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Abstract: Chemical laboratories generate 

wastewater containing potentially hazardous 

metal ions that can threaten environmental 

quality and public health if discharged without 

adequate treatment. This study aimed to 

develop and evaluate a laboratory-scale 

electrolytic bin for removing copper, lead, 

chromium, and zinc from simulated chemical 

laboratory wastewater. The system employed 

an electrochemical cell with aluminium and 

stainless-steel electrodes, and treatment 

performance was assessed over three hours 

using atomic absorption spectroscopy (AAS). 

The initial concentrations of copper, lead, 

chromium, and zinc were 0.902, 0.724, 0.830, 

and 0.589 mg/L, respectively. After one hour, 

their concentrations decreased to 0.301, 0.531, 

0.623, and 0.408 mg/L, corresponding to 

removal efficiencies of 66.63%, 26.66%, 

24.94%, and 30.73%, respectively. After two 

hours, copper concentration reached 0.002 

mg/L, representing 99.78% removal, while 

lead, chromium, and zinc concentrations 

decreased to 0.120, 0.221, and 0.343 mg/L, 

respectively. Following three hours of 

treatment, lead, chromium, and zinc 

concentrations declined further to 0.003, 

0.006, and 0.004 mg/L, corresponding to 

removal efficiencies of 99.59%, 99.28%, and 

99.32%, respectively. The three-hour copper 

concentration was reported below the 

detection limit. The wastewater pH increased 

from 5.5 to 7.0 during treatment. The observed 

reductions may involve electrocoagulation, 

adsorption, precipitation, and potentially 

electrodeposition, although their individual 

contributions require further investigation. The 

findings demonstrate the potential of the 

electrolytic bin for reducing metal 

concentrations in simulated laboratory 

wastewater. Further validation using replicate 

experiments, actual laboratory effluents, and 

verified AAS measurements is necessary before 

practical deployment. 
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1.0 Introduction 
 

Chemical laboratories in universities, research 

institutions, industries, and analytical facilities 

generate wastewater containing a wide range of 

potentially hazardous chemical substances. 

Depending on the experiments conducted, 

these effluents may contain dissolved metal 

ions, acids, alkalis, inorganic salts, organic 

solvents, and reaction by-products. Among 

these contaminants, heavy metals such as 

copper, lead, chromium, and zinc are of 

particular environmental concern because their 

persistence, toxicity, and potential 

accumulation in biological systems can 

threaten aquatic organisms and human health. 

Unlike many organic pollutants, metals cannot 

be destroyed through conventional chemical or 

biological degradation; rather, they must be 

removed from the wastewater, transformed into 

less hazardous forms, or recovered for 

appropriate reuse or disposal (Fu & Wang, 

2011; Fei & Hu, 2023). Consequently, the 

effective treatment of chemically contaminated 

laboratory wastewater is an important 

component of environmental protection and 

responsible laboratory waste management. 

The management of laboratory wastewater 

presents particular challenges because its 

composition and contaminant concentrations 

may vary considerably with the nature of the 

experiments, reagents, and analytical 

procedures performed. Some laboratory 

effluents contain mixtures of dissolved metal 

ions and other chemicals that may interfere 

with conventional treatment processes. Where 

such wastewater is inadequately treated before 

discharge, it may contaminate drainage 

systems, surface water, and soil, creating 

potential ecological and public health risks. In 

developing countries, including Nigeria, the 

need for practical and affordable wastewater 

treatment technologies is particularly important 

for institutions with limited treatment 

infrastructure and financial resources. Previous 

studies have examined wastewater treatment 

challenges and conventional remediation 

methods, including chemical precipitation, 

coagulation, and filtration (Hutnan et al., 2024; 

Kim et al., 2018). Although these methods can 

effectively remove certain contaminants, their 

performance depends on wastewater 

composition and operating conditions, and 

their application may require chemical 

reagents, multiple treatment stages, and 

additional sludge-management procedures 

(Manikandan et al., 2022). 

Conventional chemical treatment generally 

involves the addition of reagents to adjust pH, 

precipitate dissolved metals, or destabilize 

suspended and colloidal particles. Aluminium 

sulphate, ferric chloride, and ferrous salts are 

commonly used as coagulants in appropriate 

treatment applications. The resulting 

precipitates and aggregates are subsequently 

separated through sedimentation, filtration, or 

related physical processes. However, chemical 

consumption, sludge production, operational 

complexity, and the need for effective residual-

waste management can limit the suitability of 

conventional treatment systems for 

decentralized applications. These limitations 

have encouraged the investigation of 

electrochemical technologies as alternative or 

complementary approaches to wastewater 

treatment (Mollah et al., 2001; Sahu et al., 

2014). 

Electrochemical wastewater treatment employs 

electrical energy to initiate reactions at 

electrode surfaces or generate reactive species 

within the treatment medium. Major 

electrochemical processes include 

electrocoagulation, electro-oxidation, 

electroreduction, electrodeposition, and 

electroflotation (Chen, 2004; Feng et al., 

2016). Their potential advantages include 

compact equipment configurations, 

controllable operating conditions, reduced 

dependence on externally added treatment 

chemicals in some applications, and 
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opportunities for pollutant removal or resource 

recovery. 

Electrocoagulation involves the dissolution of 

sacrificial metal electrodes, usually aluminium 

or iron, under an applied electric current. The 

released metal ions undergo hydrolysis and 

generate metal hydroxide species that 

destabilize suspended particles and facilitate 

the removal of dissolved contaminants through 

adsorption, complexation, coprecipitation, and 

floc formation. Hydrogen bubbles generated at 

the cathode may also promote the flotation of 

contaminant-bearing flocs. The effectiveness 

of electrocoagulation depends on factors such 

as electrode composition, current density, 

initial pH, electrolysis duration, electrode 

spacing, and solution conductivity (Mollah et 

al., 2001, 2004; Sahu et al., 2014). Previous 

research has demonstrated the applicability of 

iron- and aluminium-based electrocoagulation 

systems to wastewater treatment, although 

performance varies with the wastewater matrix 

and operating conditions (Kobya et al., 2003). 

Electrodeposition, in contrast, involves the 

electrochemical reduction of suitable dissolved 

metal species and their deposition on a cathode. 

This process can facilitate the recovery of 

metals from wastewater while reducing their 

concentrations in the treated solution. Its 

effectiveness depends on the electrochemical 

properties of the target metal, electrode 

material, applied potential, pH, competing 

ions, and the presence of complexing agents. 

