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Definitions

Term

Definition

As low as reasonably
practical (ALARP)

The risks from the activity must be averted unless there is a gross
disproportion between the costs and benefits of doing so.

Firefighting Foam

A stable aggregation of small bubbles, whose properties are such
that it may be used as a flame-smothering blanket, to prevent the
entry of air, or suppress vapour.

Fixed Firefighting
System

An engineered or pre-engineered total flooding or local
application system consisting of a fixed supply of extinguishing
agent permanently connected for fixed agent distribution to fixed
nozzles that are arranged to discharge an extinguishing agent
into an enclosure (total flooding), directly onto a hazard (local
application), or a combination of both; or an automatic sprinkler
system.

Foam/Fire Trucks

A vehicle designed to be used under emergency conditions to
transport personnel and equipment and to support the
suppression of fires and mitigation of other hazardous situations.

Foam Carriers

A vehicle designed to carry a large volume of foam concentrate.

Foam Concentrate

A concentrated liquid foaming agent, which is the basis from
which foam is generated.

Foam Solution

Water into which foam concentrate has been introduced in the
correct proportions for the generation of foam.

Non-compliant PFAS-
containing firefighting
foam

Any firefighting foam, including its foam concentrate, which
contains PFAS exceeding the stipulated thresholds outlined in
Table 1 of this industry guideline or any superseding PFAS
thresholds outlined by the National Environment Agency (NEA).

Fluorine Free Foam
(FFF)

Firefighting foams that do not contain intentionally added
fluorosurfactants or PFAS. Other synonyms may be used to refer
to such foam. Synonyms include, but are not limited to:

e Non-fluorinated foam (NFF)

e Synthetic Fluorine Free Foam (SFFF)

e Alcohol-Resistant  Fluorine Free Foams/Synthetic

Fluorine Free Foams (AR-FFF/SFFF)
e Protein Foam
e Alcohol-Resistant Protein Foam (AR-P)

Firewater, wastewater
or runoff

Any contaminated water generated where water sprays, jets,
mists, deluge, monitors or foam generators have been used to
extinguish a fire, dilute a contaminant, cool a container or
stockpile, blanket a spill with foam, disperse or dissolve a gas or
vapour release or wash down a contaminated area.
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High Temperature
Incineration

A thermal treatment process in which hazardous wastes are
converted into gases and essentially incombustible solid residue.

Per- and polyfluoroalkyl
substances (PFAS)

Per- and polyfluoroalkyl substances (PFAS) are defined as
fluorinated substances that contain at least one fully fluorinated
methyl or methylene carbon atom (without any H/CI/Br/l atom
attached to it). With a few noted exceptions, any chemical with at
least a perfluorinated methyl group (-CF3) or a perfluorinated
methylene group (-CF,-) is a PFAS.

The “noted exceptions” refer to fluorinated molecules with only
one carbon atom and a H/CI/Br/l atom attached to the carbon
atom.

Portable Fire
Extinguisher

A portable device, carried or on wheels and operated by hand,
containing an extinguishing agent that can be expelled under
pressure for the purpose of suppressing or extinguishing fire.

Toxic Industrial Waste
(TIW)

Any industrial waste which owing to its nature, composition or
quantity constitutes a danger to human health or the environment
or which contains or may produce pathogens of transmissible
diseases.

Toxic Industrial Waste
Collector (TIWC)

Any person who receives or accepts any toxic industrial waste for
storage, reprocessing, usage, treatment or disposal but does not
include the carrier engaged by the generator or the toxic
industrial waste collector to transport toxic industrial waste.

Waste

Waste includes:

a) any substance which constitutes a scrap material or an
effluent or other unwanted surplus substance arising from
the application of any process; and

b) any substance or article which requires to be disposed of
as being broken, worn out, contaminated or otherwise
spoiled,

and anything which is discarded or otherwise dealt with as if
it were waste is presumed to be waste unless the contrary is
proved.




