bangladesh J. Sci. Ind. Res. 51(3. The concentration of  Cr (VI) 
in tannery effluent from Hazaribagh in Bangladesh is high, with an average 
of  374.19 mg/L (Asaduzzaman, Hasan, Rajia, Khan, & Kabir,  2016). The 
highest concentration of  939.8 mg/L was found in the surface water near 
Hazaribagh in Dhaka, but it was much lower at 27.65 mg/L in Nowapara in 
Jashore (Shaibur, Tanzia, Nishi, Nahar, Parvin,  & Adjadeh, 2022). 
Discharging untreated tannery effluent into rivers leads to pollution of  
aquatic ecosystems and fish contamination, leading to bio-accumulation of  
Cr (VI) in humans(Hossain, Chowdhury, Jahan, Zzaman, & Islam, 2021; 
Shaibur, Hossain, Khatun, & Tanzia, 2021)Bangladesh. A total of  35 water 
samples were collected from different tea stalls, street side fast food stalls, 
normal restaurants and well-furnished restaurants. The water quality was 
evaluated by determining the distinct physical, chemical and biological 
parameters. The results revealed that the water used in the food stalls and 
restaurants for drinking purpose was in desired quality in terms of  turbidity, 
electrical conductivity, pH, total dissolved solids, nitrate (NO3−. Tanners are 
striving to minimize their water usage, encourage the better chemical 
acquisition, reuse and/or reuse processed liquid, industrial effluent, and/or 
solid waste, decrease substance, and/or eliminate the widespread use of  
certain contaminants, following international attempts for pollution control 
(Younas et al., 2022). However, the majority of  tanneries in the poor 
countries have found it difficult to employ these procedures due to the 
associated extra or capital expenditures, as well as the fear of  jeopardizing 

leather quality. (Mpofu, Oyekola, & Welz, 2019). 
Chloride removal from tannery-soaking wastewater is an important step 

in the treatment of  wastewater generated by the tanning industry. Chloride 
ions are a major component of  dissolved salts in wastewater and are one of  
the main contributors to the total dissolved solids (TDS) in the water. High 
levels of  chloride ions can cause environmental problems and can also be 
harmful to human health if  the water is not properly treated.

There are several methods that can be used to remove chloride ions from 
tannery-soaking wastewater, including: 
1. Lime-Alum process: This process involves adding lime (Ca(OH)2) and 

alum (Al(OH)3) to the wastewater. The lime reacts with the chloride ions 
to form calcium chloride (CaCl2), which is a white solid that precipitates 
out of  the water. Alum reacts with the hydroxide ions (OH-) to form 
aluminum hydroxide (Al(OH)3), which also precipitates out of  the water. 
This process is highly efficient and cost-effective for chloride removal 
(Ayoub, Hamzeh, & Semerjian, 2011; Mottalib, Somoal, Islam, & Alam, 
2015; Selvaraj, Aravind, George, & Sundaram, 2020)20, 25 mA/cm2 with 
cylindrical electrodes (MMO and Ti sheet).

2. Reverse osmosis: This process involves forcing the wastewater through a 
membrane under high pressure, which effectively removes the chloride 
ions and other dissolved salts from the water. 

3. Ion exchange: This process involves passing the wastewater through a 
resin bed that selectively removes the chloride ions from the water (Payel, 
Hashem, & Hasan, 2021)unhairing and liming (termed as liming.

4. Electro chlorination: This process involves passing an electric current 
through the wastewater, which generates chlorine gas. The chlorine gas 
reacts with the chloride ions in the water to form chloride ions, which can 
then be removed by precipitation or filtration (Mustafa, 2014; Mustapha, 
Ndamitso, Abdulkareem, Tijani, Mohammed, & Shuaib, 2019).
Lime-Alum process is only effective for removing chloride ions, other 

dissolved salts such as sodium and sulfates will remain in the water and will 
not be removed by this process, so this process should be used in 
combination with other technologies to achieve the desired results. Indeed, 
the price per m3 of  treated water could be prohibitive. Installation and 
running costs are expensive once the rates are large (tens or even hundreds 
of  m3 of  water per hour). The technique is determined by the water's final 
destination, and everything hinges on the findings of  the scoping study. The 
issue is the cost of  desalinated water.

The available chloride removal technologies are costly and 
time-consuming (Barman, Juel, & Hashem, 2016; Zhao, Wu, Tang, Zhou, & 

Guo, 2022) on the other hand Lime-alum process is easy and cost-efficient 
(Selvaraj, Aravind, George, & Sundaram, 2020). Chlorides react with Calcium 
Hydroxide and Aluminum sulfate then produce Calcium Chloroaluminate 
which is insoluble and precipitated. By taking this mechanism, it has been 
found maximum time saving, temperature, pH. and amount of  alum in which 
maximum chloride is removed from soaking water (Mpofu, Oyekola, & Welz, 
2021).

