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Basic Information 

Author U.S. EPA Design for the Environment Program 

Year Published 2014 

Chemical(s) of Focus Decabromodiphenyl ether (decaBDE) (1163-19-5) 

Alternatives Considered Aluminum diethylphosphinate (225789-38-8); Aluminum hydroxide (21645-
51-2; 8064-00-4); Ammonium polyphosphate (68333-79-9; 14728-39-3); 
Antimony trioxide (1309-64-4); Bis (hexachlorocyclopentadieno) cyclooctane 
(13560-89-9); Bisphenol A bis-(diphenyl phosphate) (5945-33-5; 181028-79-
5); Brominated Epoxy Polymer(s) (confidential); Brominated Epoxy Polymers 
(68928-70-1); Mixture of Brominated Epoxy Polymer(s) and Bromobenzyl 
Acrylate (confidential); Brominated epoxy resin end-capped with 
tribromophenol (135229-48-0); Brominated polyacrylate (59447-57-3); 
Brominated poly(phenylether) (confidential); Brominated polystyrene 
(88497-56-7); Decabromodiphenyl ethane (84852-53-9); Ethylene bis-
tetrabromophthalimide (32588-76-4); Magnesium hydroxide (1309-42-8); 
Melamine cyanurate (37640-57-6); Melamine polyphosphate (15541-60-3); 
N-alkoxy hindered amine reaction products (191680-81-6); Phosphonate 
oligomer (68664-06-2); Phosphoric acid, mixed esters with [1,1"-bisphenol-
4,4"-diol] and phenol(1003300-73-9); Polyphosphonate (68664-06-2); 
Poly[phosphonate-co-carbonate] (77226-90-5); Red phosphorus (7723-14-
0); Resorcinol bis-diphenylphosphate (125997-21-9; 57583-54-7); 
Substituted amine phosphate mixture (66034-17-1 and confidential); 
Tetrabromobisphenol A bis (2,3-dibromopropyl ether) (21850-44-2); 
Triphenyl phosphate (115-86-6); Tris(tribromoneopentyl) phosphate (19186-
97-1); Tris(tribromophenoxy) triazine (25713-60-4); Zinc borate (138265-88-
0; 1332-07-6) 

Sectors Electronics; Wire/cable; Public buildings; Construction materials; 
Automotive; Aviation; Storage & distribution products; Textiles; Waterborne 
emulsions & coatings 

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 potentially functional and viable alternatives for decaBDE; (2) 
evaluate their human health and environmental profiles; and (3) inform 
decision makers in order for organizations to choose safer alternatives to 
decaBDE. 

Report Summary This report provides information on decaBDE, its use in products and 
materials, and possible substitutes for these uses. The report identifies 29 
alternatives that are potential functional substitutes for inclusion and 
assessment. In addition to information on potential hazards of decaBDE and 
possible substitutes, information on the trade-offs associated with each 
alternative is presented for consideration in substitution decision-making. 
Hazard designations are assigned for each chemical hazard endpoint 
considered based on the DfE Alternatives Assessment Criteria for Hazard 
Evaluation. 

Key Findings/Impact  

Large polymers were generally designated as Low concern for human health 
endpoints compared to discrete chemicals because the large polymers 
generally cannot be absorbed or easily metabolized. Acute mammalian 
toxicity was Low for decaBDE and all but two of the alternatives: 
tris(tribromoneopentyl) phosphate and the substituted amine phosphate 
mixture. Carcinogenicity and genotoxicity hazards varied among the 
alternatives, with many Low or Moderate results. None of the chemicals had 
High concerns for carcinogenicity and only zinc borate had a High concern 
for genotoxicity. DecaBDE was Low for genotoxicity and Moderate for 
carcinogenicity. Reproductive, developmental, neurological, and repeated 
dose toxicity varied from Low to High across discrete chemicals. DecaBDE 
has High developmental toxicity, Moderate repeated dose toxicity, and an 
estimated Low neurological hazard in adults. Irritation and sensitization 
endpoints were generally not distinguishing, but five chemicals had at least 
one designation of Moderate, High, or Very High for one or more irritation 
or sensitization endpoints, whereas decaBDE has Low designations for these 
endpoints. 



Aquatic toxicity hazards varied significantly due to the diverse chemistries of 
the alternatives. Large discrete chemicals and large polymers (both 
halogenated and non-halogenated) had generally Low aquatic toxicity 
hazards. The larger chemicals and compounds with high Kow values are not 
expected to be bioavailable in the water column. For inorganic compounds, 
aquatic toxicity varied from Low to High. The aluminum, antimony and zinc 
compounds have Moderate to High aquatic toxicity. For ammonium 
polyphosphate, magnesium hydroxide and red phosphorus, aquatic toxicity 
was Low. In addition to some of the inorganic compounds, some of the 
phosphorus and/or nitrogen-containing compounds had High or Very High 
measured or predicted aquatic toxicity. 

Chemical flame retardants must be stable by design in order to maintain 
their flame retardant properties throughout the lifetime of the product and 
most are designated as High or Very High for persistence. Additionally, the 
High persistence associated with the large polymers in this assessment is 
due to the limited bioavailability and lack of assimilation by microorganisms. 
The alternatives without High persistence were triphenyl phosphate, which 
is readily biodegradable (low persistence), as well as resorcinol bis-diphenyl 
phosphate, an inherently biodegradable chemical that degrades slowly 
(Moderate persistence). 

 


