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ABSTRACT 

This study was aimed to investigate the chromium removal from the tannery wastewater through 
electrocoagulation. The zinc and copper plates were used as electrodes for the electrocoagulation process. The 
effectiveness of the electrocoagulation for chromium removal efficiency was examined investigating various 
parameters: applied voltage, time, and current density. In batch experiment, 500 mL chromium-containing 
wastewater was used for electrocoagulation. Chromium content in the raw wastewater and after treatment at 
optimized conditions was 340.1 and 6.9 mg/L, respectively. The efficiency of chromium removal and reduction of 
biochemical oxygen demand (BOD) was at 98.0 and 64.6%, accordingly. Although total dissolved solids (TDS) 
was slightly increased. The increment of current density enhances forming zinc hydroxide which causes the 
damage of electrodes. Electrocoagulation is an effective technique to remove chromium from the wastewater 
especially from the tannery wastewater. 
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1.  INTRODUCTION 

Although the contribution of the tanning industry tothe world economy is meritorious, it consistently envisaged 
criticisms due to a remarkable contribution to environmental pollution (Pal et al., 2020). The global leather market 
is about US $80 billion in 2018 and expected it will extend to US $128 billion by 2022 (Sivaram and Banik, 2019). 
Eventually, tanneries discharge 30-35 m3 wastewaters during processing 150kg of hide/skin. These large volumes 
of wastewater contain a high amount ofchromium, sodium, chloride, total dissolved solids (TDS), sulfide, 
nitrogen, biochemical oxygen demand (BOD), chemical oxygen demand (COD), dyes which are far above from 
the acceptable range (Chowdhury et al., 2015). Kothai et al. (2019) have investigated that tannery wastewater 
contains different types of heavy metals like chromium (Cr), zinc (Zn), led (Pb), nickel (Ni) which are 
nonbiodegradable and carcinogenic. Wastewater containing toxic heavy metals and dyes creates an adverse effect 
on the ecosystem as well as human health (Kamaraj et al., 2020). 

Tannery effluent contains the highest amount of pollutants comparing with all other industrial wastes. Especially, 
tanneries are a large contributor to chromium pollution (Belay, 2010).  Statistic show around 90% tanneries are 
usingbasic chromium sulfate as a basic chemical in tanning operation and only tanning wastewater contain around 
4000mg/L chromium which is much higher than the maximum permissible limit set by WHO (Saravanabhavan 
et al., 2004). The tannery wastewater decreases the quality of water bodies into which they are discharged. The 
result of the disposition of chromium-containing tanning effluent into the environment is much serious as the Cr 
ion leached out from the effluent and pollute soil and water body then finally enters into the human body via food 
chain (Sarker et al., 2013). How the physiochemical properties of groundwater, surface water, and soil are changes 
with the contamination of chromium is demonstrated and the final effect of chromium contamination on aquatic 
and terrestrial life is also observed e.g., trivalent chromium is harmful to aquatic life and fish at excess level (>5.0 
mg/L) (Overah, 2011). Chromium exists in the natural environment in two forms: trivalent, Cr(III), and 
hexavalent, Cr(VI), tannery wastewater contains both the form. Based on toxicity Cr(VI) is more toxic and shows 
more mobility compare to Cr(III) (El-Taweel et al., 2015). Like other heavy metals, chromium shows a 
nonbiodegradable character that can accumulate itself in the human body and causing serious health damage like 
hemorrhaging, lung malignancy, itching, chest pain, ulceration, profuse sweating, and skin irritation (Yahya et 
al., 2020; Mohan et al., 2006). Problems caused by chromium could be minimized if the chromium-containing 
tannery wastewater is treated before discharge to the environment. 

Numerous techniques have been employed to remove such toxic metal from the tannery wastewater like ion 
exchange, coagulation/flocculation, membrane filtration, adsorption, reverse osmosis, and precipitation (Kusku et 
al., 2014; Obayomi et al., 2020; Koushkbaghi et al., 2018). Among them, the coagulation/flocculation method 
has achieved much popularity because of its simplicity but the main disadvantages of this technique are it causes 
secondary pollution due to the use of the excess amount of chemicals (Lefebvre and Moletta, 2006; Kumer et al., 
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2018). Recently many researchers have shown their interest in electrocoagulation technology for the treatment of 
wastewater, the reason behind that compared to other technology it has some attractive advantages like 
environmental friendliness, cost-effectiveness, simple in application, have the ability to reduce the possibility of 
secondary pollution (Ghernaout et al., 2011). In the recent past, the electrocoagulation technique has been applied 
for the treatment of different industrial wastewater, municipal wastewater (Makwana and Ahammed, 2016), Dairy 
wastewater (Aitbara et al., 2014), Pharmaceutical wastewater (Khaldi et al., 2017), and Distillery wastewater 
(Thakur et al., 2009). Mavrov et al. (2006) have also investigated that the electrocoagulation technique can remove 
90% selenium from the copper industry. 