2. Methodology
A brief  description of  the methodology to be applied in this study has been 
given in this chapter. This includes sample and material collection, 
wastewater preparation, characterization, and process optimization of  the 
lime alum process. A comparison of  the raw and final treated water has also 
been incorporated here.

2.1. Materials
The collection of  raw materials, of  sufficient amount and quality, is a 
fundamental factor in the nanocomposite manufacturing process. Raw 
materials are the primary production components, playing an important role 
in synthesis and testing. In this study, Soaking Wastewater, Alam and Lime 
has been used. Soaking wastewater collected from a renowned tannery in 
Jessore Bangladesh. Alam and Lime have been purchased from Scientific & 
Chemical Mart, Khulna, Bangladesh. Figure 1 illustrated the materials used in 
this study whereas Table I represents the characteristics of  raw soaking 
wastewater.
Table I
The characteristics of  raw soaking wastewater and reference water

soaking wastewater 7.8 12396 7.1 8.7 11.76 8352
reference water 7.2 635 5.72 6.8 11.3 1560

Parameters pH COD mg/LChloride
mg/L TDS g/L Salinity ppt Conductivity

Ms



Chloride removal from tannery soaking wastewater (Md. Monirul Islam)

IIUC Journal of  Science and Engineering       ISSN: 3005-5873        161

Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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Figure 1
Raw materials used in this study are Soaking Wastewater, Alam and Lime

2.2. Experimental procedure 
The whole set of  experiments was done with both the tannery-soaking 
wastewater and synthetic distilled water made in the laboratory. The distilled 
water was named reference water. At first, six beakers were taken with 100 
mL soaking wastewater each. Then pHs for all the beakers were adjusted 
from 8 to 13 by adding the appropriate amount of  lime. Then 1gm alum was 
added to each beaker and stirred in a magnetic stirring machine for 30 
minutes. After that, the beakers were kept undisturbed for 30 minutes for 
gravity settling. The decantation from the top of  the beakers was done 
carefully and the decanted samples were taken for chloride determination. 
The same experiments were done with the reference saline water by keeping 
the parameters (temperature, time, amount of  alum) unchanged.

This procedure was repeated for different parameters. For the parameter 
temperature, it was kept undisturbed setting for 30 min at 20°C, 25°C, 30°C, 
35°C, and 40°C and recorded the effect of temperature on chloride. 

With varying time from 5 minutes to 35 minutes by 5-minute intervals, 
the effect of  time was also observed when other parameters remain 
unchanged.  Lastly, the effect of  alum dosages was documented.  

2.3. Chloride removal mechanism by Lime-Alum process
Chlorides easily react with Calcium Hydroxide and Aluminum sulfate then 

produce calcium Chloroaluminate which is an insoluble and precipitated 
reaction. So, Chlorides can be easily removed from the wastewater. The 
mechanism has been present by equitation 1. 

4Ca+2+2Al(OH)4+2Cl−+4OH− → Ca4Al2Cl2(OH)12                       (1)
Equation 1 describes the mechanism of  chloride removal from tannery 

soaking wastewater using the Lime-Alum process. The equation shows the 
chemical reaction that takes place when lime (Ca(OH)2) and alum (Al(OH)3) 
are added to wastewater containing chloride ions (Cl-). The lime and alum 
react with the chloride ions and hydroxide ions (OH-) in the wastewater to 
form a complex compound called calcium aluminum chloride hydroxide 
hydrate (Ca4Al2Cl2(OH)12). This compound is a white solid that 
precipitates out of  the water, effectively removing the chloride ions thus 
reduces the salinity of  the wastewater. 

It's worth noting that the Lime-Alum process is only effective for 
removing chloride ions, other dissolved salts such as sodium and sulphates 
will remain in the water and will not be removed by this process, so this 
process should be used in combination with other technologies to achieve 
the desired results. Additionally, care should be taken in the disposal of  the 
generated sludge and monitoring of  pH in the treated water to minimize 
negative environmental impacts.

