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Flame retardants are chemical substances that are intended to mitigate fire safety risks posed by a range of goods
including furniture, electronics, and building insulation. There are growing concerns about their effectiveness in
ensuring fire safety and the potential harms they pose to human health and the environment. In response to these
concerns, on 13 June 2022, a roundtable of experts was convened by the UKRI Six Clean Air Strategic Priorities
Fund programme 7. The meeting produced a Consensus Statement that summarises the issues around the use of
flame retardants, laying out a series of policy recommendations that should lead to more effective fire safety
measures and reduce the human and environmental health risks posed by these potentially toxic chemicals.

Flame retardants are a diverse group of substances, including both
inorganic and organic chemicals, that are used in a wide range of ap-
plications including furniture, building materials, and electronic goods.
They can be designed as monomeric or polymeric molecules, and be
mixed or reactively combined with the materials to which they are
added. Many molecules acquire flame retardant properties through the
addition of halogens such as bromine and chlorine. The inclusion of
halogens often renders molecules more persistent and bioaccumulative.
This becomes particularly problematic for organic flame retardants,
leading to the phase-out of several compounds including poly-
brominated diphenyl ethers (PBDEs) and hexabromocyclododecane
(HBCDD), and increasing concern about others including
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tetrabromobisphenol-A (TBBPA). Many flame retardants present prob-
lems after phase-out, remaining in old furniture and building materials
and continuing to contaminate the wider environment.

The United Kingdom has some of the highest use of flame retardants
in the world (Brommer and Harrad, 2015; Harrad, Brommer and
Mueller, 2016; Kademoglou et al., 2017). These are added to textiles and
furniture to pass open flame ignition tests which are an integral part of
the Furnishing and Fire Regulations (Fire) (Safety) 1988 (henceforth
“FFRs”). Open flame ignition testing involves applying a lighted source
such as a burning crib or a small flame to the item being tested for a
defined length of time. Flame retardants are used to meet these tests by
preventing full flaming.

E-mail addresses: jpage@cancerpreventionsociety.org (J. Page), p.whaley@lancaster.ac.uk (P. Whaley).

https://doi.org/10.1016/j.envint.2023.107782

Received 21 November 2022; Received in revised form 19 January 2023; Accepted 25 January 2023

Available online 28 February 2023

0160-4120/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:jpage@cancerpreventionsociety.org
mailto:p.whaley@lancaster.ac.uk
www.sciencedirect.com/science/journal/01604120
https://www.elsevier.com/locate/envint
https://doi.org/10.1016/j.envint.2023.107782
https://doi.org/10.1016/j.envint.2023.107782
https://doi.org/10.1016/j.envint.2023.107782
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envint.2023.107782&domain=pdf
http://creativecommons.org/licenses/by/4.0/

J. Page et al.

The rationale for using flame retardants is to delay time to full
burning when an ignition source initiates a fire. Whilst this appears a
logical thing to do, particularly given changes in the material design of
furnishings and building materials that have led to increased use of
flammable materials, there is a need to examine whether the open flame
ignition test is fit for purpose. This examination should focus on the
extent to which the test truly leads to reduced fire risks, and the balance
of this purported benefit against the widespread exposure to flame re-
tardants that results from meeting the ignition tests.

Many flame retardants are bioaccumulative and persistent, particu-
larly those containing bromine and chlorine (Segev, Kushmaro and
Brenner, 2009). They are found in air and dust, food and drinking water,
and on indoor surfaces and textiles where they can be absorbed through
dermal contact (Abdallah and Harrad, 2018; Abou-Elwafa Abdallah and
Harrad, 2022). They are found in homes, offices, schools, public build-
ings, vehicles, and natural environments (in rivers, lakes, oceans, sedi-
ments and mammals, fish, and birds) from the poles to the equator
(Brommer and Harrad, 2015; Tao, Abdallah and Harrad, 2016; Dodson
et al., 2017; Persson et al., 2018; Wemken et al., 2019; Hou et al., 2021;
Yao et al., 2021). Small children are particularly exposed to flame re-
tardants because of their crawling and mouthing behaviours (Sugeng
et al., 2020).

Humans are also exposed to these substance at all stages of the
lifecycle of the products to which they are added: during manufacture
and assembly of products, throughout their normal use, and at the end of
their life when they are disposed of or recycled. Recycling causes
particular difficulties for waste managers and recyclers (Ma et al., 2021;
Balasch et al., 2022) because, due to issues such as a lack of product
labelling, it is very difficult to identify which products contain flame
retardants Consequently, these chemicals can inappropriately end up in
recycled goods such as cookware (Strakova et al, 2018). Even if they
could be identified, the presence of problematic flame retardants any-
way creates a significant hurdle to implementing a circular economy by
limiting how products containing them can be recycled (Strakova et al.
2018). Additionally, there is evidence that, during a fire, some flame
retardants may exacerbate yields of toxic gases and smoke formed by
burning foams which are a major cause of death (Stec, 2017; McKenna
et al., 2018).