1. Scope

This guidance provides recommended best practices for the phase-out of firefighting foams
containing per- and polyfluoroalkyl substances (PFAS) in Singapore. It is applicable to any
person, organisation or corporation that handles, transports, stores, uses, releases, treats
wastes or disposes of firefighting foams and associated materials.

The guidance recommends system cleaning protocols, concentration limits for PFAS-residues
and specifies management requirements for PFAS-containing waste. It also outlines
suggested roles and responsibilities for site personnel and emergency services, alongside
operational recommendations for both persistent and non-persistent foams and guidance for
different use cases.

While firefighting effectiveness remains a prime consideration in foam selection, operators
should also consider system compatibility, environmental protection measures, and proper
disposal practices to prevent both immediate and long-term environmental harm. This
guidance aims to support the transition to environmentally acceptable alternatives while
maintaining adequate levels of fire protection and safety.

2. Use of “shall”, “should”, “may” and “can”

In this guidance, the following verbal forms are used:

¢ “shall” indicates that the requirement is strictly to be followed in order to conform to
the standard and from which no deviation is permitted;

o ‘“should” indicates a recommendation;

e “may” indicates a permission;

e ‘“can” indicates a possibility or a capacity

3. NEA'’s regulatory requirements for firefighting foams

3.1. Permissible limits of PFAS in firefighting foam

Singapore is a Party to the Stockholm Convention, which aims to eliminate and/or restrict the
production and use of Persistent Organic Pollutants (POPs). Three PFAS are listed in the
Stockholm Convention, with time-limited exemptions for their use in firefighting foams for
Perfluorooctanoic acid (PFOA), its salts and related compounds and Perfluorooctane sulfonic
acid (PFOS), its salts and related compounds. These exemptions expired on 1 Jan 2026.
There is no exemption under the Stockholm Convention for usage of Perfluorohexane sulfonic
acid (PFHxS), its salts and related compounds in firefighting foams.

With effect from 1 Jan 2026, Singapore will phase out the import and use of firefighting foams
containing any of the three PFAS above their respective unintentional trace contamination
thresholds, as per Table 1.

Table 1: NEA’s unintentional trace contamination thresholds for PFAS contained in firefighting foam
PFAS Threshold / ppb

Perfluorooctanoic acid (PFOA); its salts and 25

related compounds




Perfluorooctane sulfonic acid (PFOS); its 10,000
salts and related compounds
Perfluorohexane sulfonic acid (PFHxS); its 100
salts and related compounds

Companies shall provide test reports/Safety Data Sheets (SDS)/technical specification
documents on request to NEA to show compliance to the PFAS thresholds outlined in Table
1. Companies may consult their suppliers to provide this information or test their foams.

NEA accepts test reports conducted by laboratories that are accredited by the Singapore
Accreditation Council (SAC) or similar accreditation board overseas that are part of the
International Laboratory Accreditation Cooperation Mutual Recognition Arrangement (ILAC-
MRA). Recommended test methods (non-exhaustive) to determine the PFAS levels of foam
samples are as follows:

e US Environmental Protection Agency (US EPA) Method 533: Determination of Per-
and Polyfluoroalkyl Substances in Drinking Water by Isotope Dilution Anion Exchange
Solid Phase Extraction and Liquid Chromatography/Tandem Mass Spectrometry
(LC/MS/MS)

e US Environmental Protection Agency (US EPA) Method 537: Determination of
Selected Perfluorinated Alkyl Acids in Drinking Water by Solid Phase Extraction and
Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS)

e US Environmental Protection Agency (US EPA) Method 1633: Analysis of PFAS in
Aqueous, Solid, Biosolids, and Tissue Samples by Liquid Chromatography/Tandem
Mass Spectrometry (LC-MS/MS)

e EN 17681-1 (modified for firefighting foams): Textiles and textile products - Per- and
polyfluoroalkyl substances (PFAS) - Part 1: Analysis of an alkaline extract using liquid
chromatography and tandem mass spectrometry

e Total Oxidisable Precursor Assay (TOP-A) method'

Companies who require further guidance on the regulatory requirements for the phase out of
non-compliant PFAS-containing firefighting foam or encounter challenges in meeting the 1 Jan
2026 effective date may contact NEA. The permissible limits of PFAS in firefighting foam may
be subject to changes in the future and NEA will consult the industry prior to implementation
of any changes.

