Electrochemical Coagulation as a Sustainable Solution for Hospital Wastewater Treatment: A Review and Case Perspective
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Abstract
Hospital wastewater contains a complex mixture of organic matter, pathogenic microorganisms, pharmaceuticals, heavy metals, and disinfectants that pose serious environmental and health risks if discharged untreated. This study evaluates the efficiency of Electrochemical Coagulation Technology (ECT) for the treatment of hospital wastewater collected from Vilasrao Deshmukh Government Medical College (VDGMC), Latur. A bench-scale electrochemical reactor using aluminum and iron electrodes was developed, and key operational parameters such as pH, current density, electrode material, reaction time, and inter-electrode spacing were optimized. Results indicate that EC can achieve 70–95% removal of COD, turbidity, TSS, and microbial load, demonstrating its potential as a sustainable and cost-effective treatment option for hospital effluents.
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I. Introduction
The increasing demand for healthcare services has led to the generation of large volumes of hospital wastewater containing pharmaceuticals, disinfectants, pathogens, heavy metals, and organic matter. Conventional treatment systems often fail to remove these complex contaminants effectively. Electrochemical coagulation (EC) has emerged as a promising alternative due to its ability to generate in-situ coagulants, reduce chemical usage, and achieve high pollutant removal efficiency.
II. Need of Study
Hospital wastewater from VDGMC Latur represents a typical healthcare effluent with high COD, BOD, TSS, and pathogenic load. Evaluating EC technology for this wastewater is essential to assess its feasibility, optimize operational parameters, and ensure compliance with discharge standards.
III. Objectives
1) To analyze the characteristics of hospital wastewater from VDGMC Latur.
2) To evaluate pollutant removal efficiency using EC technology.
3) To compare treated effluent quality with standard discharge norms.
IV. Problem Statement
Conventional wastewater treatment methods are often inadequate for treating hospital effluents containing persistent and toxic pollutants. There is a critical need for an advanced, sustainable, and efficient treatment technology. Electrochemical coagulation offers a viable solution, but its performance under local conditions at VDGMC Latur requires systematic investigation.
V. Literature Review
Previous studies have demonstrated that electrochemical coagulation using aluminum and iron electrodes can achieve significant removal of COD, TSS, turbidity, and pathogens. Recent research highlights optimization of current density, pH, and electrode configuration as key factors influencing performance and energy efficiency.
Electrochemical coagulation (EC) has gained significant attention over the past two decades as an effective treatment technology for complex wastewaters, including industrial, domestic, and hospital effluents. Recent studies have focused on understanding the governing mechanisms, optimizing operational parameters, reducing energy consumption, and addressing scale-up challenges.
Phu et al. (2025) presented a comprehensive review on the evolution and optimization of electrocoagulation systems for complex wastewaters. Their analysis highlighted the critical influence of electrode configuration, inter-electrode distance, current density, pH, and electrolyte concentration on pollutant removal efficiency and energy demand. The study emphasized that aluminum and iron electrodes consistently exhibit superior performance due to effective in-situ metal hydroxide formation. Emerging trends such as hybrid EC reactors and pulsed current operation were reported to enhance energy efficiency. The authors concluded that process optimization within suitable operational windows is more important than electrode selection alone, providing valuable guidance for optimizing EC treatment of hospital wastewater such as that generated at VDGMC Latur.
Das et al. (2022) conducted a meta-analysis of laboratory- and pilot-scale EC studies covering industrial, municipal, and hospital wastewater. The study reported COD removal efficiencies exceeding 85% under optimized pH and current density, with energy consumption typically ranging from 0.8 to 3.5 kWh/m³. The authors highlighted the importance of mass transfer and uniform current distribution in reactor design, particularly for scale-up applications. Challenges related to electrode passivation and sludge handling were also discussed, offering insights relevant to continuous EC operation for real hospital effluents.
