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Background: Industrial tanning wastewater contains high concentrations 

of total chromium (Cr) due to the use of chromium sulphate in the tanning 

process. This study aims to evaluate the effect of filtration using avocado 

seed charcoal, bamboo charcoal, and a combination of both in a multi-stage 

filtration device model on the reduction of total chromium in leather 

tanning wastewater. Methods: This study is a laboratory experiment with 

a pretest–posttest design using three treatment variations, involving 60 

samples (30 pre-test, 30 post-test). The wastewater flowed through three 

filtration units (Tank I = avocado seed charcoal; Tank II = bamboo charcoal; 

Tank III = combination of avocado seed charcoal + bamboo) with a flow rate 

of 800 ml/minute, a media height of 9 cm, and a contact time of 1 hour. Data 

analysis included Kolmogorov–Smirnov normality test and one-way 

ANOVA test (α=0.05) followed by LSD test. Results: The results showed 

that the highest Cr reduction occurred in Tank III with an average 

reduction of 22.72 ppm, compared to Tank I (19.14 ppm) and Tank II (14.46 

ppm). The ANOVA test showed a significant difference between treatments 

(p = 0.034). The LSD test confirmed a significant difference between Tank II 

and Tank III (p = 0.010), with the best effectiveness in combination filtration 

(Tank III). Conclusion: The filtration model combining avocado seed 

charcoal and bamboo charcoal has the potential to be an efficient and 

environmentally friendly adsorption technology for reducing chromium in 

leather tanning wastewater. 
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1. INTRODUCTION 

The leather tanning industry is an industry. The leather tanning industry is an economic activity that processes 

raw materials, raw ingredients, semi-finished goods, and/or finished goods into raw materials for the manufacture of 

leather goods.(1) In its operations, the leather tanning industry generates liquid waste, solid waste, and gaseous 

emissions. Of these three types of waste, liquid waste is the most abundant.(2) The leather tanning process is a method 

of preserving animal hides using chemicals as processing aids. The hides typically come from cattle, buffalo, goats, and 

other animals. The chemicals commonly used contain chro mium compounds. In general, the leather tanning process 

includes pre-tanning, tanning, and post-tanning.(3) The leather tanning industry is an industry that generates wastewater 

classified as “B3” (in Indonesia, “hazardous and toxic substances” are referred as Bahan Berbahaya dan Beracun or 

abbreviated as B3). If B3 waste is discharged directly into water bodies, it can pose a threat to the environment, human 

health, and other living organisms.
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Industrial tanning wastewater contains pollutant 

parameters including Chemical Oxygen Demand (COD), 

Biochemical Oxygen Demand (BOD5), nitrogen as 

nitrogen sulfide, total chromium, and oils and fats. 

Chromium (Cr) compounds in liquid waste from the 

leather tanning industry originate from the production 

process, which uses chromium sulphate compounds at a 

percentage of 60%-70%. Not all of these compounds can 

be absorbed by the leather during the tanning process, so 

the rest is discharged in the form of liquid waste. Leather 

tanning industrial wastewater contains toxic and 

carcinogenic chemicals.(4) Among these substances, the 

most prevalent heavy metal in leather tanning 

wastewater is chromium, which is considered the most 

toxic to human health and the environment.(5) 

The chromium content in leather tanning waste 

comes from the chemical Chromosal B (Cr2O72-), which is 

an auxiliary agent used in the wetting-back process to 

increase the moisture content of the leather, making it 

more supple.(6) Chromium is a heavy metal that is highly 

toxic and not needed by the human body. Chromium is 

carcinogenic because it can damage chromatin structure 

and cell function.(7) Chromium compounds can cause eye 

and skin irritation as well as irritation of the nose and 

throat, which can lead to lung cancer.(8) 