3.2. Training and testing foam

Training foams are regarded as the same as operational firefighting foams for all intents and
purposes and must not contain any non-compliant PFAS. Foams that contain non-compliant
PFAS may be used for testing or maintenance purposes if provisions have been provided to
contain all releases. Any firewater, wastewater, runoff and other wastes containing non-
compliant PFAS foam must not be released to the environment and must be able to be fully
contained and disposed of as toxic industrial waste (TIW) to the TIW Collectors (TIWCs).

4. Considerations when selecting new foams

In the selection of firefighting foams, companies shall ensure compliance with the threshold
limits specified in Table 1. In view of the global movement towards phasing out PFAS in foams,
companies may consider fluorine free foam (FFF) to minimise disruption to future operations.

" TOP-A is an analytical method that enables the measurement of unknown PFAS by converting them to PFAS
that can be easily measured using standard liquid chromatography techniques.!'!
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The selection of FFF should be in accordance with the recommendations set out below in
Sections 4.1 and 4.2.

41. System/equipment compatibility and performance requirements

No new foam should be considered a drop-in replacement in existing systems without its
suitability pre-confirmed and performance verified.

Firefighting performance and system/equipment compatibility should be considered when
determining the suitability of foams used to respond to firefighting incidents relevant to a
company’s business operations and to companies for whom mutual aid is being provided to.
The efficacy of a firefighting foam’s performance may be assessed in accordance with, but not
limited to, the following factors:

a) Viscosity of the foam concentrate whether fluid (Newtonian) or thicker shear thinning/
thixotropic (non-Newtonian) types

b) Suitability for use with existing proportioning hardware, or modification/replacement
required

¢) Homogeneous mixing and suitability of concentrate with water type being used

d) Compatibility with materials in the firefighting system (e.g. metals, rubber seals,
plastics etc)

e) Stability of foam concentrate or pre-mix solution (separation, stratification,
sedimentation) over prolonged periods of time during storage

f) Suitability for use on all flammable liquids used/processed/stored on site

g) Suitability of application method (aspirated, non-aspirated, forceful, gentle etc)

h) Extremes of ambient temperature (year-round) that may be encountered in any fire
incident

i) Suitability of the expansion ratios produced by existing firefighting equipment (or
alternatives) for effective firefighting performance

j) Suitability of the application rates produced by existing firefighting equipment for
effective firefighting performance

k) Burn-back resistance

[) Time taken to achieve 90% fire extinguishment

m) Vapour suppression

n) Compatibility of dry chemical extinguishing agent with FFF

The performance of a firefighting foam may be assessed according to local standards,
international standards and/or industry-recognised tests which includes, but are not limited to,
the following:

Underwriters Laboratories (UL) 162: Foam Equipment and Liquid Concentrates

EN 1568: Fire extinguishing media - Foam concentrates

International Civil Aviation Organization (ICAQ) 9137 Airport Services Manual Part 1
Industry-recognised tests by LASTFIRE, Williams Fire & Hazard Control, etc.?