Electro-oxidation involves oxidation reactions 

at the anode, either directly at the electrode 

surface or indirectly through electrochemically 

generated oxidizing species. It is particularly 

relevant to the transformation of oxidizable 

contaminants and is not equivalent to 

electrodeposition or electrocoagulation (Chen, 

2004; Feng et al., 2016). For metal-containing 

wastewater, the selection of an appropriate 

electrochemical mechanism is essential 

because changes in metal oxidation state do not 

necessarily result in the removal of the metal 

from the aqueous phase. 

Recent reviews have continued to examine 

electrochemical reactor configurations and 

their suitability for heavy-metal removal and 

recovery. Kew et al. (2025) discussed the 

importance of reactor design, electrode 

materials, and target-specific operating 

conditions in determining treatment 

performance. Similarly, reviews of 

electrochemical oxidation and reduction have 

highlighted the potential of these processes for 

metal removal and recovery while identifying 

challenges associated with complex 

wastewater composition, process optimization, 

and practical scale-up (Progress and challenges 

in the use of electrochemical oxidation and 

reduction processes for heavy metals removal 

and recovery from wastewaters, 2024). These 

findings indicate that electrochemical 

treatment remains a promising research area, 

but the effectiveness of a particular system 

must be established experimentally rather than 

assumed from the general advantages of the 

technology. 

The performance of electrochemical systems is 

strongly influenced by current density, initial 

pH, and treatment duration. Current density 

affects the rate of electrode dissolution and the 

extent of electrochemical reactions, although 

excessive current may increase energy 

consumption and promote competing 

reactions. Solution pH influences metal 

speciation, electrode reactions, hydroxide 

formation, and the solubility of metal-

containing precipitates. Electrolysis duration 

determines the period available for 

contaminant removal, but prolonged operation 

may increase energy consumption without 

producing a proportionate improvement in 

treatment efficiency. Solution conductivity and 

electrode configuration also influence cell 

resistance and overall process performance 

(Mollah et al., 2004; Sahu et al., 2014). 

Therefore, systematic evaluation of these 
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variables is necessary when developing a 

treatment unit intended for practical 

application. 

Several studies have investigated 

electrochemical treatment as a potentially cost-

effective and environmentally compatible 

approach to wastewater remediation. Liu et al. 

(2022) discussed electrochemical treatment 

technologies in relation to the removal of 

contaminants from wastewater, while 

Ogundele et al. (2023) reported on the potential 

of electrochemical approaches for treating 

different classes of pollutants. Nelson et al. 

(2025) also examined electrocoagulation in the 

context of sustainable wastewater treatment 

and emerging contaminants. Although such 

studies provide a basis for understanding the 

wider applications of electrochemical 

technologies, their findings must be interpreted 

according to the contaminants, reactor 

configurations, and treatment conditions 

investigated. Research on industrial 

wastewater or emerging organic contaminants 

cannot, by itself, establish the effectiveness of 

a particular system for treating mixed metal-ion 

solutions generated by chemical laboratories. 

Despite advances in electrochemical 

wastewater treatment, the practical 

management of chemically contaminated 

laboratory effluents requires treatment units 

that are compact, affordable, easy to operate, 

and adaptable to the relatively small and 

variable wastewater volumes generated by 

individual laboratories. The literature reviewed 

provides evidence of the potential of 

electrocoagulation, electrodeposition, and 

other electrochemical processes; however, the 

suitability of a locally fabricated, mobile 

electrolytic bin incorporating appropriate 

electrode materials for the simultaneous 

treatment of selected metal ions under 

controlled operating conditions requires 

specific experimental evaluation. In particular, 

the effects of current density, initial pH, and 

electrolysis duration must be established for the 

proposed system. The treatment performance 

must also be assessed through measurements of 

residual metal concentrations rather than 

removal percentages alone. This need provides 

the basis for developing and evaluating an 

electrolytic bin specifically intended for 

laboratory wastewater management. 

The aim of this study was to design, construct, 

and evaluate the performance of a laboratory-

scale batch electrolytic bin for treating 

wastewater containing selected ionic 

pollutants. Specifically, the study investigated 

the effects of current density, initial pH, and 

electrolysis duration on the removal of copper, 

lead, chromium, and zinc ions from synthetic 

laboratory wastewater using an aluminium/iron 

anode and a stainless-steel cathode 

configuration. The study also sought to identify 

operating conditions associated with high 

removal efficiencies and to assess the potential 

applicability of the developed unit to 

decentralized laboratory wastewater treatment. 

The significance of this study lies in its 

potential contribution to improved chemical 

laboratory waste management, environmental 

protection, and the development of locally 

fabricated wastewater treatment equipment. By 

evaluating a compact electrolytic bin under 

controlled conditions, the study provides 

experimental information on the influence of 

operating parameters on metal-ion removal and 

establishes a basis for further development of 

decentralized treatment systems. The findings 

may be useful to universities, research 

laboratories, and other facilities seeking 

practical approaches to managing metal-

containing wastewater. Nevertheless, routine 

implementation would require further 

validation using actual laboratory effluents, 

assessment of energy and operating costs, 

appropriate management of metal-bearing 

sludge and electrode deposits, and 

confirmation that treated wastewater meets 

applicable discharge requirements. 
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2.0 Materials and Methods 

2.1 Study Area and Experimental Location 
 

The electrolytic bin was fabricated by an 

engineer at the institution identified in the 

original study records as Cross River 

University of Technology (CRUTECH), 

subsequently renamed the University of Cross 

River State (UNICROSS). The experimental 

investigation was conducted in the Chemistry 

Laboratory of the University of Calabar, 

Calabar, Cross River State, Nigeria. The 

laboratory provided the facilities required for 

the operation of the electrolytic bin, treatment 

of wastewater samples, measurement of 

physicochemical parameters, and 

determination of metal concentrations. All 

experimental procedures were conducted using 

appropriate laboratory practices and safety 

precautions. 
 

2.2 Research Design 
 

The study adopted an experimental research 

design involving the development, 

construction, and performance evaluation of a 

laboratory-scale electrolytic bin for the 

treatment of wastewater containing selected 

ionic pollutants. The investigation focused on 

the removal of copper, lead, chromium, and 

zinc ions under controlled electrochemical 

treatment conditions. The performance of the 

system was evaluated by determining metal 

concentrations and selected water quality 

parameters before and after treatment. 

The experimental variables included current 

density, initial pH, and electrolysis duration. 

These parameters were investigated to 

determine their influence on treatment 

efficiency and to identify operating conditions 

associated with effective pollutant removal. 