Most leather tanning industries are small-scale, so 

the wastewater generated from the production process 

has not been treated. Meanwhile, wastewater from large-

scale leather tanning industries and clusters has been 

treated through Wastewater Treatment Plants (WWTPs), 

but the concentration of the wastewater produced is still 

quite high and exceeds quality standards. If this 

wastewater is discharged into water bodies, it has the 

potential to pollute the environment and have a negative 

impact on human life and other living creatures, 

especially aquatic biota. Given these problems, there is a 

need for appropriate treatment technology to treat 

wastewater generated from the leather tanning 

industry.(3) 

The use of avocado seeds as an adsorbent for heavy 

metals such as chromium is based on their organic 

compound content, including cellulose, hemicellulose, 

and lignin, which can be converted into high-porosity 

activated carbon. This porous structure enables effective 

adsorption through both physical and chemical 

interactions between the adsorbent surface and heavy 

metal ions. Several studies over the past decade have 

shown that biomass-based activated carbon, including 

avocado seeds, has a sufficiently high adsorption capacity 

for heavy metals due to the presence of active functional 

groups such as hydroxyl (-OH) and carboxyl (-COOH) 

groups.(9) 

Furthermore, traditionally produced bamboo 

charcoal is also widely used as an adsorbent due to its 

well-developed microporous structure and large surface 

area. The carbonization process of bamboo produces a 

material with high adsorption capacity for various 

pollutants, including heavy metals such as chromium. 

Furthermore, the abundance of raw materials and 

relatively low production costs make bamboo charcoal an 

economical and environmentally friendly adsorbent 

alternative.(10) 

Traditionally produced bamboo charcoal has been 

widely used as an adsorbent due to its excellent 

adsorption capacity. Its superior adsorption performance 

is attributed to several unique characteristics, including a 

well-developed microporous structure, distinctive 

biological properties, high density, and an extensive pore 

network. These characteristics provide a large specific 

surface area that enhances the adsorption of 

contaminants. Notably, bamboo charcoal has a specific 

surface area of approximately 300 m2/g, which is 

substantially greater than that of conventional wood 

charcoal, with a surface area of around 30 m2/g. This 

larger surface area provides more active adsorption sites, 

making bamboo charcoal a more effective adsorbent for 

the removal of pollutants from aqueous solutions.(11) 

In addition, the increasing demand for 

environmentally friendly and cost-effective wastewater 

treatment technologies has encouraged the exploration of 

natural adsorbents derived from biomass. These 

materials are not only renewable but also have high 

potential for modification to improve their adsorption 

performance. Therefore, the development of a filtration 

model using locally available materials such as avocado 

seeds and bamboo is expected to provide a practical and 

sustainable solution for reducing heavy metal pollution, 

particularly chromium, in industrial wastewater. Based 

on the background described above, it is necessary to 

process the wastewater using a combination of avocado 

seed charcoal and bamboo charcoal to reduce chromium 

levels more efficiently through a leather tanning 

wastewater treatment system. 

2. METHODS 

This study is a laboratory experiment with a 

pretest–posttest design using three treatment variations. 
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A sample of leather tanning wastewater from the same 

source was simultaneously fed into three filtration tanks 

with the same volume and flow rate but using different 

filtration media. Total chromium levels were measured 

before the filtration process (pre-test) and after the 

filtration process (post-test), and the effectiveness of each 

filtration model was then compared based on the 

magnitude of the reduction in total chromium levels.(12)  

2.1 Materials 

2.1.1 Preparation of research materials 

This study began with the preparation of the 

research materials, namely avocado seed charcoal and 

bamboo charcoal. Avocado seed charcoal was produced 

by first drying the avocado seeds to reduce their moisture 

content, followed by carbonization using a distillation 

apparatus. In contrast, bamboo charcoal was produced 

through direct combustion (Figure 1). After the 

carbonization process, both types of charcoal were 

washed with clean water before use. The prepared 

avocado seed charcoal and bamboo charcoal were then 

ready for use in the study. 

 

 
Figure 1. Avocado seed charcoal (left) and bamboo charcoal 

(right) 

2.1.2 Filtration model design 

The filtration system was constructed in a 

sequential configuration consisting of three storage tanks 

and three filter units. Each storage tank had a capacity of 

60 L. The filter units were made of glass boxes measuring 

30 cm in length, 20 cm in width, and 40 cm in height. The 

three filter units consisted of Filter I (avocado seed 

charcoal), Filter II (bamboo charcoal), and Filter III (a 

mixture of avocado seed charcoal and bamboo charcoal). 