4.2. Operational considerations

In addition to its firefighting performance (refer to Section 4.1), the choice and procurement of
firefighting foam and/or its concentrate should consider within their risk assessment and

2 Industry-recognised tests include, but are not limited to, those developed by reputable industry consortia and
widely accepted supplier-developed tests. Such tests should provide meaningful conclusions on the performance
of a firefighting foam used for fire incidents in Singapore which are relevant to a company’s business operation
risks and assessed according to relevant factors.



contingency planning, among other things, its suitability for a particular application, its potential
to cause adverse effects and any necessary management measures. These may include:

a)

Composition of the foam and its effectiveness for the intended application (i.e.
firefighting foam displays adequate levels of firefighting performance to extinguish
possible fire from relevant operational scenarios while ensuring safety and property
protection)

Firefighting tactical considerations in accordance with vendor’'s recommendations on
how foam is to be applied across the various stages of fire

Compatibility of foam with equipment of incident responders

Concentrate types and quantities to be held on site

Volume of firewater that could potentially be generated during an incident

Taking all reasonable and practicable measures to prevent, mitigate and/or manage
and contain spills, firewater/foam runoffs and other contaminants on site and off site to
soil, ground water sources, waterways, water bodies, the sea and the atmosphere
Circumstances under which an intended or unintended release might occur
Pathways whereby foam and other contaminants could be released to the environment
Remediation of contaminated soils, waterways and groundwater

Training, maintenance and testing needs and requirements

5. System and equipment cleaning and waste management

5.1.

Scope of firefighting equipment cleaning

Sections 5.2 and 5.3 below apply to firefighting equipment and parts (e.g. foam concentrate
tank, proportioners, piping network) that are always pre-filled with PFAS-containing firefighting
foam and its concentrate as detailed in Table 2.

Table 2: Summary of equipment and parts that require cleaning

System/Equipment Type Equipment/Parts to Clean (i.e. always pre-
filled with foams)

Fixed firefighting system: | e Foam tank
Storage tanks and/or

piping containing foam e Foam piping up to the foam proportioner or

nearest isolation valve in which foam is always
pre-filled

o Foam piping network packed with foam

Foam/fire truck and foam | ¢ Foam tank and its piping
carrier

Portable foam extinguisher | ¢  Replace entirely or clean if intending to refill

5.2. Considerations for system cleaning

To prevent contamination of new firefighting foams with residual PFAS which may be retained
on the surfaces of the abovementioned systems and equipment, companies shall take all
reasonable and practicable steps to clean their firefighting systems and equipment.



Companies should assess the efficacy and practicality of the cleaning method(s) employed to
optimise PFAS decontamination and minimise the PFAS-rebound effect®. These may include:

¢ Cleaning using hot water?”]

o Continuous water flushing of the system and/or equipment until no ‘foaming’ is
seen from the output. Then carry out minimally 3 soaking and flushing cycles
over 24-48h each using hot water, ensuring that the water’s temperature at the
start of the soaking cycle is at 50 °C or higher and is maintained as best as
practicable throughout the whole soaking cycle

o Mechanical means may be used to agitate the cleaning fluids and assist with
the removal of any solidified foam residues (e.g. high pressure washing,
surface agitation)

¢ Cleaning using other polar solvents (e.g. Methanol, Isopropanol, Acetonitrile, Acetone,
Glycols)-11

o Similar cleaning protocols as described above for cleaning using hot water may
be employed using other polar solvents

o Companies should ensure that hot solvents are used below their boiling point
and that flammability and chemical incompatibilities are taken into account for
their use

¢ Cleaning with the addition of various chemical additives (e.g. butyl carbitol, chlorine
dioxide in hydrochloric acid, acidic/pH adjusting additives, coagulants/precipitants)’-
16]

o Similar cleaning protocols as described above for cleaning using hot water or

other polar solvents may be employed with the addition of additives

5.3. PFAS acceptance criteria

Where a firefighting system/equipment has previously contained PFAS-based firefighting
foam, all reasonable and practicable measures must be taken to clean out the PFAS residues.
It is recognised that there may nonetheless be low levels of PFAS contamination, and hence
the following allowances are made:

e Residual PFAS must not exceed the limits in Table 1; or
o Firefighting systems/equipment/parts have been cleaned using any cleaning method
outlined in Section 5.2 to as low as reasonably practicable (ALARP)*

The level of PFAS contamination may be established through analysing a representative
sample of the new foam concentrate/foam solution collected after one-month residence time
in the existing system/equipment following cleaning procedures. The one-month residence
time accounts for the rebound effect which may increase the concentration of PFAS in
firefighting foams loaded into systems/equipment due to the presence of residual PFAS post-
cleaning.

