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INTRODUCTION
Water contamination by heavy metals is a significant global 
challenge, impacting both environmental health and human 
safety. Traditional methods for treating contaminated water 
often involve complex, costly processes. Membrane distillation is 
an advanced separation technology that combines thermal and 
membrane processes to address this issue effectively. This article 
explores the principles, applications, and benefits of membrane 
distillation in removing heavy metals from contaminated water, 
highlighting its potential as a sustainable solution for water 
purification.

DESCRIPTION
Membrane distillation is a thermal separation process that 
utilizes a hydrophobic membrane to separate contaminants from 
water. Membrane distillation relies on a temperature difference 
across the membrane to drive the separation process. The feed 
water, which contains heavy metals and other contaminants, 
is heated to create a thermal gradient between the feed and 
permeate sides of the membrane. The membrane used in MD 
is hydrophobic, meaning it repels water but allows water vapor 
to pass through. This property is essential for ensuring that 
only vapor, and not liquid water, permeates the membrane. As 
the feed water is heated, water molecules evaporate and pass 
through the hydrophobic membrane. The vapor then condenses 
on the cooler side of the membrane, resulting in purified 
water. Heavy metals and other contaminants are left behind in 
the feed solution. The evaporated water vapor is condensed 
on the permeate side of the membrane, producing distilled 
water that is free from contaminants, including heavy metals. 
In Direct contact membrane distillation the feed water directly 
contacts one side of the membrane, and the vapor is condensed 
on the other side. This is the most common type of MD and is 
suitable for various applications, including heavy metal removal. 

In Air gap membrane distillation, there is an air gap between 
the membrane and the condenser, which improves thermal 
insulation and enhances the efficiency of vapour condensation. 
This setup is particularly useful in scenarios where maintaining 
a low temperature difference is challenging. Vacuum membrane 
distillation operates under reduced pressure, which lowers 
the boiling point of water and enhances vaporization. This 
method is effective for treating waters with high contaminant 
concentrations and can improve the efficiency of heavy metal 
removal. In Sweeping gas membrane distillation, an inert gas 
stream is used to sweep the vapour from the membrane surface, 
enhancing the transport of vapour and improving the overall 
efficiency of the process. This method is useful in applications 
where high flux rates are required. Many industries, such as 
mining, electroplating, and battery manufacturing, generate 
wastewater containing heavy metals. The process removes these 
toxic metals from the water, making it safe for consumption 
and reducing environmental impact. Membrane distillation can 
be used in desalination processes to produce freshwater from 
saline water while simultaneously removing heavy metals. This 
dual functionality enhances the efficiency of water purification 
systems.

CONCLUSION
Isotopic analysis offers a powerful tool for tracing the sources 
and pathways of heavy metal contamination, providing valuable 
insights into pollution origins, transport mechanisms, and 
environmental impacts. By leveraging stable and radioactive 
isotopes, researchers can enhance our understanding of heavy 
metal contamination and develop more targeted and effective 
remediation strategies. Despite its complexity and limitations, 
isotopic analysis remains a critical component of modern 
environmental science, contributing to the management and 
mitigation of heavy metal pollution.