The wastewater source used in each 

experimental phase must be specified 

consistently in the final manuscript. Where 

synthetic wastewater was used, the initial 

concentrations of the target metal ions were 

controlled during preparation. Where actual 

laboratory wastewater was treated, its initial 

composition was determined experimentally 

before treatment. 
 

2.3 Materials, Reagents, and Equipment 
 

The materials and equipment used for the 

construction and operation of the electrolytic 

bin included a high-density polyethylene 

(HDPE) reactor vessel, aluminum anode, 

stainless-steel cathode, 12 V direct-current 

(DC) power source, insulated electrical wires, 

connectors, switching mechanism, current 

indicator, and voltage or current regulation 

components. The equipment used for 

experimental measurements included an 

atomic absorption spectrophotometer (AAS), 

digital pH meter, conductivity meter, 

thermometer, turbidity meter, beakers, 

measuring cylinders, and stirring rod. 

Additional reagents and consumables required 

for sample preparation and analysis included 

analytical-grade chemicals for pH adjustment, 

calibration standards for metal determination, 

and appropriate containers for sample 

collection and storage. Where synthetic 

wastewater was prepared, suitable metal salts 

of copper, lead, chromium, and zinc were 

required to obtain the desired initial 

concentrations. 

The actual capacity of the reactor vessel must 

also be confirmed from the fabrication records 

because the original description gives both 12 

L and 25 L 
 

2.4 Design and Construction of the 

Electrolytic Bin 
 

The electrolytic bin was designed as a compact 

batch-treatment unit intended to facilitate the 

electrochemical treatment of metal-containing 

laboratory wastewater. The system consisted of 

a nonconductive HDPE reactor vessel fitted 

with two parallel plate electrodes connected to 

an external DC power source. Aluminum was 

used as the sacrificial anode, while stainless 

steel served as the cathode. 

The electrodes were positioned opposite each 

other and immersed in the wastewater to 
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establish an electrochemical cell. The HDPE 

vessel provided electrical insulation and served 

as the reaction chamber in which 

electrochemical reactions occurred. The 

electrical circuit incorporated insulated 

connecting wires, a switch, and a current 

indicator to facilitate operation and monitoring. 

The system also incorporated inlet and outlet 

openings for introducing wastewater and 

recovering the treated solution, respectively. 

The electrode arrangement was intended to 

facilitate the dissolution of aluminum from the 

anode and the generation of hydrogen gas at the 

cathode. Depending on the solution chemistry 

and operating conditions, these reactions could 

promote contaminant removal through 

electrocoagulation, precipitation, adsorption, 

and other electrochemical processes. Direct 

electrodeposition could also contribute to metal 

removal where the relevant electrochemical 

conditions are achieved. Fig. 1 shows the 

electrolyte bin reflecting the actual apparatus 

constructed.  
 

2.5 Collection and Preparation of Wastewater 

Samples 
 

Wastewater samples were reportedly collected 

from drainage channels and wastewater outlets 

associated with the Chemistry Laboratory of 

the University of Calabar. Clean plastic 

containers were used for sample collection to 

minimize external contamination. The 

collected samples were transported to the 

laboratory for characterization and treatment. 

Before treatment, the samples were mixed 

thoroughly to improve homogeneity. Where 

necessary, large debris and coarse suspended 

materials were removed by screening.  

 The initial physicochemical properties and 

metal concentrations were determined before 

electrolysis. Sample storage conditions, 

holding time, preservation procedures, and any 

filtration or digestion steps must be reported 

according to the actual analytical protocol 

used. 

 
Fig, 1 : Schematic representation of the 

electrolytic bin showing the HDPE reactor 

vessel, aluminum anode, stainless-steel 

cathode, DC power source, electrical 

connections, and wastewater inlet and bin 
 
 

2.6 Experimental Setup and Operating 

Conditions 
 

The experimental setup consisted of the 

electrolytic bin, parallel plate electrodes, 

electrical connections, and a DC power source. 

A measured volume of wastewater was 

introduced into the reactor, and the electrodes 

were immersed in the solution without direct 

contact between them. The electrodes were 

connected to the power source with the 

aluminum electrode serving as the anode and 

the stainless-steel electrode serving as the 

cathode. 

The applied electrical potential initiated the 

electrochemical reactions responsible for 
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treatment. The operating conditions 

investigated included current density, initial 

pH, and electrolysis duration. The applied 

voltage and current were monitored during 

operation, and the electrode configuration was 

maintained according to the experimental 

design. 

Current density was calculated from the 

measured current and the defined active 

electrode surface area using equation 1: 

𝐽 =
𝐼

𝐴
      (1) 

where J is the current density, I is the measured 

current, and A is the active electrode surface 

area (cm²). The effects of initial pH and 

treatment duration were evaluated by varying 

the relevant parameter while maintaining the 

other experimental conditions as consistently 

as practicable. The pH was measured before 

treatment and after electrolysis. The 

temperature and conductivity were also 

measured where these parameters were 

included in the experimental assessment. 

The abstract identifies an optimum current 

density of 25 mA cm2, an initial pH of 7.0, and 

a treatment duration of approximately 3–4 h.  
 

2.7 Electrolytic Treatment Procedure 
 

For each experiment, a measured volume of 

wastewater was introduced into the reactor 

vessel. The initial pH and metal concentrations 

were determined before electrolysis. The 

aluminum anode and stainless-steel cathode 

were then immersed in the solution and 

connected to the DC power source. 

The electrical circuit was switched on, and 

electrolysis was conducted for the 

predetermined treatment duration under the 

selected operating conditions. During 

treatment, aluminum dissolution and cathodic 

reactions could generate coagulant species and 

gas bubbles. Depending on the wastewater 

composition, these processes could promote 

the aggregation, precipitation, adsorption, or 

flotation of contaminants. 

At the end of electrolysis, the power source was 

switched off, and the treated solution was 

allowed to settle where settling was part of the 

experimental procedure. The treated water was 

then collected for physicochemical analysis 

and metal determination. Any filtration, 

centrifugation, or other separation step 

performed before analysis must be stated 

because it influences whether the reported 

metal concentration represents dissolved metal 

or total metal in the sample. 

The same treatment procedure was applied to 

the experimental conditions investigated, with 

appropriate consistency in sample volume, 

electrode arrangement, and analytical 

procedures.  

2.8 Determination of Physicochemical 

Parameters and Metal Concentrations 
 

The performance of the electrolytic bin was 

assessed by comparing selected 

physicochemical parameters and metal 

concentrations before and after treatment. 
 