The goal of the present study is to utilize the electrocoagulation process to remove tannery chromium from 
industrial wastewater. The performance of the electrocoagulation process was determined to investigate different 
parameters: applied voltage, current, and time using zinc (Zn) and copper (Cu) electrodes. Besides different water 
quality parameters: pH, turbidity, conductivity, TDS, and BOD has also been investigated. 

2.  EXPERIMENTAL PROCEDURE 

2.1  Collection of Wastewater 

Wastewater sample from chrome tanning operation was directly accumulated from SAF Industries Ltd. Situated 
in Noapara, Jashore, Bangladesh. Sampling was conducted in a plastic vessel after washing with nitric acid and 
rinsing with a wastewater sample. The wastewater was stored in the laboratory immediately after collection. 

2.2  Chemicals 

The reagents utilized in this experiment were of analytical grade. The chemicals were obtained from a local 
scientific shop in Khulna, Bangladesh. 

2.3  Physico-chemical Parameter 

The untreated and treated spent chrome liquor as characterized through the following parameters: chromium 
content, pH, turbidity, electrical conductivity (EC), total suspended solids (TSS), TDS, BOD, and COD, and 
compared with a standard value. All measurement was maintained in triplicate. 

2.3.1  Chromium Analysis 

SLC 208 titrimetric method of SLTC (Society of Leather Technologist and Chemists) (SLTC, 1996) was carried 
out to determine chromium concentration in initial and final treated liquor. The experiment was initiated with a 
50 mL wastewater sample in a conical flask of 500 mL volume. After mixing 20 mL nitric acid and 20 mL of 
concentrated sulphuric acid andperchloric acid mixture, the flask was heated until the solution turned into red 
brick colour. Extra 1-minute continued heating and quickly cooled down in a water bath. Distilled water (100 mL) 
and few glass beads were mixed with the solutions and boiled for 10 minutes for chlorine removal. 10 mL of 30% 
concentrated sulphuric acid was added after cooling and took for titration with ferrous ammonium sulfate. Few 
drops (5-6) of indicator (N-phynylanthralinic acid) were used and the green color denoted the endpoint of the 
titration.  

2.3.2  pH Measurement 

The pH meter (UPH-314, UNILAB, USA) at first was calibrated with a two-point standard solution at pH 4.01 
and pH 7.00, respectively. Then it was used for pH determination during the experiment. 

2.3.3  Determination of TSS, TDS, EC, and turbidity 

APHA-2540D method was carried out for TDS and TSS analysis of chromium-containing wastewater and treated 
liquor. The wastewater sample was filtered through weighed filter paper (Whatman No. 1) and the filtrate was 
dried at 105±2°C until a constant weight was gained. TSS was calculated from the suspended dry matter on the 
filtered paper and TDS from the dried filtrate. EC and the turbidity were measured by a conductivity meter (CT-
676, BOECO, Germany) and a portable turbidity meter (Hach 2100Q, 2100Q, Germany) respectively. 

2.3.4  Determination of BOD 

APHA method 5210 B (APHA, 2012) as carried out for BOD determination. The wastewater was diluted at the 
desired level and the BOD bottle was filled with the diluted sample (300 mL). 1 mL of manganoussulfate, alkaline 
azide solution, and concentrated sulphuric acid were added with the sample avoiding any form of air bubbles, and 
shaken. Then the sample was titrated with sodium thiosulfate (0.02 N) to find out the initial dissolved oxygen 
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(DO). Another BOD bottle containing a diluted sample was kept in an incubator at 20±1˚C. After 5 days the BOD 
was taken out from the incubator and the same process was followed as described earlier to measure the final DO. 
Finally, BOD5 was calculated from the initial DO and finally DO by using the following formula  

    BOD5 = (DOi− DOf) × D.F 
Where DOi is the initial DO, DOf is the final DO and D.F is the dilution factor. 