3. Results and discussion 
3.1. Effect of  pH on the removal of  Chloride
By adding Alum and Lime the value of  the pH varies from 8 to 13 along with 
chloride removal. Table II and figure 2 enlisted and illustrated the effect of  
pH on chloride removal. pH value plotted in the X-axis and the percentage 
of  chloride removal in the Y-axis of  figure 2. From the graph and table II, it 
is observed that Chloride removal increase with increasing pH from 8 to 10 
but Chloride removal decreases with increasing pH from 11 to 13 for a 
sample and reference water    It was seen that Chloride removal was 
maximum at pH 10 for a sample and reference water. Salinity for the sample 
and reference water were measured it showed a higher value for sample water 
than reference water. Salinity is also affected by the pH of  the water enlisted 
in table II. The sample water salinity was similar to the reference water for 
pH 11.

Figure 2
Chloride removal vs pH (dose, time, temp= constant)

Table II
Effect of  pH on chlorides removal and salinity for sample and reference solution

pH in the X-axis and the percentage of  chloride removal in the Y-axis are 
plotted in a graph. The graph is shown in figure 2. The pH of  the raw 
samples examined ranged from 8 to 13, with maximum chloride removal of  
90.37% and minimum chloride removal of  66.41%. Following the addition 
of  various amounts of  lime to raise the pH to around 11, a progressive fall in 
pH was observed. This progressive increase was attributed to the creation of  
Ca4Al2Cl2(OH)12 by the addition of  alum and lime at an increased pH, with 
concentrations increasing with higher dosages of  lime and alum. Increasing 
the concentration of  hydroxyl (OH)− ions which leads to increased pH 
values. After pH value 11 the concentration of  (OH)− was higher, which 
protested chloride removal.  

3.2. Effect of  alum dosage on Chloride removal
The concentration of  alum played a key role to remove chloride from 
wastewater. Due to the increase in alum dosage, pH also increases, and the 
phenomenon is common as before. Table III and figure 3 have listed and 
plotted the characteristic of  chloride removal.

Table III
Effect of  alum dosage on chloride removal and salinity for sample and reference solution.

Figure 3
Chloride removal vs Alum dosage (pH =, time=, temp= constant)

Alum dosage on the X-axis and the percentage of  chloride removal on the 
Y-axis are plotted in a graph. The graph is shown in fig 3. It was observed 
that Chloride removal increased with increasing Alum dosage from 0.25gm 
to 0.5gm but Chloride removal decreased with increasing Alum dosage from 
1gm to 2.5gm for sample water. On the other hand, for reference water 
Chloride removal increase with increasing Alum dosage from 0.25 gm to 

1.5gm but Chloride removal decrease with increasing Alum dosage from 2gm 
to 2.5 gm. It was decided that Chloride removal was maximum at Alum 
dosage 0.5 gm for sample water and 1.5gm alum dosage for reference water. 

3.3. Effect of  reaction time on Chloride removal
The interaction period was kept at 25 minutes in the experiment because of  
the approach used. However, because the rate of  reaction is time-dependent, 
an experiment was conducted to assess the rate of  reaction at various contact 
times, as shown in figure 4. The contact duration between the biomass and 
the test solution was varied while the other parameters were kept constant 
(Apte, Apte,  Kore, & Kore, 2011). Reaction time in the X-axis and 
percentage of  chloride removal in the Y-axis is plotted in figure 4. It was 
observed that Chloride removal increased with increasing Reaction time 
from 5 minutes to 30 minutes, but Chloride removal decreased with 
increasing reaction time from 30 minutes for sample water. On the other 
hand, for reference water Chloride removal increase with increasing reaction 
time from 5 minutes to 20 minutes but decrease for 25minute then increase 
with increasing reaction time from 30 minutes. It was decided that Chloride 
removal was maximum at a reaction time of  25 minutes for sample water and 
a reaction time of  35 minutes for reference water. 

Figure 4
Chloride removal vs Reaction time (pH =, temp and alum dosage 0.5gm for the sample and 1.5 gm for 
reference water)

Table IV
Effect of  time on chloride removal and salinity for sample and reference solution.

3.4. Effect of  temperature on Chloride removal
The effect of  temperature is shown in fig 5. From the figure, it was studied 
that Chloride removal increase with increasing temperature from 20°C to 
25°C then decreases with raising the temperature for the sample and 
reference water. It was decided from the graph maximum chloride was 
removed at 25°C. 

Table V 
Effect of  temperature on chloride removal and salinity for sample and reference solution.

Figure 5
Chloride removal vs Temperature (°C) [ PH=10, time=25 for sample and 35 for reference, alum .5gm for 
sample and 1.5 gm for reference]

3.5. Result analysis
The effect of  pH, alum dosage, reaction time, and temperature on chloride 
removal from wastewater was studied. The results showed that chloride 
removal was maximum at a pH of  10 for a sample water and at a pH of  11 
for reference water. The chloride removal increased with increasing alum 
dosage from 0.25 gm to 0.5 gm for sample water and from 0.25 gm to 1.5 gm 
for reference water. The chloride removal increased with increasing reaction 
time from 5 minutes to 25 minutes for sample water and from 5 minutes to 
35 minutes for reference water. Finally, the chloride removal was maximum 
at a temperature of  25°C for both sample and reference water. 