2.8.1 Determination of pH 
 

The pH of the wastewater was measured using 

a digital pH meter calibrated with appropriate 

standard buffer solutions. The initial pH was 

recorded before electrolysis, and the final pH 

was measured after treatment. Where pH was 

varied experimentally, the initial value was 

adjusted using suitable reagents and recorded 

before each treatment run. 

Changes in pH were evaluated in relation to the 

electrochemical reactions occurring at the 

electrodes, the hydrolysis of dissolved 

aluminum, and the precipitation behavior of the 

metal species present in the wastewater. 
 

2.8.2 Determination of Electrical 

Conductivity and Temperature 
 

Electrical conductivity was measured using a 

conductivity meter where these measurements 

formed part of the experimental assessment. 

Conductivity provides information about the 

concentration of dissolved ionic species and 

influences the electrical resistance of the 
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treatment solution. Temperature was measured 

using a thermometer to monitor possible 

changes during electrolysis. 
 

2.8.3 Determination of Turbidity 
 

Turbidity was measured using a turbidity meter 

where turbidity was included among the 

assessed water quality parameters. 

Measurements were taken before and after 

treatment to evaluate changes in suspended 

particles and the formation or removal of flocs. 

The sampling and separation procedures used 

for turbidity measurements were kept 

consistent. 
 

2.8.4 Determination of Metal Concentrations 
 

The concentrations of copper, lead, chromium, 

and zinc were determined using atomic 

absorption spectrophotometry (AAS). Initial 

and final samples were prepared according to 

the applicable analytical procedure and 

analyzed against appropriate calibration 

standards. 

2.9 Calculation of Removal Efficiency and 

Data Analysis 
 

The effectiveness of the electrolytic bin was 

evaluated by comparing the initial and final 

concentrations of the target metal ions. The 

percentage removal efficiency was calculated 

using equation 2. 

𝑅(%) =  
𝐶0−𝐶𝑡

𝐶0
×

100

1
   (2) 

where R is the percentage removal efficiency, 

C0 is the initial concentration of the target metal 

(mg L-1, and Ct is its concentration after 

treatment time, t (mg L-1). 

The initial and final concentrations were used 

to calculate the removal efficiencies of copper, 

lead, chromium, and zinc under the 

experimental conditions investigated. The 

measured residual concentrations were 

compared with the applicable wastewater 

discharge standards for the relevant receiving 

environment and discharge category. 

Compliance was claimed only where the 

measured concentrations, analytical 

uncertainty, and relevant regulatory 

requirements support that conclusion. 
 

2.10 Proposed Electrochemical Mechanisms 
 

The removal of ionic pollutants in the 

electrolytic bin may involve 

electrocoagulation, precipitation, adsorption, 

cathodic reduction, and electrodeposition, 

depending on the chemical composition of the 

wastewater and the applied operating 

conditions. The principal reactions associated 

with the aluminum anode and stainless-steel 

cathode are described below. These equations 

represent possible reaction pathways and not a 

proof that every mechanism occurred to the 

same extent during treatment. 

2.10.1 Anodic Dissolution and Aluminum 

Hydroxide Formation 
 

When the aluminum anode is polarized under 

an applied DC potential, anodic dissolution 

may release aluminum ions into the wastewater 

according to equation 3,  

𝐴𝑙(𝑠)  → 𝐴𝑙(𝑎𝑞)
3+ +  3𝑒−  (3) 

Water oxidation may also occur at the anode 

under suitable electrochemical conditions, as 

represented by equation 4,  

𝐻2𝑂(𝑙) → 2𝑂2(𝑔) + 𝐻(𝑎𝑞)
+ + 4𝑒− (4) 

The aluminum ions released from the 

sacrificial anode may undergo hydrolysis and 

react with hydroxyl ions to form aluminum 

hydroxide precipitates, as shown in equation 5,  

𝐴𝑙(𝑎𝑞)
3+ + 3𝑂𝐻(𝑎𝑞)

 −  →  𝐴𝑙(𝑂𝐻)3(𝑠) (5) 

The resulting aluminum hydroxide species and 

flocs can facilitate the removal of dissolved and 

suspended contaminants through adsorption, 

complexation, coprecipitation, and 

aggregation. The distribution of aluminum 

species depends on pH, solution composition, 

and the concentration of dissolved aluminum. 

These species function primarily as coagulants 

and adsorbents rather than as oxidants. 
 

2.10.2 Cathodic Reactions 
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At the stainless-steel cathode, water reduction 

may produce hydrogen gas and hydroxyl ions 

according to equation 6, 

2𝐻2𝑂(𝑙) →  𝐻2(𝑔) + 2𝑂𝐻(𝑎𝑞)
−    (6) 

The generated hydrogen bubbles may 

contribute to electroflotation by carrying 

suspended particles and contaminant-bearing 

flocs toward the surface. The hydroxyl ions 

generated near the cathode may also influence 

local pH and promote the precipitation of some 

dissolved metal species. 
 

2.10.3 Possible Metal Reduction and 

Electrodeposition 
 

The direct electrochemical reduction of 

dissolved metal ions may occur when the 

applied electrode potential and solution 

chemistry permit the reaction. A general 

representation is given in equation 7,  

𝑀(𝑎𝑞)
𝑛+ + 𝑛𝑒−  →  𝑀(𝑠)   (7) 

where 𝑀(𝑎𝑞)
𝑛+  represents a reducible dissolved 

metal ion, (n) is its positive charge, and 𝑛𝑒− 

represents an electron. 

The extent to which this reaction contributes to 

removal depends on the metal species, 

electrode potential, competing reactions, pH, 

and solution composition. In particular, metal 

hydroxide precipitation may compete with 

electrodeposition under near-neutral 

conditions, while hydrogen evolution may limit 

the deposition of some metalsFor chromium-

containing wastewater, the oxidation state of 

the chromium species is especially important. 

Reduction of Cr(VI) to Cr(III), where it occurs, 

represents a change in oxidation state rather 

than complete removal of chromium from the 

aqueous phase. Further precipitation or 

physical separation may be required to reduce 

the total chromium concentration. Overall, the 

electrolytic bin was evaluated as a potential 

decentralized treatment system for metal-

containing laboratory wastewater. Its 

effectiveness was assessed using measured 

changes in physicochemical parameters and  

metal concentrations, with the interpretation of 

removal pathways based on the electrode 

configuration, operating conditions, and 

analytical evidence. 
 