2.4  Batch-wise electrocoagulation test  

Fig. 1 represents the schematic illustration of the electrocoagulation process. The experiment was conducted in a 
round shape glass beaker (height 14.5 cm diameter 11 cm) with a volumetric capacity of 1000 mL. A zinc plate 
(13.20 cm × 5.30 cm) and copper plate (13.20 cm × 5.30 cm) acted as anode and cathode respectively. During the 
batch experiment, 600 mL chromium-containing wastewater was used in the coagulation cell where two electrodes 
were set down vertically and parallel in the wastewater. Direct current (DC) was supplied to the electrodes and at 
different time intervals, 50 mL supernatant was taken from the top of the reactor for chromium measurement. 

 

 

Figure 1: Electrocoagulation process 

 

Figure 2: Effect of applied voltage on chromium 
removal efficiency 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Effect of current density on chromium 
removal efficiency 

Figure 4: Effect of time on chromium removal 
efficiency 

The Electrocoagulation process involves the generation of coagulants and form co-precipitation. Water is ionized 
by DC supply and produce hydroxyl radical and hydrogen gas. In the cell, the following reactions occur: 
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2.5  Optimization of the Batch Experiment 

The electrocoagulation process was optimized in a batch-wise experiment to obtain the optimum conditions viz. 
applied voltage, time, and the current density. The chromium removal percentage was considered during 
optimization. 
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2.5.1  Voltage Optimization 

A predefined voltage was applied during the electrocoagulationprocess and the voltage was controlled by using a 
digital multimeter (CD 800, Japan). A 600 mL wastewater sample was poured into the electrocoagulation chamber 
and applied 6, 9, 12, 15, and 18V, respectively. After treatment, supernatant was restocked for chromium 
measurement. For each applied voltage, a triplet batch experiment was conducted.   

2.5.2  Time Equilibrium 

For time optimization, predefined time e.g., 6, 12, 18, 24, and 30h, 600 mL of sample was treated in the 
electrocoagulation chamber and then repeated with a new wastewater sample. To obtain the optimal time, 
chromium content was measured of the supernatant. The experiment was continued in a triad.  

2.5.3  Optimizing Current Density  

For optimum current density, defined current 0.07, 0.10, 0.17, 0.24, 0.36 and 0.46 mA/cm2 was passed through 
the electrocoagulation process after defined time interval and sample was withdrawn and refilled with untreated 
wastewater. The withdrawn samples were examined for Cr content and the procedure was continued in a triad. A 
digital multimeter (CD 800, Japan) was used to monitor the current density. 

3.  RESULTS AND DISCUSSION  

3.1  Optimal Voltage 

Applied voltage plays a significant role in the electrocoagulation process as total energy consumption depends on 
it. In batch experiment, the chromium removal efficiency was observed at different voltages: 6, 9, 12, 15 and 18 
V by the electrocoagulation process. It is clear from Fig. 2 that applied voltage has a positive effect on the 
chromium removal efficiency as chromium removal efficiency was increased with the increase of applied voltage. 
For applied voltage 6, 9 and 12V chromium removal efficiency was obtained by 57.2, 58.7 and 64.8%, 
respectively. It seems that by increasing the applied voltage up to 12V, the chromium removal efficiency was 
increased very slightly. In case of applied voltage 15V, the chromium removal efficiency was maximum (80.1%). 
Bhatti et al., (2011) observed the same phenomena and they found maximum chromium efficiency at 12 V. 
Unfortunately, above-applied voltage >15V, the chromium removal efficiency was decreased (72.5%). Therefore, 
the applied voltage was selected 15V for chromium removal through the electrocoagulation process. 

3.2  Optimal Current Density 

Electrocoagulation process was significantly affected by the current density as it has a great effect on the pollutant 
removal rate and it is considered as one of the most important parameters (Aoudj et al., 2012). With applied 
current density viz. 0.07, 0.10, 0.17, 0.24, 0.36 and 0.46 mA/cm2; chromium removal efficiency was found 51.1, 
60.3, 71.4, 92.4, 95.4 and 93.9%, respectively. It is quite clear that with the increase the current density chromium 
removal also increased. According to Faraday's law, this type of phenomena was observed due to anodic 
dissolution (El-Taweel et. al., 2015). It is obvious from Fig. 3 that there was a good linear relationship between 
current density (0.07, 0.10, 0.17, 0.24 mA/cm2; correlation coefficient (R2=0.983) and chromium removal 
efficiency. The chromium removal efficiency for the current densities 0.24, 0.36, and 0.46 mA/cm2 was almost 
same (92.4, 95.4 and 93.9%). 

