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Basic Information 

Author   U.S. EPA Design for the Environment Program 

Year Published  2015 

Chemical(s) of Focus Pentabromodiphenyl ether (pentaBDE) (32534-81-9) 

Alternatives Considered  Firemaster® 550 (Mixture composed of Benzoic acid, 2,3,4,5-
tetrabromo-, 2-ethylhexyl ester (TBB) (183658-27-7), Di(2-ethylhexyl) 
tetrabromophthalate (TBPH) (26040-51-7), Isopropylated triphenyl 
phosphate (IPTPP) (68937-41-7), and Triphenyl phosphate (TPP) (115-86-6)); 
Firemaster® 600 (Proprietary mixture); Tris (2-chloroethyl) phosphate 
(TCEP)(115-96-8); Tris (2-chloro-1-methylethyl) phosphate (TCPP) (13674-84-
5; 6145-73-9); Tris (1,3-dichloro-2-propyl) phosphate (TDCPP) (13674-87-8); 
Phosphoric acid, P,P'-[2,2-bis(chloromethyl)-1,3-propanediyl] P,P,P',P'-
tetrakis(2-chloroethyl) ester (38051-10-4); Ammonium polyphosphate (APP) 
(68333-79-9); Expandable graphite (12777-87-6); Melamine (108-78-1); 
Triphenyl phosphate (TPP) (115-86-6); Tricresyl phosphate (TCP) (1330-78-
5); Isopropylated triphenyl phosphate (IPTPP) (68937-41-7); Tris (p-t-
butylphenyl) phosphate (TBPP) (78-33-1); Diethyl bis(2-
hydroxyethyl)aminomethylphosphonate (2781-11-5); Oligomeric ethyl 
ethylene phosphate (184538-58-7); Oligomeric phosphonate polyol 
(363626-50-0); Emerald InnovationTM NH-1 (Proprietary mixture); FyrolTM 
HF-5 (Proprietary mixture) 

Sectors   Flexible polyurethane foam 

Technical Function Flame retardant 

 

Methodology 

Framework  U.S. EPA Design for the Environment (DfE) Alternatives Assessment Criteria 

Attributes Considered Chemical Hazard, Exposure, Technical Feasibility, Cost/Benefits & 
Availability, Lifecycle Impacts, Social Impacts 

Chemical Hazard Endpoints Human Health: Acute mammalian; Carcinogenicity; Genotoxicity; 
Reproductive toxicity; Developmental toxicity; Repeated dose toxicity; Skin 
sensitization; Respiratory sensitization; Eye irritation; Dermal irritation 

Environmental: Acute aquatic toxicity; Chronic aquatic toxicity; Persistence; 
Bioaccumulation 

Tools Used to Assess Chemical Hazard OncoLogic - carcinogenicity 

ECOSAR - ecotoxicity 

EPISuiteTM - environmental fate 



Other Tools Used EPISuiteTM - physical/chemical properties (to predict exposure likelihood) 

SPARC - physical/chemical properties (to predict exposure likelihood) 

 

Goal, Summary, Findings, and Impact 

Purpose/Goal To: (1) identify all flame retardants either known to be used, or marketed to 
be used, in meeting fire safety requirements for upholstered consumer 
products containing flexible polyurethane foam; (2) assess environmentally 
safer chemical alternatives to pentaBDE; and (3) investigate other 
technologies for improving furniture fire safety 

Report Summary This report provides an overview of flexible polyurethane foam and the 
flame retardants used in it. The report identifies 16 flame retardant 
chemicals, one non-proprietary mixture, and 2 proprietary mixtures that are 
potential functional substitutes to pentaBDE in flexible polyurethane foam 
for inclusion and assessment. Hazard designations are assigned for each 
chemical hazard endpoint considered based on the DfE Alternatives 
Assessment Criteria for Hazard Evaluation. This report also provides a 
discussion of alternative flame retardant solutions such as flame resistant 
cover fabrics, fire barriers, polymers and reactive flame retardants, and 
nanoclays. 

Key Findings/Impact Acute mammalian toxicity was Low for all but four of the alternatives: 
tricresyl phosphate, melamine, TCEP, and Emerald Innovation NH-1. 
Carcinogenicity and genotoxicity hazards varied among the alternatives, 
with many Low or Moderate designations. Two of the chemicals had High 
concerns for carcinogenicity: TCEP and TDCPP. Reproductive, 
developmental, neurological, and repeated dose toxicity varied from Low to 
High across the chemicals. Irritation and sensitization endpoints were 
generally not distinguishing, with many Low or Very Low designations, 
although a few substances had Moderate designations. 

Aquatic toxicity hazards varied significantly, due to the diverse chemistries 
of the alternatives. The endpoints evaluated in DfE Alternatives Assessments 
include acute and chronic aquatic toxicity based on water column 
exposures, which may not be suitable tests for some of the poorly soluble 
substances. 

Most flame retardants have High or Very High persistence designations, 
because they are expected to be stable by design in order to maintain their 
flame retardant properties throughout the lifetime of the product. Several 
of the flame retardant alternatives in this report were not designated as 
highly persistent, including TPP, which is readily biodegradable (low 
persistence). Also, TCP, IPTPP, TBPP, and TCEP are inherently biodegradable 
chemicals that degrade slowly (Moderate persistence); however, these 
substances have aquatic toxicity hazards, including deformities in fish and 
eutrophication from degradation to inorganic phosphates. There is an 
apparent trade-off between persistence and toxicity for diethyl bis(2-



hydroxyethyl)-aminomethylphosphonate and the oligomeric ethyl ethylene 
phosphate that have High and Very High persistence but Low to Moderate 
toxicity. The oligomeric phosphonate polyol appears to remove this trade-
off with only estimated Moderate persistence and estimated Low - 
Moderate toxicity. Predicting long-term fate in the environment is 
challenging, so there is an uncertainty as to how substances will eventually 
degrade, and whether some substances that are degradable in standard 
tests may be 'pseudo persistent.' 

Some of the alternatives assessed in this report also have a High potential 
for bioaccumulation, including the New-to-Market mixtures, the brominated 
alternatives, and some of the phosphate alternatives: TCP, IPTPP, and TBPP. 

 

 