3.0 Results and Discussion 

3.1 System Configuration and Operational 

Performance 
 

The developed electrolytic bin was evaluated 

for its ability to reduce the concentrations of 

copper, lead, chromium, and zinc in simulated 

chemical laboratory wastewater. The treatment 

performance was assessed by measuring the 

concentrations of the target metals before 

electrolysis and after treatment for 1, 2, and 3 

hours. Changes in pH and turbidity were also 

identified as relevant indicators of treatment 

performance, although quantitative turbidity 

data were not provided in the results examined. 

The treatment process involved the application 

of direct current to an electrochemical cell 

containing aluminum and stainless-steel 

electrodes. The aluminum anode could release 

aluminum ions into the solution, promoting 

electrocoagulation, while cathodic reactions 

could generate hydrogen gas and hydroxyl 

ions. Depending on the solution composition 

and operating conditions, these processes could 

facilitate the removal of dissolved metal ions 

through precipitation, adsorption, 

coprecipitation, and, where electrochemically 

feasible, electrodeposition. 

The measured concentration profiles 

demonstrated substantial decreases in all four 

target metals over the three-hour treatment 

period. Copper exhibited the fastest initial 

decrease, whereas lead, chromium, and zinc 

showed continued concentration reductions 

throughout the treatment period. These results 

demonstrate the potential of the electrolytic bin 

to reduce metal concentrations in the tested 

wastewater matrix. However, the relative 

contributions of the individual removal 

mechanisms cannot be established from 

concentration measurements alone. 
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3.2 Evaluation of Heavy-Metal Removal over 

Time 
 

The temporal changes in metal concentrations 

during electrolysis are presented in Table 1. 

The initial concentrations were 0.902 mg/L for 

copper, 0.724 mg/L for lead, 0.830 mg/L for 

chromium, and 0.589 mg/L for zinc. The 

concentrations of all four metals decreased as 

treatment progressed. 

Copper showed the most rapid initial decline, 

decreasing from 0.902 mg/L to 0.301 mg/L  

after one hour and to 0.002 mg/L after two 

hours. Lead decreased from 0.724 mg/L to 

0.531 mg/L after one hour, 0.120 mg/L after 

two hours, and 0.003 mg/L after three hours. 

Chromium decreased from 0.830 mg/L to 

0.623, 0.221, and 0.006 mg/L at the 

corresponding treatment intervals. Zinc 

declined from 0.589 mg/L initially to 0.408 

mg/L after one hour and 0.343 mg/L after two 

hours, followed by a substantial decrease to 

0.004 mg/L after three hours. 
 
 

 

Table 1. Temporal profile of heavy-metal concentrations during electrolytic treatment 

 

Treatment time 

(h) 

Copper (mg/L) Lead 

(mg/L) 

Chromium 

(mg/L) 

Zinc 

(mg/L) 

0 0.902 0.724 0.830 0.589 

1 0.301 0.531 0.623 0.408 

2 0.002 0.120 0.221 0.343 

3 Below detection 

limit 

0.003 0.006 0.004 

These profiles indicate that the rates of 

concentration reduction differed among the 

metals. The observed differences may reflect 

variations in metal speciation, precipitation 

behavior, adsorption affinity, and 

electrochemical reactivity. However, 

additional experimental evidence would be 

required to determine which mechanisms 

dominated for each metal. 

3.3 Calculation of Removal Efficiency and 

Kinetic Behaviour 

The percentage removal efficiency was 

calculated from the initial and final 

concentrations using equation 1 

The corrected removal efficiencies calculated 

from the measured concentrations are 

presented in Table 2. 

 

Table 2. Calculated removal efficiencies of the target metals 
 

Metal C0  

(mg/L) 

 Ct  

(1 h) (mg/L) 

R(%) 

 (1 h)  

Ct ( 2 h) 

(mg/L) 

R(%)  

( 2 h) 

Ct (3 h) 

(mg/L) 

R(%)  

( 3 h) 

Cu 0.902 0.301 66.63 0.002 99.78 BDL - 

Pb 0.724 0.531 26.66 0.120 83.43 0.003 99.59 

Cr 0.830 0.623 24.94 0.221 73.37 0.006 99.28 

Zn 0.589 0.408 30.73 0.343 41.77 0.004 99.32 

The calculated results demonstrate substantial 

reductions in the measured concentrations of 

all four metals. Copper achieved 99.78% 

removal after two hours. At three hours, its 

concentration was reported below the detection 

limit; therefore, the exact removal efficiency 

cannot be determined without the numerical 

detection limit. Lead, chromium, and zinc 

achieved calculated removal efficiencies of  

99.59%, 99.28%, and 99.32%, respectively, 

after three hours.  
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3.3.1 Copper Removal and AAS Spectral 

Interpretation 

The temporal variation in copper concentration 

and the corresponding simulated atomic 

absorption spectroscopy (AAS) spectra are 

presented in Figs. 2(a) and 2(b), respectively. 

As shown in Fig. 2(a), the copper concentration 

decreased from 0.902 mg/L at the beginning of 

treatment to 0.301 mg/L after one hour and 

0.002 mg/L after two hours. These values 

correspond to removal efficiencies of 66.63% 

after one hour and 99.78% after two hours, 

calculated relative to the initial concentration. 

The rapid decrease in copper concentration 

indicates that the electrolytic treatment was 

effective in reducing the amount of copper 

remaining in the aqueous phase under the 

experimental conditions. The observed trend 

may be associated with electrocoagulation, 

adsorption onto aluminium hydroxide flocs, 

precipitation, and possible cathodic 

electrodeposition. Copper deposition may 

occur through the reduction of dissolved 

copper ions according to equation 8: 

𝐶𝑢(𝑎𝑞)
2+ +  2𝑒−  → 𝐶𝑢(𝑠)  (8) 

Electrocoagulation and adsorption onto 

aluminum hydroxide flocs may also contribute 

to copper removal. Previous research has 

demonstrated the importance of electrode 

reactions and solution chemistry in 

electrochemical metal removal (Mollah et al., 

2001; Sahu et al., 2014). Nevertheless, the 

concentration profile alone cannot establish the 

relative contributions of electrodeposition and 

coagulation. 

Table 3: Concentration reduction and cumulative removal efficiency for copper 

 

Treatment 

time (h) 

Copper 

concentration (mg/L) 

Reduction during 

interval (mg/L) 

Cumulative removal 

efficiency (%) 

0 0.902 — 0.00 

1 0.301 0.601 66.63 

2 0.002 0.299 99.78 

3 Below detection limit Not quantifiable from the 

reported value 

Not exactly calculable 

However, the concentration data alone cannot 

establish which of these mechanisms was 

primarily responsible for the observed 

reduction. 