4. Conclusion 
In conclusion, the optimization of  the Lime Alum process for chloride 
removal from tannery soaking wastewater was successfully carried out in this 
investigation. The optimum conditions for the process were found to be pH 
10, a reaction time of  25 minutes, a temperature of  25°C, and an alum dosage 
of  0.5gm. These conditions resulted in excellent chloride removal of  
(94.88%), with a final chloride concentration of  635 mg/L. The study also 
found that the Lime Alum process is cost-effective, as it uses inexpensive 
chemicals and requires low energy consumption. These findings suggest that 
the Lime Alum process is a promising solution for chloride removal from 
tannery-soaking wastewater and similar industries. The optimized conditions 
can be recommended for future implementation in the treatment of  

tannery-soaking wastewater. Additionally, care should be taken in the 
disposal of  the generated sludge and monitoring of  pH in the treated water 
to minimize negative environmental impacts.
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1. Introduction 
The consumption of  herbal medicines in treatment of  different disorders 
has expanded considerably in today’s world. The popularity of  herbal drugs 
and food supplements in the world is due to more efficacy and less toxicity 

than synthetic drugs. Secondary metabolites remaining in raw products can 
play a vital part in the therapy of  various ailment like neurological disorders, 
heart disease, diarrhea, stroke, and various worm infection. (Mishra & Tiwari, 
2011). Though natural products have been a prime origin of  therapeutic 
agents for several sprinkle of  decades, but based on their traditional customs, 
natural products also a source of  extent of  latest synthetic drugs that have 
been secluded from raw sources. Reactive oxygen species are commonly 
known to be a critical factor in the pathophysiology of  ischemia, arthritis, 
reperfusion injury of  various tissues and atherosclerosis (Camkurt, Fındıklı, 
İzci, Kurutaş, & Tuman, 2016; Vaváková, Ďuračková, & Trebatická, 2015). 
One of  the most momentous pathways for the production of  free radicals  in 
food, medication, and even biological process is the oxidation process (da 
Silveira et al., 2016). Several commercially accessible synthetic antioxidants, 
including gallic acid esters, tertiary butylated hydroquinone, butylated 
hydroxy anisole (BHA), butylated hydroxytoluene (BHT), and have been 
linked to detrimental clinical outcomes. The therapeutic possibilities of  
medicinal plants as antioxidants in preventing various free radical generated 
tissue damage have recently gained considerable attention (Gbolade & 
Adeyemi, 2008). 

Chaetocarpus castanocarpus (Roxb.) (Synonym: C. pungens; Family: Peraceae) 
is a large evergreen tree which is able to grow with a height of  about 45 m 
and indigenous to  Myanmar, Indonesia,  Cambodia,    India,  Srilanka, 
Thailand,  Bangladesh, Andaman Islands,     Laos and Vietnam. The leaf  
extract of  this plant is being used conventionally in tribe’s area to treat 
swollen joints (Azwanida, 2015; Santiago, Lim, Loh, & Ting, 2015). Beside 
this, the leaf  of  this plant also used as food (Tsukiyama et al., 2010). Thus, 
the investigation was planned to scrutinize the antioxidant, anti-arthritic and 
anthelmintic effects of  the methanol extract of  Chaetocarpus castanocarpus 
(Roxb.)  leaves.

2. Materials & methods 
2.1. Chemicals and reagents
Methanol, Folin-Ciocalteu reagent, Gallic acid, 1, 1-diphenyl-2-picrylhydrazyl 
radical (DPPH) were bought from (Sigma Chemical Company, St. Louis, 
MO, USA). All the other analytical grade chemicals were procured from Taj 
Scientific Ltd., Bangladesh.

2.2. Plant collection and identification
Collection of  leaves of  Chaetocarpus castanocarpus was done from Sita Pahar 
area of  Kaptai, rangamati district, Chittagong, Bangladesh in March 2019 

and authenticated by a taxonomist Prof. Dr. Shaikh Bakhtear Uddin, 
Department of  Botany, University of  Chittagong, Bangladesh (Specimen 
No#201022-157). The unwanted adulterants were separated by hand, then 
the the plant materials were washed by using fresh water. Finally cleaned 
plant materials were shade dried at a low temperature of  (15-50) o, coarsely 
powdered by a suitable grinder and reserved in an airtight vessel.