The charcoal layer in each filter unit was 9 cm in height. 

The filtration system, including the storage tanks and 

filter units, is shown Figure 2. 

 

 
Figure 2. Filter unit model with reservoir units and filter units 

2.2 Research Sample 

The sample of this study was liquid waste from the 

leather tanning industry, with samples taken using the 

grab sampling method, amounting to 30 liters. 

2.3 Research Variables 

The variables used in this study were independent 

variables in the form of filtration media, namely avocado 

seed charcoal and bamboo charcoal. Meanwhile, the 

dependent variables were the decrease in chromium 

levels before and after treatment with a leather tanning 

liquid waste treatment model using bamboo charcoal, 

avocado seeds, and a combination of both. 

2.4 Research Procedure 

This study was conducted at the Environmental 

Health Laboratory of the Yogyakarta Ministry of Health 

Polytechnic. The study was conducted over two days 

with one repetition. Liquid waste samples were collected 

from the leather tanning process at PT ASA. A total of 60 

samples were used, comprising 30 samples before 

treatment (pre) and 30 samples after treatment (post). 

The samples were stored in three reservoir tanks 

and flowed at a rate of 800 ml/minute into three filtration 

tanks. The samples were placed on the filtration media for 

one hour, and post-treatment samples were collected. 

Chromium level measurements were carried out by the 
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laboratory. The research procedure is illustrated in Figure 

3. 

2.5 Data Analysis 

The data obtained were tested for normality using 

Kolmogorov-Smirnov. If the data were normally 

distributed, they were then tested using multivariate 

ANOVA with a significance level of 95% (α = 0.05) to 

determine significant differences between the use of the 

Bak I filtration model, the Bak II filtration model, and the 

Bak III filtration model. Furthermore, the data were 

subjected to a Least Significant Difference (LSD) test to 

determine the effective filtration model in reducing 

chromium levels in leather tanning wastewater. 

 

 
Figure 3. Research procedure scheme 

3. RESULTS 

3.1 Decrease in Chromium Levels 

Based on the data processing results (Table 1), 

among the three filtration tanks, the one that can reduce 

the highest chromium level is Tank III (combined 

filtration of avocado seed charcoal and bamboo charcoal) 

with an average reduction of 22.72 ppm. 

 

Table 1. Average decrease in chromium levels 

Treatment Pre-

average 

(ppm) 

Post-

average 

(ppm) 

Average 

difference in 

reduction (ppm) 

Tank I 145.4 126.3 19.14 

Tank II 146.1 131.7 14.46 

Tank III 145.7 123.0 22.72 

 

3.2 Findings of the Decrease in Chromium Levels 

Based on the results of the data normality test, 

significant values greater than 0.05 were obtained, 

namely in the Bak I screening model with a value of 0.072, 

the Bak II screening model with a value of 0.123, and the 

Bak III screening model with a value of 0.55. This 

indicates that the data is normally distributed. 

Furthermore, a one-way ANOVA test was conducted and 

a significant value of less than 0.05 was obtained, namely 

0.034. Thus, H0 was rejected and Hα was accepted, so it 

can be stated that there is a significant difference in the 

reduction of chromium levels after using the Bak I 

filtration model, the Bak II filtration model, and the Bak 

III filtration model. Furthermore, the data was tested 

using the least significant difference (LSD) test to 

determine the effective filtration model in reducing 

chromium levels in leather tanning wastewater, and the 

results are as shown in Table 2. 

 

Table 2. Least significant difference (LSD) test results 

Dependent 

variable 

Multiple comparisons 

Filtration 

model 

Measurement 

results 

Mean 

difference (I-J) 

Sig. 