Zaied et al. (2020) reviewed EC mechanisms and applications for the removal of metals, dyes, pharmaceuticals, and pathogens. Based on a comparative analysis of over 200 studies, EC was found to outperform conventional chemical coagulation in terms of sludge reduction and metal recovery. The dominant removal mechanisms were identified as charge neutralization and adsorption onto metal hydroxide flocs, along with pathogen inactivation through electrochemical oxidation. The authors recommended integrating EC with advanced oxidation or biological polishing for persistent organic pollutants, supporting EC as an effective primary treatment for hospital wastewater.
Boinpally et al. (2023) provided an updated technical and economic assessment of electrocoagulation technology using data from more than 300 experimental studies. The review identified key research gaps, including electrode corrosion control, current efficiency, and operational challenges in continuous systems. The study confirmed EC as a cost-effective and environmentally friendly alternative to chemical coagulation while emphasizing the need for improved electrode maintenance strategies and automation. These findings are directly applicable to planning and operating EC systems for hospitals such as VDGMC Latur.
López-Guzmán et al. (2021) investigated both batch and continuous EC systems using aluminum and iron electrodes for synthetic and industrial wastewater. Their results demonstrated that continuous EC systems can achieve pollutant removal efficiencies comparable to batch reactors when hydraulic retention time, mixing intensity, and current distribution are optimized. The study also proposed design equations for scaling up continuous EC units, providing a useful framework for handling steady hospital wastewater flows.
Liu et al. (2020) examined the removal of pharmaceutical residues using aluminum, iron, graphite, and titanium electrodes under varying current densities. Aluminum electrodes achieved up to 90% COD removal, while graphite electrodes enhanced the degradation of specific pharmaceutical compounds through oxidation. Sludge analysis confirmed the adsorption of pharmaceuticals onto metal hydroxide flocs. The authors suggested that hybrid electrode configurations could improve removal efficiency and reduce fouling, which is particularly relevant for hospital effluents containing diverse drug residues.
Nidheesh (2023) explored the role of aeration in iron-based EC systems and found that aeration accelerates Fe²⁺ oxidation, producing stronger oxidizing species and improving organic pollutant removal. COD and color removal efficiencies exceeded 90% under optimized conditions, along with reduced energy consumption and improved sludge settling. These findings suggest that aerated EC systems could be advantageous for treating colored and oxidizable organics in hospital wastewater.
Dindaş et al. (2020) investigated hybrid EC–advanced oxidation processes, including electro-Fenton and UV/H₂O₂ systems. EC was effectively used as a pre-treatment step to reduce turbidity and COD before oxidation, leading to complete mineralization of several pharmaceutical compounds. The integrated approach reduced overall energy demand compared to standalone advanced oxidation, indicating potential benefits for high-strength hospital wastewater where EC alone may be insufficient.
Hasnaoui et al. (2024) evaluated the use of recycled aluminum scrap as EC electrodes for dye-laden wastewater treatment. The study reported color removal efficiencies exceeding 95% and a significant reduction in operational costs. Surface roughness of recycled electrodes enhanced floc formation, highlighting a sustainable and low-cost electrode sourcing option that could be adopted for EC systems in resource-constrained hospital settings.
Pandey et al. (2025) performed continuous EC experiments on domestic wastewater using aluminum electrodes and demonstrated stable COD removal above 85% over 200 hours of operation. Empirical models were developed to relate removal efficiency to current density and flow rate. The findings support the feasibility of long-term continuous EC operation and predictive performance modeling, which are critical for hospital wastewater treatment systems.
Several studies have specifically addressed hospital wastewater. Indira et al. (2024) investigated EC treatment of real hospital wastewater and reported significant reductions in COD, BOD, TSS, turbidity, and coliform counts under optimized conditions. Similarly, Yánes et al. employed response surface methodology in a continuous-flow EC system to optimize pharmaceutical and COD removal, demonstrating the effectiveness of statistical optimization techniques for hospital effluent treatment.