2.3. Preparation of  plant extract 
About 400 gm rough pulverized leaves were solvated in 2000 mL of  80% 
methanol at a room temperature of  (25±2) o C  for 10 days with random 
shaking and then stirred  on a shaker device and also manually. The blended 
materials was filtered by using cotton plug following by Whatman #1 filter 
paper. To conclude, filtrate was then subjected to water bath at 40 °C to 
evaporate the solvent and the raw methanol extract was obtained which 
preserved at 4 °C (Haque, Jantan, Harikrishnan, & Ghazalee, 2019). 

2.4. Phytochemical analysis
Initially qualitative phytochemical screening for the recognition of  bioactive 
compounds existing in crude methanol extract of  Chaetocarpus castanocarpus 
(Roxb.) leaves  were performed according to standard phytochemical 
methods (Harborne, 1998; Hossain et al., 2018). 

2.5. Antioxidant activity
2.5.1. Determination of  DPPH free radical scavenging activity
The DPPH free radical scavenging activity of  MECC was assessed according 
to the protocol stated earlier (Bursal & Gülçin, 2011). 3 mL, 0.004% DPPH 
solution (4 mg DPPH was in 100 mL, 95% methanol) was diluted in 1mL of  
either extract or standard of  different concentration (15.625 to 500 µg/mL). 
After thirty min incubation at 25oC, absorbance was taken at 517 nm by the 
use of  UV-visible spectrophotometer. Here, the percentage (%) of  inhibition 
then done by the using the following equation,
          [A0-A1/A0]×100
Here, A0= control absorbance, A1=sample/standard absorbance
Using a non-linear regression algorithm, the IC50 was measured from the 
percentage inhibition against log concentration plot.

2.5.2. Determination of  total phenolic content 
The total phenolic content (TPC) was performed using Folin-Ciocalteu 
reagent (FCR) according to Reza et al. (2018) modified method. In brief, 1000 
µg/mL of  test sample/ standard (15.625 to 500 µg/mL) were assorted with 
2.5 mL of  FCR (10 times diluted with the water). Subsequently, 2.5mL 7.5% 
Na2CO3 was add up with the solution after five min of  incubation (25 oC) 

followed by the inclusion of  10mL of  distilled water. The admixture was 
incubated for 20 minutes at room temparature and absorbance was evaluated 
at 765 nm against blank. The estimation of  TPC was conducted triplicate. 
Graph of  standard gallic acid was used to quantify TPC. The outcomes were 
revealed as mg of  gallic acid equivalents (GAE) per g of  dried extract.

2.5.3. Determination of  total flavonoid content
The total flavonoid content (TFC) was estimated by aluminium colorimetric 
method described by Oyedemi and Afolayan (2011). 1mL of  test sample 
(1mg/mL) or standard (100-12.5 µg/mL) was added with 3mL of  methanol 
and followed by inclusion of  0.2 mL 10% AlCl3, 0.2 mL of  1M CH3CO2Na 
and 5.6 mL of  distilled water. The blend was then incubated for 30 min at RT 
and absorbance was calculated at 420 nm against blank. The estimation of  
TFC was lead triplicate. A graph of  standard quercetin was used to figure out 
TFC and the outcome was revealed as of  mg of quercetin equivalents (QE) 
per gm of  dried extract.

2.6. Anti-arthritic activity
The anti-arthritic activity of  MECCL was conducted according to  method 
designated by Uddin et al. (Ansari et al., 2017) with minor modifications. 
Serial dilution of  different concentrations ( 31.25-500 µg/ml) of  MECC 
extract and as standard diclofenac-Na were procured. For each concentration 
0.5 mL of  test sample or standard from prepared dilutions was mixed with 
the aqueous albumin (0.45 mL, 5% w/v). To adjust the pH at 6.3, 1N HCl 
was added. The admixtures were first incubated at 37ºC for 20 min and then 
we increased the temperature to retain the mixtures at 57ºC for 30 min. After 
the completion of  incubation, the samples were cooled and then phosphate 
buffer (2.5 mL) was added. The blank solution contain all reagents excluding 
extract. The absorbance taken at 416 nm by the use of  UV-Visible 
spectrophotometer. The percent inhibition of  protein denaturation was done 
from “[A0-A1/A0] ×100”, where A0=control absorbance and 
A1=sample/standard absorbance.