Fig. 2(b) presents simulated AAS absorbance 

profiles around the copper analytical 

wavelength of 324.8 nm. The figure shows a 

high absorbance peak for the initial 

concentration of 0.902 mg/L, a lower peak for 

the one-hour concentration of 0.301 mg/L, and 

a nearly negligible signal for the two-hour 

concentration of 0.002 mg/L. This pattern is 

consistent with the expected relationship 

between analyte concentration and absorbance 

within the linear working range of an 

appropriately calibrated AAS method. The 

progressive decrease in the simulated peak 

intensity therefore illustrates how the reduction 

in copper concentration could be reflected in an 

AAS measurement. 

Nevertheless, Fig. 2(b) is a simulated spectrum 

and does not constitute independent 

experimental confirmation of the 

concentrations reported in Fig. 2(a).  

Overall, the concentration profile indicates that 

copper removal reached 99.78% after two 

hours. The three-hour concentration was 

separately reported as below the detection 

limit; an exact removal efficiency at that time 

cannot be calculated without the numerical 

detection limit. These results suggest that a 

two-hour treatment period may be sufficient for 

substantial copper reduction under the 

conditions tested, although the suitability of the 
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treated water for discharge must be assessed 

against the applicable regulatory limit and the 

validated analytical results. 

The changes in lead concentration during 

electrolytic treatment and the corresponding 

simulated AAS spectra are presented in Figs.  

3(a) and 3(b), respectively and Table 4. Fig 3(a) 

shows a progressive decrease in lead 

concentration from 0.724 mg/L initially to 

0.531 mg/L after one hour, 0.120 mg/L after 

two hours, and 0.003 mg/L after three hours. 

Based on the initial concentration, the 

calculated removal efficiencies were 26.66%, 

83.43%, and 99.59% after one, two, and three 

hours, respectively. 

 
Figs.  2. (a) Decrease in copper concentration during electrolytic treatment; (b) simulated 

AAS absorbance spectra for copper at 324.8 nm at the initial concentration and after one 

and two hours of treatment. 

Lead concentration decreased progressively 

during treatment, from 0.724 mg/L initially to 

0.531 mg/L after one hour, 0.120 mg/L after 

two hours, and 0.003 mg/L after three hours. 

These values correspond to removal 

efficiencies of 26.66%, 83.43%, and 99.59% 

after one, two, and three hours, respectively. 

The decline in lead concentration may be 

associated with a combination of 

electrocoagulation, adsorption, precipitation, 

and potentially cathodic deposition. Aluminum 

hydroxide flocs generated during 

electrocoagulation can provide surfaces for the 

adsorption and coprecipitation of dissolved 

contaminants. Lead hydroxide precipitation 

may also contribute under suitable chemical 

conditions, although its importance depends on 

pH, dissolved species, and competing 

reactions. 

Cathodic deposition can be represented by 

equation 9. 

𝑃𝑏(𝑎𝑞)
2+ +  2𝑒−  →  𝑃𝑏(𝑠)  (9) 

A possible precipitation reaction is represented 

by equation 10,  

𝑃𝑏(𝑎𝑞)
2+ +  2𝑂𝐻(𝑎𝑞)

−  → 𝑃𝑏(𝑂𝐻)2(𝑠)  (10) 

The equations describe possible pathways 

rather than confirmed mechanisms. The 

observed decrease in lead concentration does 

not independently demonstrate that either 

metallic lead or lead hydroxide was formed. 

The results indicate that lead removal 

continued throughout the three-hour treatment 

period. The particularly large decrease between 

the first and second hours suggests that 

treatment performance was time-dependent. 

Measurements of pH, electrode deposits, and 

recovered solids would help establish the 

relative contributions of precipitation, 

adsorption, and electrodeposition. 
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Fig/ 3: (a) Decrease in lead concentration during electrolytic treatment; (b) simulated AAS 

absorbance spectra for lead at 283.3 nm at the initial concentration and after one, two, and 

three hours of treatment. 

 

Table 4. Concentration reduction and cumulative removal efficiency for lead 
 

Treatment 

time (h) 

Lead concentration 

(mg/L) 

Reduction during 

interval (mg/L) 

Cumulative removal 

efficiency (%) 

0 0.724 — 0.00 

1 0.531 0.193 26.66 

2 0.120 0.411 83.43 

3 0.003 0.117 99.59 

The measured chromium concentration 

decreased from 0.830 mg/L initially to 0.623 

mg/L after one hour, 0.221 mg/L after two 

hours, and 0.006 mg/L after three hours. The 

corresponding removal efficiencies were 

24.94%, 73.37%, and 99.28%, respectively. 

The results demonstrate substantial removal of 

the measured chromium parameter during 

electrolysis. However, interpretation of the 

removal mechanism depends on the oxidation 

state of chromium in the initial wastewater and 

the analytical method used. If the starting 

material contained Cr(VI), electrochemical 

reduction to Cr(III) may occur under suitable 

conditions. The resulting Cr(III) may 

subsequently be removed through precipitation 

or incorporation into contaminant-bearing 

flocs. 

A simplified representation of Cr(VI) reduction 

under acidic conditions is given by equation 11, 

𝐶𝑟2𝑂7
2− +  14𝐻+ + 6𝑒− → 2𝐶𝑟3 +  7𝐻2𝑂    

     (11) 

Subsequent precipitation of trivalent chromium 

may be represented by equation 12,  

𝐶𝑟(𝑎𝑞)
3+ +  3𝑂𝐻(𝑎𝑞)

−  → 𝐶𝑟(𝑂𝐻)3(𝑠)  (12) 

These reactions are conditional on the initial 

chromium species and solution chemistry. If 

the initial wastewater contained Cr(III), the 

proposed Cr(VI)-to-Cr(III) reduction 

mechanism would not apply. Furthermore, a 

reduction in total chromium concentration 

measured by AAS does not independently 
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demonstrate the conversion of Cr(VI) to 

Cr(III). 
 

Table 5. Concentration reduction and cumulative removal efficiency for chromium 
 

Treatment 

time (h) 

Chromium 

concentration (mg/L) 

Reduction during 

interval (mg/L) 

Cumulative removal 

efficiency (%) 

0 0.830 — 0.00 

1 0.623 0.207 24.94 

2 0.221 0.402 73.37 

3 0.006 0.215 99.28 

The progressive decline in chromium 

concentration suggests that the treatment 

system effectively reduced the measured 

aqueous chromium concentration under the 

conditions investigated. The largest interval 

reduction occurred between the first and 

second hours. Further work involving 

chromium speciation and characterization of 

the recovered solids would be required to 

establish the specific removal pathway. 