Recent reviews by Ammar et al. (2023) and Javed et al. emphasized the techno-economic viability and sustainability of EC technology while identifying energy consumption and electrode passivation as key operational challenges. Strategies such as pulsed current operation, electrode rotation, and periodic cleaning were recommended to enhance long-term performance.



VI. Experimental Methodology
A bench-scale EC reactor was designed using aluminum and iron electrodes. Wastewater samples were collected from VDGMC Latur and characterized following APHA standard methods. Experiments were conducted by varying pH, current density, reaction time, and electrode spacing to determine optimum operating conditions.
Objectives of the Experimental Work
The objectives of this study are to (i) evaluate the effectiveness of electrocoagulation (EC) in removing turbidity, TSS, COD, BOD, color, nutrients, electrical conductivity, and selected heavy metals from hospital wastewater generated at VDGMC Latur; (ii) optimize key operational parameters such as electrode material, current density, initial pH, reaction time, and inter-electrode distance to achieve maximum pollutant removal with minimum energy and electrode consumption; and (iii) assess process kinetics, energy consumption, and electrode dissolution to propose suitable parameters for scale-up applications.
Site Description and Sample Collection
Wastewater samples were collected from the combined effluent stream of VDGMC Latur hospital. Composite (4–8 h) and grab samples were collected in acid-washed containers following standard procedures. Samples were preserved at 4 °C and analyzed within recommended holding times. Relevant metadata such as sampling time, temperature, and visual observations were recorded.
Raw Wastewater Characterization
Baseline characterization of raw hospital wastewater included measurement of pH, temperature, electrical conductivity, turbidity, TSS, COD, BOD₅, nutrients (NH₄⁺, PO₄³⁻), selected heavy metals, oil and grease, color, and microbial indicators using standard analytical methods (APHA). All analyses were conducted in triplicate.
Experimental Design and Electrocoagulation Setup
Laboratory-scale batch electrocoagulation experiments were conducted using aluminum and iron sacrificial electrodes in a plexiglass reactor. Key operational parameters—current density, initial pH, reaction time, and inter-electrode distance—were systematically varied. Optimization was performed using statistical design of experiments and response surface methodology where applicable.
Performance Evaluation
Treatment performance was assessed in terms of pollutant removal efficiency, energy consumption, and electrode dissolution. Kinetic models were applied to removal data, and sludge generated during EC was quantified and characterized. Experimental runs were performed in triplicate, with appropriate blanks and controls to ensure data reliability.

VII. Expected Results and Discussion
The optimized EC process is expected to achieve 70–95% removal of COD, BOD, TSS, turbidity, and microbial indicators. Reduced sludge volume, moderate energy consumption, and stable electrode performance are anticipated.
The study is expected to demonstrate that Electrochemical Coagulation (EC) technology is an effective, sustainable, and low-chemical method for the treatment of VDGMC Latur hospital wastewater. By optimizing parameters such as electrode material, current density, pH, and reaction time, significant reductions in turbidity, COD, BOD, TSS, color, and heavy metals are anticipated—typically achieving 70–95% removal efficiencies for key pollutants.
The optimized EC process is expected to yield:
· Clear and disinfected effluent meeting discharge standards.
· Reduced sludge volume with high settleability and lower toxicity.
· Optimal energy and electrode consumption demonstrating cost-effectiveness.
· Enhanced understanding of pollutant removal kinetics and electrochemical mechanisms.
Overall, the research will validate Electrochemical Coagulation as a promising and eco-friendly treatment approach for hospital effluents, supporting its future scale-up and implementation at VDGMC Latur or similar healthcare facilities.
VIII. Conclusion
Electrochemical coagulation is anticipated to be an effective and eco-friendly technology for treating hospital wastewater from VDGMC Latur. The study supports its potential for scale-up and integration with existing treatment systems.
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