There are hundreds of scientific papers reporting deleterious effects of
flame retardants (in vitro, in vivo, and human studies). These effects include
developmental, behavioural, and neurotoxic effects, endocrine disrupting
effects, impact on sex and thyroid hormones, carbohydrate & lipid meta-
bolism, diabetes risk, adipogenesis, obesity, and reproduction (Hendriks
and Westerink, 2015; Blum et al., 2019; Doherty et al., 2019; Xiong et al.,
2019; Patisaul et al., 2021). Some flame retardants are reported to be
carcinogenic (van der Veen and de Boer, 2012; Wei et al., 2015) and some
studies report effects on DNA damage or changes in DNA methylation
(Soubry et al., 2017; Bukowski et al., 2019; Yuan et al., 2019). Other
studies have reported cardiotoxicity and cardiac abnormalities, hepato-
toxicity, hearing, corneal cell damage, allergic, immune, and kidney ef-
fects (Parketal., 2016; Xiang etal., 2017; Alzualde et al., 2018; Araki et al.,
2018; Mitchell et al., 2018; Ait Bamai et al., 2019; Kang et al., 2019; Wang
et al., 2019; Sun et al., 2020).

The UK FFRs have been under government review for their fitness for
purpose since at least 2014 in a process initiated by the UK Department
of Business, Innovation and Skills (now Business, Energy, and Industrial
Strategy). To date no revised policy has been formally proposed.
Following the Grenfell Tower fire, there has been understandable
concern not to weaken fire regulations. The critical question, however,
relates to the overall effectiveness of the existing regulations. The con-
cerns that have resulted in calls for their re-evaluation include the
following: an over-reliance on flame retardants, a failure to address the
key issue of the intrinsic flammability and fire toxicity of many uphol-
stery and insulation foams used today, and insufficient demonstration of

Environment International 173 (2023) 107782

the true effectiveness of ignition tests in comparison to other fire safety
interventions. The situation is analogous to diesel fuel, once considered
as environmentally friendly, but only because of a narrow focus on fuel
efficiency and disregard of non-CO; pollutants such as particulate
matter.

Over-reliance on flame retardants inevitably creates serious and
largely unconsidered problems for future generations. Over time, flame
retardants are released into homes, offices, buildings, and vehicles
through a combination of volatilization, abrasion of fibres and particles
from treated fabrics, and as a result of foam degradation. Because
products are not labelled or bar-coded, it is not known what flame re-
tardants are used in foams and, even if it were, a flame retardant
considered safe today may be found not to be in the future. Currently it
takes years or even decades to restrict chemicals under both REACH and
the Stockholm convention (POPs).When this happens there is no easy
and economical way of identifying and removing the affected items,
especially when they are used in building insulation. It would be much
more sensible to use materials that are intrinsically fire resistant and
safe.

The 2019 UK Environmental Audit Committee (EAC) report Toxic
Chemicals in Everyday Life identified many concerns regarding the use
of flame retardants that motivate urgent legal reform and wider
policy changes in this sector (Environmental Audit Committee, 2019).
The report highlights several examples of policies aimed at reducing
the use of flame retardants. These include: the revision in 2014 of
California’s revised domestic furniture standard, Technical Bulletin
117, leading to reduced use of flame retardants in upholstered
furniture and children’s products; California banning in 2018 the sale
of furniture, baby products, and mattresses containing flame re-
tardants, and repealing its open flame test standard for upholstered
furniture in public spaces, with several other states adopting similar
measures; and in 2017 the U.S. Consumer Product Safety Commission
passing guidelines recommending that manufacturers refrain from
adding non-polymeric organohalogen flame retardants to children’s
products, mattresses, electronic casings, and furniture (CPSC 2017).
The EU has also proposed a ban on halogenated flame retardants in
electronic displays under the Eco-design Directive. The European
Chemicals Agency (ECHA) has proposed a restriction on the sale of
children’s products and upholstered furniture with polyurethane
foams containing the flame retardants TCEP, TCIPP, and TDCIPP',
pending the results of on-going studies by the US National Toxicology
Program.

With these considerations in mind, a roundtable of experts was
convened by the UK Research and Innovation Clean Air Strategic Pri-
orities Fund programme on 13 June 2022, to discuss these many issues
and to make strategic recommendations that would explore effective
reform of UK fire safety policy (Whaley et al. 2022). The result of these
deliberations is in the Consensus Statement below, signed by the authors
of the present paper.