2.7. Anthelmintic activity
The anthelmintic activity of  MECCL extract was examined using the 
mentioned protocol with minor modifications (Adnan et al., 2019; 
Sujavanthi, Thayalini, & Mikunthan, 2023). The aquarium ringed worms 
(Tubifex tubifex; size: 2-2.5 cm long) were used owing to their relevance with 
intestinal worms both anatomically and physiologically. 50 worms (7-10 days 
old) were divided into five groups comprising of  ten (n=10) in each group 
and randomly placed in a cell-culture dish. In the control group (group I) 

water was added, group-II was then served with standard drug levamisole (1 
mg/mL), and test groups (III, IV, and V) were treated with 3 mL of  MECCL 
extract at three concentrations (5,10 and 20 mg/mL). The experiment was 
performed in triplicate for all worms group. Anthelmintic activity was 
recorded by determining both the time of  the paralysis and death of  worms. 
Paralysis periods were reported when worms lost all movement unless 
shaken strongly. Death time was famed when the worms were neither shaken 
as strongly nor drenched in hot water (50℃) followed by vanishing of  their 
body colors. 

3. Results 
3.1. Phytochemical screening
The qualitative phytochemical screening of  methanol extract of  Chaetocarpus 
castanocarpus leaves (Roxb.)  (MECCL) evident the appearance of  many 
secondary metabolites like alkaloid, glycosides, phenol, flavonoid, tannin etc. 
The result of  this demonstration encapsulated in Table I.

Table I
Outcome of  phytochemical screening of  methanol extract of  Chaetocarpus castanocarpus (Roxb.) leaves 
(MECCL)

3.2. Antioxidant effect
3.2.1. DPPH radical scavenging assay
The antioxidant activity of  MECCL was examined by DPPH free radical 
scavenging assay. The raw extract demonstrates potential antioxidant 
properties which were obtainable in Figure 1. The topmost value of  
antioxidant potency (87.38%) of  MECCL has exposed at 500 µg/ml 

concentration, whereas standard ascorbic acid reveals a 97.49% outcome at a 
identical concentration. Here, the capability of  scavenging properties was 
increased when we increased the concentration. The IC50 values of  MECCL 
and ascorbic acid were 146.44% and 19.72%, subsequently, that was assessed 
using linear regression formula.

Figure 1
Radical scavenging activity: by the DPPH (1, 1-diphenyl-2-picrylhydrazyl) assay of  MECCL and ascorbic 
acid (standard drug) at different concentrations.

3.2.2. Total flavonoid and phenolic contents
The total flavonoid and phenol content of  our rough extract was assessed 
quantitatively. The outcome is exhibited in Table II. The flavonoid and 
phenolic potentials of  MECCL were found at 149.14± 0.084 mg QE/gm 
and 184.66 ± 0.064 mg GAE/gm, correspondingly. Here, MECCL was 
carried out through linear regression equation (As for flavonoid activity, 
equation stands for y = 0.003x + 0.032; for phenolic inspection, it was y = 
0.003x + 0.004). 

Table II
Total phenol and flavonoid contents of  methanol extract of Chaetocarpus castanocarpus 
(Roxb.) leaves (MECCL).
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1. Introduction 
The consumption of  herbal medicines in treatment of  different disorders 
has expanded considerably in today’s world. The popularity of  herbal drugs 
and food supplements in the world is due to more efficacy and less toxicity 

than synthetic drugs. Secondary metabolites remaining in raw products can 
play a vital part in the therapy of  various ailment like neurological disorders, 
heart disease, diarrhea, stroke, and various worm infection. (Mishra & Tiwari, 
2011). Though natural products have been a prime origin of  therapeutic 
agents for several sprinkle of  decades, but based on their traditional customs, 
natural products also a source of  extent of  latest synthetic drugs that have 
been secluded from raw sources. Reactive oxygen species are commonly 
known to be a critical factor in the pathophysiology of  ischemia, arthritis, 
reperfusion injury of  various tissues and atherosclerosis (Camkurt, Fındıklı, 
İzci, Kurutaş, & Tuman, 2016; Vaváková, Ďuračková, & Trebatická, 2015). 
One of  the most momentous pathways for the production of  free radicals  in 
food, medication, and even biological process is the oxidation process (da 
Silveira et al., 2016). Several commercially accessible synthetic antioxidants, 
including gallic acid esters, tertiary butylated hydroquinone, butylated 
hydroxy anisole (BHA), butylated hydroxytoluene (BHT), and have been 
linked to detrimental clinical outcomes. The therapeutic possibilities of  
medicinal plants as antioxidants in preventing various free radical generated 
tissue damage have recently gained considerable attention (Gbolade & 
Adeyemi, 2008). 