Zinc concentration decreased from 0.589 mg/L 

initially to 0.408 mg/L after one hour and 0.343 

mg/L after two hours. Following three hours of 

electrolysis, the concentration reached 0.004 

mg/L. The calculated removal efficiencies 

were 30.73%, 41.77%, and 99.32% after one, 

two, and three hours, respectively. 

Compared with copper, zinc exhibited a more 

gradual concentration decrease during the first 

two hours, followed by a substantial decline 

during the third hour. This pattern may reflect 

changes in the chemical conditions of the 

solution, including pH-dependent 

precipitation, interactions with aluminum 

hydroxide flocs, and electrochemical reactions 

at the electrodes. 

Cathodic zinc deposition can be represented by 

equation 7, 

𝑍𝑛(𝑎𝑞)
2+ + 2𝑒− →  𝑍𝑛(𝑠)   (13) 

However, direct zinc deposition from aqueous 

solutions may be limited by competing 

hydrogen evolution, and the reaction can be 

assumed to be the dominant removal 

mechanism. Zinc hydroxide precipitation may 

also occur when the solution chemistry is 

favorable, 

𝑍𝑛(𝑎𝑞)
2+ + 2𝑂𝐻(𝑎𝑞)

−  →  𝐴𝑛)𝑂𝐻)2  (14) 

The contribution of precipitation does not, 

however, establish the final concentration 

alone, and the observed reduction is not 

attributed exclusively to an increase in pH 

without supporting measurements. 

Table 6: Concentration reduction and cumulative removal efficiency for zinc 
 

Treatment 

time (h) 

Zinc concentration 

(mg/L) 

Reduction during 

interval (mg/L) 

Cumulative removal 

efficiency (%) 

0 0.589 — 0.00 

1 0.408 0.181 30.73 

2 0.343 0.065 41.77 

3 0.004 0.339 99.32 

The results indicate that the third hour of 

treatment was associated with the largest 

interval reduction in zinc concentration. This 

observation supports further investigation of 

treatment duration and solution chemistry 

when optimizing zinc removal.  

3.4 Comparative Concentration Profiles of the 

Four Metals 
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The concentration profiles in Table 1 provide a 

comparative overview of the performance of 

the electrolytic bin. Copper exhibited the 

fastest initial decline, reaching 0.002 mg/L 

after two hours. Lead and chromium showed 

progressive reductions throughout the 

treatment period, while zinc exhibited a 

relatively modest decrease during the first two 

hours followed by a substantial decline in the 

final hour. 

The differences in the concentration profiles 

suggest that the metals did not respond 

identically to the treatment process. Their 

behavior may be influenced by differences in 

electrochemical properties, aqueous speciation, 

precipitation tendencies, and interactions with 

the coagulant species generated from the 

aluminum anode. 

The final measured concentrations correspond 

to calculated removal efficiencies of 99.59% 

for lead, 99.28% for chromium, and 99.32% for 

zinc after three hours. Copper removal reached 

99.78% after two hours, while the exact three-

hour removal efficiency remains undetermined 

because the final concentration was reported 

only as below the detection limit. 

These results demonstrate substantial 

reductions in aqueous metal concentrations 

under the tested conditions. Nevertheless, 

comparison with other treatment systems based 

on verified experimental conditions, including 

initial metal concentrations, current density, 

pH, electrode configuration, and treatment 

duration. 
 

3.4 Changes in pH and Their Potential 

Influence on Metal Removal 
 

The initial pH of the simulated laboratory 

wastewater was reported as 5.5, while the final 

pH after three hours of electrochemical 

treatment was 7.0. This change indicates that 

the solution became less acidic during 

treatment. 

The increase in pH may be associated partly 

with cathodic water reduction, which generates 

hydroxyl ions according to equation 6. 

However, the overall pH change also depends 

on anodic reactions, aluminum hydrolysis, 

metal precipitation, buffering capacity, and the 

initial chemical composition of the wastewater. 

Consequently, the change from pH 5.5 to 7.0 

cannot be attributed exclusively to cathodic 

hydroxyl-ion production without additional 

experimental evidence. 

The pH of the solution can influence the 

solubility and speciation of dissolved metal 

ions. For a metal hydroxide in equilibrium with 

its dissolved ions, the solubility-product 

expression can be written according to 15 

𝐾𝑠𝑝 =  [𝑀𝑛+][𝑂𝐻−]𝑛 

where 𝐾𝑠𝑝 is the solubility product,  [𝑀𝑛+] is 

the equilibrium concentration of the dissolved 

metal ion, and n represents the number of 

hydroxide ions associated with the metal 

hydroxide. 

Rearranging equation 15 leads to 

𝑙𝑜𝑔[𝑀𝑛+] = 𝑙𝑜𝑔𝐾𝑠𝑝 − 𝑛𝑙𝑜𝑔[𝑂𝐻−] (16) 

At approximately 25 °C, the relationship 

between pH and hydroxide-ion concentration is 

given by equation 17,  

𝑙𝑜𝑔[𝑂𝐻−] = 𝑝𝐻 − 𝑝𝑘𝑤   (17) 

where 𝑝𝑘𝑤 is approximately 14 under these 

conditions. Substitution into equation 11 give, 

𝑙𝑜𝑔[𝑀𝑛+] = 𝑙𝑜𝑔𝐾𝑠𝑝 − 𝑛(𝑝𝐻 − 𝑝𝑘𝑤  ) (18) 

These expressions describe idealized 

equilibrium conditions for a specified solid 

phase. Actual metal concentrations in a 

multicomponent wastewater may also depend 

on complex formation, competing ions, ionic 

strength, and the presence of other precipitates. 

The increase in pH from 5.5 to 7.0 corresponds 

to an approximately 31.6-fold increase in 

hydroxide-ion concentration under ideal 

conditions at constant  temperature. This 

change may influence metal hydrolysis and 

precipitation, but it does not establish that all 

four metals reached their minimum solubility at 

pH 7.0. In particular, the behavior of chromium 

depends strongly on its oxidation state, while 

zinc and other metals may exhibit different 
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solubility patterns depending on the solution 

composition. 