Tank I  Tank II 4.93 0.129 

Tank III -3.59 0.267 

Tank II Tank I -4.93 0.129 

Tank III -8.52 0.010 

Tank III Tank I 3.59 0.267 

Tank II 8.52 0.010 

 

Among the Tank II and Tank III filtration models, 

which have the highest and most significant difference in 

chromium reduction, it is the Tank III filtration model. 

This can be seen from the results of the mean difference 

between the Tank III filtration model treatment and the 

Tank II filtration model treatment, which has the highest 

value, namely 8.52 with a significant value of 0.010 

(<0.05), indicating a significant difference. Therefore, it 

can be concluded that the Bak III filtration model is the 

Manufacture of liquid 
waste treatment 

equipment 

Data 
tabulation 

Pre test 

Tank 1 Tank 2  Tank 3 

Post test 

Reservoir 
tank 

Data 
analysis 
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most effective in reducing chromium levels in leather 

tanning waste. The graph showing the average 

percentage decrease in chromium levels can be seen in 

Figure. 4. 

 

 
Figure 4. Average difference in chromium level decrease (ppm) 

4. DISCUSSION 

Chromosal B is a chemical used in the tanning 

process that can shorten tanning time. The presence of 

chromium metal in liquid waste pollutes the environment 

and can even cause adverse health effects because 

chromium metal is one of the contents of liquid waste that 

is classified as a Hazardous Toxic Substance (B3).(2) The 

use of avocado seeds and bamboo charcoal can serve as 

adsorbents for heavy metals, including chromium, due to 

their good adsorption capacity. Avocado seeds and 

bamboo can adsorb chromium by being converted into 

activated charcoal, thereby effectively absorbing 

chromium chemicals. 

The Tank III filtration model (a filtration tank with 

a mixture of avocado seed charcoal and bamboo charcoal) 

is capable of reducing the highest chromium levels. This 

is because Tank III uses two layers of media, namely 

avocado seed charcoal and bamboo charcoal, so that the 

wastewater is adsorbed by the avocado seed charcoal and 

then re-adsorbed by the bamboo charcoal. In addition, 

avocado seed charcoal and bamboo charcoal also have 

good adsorption capacity. Chemically, the components of 

avocado seeds contain 43.3% amylose and 37.7% 

amylopectin, which have the ability to adsorb heavy 

metals, including chromium.(13) Meanwhile, bamboo has 

a larger surface area than wood charcoal, reaching 300 

m²/gram and a highly porous structure, allowing 

chromium chemicals to be trapped and demonstrating 

high adsorption potential.(14) 

Adsorption is the process of binding a substance to 

the surface of a solid material. This absorption of 

substances occurs because the molecules on the surface of 

the solid material have an unbalanced force that tends to 

be attracted inward.(15) This adsorption process uses 

avocado seed charcoal and bamboo charcoal as 

adsorbents to absorb chromium (Cr) contained in liquid 

waste. With the adsorption capacity of avocado seed 

charcoal and bamboo charcoal, the mixture of the two 

types of charcoal shows that the adsorption of chromium 

chemicals in waste can be more optimal. 

This study demonstrated that the Tank III filtration 

model, which uses a mixture of avocado seed charcoal 

and bamboo charcoal, can reduce chromium levels by an 

average of 22.72 ppm. The reduction in chromium levels 

in the Tank III filtration model was greater than that in the 

Tank I filtration model, which uses avocado seed 

charcoal, and the Tank II filtration model, which uses 

bamboo charcoal. 

The results of this study are in line with various 

previous studies which state that carbonized and 

activated biomass has high potential as a heavy metal 

adsorbent. Based on a study, activated carbon from 

avocado seeds is effective in reducing heavy metal levels 

such as Pb and Cd through physical and chemical 

adsorption mechanisms against chromium (Cr) ion 

absorption.(16) The organic compound content and active 

functional groups in avocado seeds enable interactions 

between metal ions and the adsorbent surface. Another 

study shows that activated bamboo charcoal has a higher 

heavy metal adsorption capacity than non-activated 

bamboo charcoal.(17) 