Chaetocarpus castanocarpus (Roxb.) (Synonym: C. pungens; Family: Peraceae) 
is a large evergreen tree which is able to grow with a height of  about 45 m 
and indigenous to  Myanmar, Indonesia,  Cambodia,    India,  Srilanka, 
Thailand,  Bangladesh, Andaman Islands,     Laos and Vietnam. The leaf  
extract of  this plant is being used conventionally in tribe’s area to treat 
swollen joints (Azwanida, 2015; Santiago, Lim, Loh, & Ting, 2015). Beside 
this, the leaf  of  this plant also used as food (Tsukiyama et al., 2010). Thus, 
the investigation was planned to scrutinize the antioxidant, anti-arthritic and 
anthelmintic effects of  the methanol extract of  Chaetocarpus castanocarpus 
(Roxb.)  leaves.

2. Materials & methods 
2.1. Chemicals and reagents
Methanol, Folin-Ciocalteu reagent, Gallic acid, 1, 1-diphenyl-2-picrylhydrazyl 
radical (DPPH) were bought from (Sigma Chemical Company, St. Louis, 
MO, USA). All the other analytical grade chemicals were procured from Taj 
Scientific Ltd., Bangladesh.

2.2. Plant collection and identification
Collection of  leaves of  Chaetocarpus castanocarpus was done from Sita Pahar 
area of  Kaptai, rangamati district, Chittagong, Bangladesh in March 2019 

and authenticated by a taxonomist Prof. Dr. Shaikh Bakhtear Uddin, 
Department of  Botany, University of  Chittagong, Bangladesh (Specimen 
No#201022-157). The unwanted adulterants were separated by hand, then 
the the plant materials were washed by using fresh water. Finally cleaned 
plant materials were shade dried at a low temperature of  (15-50) o, coarsely 
powdered by a suitable grinder and reserved in an airtight vessel.

2.3. Preparation of  plant extract 
About 400 gm rough pulverized leaves were solvated in 2000 mL of  80% 
methanol at a room temperature of  (25±2) o C  for 10 days with random 
shaking and then stirred  on a shaker device and also manually. The blended 
materials was filtered by using cotton plug following by Whatman #1 filter 
paper. To conclude, filtrate was then subjected to water bath at 40 °C to 
evaporate the solvent and the raw methanol extract was obtained which 
preserved at 4 °C (Haque, Jantan, Harikrishnan, & Ghazalee, 2019). 

2.4. Phytochemical analysis
Initially qualitative phytochemical screening for the recognition of  bioactive 
compounds existing in crude methanol extract of  Chaetocarpus castanocarpus 
(Roxb.) leaves  were performed according to standard phytochemical 
methods (Harborne, 1998; Hossain et al., 2018). 

2.5. Antioxidant activity
2.5.1. Determination of  DPPH free radical scavenging activity
The DPPH free radical scavenging activity of  MECC was assessed according 
to the protocol stated earlier (Bursal & Gülçin, 2011). 3 mL, 0.004% DPPH 
solution (4 mg DPPH was in 100 mL, 95% methanol) was diluted in 1mL of  
either extract or standard of  different concentration (15.625 to 500 µg/mL). 
After thirty min incubation at 25oC, absorbance was taken at 517 nm by the 
use of  UV-visible spectrophotometer. Here, the percentage (%) of  inhibition 
then done by the using the following equation,
          [A0-A1/A0]×100
Here, A0= control absorbance, A1=sample/standard absorbance
Using a non-linear regression algorithm, the IC50 was measured from the 
percentage inhibition against log concentration plot.

2.5.2. Determination of  total phenolic content 
The total phenolic content (TPC) was performed using Folin-Ciocalteu 
reagent (FCR) according to Reza et al. (2018) modified method. In brief, 1000 
µg/mL of  test sample/ standard (15.625 to 500 µg/mL) were assorted with 
2.5 mL of  FCR (10 times diluted with the water). Subsequently, 2.5mL 7.5% 
Na2CO3 was add up with the solution after five min of  incubation (25 oC) 

followed by the inclusion of  10mL of  distilled water. The admixture was 
incubated for 20 minutes at room temparature and absorbance was evaluated 
at 765 nm against blank. The estimation of  TPC was conducted triplicate. 
Graph of  standard gallic acid was used to quantify TPC. The outcomes were 
revealed as mg of  gallic acid equivalents (GAE) per g of  dried extract.

