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DESCRIPTION
Water contamination by heavy metals is a critical issue affecting 
ecosystems, public health, and industrial processes globally. 
Heavy metals such as lead, mercury, arsenic, and cadmium 
are highly toxic and can lead to serious health problems if 
they enter the water supply. Advanced filtration technologies, 
particularly Nanofiltration (NF) and Reverse Osmosis (RO), have 
emerged as powerful tools for addressing this challenge. These 
membrane-based systems offer efficient and effective solutions 
for removing heavy metal ions from water, ensuring cleaner and 
safer water supplies. Membrane filtration technologies utilize 
semi-permeable membranes to separate contaminants from 
water. Both nanofiltration and reverse osmosis are pressure-
driven processes that use membranes with distinct properties to 
achieve different levels of purification. They are designed to reject 
particles and solutes based on size and charge. NF membranes 
are particularly effective at removing divalent and trivalent ions, 
such as calcium, magnesium, and heavy metal ions. In NF, water 
is forced through the membrane under pressure. The membrane 
allows water molecules and smaller ions to pass through while 
retaining larger molecules and ions, including heavy metals. This 
process can also reduce the concentration of organic compounds 
and some bacteria. Reverse osmosis membranes have even 
smaller pore sizes, typically less than 1 nanometer. This allows 
them to reject almost all contaminants, including monovalent 
ions like sodium and chloride, as well as heavy metals. RO involves 
applying high pressure to push water through a semi-permeable 
membrane, which separates pure water from contaminants. The 
process is highly effective at removing a broad range of pollutants, 
including heavy metals, by allowing only water molecules to pass 
through. Nanofiltration is effective at removing various heavy 
metal ions due to its ability to reject particles based on size and 
charge. For example, NF can remove lead, cadmium and arsenic 
with high efficiency. The charged nature of heavy metal ions often 
enhances their rejection by NF membranes. NF is advantageous 

for water softening as well, removing hardness ions like calcium 
and magnesium, which can help in reducing scaling and corrosion 
in water systems. It also requires less energy compared to RO due 
to lower operating pressures. Although NF is effective for many 
heavy metals, it may not remove all contaminants to the same 
extent as RO. The performance can be affected by the presence 
of fouling agents or scaling, which necessitates regular cleaning 
and maintenance. Reverse osmosis is known for its high removal 
efficiency for heavy metals. RO membranes can achieve more than 
99% removal of contaminants, including lead, mercury, arsenic, 
and cadmium. This makes RO an ideal choice for producing high-
purity water, especially in applications requiring stringent water 
quality standards. RO provides a comprehensive solution for 
heavy metal removal, handling a wide range of contaminants, 
including salts, organic compounds, and microorganisms. It is 
highly effective in producing drinking water and industrial-grade 
water. The main drawback of RO is its high energy consumption 
due to the high pressures required for operation. Additionally, 
RO systems produce a concentrated waste stream (brine) that 
requires proper disposal or treatment. Nanofiltration and reverse 
osmosis are advanced membrane systems that provide effective 
solutions for removing heavy metal ions from water. While NF 
offers efficient removal of divalent and trivalent ions with lower 
energy requirements, RO delivers comprehensive purification 
with near-total removal of contaminants, albeit at a higher 
energy cost. Understanding the strengths and limitations of each 
technology helps in selecting the most suitable option for specific 
water treatment needs.
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