The observed reduction in metal concentrations 

is therefore consistent with a possible 

contribution from pH-dependent precipitation 

and electrocoagulation. However, the relative 

importance of these mechanisms cannot be 

quantified from the initial and final pH values 

alone. Measurements at intermediate treatment 

times, together with analysis of dissolved 

metals and recovered solids, would provide 

stronger evidence of the mechanisms 

responsible for removal. 

Overall, the change in pH from 5.5 to 7.0 

occurred alongside substantial reductions in the 

measured concentrations of copper, lead, 

chromium, and zinc. These findings support 

further evaluation of the electrolytic bin as a 

treatment option for metal-containing 

laboratory wastewater, subject to confirmation 

of the analytical results, the chromium species 

measured, and the appropriate management of 

metal-bearing treatment residues. 
 

3.4 Comparative Analysis of Heavy-Metal 

Concentration Profiles 
 

The comparative concentration profiles of 

copper, lead, chromium, and zinc during 

electrolytic treatment are presented in Fig. 4. 

The figure illustrates the changes in the 

measured concentrations of the four metals 

over the three-hour treatment period and 

highlights differences in their temporal 

removal patterns. The initial concentrations 

were 0.902 mg/L for copper, 0.724 mg/L for 

lead, 0.830 mg/L for chromium, and 0.589 

mg/L for zinc. All four metals exhibited 

decreasing concentrations as treatment 

progressed, although the magnitude and rate of 

reduction varied among the metals. 

As shown in Fig.  4, copper exhibited the fastest 

initial decline, decreasing from 0.902 mg/L to 

0.301 mg/L after one hour and reaching 0.002 

mg/L after two hours. This corresponds to a 

removal efficiency of 99.78% after two hours. 

The three-hour copper concentration was 

reported as below the analytical detection limit; 

therefore, its exact final removal efficiency 

cannot be calculated without the numerical 

detection limit. Lead decreased from 0.724 

mg/L initially to 0.531 mg/L after one hour, 

0.120 mg/L after two hours, and 0.003 mg/L 

after three hours, corresponding to a final 

calculated removal efficiency of 99.59%. 

Similarly, chromium concentration declined 

from 0.830 mg/L to 0.623, 0.221, and 0.006 

mg/L over the successive treatment intervals, 

giving a final removal efficiency of 99.28%. 

Zinc decreased from 0.589 mg/L initially to 

0.408 mg/L after one hour and 0.343 mg/L after 

two hours, followed by a substantial reduction 

to 0.004 mg/L after three hours, corresponding 

to 99.32% removal. 

The concentration profiles reveal distinct 

treatment patterns. Copper removal was 

particularly rapid during the first two hours, 

whereas lead and chromium exhibited 

progressive reductions throughout the 

treatment period. Zinc showed a comparatively 

modest reduction during the first two hours, 

followed by a marked decrease during the final 

hour. These differences suggest that the metals 

responded differently to the electrochemical 

treatment conditions. Potential explanations 

include variations in aqueous speciation, 

electrochemical reactivity, adsorption affinity, 

and precipitation behavior. Nevertheless, the 

concentration profiles alone cannot establish 

the dominant removal mechanism for each 

metal. 

The observed reductions may be associated 

with several processes operating concurrently 

in the electrolytic bin. Dissolution of the 

aluminium anode can generate aluminium ions 

that hydrolyse to form aluminium hydroxide 

flocs. These flocs can facilitate the adsorption 

and coprecipitation of dissolved contaminants, 

while cathodic reactions may influence 

solution pH and promote precipitation under 

suitable conditions. Direct electrodeposition 

may also contribute to the removal of certain 
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metal ions. The relative importance of these 

mechanisms depends on operating conditions 

and solution chemistry and would require 

additional evidence, such as characterization of 

recovered solids, electrode deposits, and 

dissolved metal species. 

Overall, Fig. 4 demonstrates that the 

electrolytic treatment was associated with 

substantial reductions in the measured aqueous 

concentrations of all four metals. The results 

suggest that copper reached a very low 

concentration within two hours, while lead, 

chromium, and zinc required the full three-hour 

treatment period to achieve their lowest 

reported concentrations. These findings 

highlight the importance of treatment duration 

when evaluating the performance of the system 

for different contaminants. However, the final 

suitability of the treated wastewater for 

discharge must be established by comparing 

validated residual concentrations with the 

applicable regulatory limits.  

 
Fig. 4: Comparative concentration profiles of copper, lead, chromium, and zinc during 

electrolytic treatment of s imulated chemical laboratory wastewater 

4.0 Conclusion 

This study evaluated the performance of a 

constructed electrolytic bin for reducing heavy-

metal concentrations in simulated chemical 

laboratory wastewater. The results 

demonstrated substantial decreases in the 

measured concentrations of copper, lead, 

chromium, and zinc following electrochemical 

treatment. Copper concentration decreased 

from 0.902 mg/L to 0.002 mg/L after two 

hours, corresponding to 99.78% removal. After 

three hours, lead decreased from 0.724 mg/L to 

0.003 mg/L (99.59% removal), chromium 

decreased from 0.830 mg/L to 0.006 mg/L 

(99.28% removal), and zinc decreased from 

0.589 mg/L to 0.004 mg/L (99.32% removal). 

The three-hour copper concentration was 

reported as below the analytical detection limit; 

consequently, its exact final removal efficiency 

could not be determined. The observed 

increase in pH from 5.5 to 7.0 may also have 
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influenced metal removal through changes in 

metal speciation and precipitation behavior. 

The comparative concentration profiles 

indicate that the treatment response varied 

among the metals, with copper reaching a very 

low concentration within two hours, while lead, 

chromium, and zinc continued to decrease over 

the three-hour treatment period. These findings 

suggest that the electrolytic bin has potential as 

a treatment option for metal-containing 

laboratory wastewater. The observed 

reductions may involve electrocoagulation, 

adsorption, precipitation, and potentially 

electrodeposition, although the relative 

contributions of these mechanisms require 

further experimental verification. 

Despite these encouraging results, additional 

studies are necessary to validate the system's 

performance using actual laboratory 

wastewater, replicate experiments, and 

calibrated analytical measurements. Further 

investigation should also establish the 

chromium oxidation state, characterize the 

recovered metal-bearing sludge and electrode 

deposits, assess energy consumption and 

electrode durability, and verify compliance 

with applicable wastewater discharge 

standards. Overall, the developed electrolytic 

bin offers a promising approach to laboratory 

wastewater treatment, with further 

optimization and validation required before 

routine operational deployment. 
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