2.5.3. Determination of  total flavonoid content
The total flavonoid content (TFC) was estimated by aluminium colorimetric 
method described by Oyedemi and Afolayan (2011). 1mL of  test sample 
(1mg/mL) or standard (100-12.5 µg/mL) was added with 3mL of  methanol 
and followed by inclusion of  0.2 mL 10% AlCl3, 0.2 mL of  1M CH3CO2Na 
and 5.6 mL of  distilled water. The blend was then incubated for 30 min at RT 
and absorbance was calculated at 420 nm against blank. The estimation of  
TFC was lead triplicate. A graph of  standard quercetin was used to figure out 
TFC and the outcome was revealed as of  mg of quercetin equivalents (QE) 
per gm of  dried extract.

2.6. Anti-arthritic activity
The anti-arthritic activity of  MECCL was conducted according to  method 
designated by Uddin et al. (Ansari et al., 2017) with minor modifications. 
Serial dilution of  different concentrations ( 31.25-500 µg/ml) of  MECC 
extract and as standard diclofenac-Na were procured. For each concentration 
0.5 mL of  test sample or standard from prepared dilutions was mixed with 
the aqueous albumin (0.45 mL, 5% w/v). To adjust the pH at 6.3, 1N HCl 
was added. The admixtures were first incubated at 37ºC for 20 min and then 
we increased the temperature to retain the mixtures at 57ºC for 30 min. After 
the completion of  incubation, the samples were cooled and then phosphate 
buffer (2.5 mL) was added. The blank solution contain all reagents excluding 
extract. The absorbance taken at 416 nm by the use of  UV-Visible 
spectrophotometer. The percent inhibition of  protein denaturation was done 
from “[A0-A1/A0] ×100”, where A0=control absorbance and 
A1=sample/standard absorbance.

2.7. Anthelmintic activity
The anthelmintic activity of  MECCL extract was examined using the 
mentioned protocol with minor modifications (Adnan et al., 2019; 
Sujavanthi, Thayalini, & Mikunthan, 2023). The aquarium ringed worms 
(Tubifex tubifex; size: 2-2.5 cm long) were used owing to their relevance with 
intestinal worms both anatomically and physiologically. 50 worms (7-10 days 
old) were divided into five groups comprising of  ten (n=10) in each group 
and randomly placed in a cell-culture dish. In the control group (group I) 

water was added, group-II was then served with standard drug levamisole (1 
mg/mL), and test groups (III, IV, and V) were treated with 3 mL of  MECCL 
extract at three concentrations (5,10 and 20 mg/mL). The experiment was 
performed in triplicate for all worms group. Anthelmintic activity was 
recorded by determining both the time of  the paralysis and death of  worms. 
Paralysis periods were reported when worms lost all movement unless 
shaken strongly. Death time was famed when the worms were neither shaken 
as strongly nor drenched in hot water (50℃) followed by vanishing of  their 
body colors. 

3. Results 
3.1. Phytochemical screening
The qualitative phytochemical screening of  methanol extract of  Chaetocarpus 
castanocarpus leaves (Roxb.)  (MECCL) evident the appearance of  many 
secondary metabolites like alkaloid, glycosides, phenol, flavonoid, tannin etc. 
The result of  this demonstration encapsulated in Table I.

Table I
Outcome of  phytochemical screening of  methanol extract of  Chaetocarpus castanocarpus (Roxb.) leaves 
(MECCL)

3.2. Antioxidant effect
3.2.1. DPPH radical scavenging assay
The antioxidant activity of  MECCL was examined by DPPH free radical 
scavenging assay. The raw extract demonstrates potential antioxidant 
properties which were obtainable in Figure 1. The topmost value of  
antioxidant potency (87.38%) of  MECCL has exposed at 500 µg/ml 

concentration, whereas standard ascorbic acid reveals a 97.49% outcome at a 
identical concentration. Here, the capability of  scavenging properties was 
increased when we increased the concentration. The IC50 values of  MECCL 
and ascorbic acid were 146.44% and 19.72%, subsequently, that was assessed 
using linear regression formula.

Figure 1
Radical scavenging activity: by the DPPH (1, 1-diphenyl-2-picrylhydrazyl) assay of  MECCL and ascorbic 
acid (standard drug) at different concentrations.

3.2.2. Total flavonoid and phenolic contents
The total flavonoid and phenol content of  our rough extract was assessed 
quantitatively. The outcome is exhibited in Table II. The flavonoid and 
phenolic potentials of  MECCL were found at 149.14± 0.084 mg QE/gm 
and 184.66 ± 0.064 mg GAE/gm, correspondingly. Here, MECCL was 
carried out through linear regression equation (As for flavonoid activity, 
equation stands for y = 0.003x + 0.032; for phenolic inspection, it was y = 
0.003x + 0.004). 

Table II
Total phenol and flavonoid contents of  methanol extract of Chaetocarpus castanocarpus 
(Roxb.) leaves (MECCL).


