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Basic Information 

Author U.S. EPA Design for the Environment Program 

Year Published 2014 

Chemical(s) of Focus Hexabromocyclododecane (HBCD) (25637-99-4; 3194-55-6) 

Alternatives Considered Butadiene styrene brominated copolymer (1195978-93-8); TBBPA-
bis brominated ether derivative (97416-84-7); TBBPA bis(2,3-
dibromopropyl) ether (21850-44-2) 

Sectors Expanded & extruded polystyrene 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 viable alternatives for HBCD in expanded & extruded 
polystyrene foam; (2) evaluate the human health and environmental 



profiles of HBCD and its alternatives; and (3) inform decision making 
as organizations choose safer alternatives to HBCD. 

Report Summary This report provides information on HBCD, its use in expanded & 
extruded polystyrene foam, and possible substitutes for this use. 
The report identifies 3 alternatives that are potential functional 
substitutes for inclusion and assessment. In addition to information 
on potential hazards of HBCD 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 HBCD has been assigned a High hazard designation for 
developmental neurotoxicity, a Moderate hazard designation for 
reproductive toxicity and repeated dose toxicity, and an estimated 
Moderate hazard designation for carcinogenicity and neurotoxicity; 
other health endpoints have Low or Very Low hazard designations. 
The butadiene styrene brominated copolymer has Low hazard 
designations (either measured or estimated) for most human health 
endpoints due to its high MW and limited potential for absorption; 
there is one Moderate hazard designation for the eye irritation 
endpoint based on experimental data. The TBBPA-bis brominated 
ether derivative and TBBPA bis(2,3-dibromopropyl) ether have a 
Moderate hazard designation for carcinogenicity, mutagenicity, 
reproductive toxicity, developmental toxicity, and repeated dose 
toxicity based on potential alkylating properties. Low hazard 
designations have been assigned to these similar substances for 
acute toxicity, neurotoxicity, skin sensitization and irritation. The 
ecotoxicity endpoints evaluated in DfE alternatives assessments 
include acute and chronic aquatic toxicities. HBCD is aquatically toxic 
and has Very High hazard designations for both acute and chronic 
aquatic toxicity. Aquatic toxicity for the three alternatives is Low, 
driven by their lack of appreciable water solubility leading to "no 
effects at saturation" (NES). Ecotoxicity data for terrestrial species 
was limited, and thus the potential for impacts on high trophic level 
and terrestrial wildlife from HBCD and its alternatives or associated 
degradation products is unclear. The environmental fate of HBCD 
and the three alternatives is described primarily in terms of 
persistence and bioaccumulation potential. All three chemicals have 
High or Very High persistence designations, a quality typical for the 
majority of flame retardants. Long-term fate of the three 
alternatives in the environment is not well understood. The 
butadiene styrene brominated copolymer is estimated to have Low 
bioaccumulation potential due to its size (average MW >1,000 
daltons) and lack of low MW components, while HBCD, the TBBPA-
bis brominated derivative, and TBBPA bis(2,3-dibromopropyl) ether 
have Very High, High, and High potential for bioaccumulation. 