The production of activated carbon from bamboo 

is quite effective and easy because bamboo contains 

relatively high levels of lignin and cellulose. The cellulose 

content—the primary component in carbon formation—

ranges from 42.4% to 53.5%; the lignin content ranges 

from 19.8% to 26.6%; the pentosan content ranges from 

1.24% to 3.77%; ash content ranges from 1.24% to 3.77%, 

and silica content ranges from 0.10% to 1.78%.(18)  

This is due to the large specific surface area of 

bamboo charcoal and its well- developed microporous 

structure. Amanina et al. (2024) also stated that bamboo 

charcoal has high porosity and density characteristics, 

making it effective as an adsorbent for various chemical 

compounds in wastewater.(11) Mechanistically, the 

process of reducing chromium levels in this study occurs 

through adsorption, which is the binding of chromium 

ions (Cr3+) to the surface of the adsorbent. Adsorption 
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occurs due to the attractive force between molecules or 

metal ions and solid surfaces that have unbalanced 

surface energy. Avocado seed charcoal provides active 

functional groups such as hydroxyl (–OH) and carboxyl 

(–COOH) that are capable of binding chromium ions 

through electrostatic bonds and ion exchange. 

Meanwhile, bamboo charcoal functions as a physical 

adsorbent that has a large number of micro and 

mesopores, so that chromium ions can be trapped in its 

pore structure. Samosir et al. (2025) stated that porous 

materials with a high surface area will increase the 

adsorption capacity of heavy metals because they enlarge 

the contact area between the adsorbent and the 

adsorbate.(14) 

The use of a mixture of avocado seed charcoal and 

bamboo charcoal in Tank III produced a synergistic effect 

between chemical adsorption and physical adsorption. 

Liquid waste passing through two types of adsorbent 

media in layers allows for repeated chromium 

adsorption, thereby optimizing chromium reduction 

efficiency. This is evident from the research results, which 

show that Tank III has the highest average chromium 

reduction difference compared to Tank I and Tank II. In 

addition to the type of adsorbent media, contact time and 

media thickness also affect adsorption effectiveness. 

According to Hashem et al. (2022), the longer the contact 

time between the adsorbent and adsorbate, the greater 

the chance of achieving adsorption equilibrium.(19) This 

study was conducted over a period of 60 minutes, or 1 

hour. The increase in adsorption efficiency occurred 

rapidly due to the continued availability of many active 

sites on the surface of the activated carbon until 

adsorption equilibrium was reached at a contact time of 

60 minutes.(20) The thickness of the charcoal media can 

increase the contact area, thereby increasing the chance of 

chromium ions being adsorbed by the adsorbent.  

This study has several limitations. First, the 

filtration media thickness was limited to 9 cm, which may 

have restricted the adsorption capacity of the charcoal 

media. Second, the contact time was fixed at 60 minutes, 

and other contact times were not evaluated. Third, the 

study was conducted using a fixed flow rate of 800 

mL/minute and only three filtration media 

configurations, so the optimal operating conditions may 

not have been fully determined. Therefore, further 

studies are recommended to evaluate different media 

thicknesses, contact times, flow rates, and media 

compositions to determine the optimal filtration 

conditions for chromium removal from tannery 

wastewater. 

5. CONCLUSION 

The filtration tank model had a significant effect on 

the reduction of total chromium in leather tanning 

wastewater (p = 0.034). The Tank III filtration model (a 

combination of avocado seed charcoal and bamboo 

charcoal) is the most effective treatment method, with an 

average reduction of 22.72 ppm, and shows a significant 

difference compared to Tank II (p = 0.010). The filtration 

device model using local organic adsorbents has the 

potential to be an appropriate technology for treating 

liquid waste from the leather tanning industry, 

particularly for reducing total chromium.  

Based on the results of the study conducted using 

a limited charcoal bed with a thickness of 9 cm, this can 

be developed with a thicker charcoal bed for more 

optimal results. In addition, future research is 

recommended to explore variations in media thickness, 

contact time, and flow rate to obtain optimal operating 

conditions. The potential for regeneration and reuse of 

adsorbent materials should also be further investigated to 

enhance the sustainability and economic value of this 

treatment method. 
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