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Replacement of Fluorinated
Water-Repellent Agents in Textiles

Function of Water-Repellent Agents in Fabrics

Water-repellent properties in fabrics are important
because they help materials stay dry and maintain their
functions even in rain or humid conditions. This is
especially crucial for workwear, equipment, and outdoor
textiles. When a fabric does not absorb water, it does not
become wet, heavy, or cold, and clothing remains
comfortable for the wearer.

Water-repellent properties also allow garments to dry

faster after getting wet and to retain warmth longer.
Additionally, fabrics with water-repellent coatings are
better protected from dirt and stains because liquids do
not penetrate the fibers.

Such treatment helps extend the material's service life,
as moisture can degrade fiber structure, cause mold, or
lead to deformation.

Hazards of Polyfluorinated Compounds

Per- and polyfluoroalkyl substances are considered
hazardous primarily due to their exceptional chemical
stability. Once released into the environment, they
hardly degrade through natural processes and can
persist for decades in water, soils, and sediments. These
substances are easily transported by air and water
currents, and have been detected even in remote
regions, including the Arctic, where there are no local
industrial emissions. In the environment, per- and
polyfluoroalkyl substances are toxic to aquatic
organisms even at low concentrations, as they
accumulate in  tissues and can disrupt normal
development, reproduction, and behavior.

To impart water-repellent properties to fabrics, the
industry uses various chemicals, including relatively safe
polymeric materials as well as substances with
environmental risks. The most widely used and effective
are fluorinated organic compounds, particularly per- and
polyfluoroalkyl substances (PFAS). These include
polymers based on perfluorooctanoic acid (PFOA),
perfluorooctane sulfonic acid (PFOS), and
perfluorohexane sulfonic acid (PFHxS). They provide very
high water- and dirt-repellency but are persistent in the
environment, hardly degrade, can be transported over
long distances, and accumulate in living organisms. As a
result, they are recognized as persistent organic
pollutants (POPs) and listed under the Stockholm
Convention.

For humans, these substances are hazardous because
the body cannot efficiently eliminate them. The half-life
of PFOS and PFOA in the human body spans years, so
even small but regular exposures gradually accumulate
and may cause adverse effects. They disrupt hormonal
systems, affect lipid metabolism, may impair liver
function, and alter levels of certain blood enzymes.
Studies also link exposure to immune system changes,
reduced vaccine efficacy, and increased susceptibility to
infections. Additionally, evidence suggests potential
effects on reproductive health and fetal development
due to their ability to cross the placenta and enter breast
milk.
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Fabrics as a Source of Per- and

Polyfluoroalkyl Substances

Textiles are one of the most significant sources of
per- and polyfluoroalkyl substances entering the
environment throughout the life cycle of clothing,
footwear, furniture, and other fabrics. This occurs not
only during production but also during use, washing,
and disposal.

Industrial effluents are considered the primary
source, with atmospheric emissions as an additional
source.

During use, water-repellent treatments degrade over
time, and PFAS-treated products continuously
release these substances. Under normal use, the
coating can gradually degrade, and fine particles,
microfibers, or chemically mobile PFAS are released
from the fabric surface.

With prolonged use, friction and stretching can cause
microfibers coated with fluorinated substances to
detach from the fabric. These microfibers can be
transported through the air or enter water during
rain, washing, or laundering. During washing, a
portion of PFAS is released into the water.

Indoors, PFAS sources include carpets, upholstered
fabrics, and clothing. They release PFAS into the air
and dust. Studies show that replacing such items in
homes can reduce PFAS content in dust by almost
80%. PFAS can also enter the human body through
direct contact.

At the end of the product life cycle, textile products
become a source of PFAS in solid waste.

It is estimated that annually in the EU, 23,000 tons of
PFAS are released from textile products alone,
accounting for 60% of all PFAS entering the
environment during the use phase.

Thus, textile products are a significant and constant
source of PFAS in the environment, and the textile
industry is one of the key sectors responsible for the
global distribution of these “forever chemicals.”

Legislative Restrictions on Use

Under REACH (the EU Regulation on Chemicals) and
related initiatives, restrictions on PFAS are gradually
being introduced. For example, certain PFAS,
particularly older, long-chain compounds, are already
listed as “substances of very high concern.” In 2023,
EU countries proposed a general restriction (or ban)
on approximately 4,700 PFAS, including those used in
consumer and professional textiles. Adoption of the
restriction is expected in 2026.

Before mandatory legislation takes effect, industry
coalitions and standards have already acted to ban or
restrict PFAS. For example, Bluesign has not certified
PFAS-coated fabrics since 2024. Similarly, the ZDHC
(Zero Discharge of Hazardous Chemicals) program
added PFAS to its main list of prohibited substances,
meaning companies complying with ZDHC must
remove PFAS from textile production.

Industry Implications and Exemptions

Bans and restrictions are gradually removing the
most toxic or persistent (long-chain) PFAS from
widespread use. However, manufacturers often
switch to short-chain (C6) or alternative PFAS that are
not yet banned or are less regulated. This creates a
“regretable substitution” scenario: formally harmful
substances are replaced, but new ones may still pose
issues with persistence and toxicity.

Many restrictions also provide exemptions for special
or “necessary” uses, such as professional or
protective clothing, technical textiles, or military
products.
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Green Alternatives to Fluorinated Water-Repellent

Agents in Textiles

Alternative type ‘

Description of
action

Advantages

Table 1. Green Alternatives

Disadvantages

Silicone-based water
repellents

Form a thin, elastic,
hydrophobic film on
fibres

Retain softness and vapour
permeability, do not
accumulate in the
environment, have low
toxicity and decompose faster
than PFAS

May be less resistant to oils
than fluorinated substances

Paraffin and wax
impregnations

A layer of wax or
paraffin is applied to
the fibres to ensure
hydrophobicity

Cheap, stable,
environmentally friendly and
natural modifications are
available

Lower water resistance; the
effect decreases after washing;
the fabric may become stiffer

Water-based
polyurethane dispersions

Form a protective,
hydrophobic layer
without the use of
fluorine

Good resistance to moisture
and mechanical stress and
are suitable for use with
membrane and technical
fabrics

Depending on the composition,
they may slightly reduce
vapour permeability

Biopolymers and natural
hydrophobic systems

Use modified
cellulose, starch,
alkyd and
polycarbonate
coatings and lipid
complexes

Biodegradable, do not create
persistent pollutants,
environmentally safe,
promising for scaling

Require further research to
improve durability and stability

Special polymers with
short or branched
hydrocarbon chains

Create a fluorine-free
hydrophobic surface
thanks to the polymer
structure

Good adhesion to fibres,
uniform coating, high wear
resistance

May be inferior to PFAS in
repelling oils

Nanostructured coatings
(SiOy, TiO,)

Form a micro-rough
surface with a ‘lotus’
effect

Very thin coating, preserves
fabric breathability, good
water repellency

The technology is more
expensive and requires control
of application and stability
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