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DESCRIPTION
The rising presence of emerging contaminants in water bodies
worldwide, Nanofiltration (NF) membranes have gained
significant attention as an effective solution for advanced water
treatment. Emerging contaminants, including pharmaceuticals,
personal care products, pesticides and endocrine-disrupting
chemicals, pose a threat to ecosystems and human health,
challenging traditional water treatment methods. This article
examines the mechanisms, applications and perspective
significance of nanofiltration membranes in addressing
emerging contaminants, providing insights into how this
technology can contribute to safer and cleaner water sources.

The role of nanofiltration in water treatment

Nanofiltration is a pressure-driven membrane process that offers
a middle ground between Reverse Osmosis (RO) and
Ultrafiltration (UF). NF membranes are designed to reject
molecules in the range of 1-10 nanometers, allowing them to
remove ions, organic molecules and small particles with high
efficiency. They are particularly effective in rejecting divalent and
multivalent ions while allowing the passage of monovalent ions.
This selectivity makes NF membranes suitable for removing
micropollutants and emerging contaminants, providing an
advanced treatment option beyond conventional methods.

Mechanisms of contaminant removal in
nanofiltration

NF membranes utilize several mechanisms to remove emerging
contaminants:

Size exclusion: NF membranes are designed with pore sizes that
allow only small molecules to pass through while blocking larger
contaminants. This size exclusion property is particularly
effective for removing organic contaminants with molecular
weights above 200-300 Daltons, such as pharmaceuticals and
hormones.

Charge-based rejection: NF membranes often carry a surface 
charge, which interacts with charged contaminants in the water. 
By leveraging electrostatic interactions, NF membranes can reject 
negatively charged contaminants like nitrate and sulfate ions. 
This charge-based selectivity is significant for removing ionic 
emerging contaminants and contributes to higher rejection rates 
for harmful substances.

Applications of nanofiltration membranes in
emerging contaminant removal

Nanofiltration membranes have found applications across 
several fields due to their versatility and selectivity in removing 
emerging contaminants:

Agricultural and industrial wastewater treatment: Pesticides, 
herbicides and industrial chemicals are prevalent in agricultural 
and industrial wastewater. NF membranes can effectively reject 
these contaminants, contributing to cleaner water sources and 
safer irrigation practices. This application is significant in 
regions facing water scarcity, where treated wastewater is often 
reused for agricultural purposes.

Heavy metal removal: Nanofiltration membranes are effective 
in rejecting heavy metals like lead, cadmium and chromium, 
which are commonly found in industrial wastewater. By 
removing heavy metals, NF membranes lead a role in reducing 
environmental pollution and preventing the accumulation of 
toxic metals in food chains.

Challenges and limitations of nanofiltration in
contaminant removal

Despite their advantages, nanofiltration membranes face several 
challenges:

Limited selectivity for low-molecular-weight contaminants: 
While NF membranes are effective at removing large molecules, 
they may struggle to retain smaller, low-molecular-weight 
contaminants. Advanced NF membrane designs that improve
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selectivity for smaller molecules are essential for comprehensive
water treatment.

High operational costs: Although NF membranes are less
energy-intensive than RO, they still require considerable energy
for effective pressure-driven filtration. Reducing energy
consumption and optimizing membrane materials for lower-cost
production are essential to improve the economic feasibility of
NF-based treatment processes.

CONCLUSION
Nanofiltration membranes have emerged as a promising
technology for addressing emerging contaminants in water

treatment. By offering a balance between selectivity and energy
efficiency, NF membranes provide an effective solution for
removing pharmaceuticals, Endocrine-Disrupting Compounds
(EDCs), pesticides and heavy metals. While challenges in
fouling, selectivity and operational costs remain, advancements
in materials, hybrid systems and sustainable production
methods are for more effective NF applications. As the demand
for clean water intensifies, nanofiltration membranes are poised
to lead a significant role in safeguarding water quality and
protecting public health and ecosystems.
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