At elevated current density, there is a strong possibility to form a high amount of hydrogen bubbles in the cathode 
that will cause the uphill movement of the sludge (Sengiland Ozakar, 2006). At higher the current density e. g., 
0.42 mA/cm2 amount of co-precipitation forming of Zn(OH)2 was so high. It is observed that with increasing the 
current density, the turbidity of wastewater was also increased. Thus, 0.36 mA/cm2 considered the favourable 
current density for the electrocoagulation technique.  

3.3  Optimal Time 

Time is important parameters in the electrocoagulation process as it has a profound effect on energy consumption 
as well as pollutant removal efficiency (Gholami et al., 2019). In Fig. 4 we have represented the relationship 
between chromium removal efficiency and the processing time. The relationship shows that at the initial stage of 
the processing time chromium removal efficiency was gradually increased. For 6, 12 and 18h removal efficiency 
of chromium was observed 27.8, 63.4 and 98.0%, respectively and after that, the removal efficiency was decreased 
as the increased in time. This phenomenon was observed due to rapid oxidation of Cr3+ and formation of Cr(OH)3. 
At the beginning of electrocoagulation process, tiny particles tend to form floc but with the increase of process 
time, particle size turns into muscular form due to this tendency latter part of the electrocoagulation process 
chromium removal efficiency start to decrease (Moradi et al., 2020). A possible explanation is that after 18h the 
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precipitated chromium returns to the aqueous phase. For this reason, the removal efficiency of chromium by the 
electrocoagulation process decline and increased the TDS simultaneously. Therefore, 18h was decided as the 
optimum time for chromium removal for the electrocoagulation process. 

3.4  Removal Efficiency at Optimal Conditions 

Table 1 represents the optimum data for the electrocoagulation process before and after treatment. To assess the 
quality of the treatment, several physicochemical parameters like pH, TDS, BOD, chromium, turbidity, and EC 
were determined after all stages of treatments. It was found that after treatment the pH, TDS, BOD, chromium, 
turbidity, and EC were 7.0, 2756mg/L, 780mg/L, 6.9mg/L, 57 NTU, and 8.7 mS, respectively. The value of pH, 
TDS, and conductivity was higher in the treated sample compared to the raw sample. The possible explanation 
behind this is the rapid production of hydroxyl ion during the treatment process (Lakshmi and Sivashanmugam, 
2013). The obtained removal efficiency for BOD, chromium, and turbidity was 64.6, 98.0 and 75.5%, respectively. 
Mella et al., (2015) have observed maximum removal efficiency of chromium was 97.8% which is lower than this 
study. Table 1 shows that although there was a significant reduction of chromium in the wastewater but still higher 
according to ECR standard. The treatment process achieved a higher efficiency ofchromium removal, along with 
BOD and turbidity reduction. 

Table 1: Data comparison between raw sample and treated sample 

Parameters Raw sample Treated sample ECR (1997) 
pH          4.8±1.7 7.0±1.9 6-9 
TDS (mg/L) 2248±39 2756±47 2100 
BOD(mg/L) 2200±27 780±14   250 
Cr (mg/L)   340.1±9 6.9±1.8   2.0 
Turbidity (NTU) 233±7 57±3 - 
Conductivity (mS)  7.5±1.3 8.7±2.4 - 

4.  CONCLUSIONS 

The batch-wise electrocoagulation process is a feasible solution for removing chromium from tannery wastewater. 
The process shows superior removal efficiency of pollutants in comparison with other techniques. Chromium 
from wastewater was co-precipitated with zinc oxides and removed from the water body and at optimized 
conditions removal efficiency was of 98.0%. The biological oxygen demand and turbidity were removed 64.5% 
and 75.5%, respectively.  Total dissolved solids were slightly increased due to the generation of ZnO(OH) in the 
sludge sample as a zinc plate was used as the anode. This process could reduce pollution load at a significant level 
and chromium could be recovered at a large scale from the co-precipitation of zinc oxide for reuse.  
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