The aim of the Consensus Statement is to call for a thorough re-
evaluation of how fire safety should be achieved. The Statement
summarises the issues posed by flame retardants (in particular, ad-
ditive organic flame retardants), materials and current approaches;
and lays out a series of policy recommendations that should lead to
more effective fire safety measures and reduce the human and envi-
ronmental health risks posed by these potentially toxic chemicals. It
is the sincere hope of the authors and signatories of the statement
that these concerns and recommendations be heeded and acted upon
now.

1 TCIPP = tris(2-chloro-1-methylethyl) phosphate; TDCIPP = tris[2-chloro-1-
(chloromethyl)ethyl] phosphate; and TCEP = tris(2-chloroethyl) phosphate.
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Consensus Statement on the Use of Flame Retardants in the
United Kingdom

Whereas:

i. The UK is one of the highest users of flame retardants in the
world.

ii. Flame retardants are found in many goods used in everyday life
such as furniture foams and fabrics, electrical items, and building
insulation.

iii. Flame retardants migrate out of the goods to which they are
added and are found in homes, classrooms, offices, public
buildings, vehicles, and the wider environment.

iv. Flame retardants are ubiquitous environmental chemical pollut-
ants and are present in rivers, lakes, sediments, soil, air, mam-
mals, birds, and fish throughout the world.

v. Humans are exposed via air, dust, skin, food, water, and breast
milk.

vi. Exposure is unavoidable.

vii. Infants and young children are disproportionately exposed
because of hand-to-mouth and mouthing behaviours.

viii. Alarge and rapidly-expanding evidence base shows that exposure
to flame retardants increases risks of deleterious health effects
including developmental and behavioural disorders, neurotox-
icity, endocrine disruption, metabolic disruption, cancer, and
many other effects.

ix. Scientific evidence of harm typically accumulates only after the
introduction of flame retardants to market and exposure has
already become widespread.

x. Flame retardants found to be harmful will continue to be released
from products such as furniture decades after manufacture. This
disproportionately affects lower socioeconomic groups.

xi. There is significant uncertainty about whether and to what extent
flame retardants contribute to fire safety.

xii. The UK’s approach to securing fire safety is narrowly focused on
passing ignition tests. This incentivises the addition of large
amounts of fire retardants to furniture and other items and ma-
terials, without a clear net benefit in reduction of harm.

xiii. There is evidence that flame retardants exacerbate smoke and fire
toxicity. A significant proportion of fire deaths are caused by
inhalation of toxic fumes, including cyanide gas and carbon
monoxide.

xiv. Flame retardants are problematic at all stages of the lifecycle: in
manufacturing, everyday use, during fires, recycling (thereby
compromising the circular economy) and disposal.

The following signatories call on the UK government to:

a. Minimise the need for chemical flame retardants by incentivising
industry to develop benign-by-design furniture, building materials,
and other goods. These should be made from materials that are
inherently less flammable and less likely to produce toxic smoke than
conventional, highly flammable foams and other products that
require significant addition of flame retardants in order to comply
with fire safety standards. Fire safety standards should actively
encourage fire safety by innate product design, rather than by
chemical flame retardant usage.

b. Adopt a systemic approach to fire safety standards, evaluating the
contribution of flame retardants to fire safety in the context of be-
haviours that initiate fires, factors that affect fire propagation, smoke
generation, and toxicity during fires, and vulnerabilities that make
people more likely to be harmed in a fire. This includes stepping
away from a reductionist view that the passing of ignition tests is

Environment International 173 (2023) 107782

sufficient to ensure fire safety. Where ignition tests are used as part of
a fire safety system, their effectiveness in improving fire safety,
impact on product design innovation, and their consequences for
flame retardant usage, should be fully evaluated.

c. Improve the governance of standards, regulation, and testing of
flame retardants and fire safety. Fire safety needs to be recognised as
a complex, multi-disciplinary problem that requires joined-up
thinking and strategic oversight; inclusive, broadly representative,
open processes that represent different stakeholder views and
expertise; and ensuring that decision-making and integrity of delib-
erative processes are not compromised by conflicted interests.

d. Promote a culture of and funding for human environmental health
research in the UK, to support the development, synthesis, and
interpretation of the multi-disciplinary evidence base that is required
for making evidence-informed decisions in complex regulatory
environments.

e. Ensure that a very high level of certainty about the human and
environmental safety of flame retardants is demonstrated before they
are approved for use, and that pro-active, systematic evidence gen-
eration and monitoring systems are in place to flag unanticipated
issues and ensure rapid replacement of problematic flame retardants
with safer alternatives.

f. Develop a labelling system for tracking the use of chemicals in
products, including flame retardants, that allows undesirable sub-
stances to be easily identified and diverted away from the circular
economy.
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