8 The PFAS-rebound effect refers to the release of residual PFAS retained on the interior surfaces of fire
suppression equipment due to the dissociation of PFAS structures.

4 Companies that minimally use the hot water cleaning method or any other method described in Section 5.2 are
not required to re-clean their firefighting system and/or equipment as it is deemed sufficient to meet the ALARP
requirement.



5.4. Disposal of PFAS wastes

Any firewater, wastewater, runoff and other wastes containing non-compliant PFAS shall not
be released to the environment®, shall be able to be fully contained and shall be disposed of
as TIW.

In accordance with the Environmental Public Health Act (EPHA) and the Environmental Public
Health (Toxic Industrial Waste) Regulations (EPH(TIW) Reg), the treatment and disposal of
PFAS waste shall be conducted through an NEA licenced TIWC. Examples of such waste
include:

¢ Unused non-compliant firefighting foam exceeding the thresholds set out in Table 1

e Spent PFAS-containing firefighting foam

o Waste from the cleaning of firefighting system(s) and equipment

¢ PFAS containing waste in relation to firefighting operations

6. Responsibilities and operational requirements

6.1. Site personnel

The owner and/or occupier should maintain and have on hand a copy of the test report(s),
SDS(s) and/or technical specification document(s) of the firefighting foam used on site as per
Section 3.1.

The owner and/or occupier shall take all reasonable and practical measures to fully manage,
contain, treat or properly dispose of the foam, firewater, wastewater, runoff from activities or
after incidents on the site such that any unavoidable release of foam or other contaminants to
the environment is not likely to cause significant environmental harm.

The owner and/or occupier shall have principal responsibility for the firefighting foam, its
concentrate, firefighting water, waste management and their effects. This responsibility does
not pass to the Singapore Civil Defence Force (SCDF) during an incident emergency response.

6.2. Companies in Mutual Support Arrangements

Companies in mutual support arrangements should work with each other to ensure that this
guideline is adhered to.

6.3. Emergency Services (SCDF)

As the national authority for civil emergencies, the SCDF is responsible for the provision of
firefighting, rescue and emergency medical services, as well as the formulation,
implementation and enforcement of fire safety regulations and civil defence shelter matters.

Legislative provisions grant the SCDF to carry out all necessary consequence management
measures during civil emergencies to minimise disruption to the community, infrastructure and
the environment. The discharge of functions by the SCDF does not negate the obligation of
the affected Company to incorporate all the necessary plans within its Business Continuity
Plan (BCP) or equivalent for relevant measures and controls to manage wastes that could
contain PFAS.

5 The release of any wastes into the environment must comply with the allowable limits specified in the
Environmental Protection and Management Act, Sewerage and Drainage Act, and their Regulations.
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The Site Personnel outlined in Section 6.1 shall be responsible to take all reasonable and
practicable steps to contain releases to the environment and manage wastes and any adverse
effects. This may include having to seek approval for and facilitate off-site containment
measures, such as bunding of adjacent drains or waterways, during an incident.
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Requlations/Acts

Environmental Protection and Management Act, Cap 94A

Environmental Protection and Management (Hazardous Substances) Regulations
Environmental Public Health Act, Cap 95

Environmental Public Health (Toxic Industrial Waste) Regulations

NOTE - The regulations and acts listed above is not exhaustive. Users of the guidance will need to
check with the relevant regulatory bodies on the latest regulatory and statutory requirements.
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