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PIM #4: Brominated Fire Retardants: Pentabromoethylbenzene 

 
 Brominated compounds can be used to prevent the spread of fires.  Tetrabromo bisphenol 

A, hexabromocyclododecane, decabromodiphenyl ether, octabromodiphenyl ether, and 

pentabromodiphenyl ether are five commonly used brominated fire retardants, BFR, (1).  These 

compounds prevent the spread of fires by chemical and physical means.  Chemically, BFR 

decompose in fires to produce bromine radicals.  These radicals react with hydrocarbon vapors to 

produce HBr radicals.  The H
+ 

ions and OH radicals needed to oxidize hydrocarbon vapors in a 

fire are destroyed by the HBr radicals to produce water vapor and more bromine radicals (2).  

Physically, BFR’s prevent fires from spreading by cutting off the oxygen supply and absorbing 

the heat needed to produce more hydrocarbon fuel vapors.  BFR tend to be denser than air, so 

they displace the oxygen from the reaction site (3).  In addition to bromine radicals, diatomic 

bromine molecules are formed in fires (3).  These molecules absorb heat before cleaving to form 

two bromine radicals (3).  This absorption of heat prevents more hydrocarbon fuel vapors from 

forming (3).  Other halogens could be used to make fire retardants, but bromine is preferred.  

Bromine compounds tend to decompose at temperatures consistent with fires (3).       

 Pentabromoethylbenzene, PBEB, is shown in Figure 1.  It was used in the 1970’s and 

1980’s to make the thermoset polyresins found in circuit boards, textiles, adhesives, wires, 

cables, and polyurethanes (1).   

 

 

 

 

 

 

 

Figure 1:  Pentabromoethylbenzene (CAS: 85-22-3)           
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In 1985, the EPA proposed a rule to test for PBEB’s environmental impacts (1).  The 

manufacture of PBEB drastically dropped from 45-450 tons in 1977 to 5-255 tons in 1986 (1).  

The EPA reported that no PBEB was produced in 2002 (4).  Due to a lack of production, the 

EPA withdrew the rule (1).  In 1989, the EPA put into effect a significant new use rule in regards 

to PBEB (5).  Starting June 12, the EPA needed to be notified ninety days before PBEB was to 

be manufactured, imported, or processed (5).  PBEB is not a major flame retardant.  Rather, it is 

used as a synergistic co-additive in expandable graphite and inorganic flame retardants (1).  

More recently, the San Francisco Estuary Institute reported that PBEB was being considered as a 

replacement BFR for decabiphenylether, DBE, (4).   

The advantages of a chemical’s use can sometimes be overshadowed by its 

disadvantages.  A chemical’s adverse effects can be grouped into three categories, as follows: 

persistence, bioaccumulation, and toxicity (PBT).  Persistence refers to a chemical’s ability to 

resist degradation by OH radicals, UV/visible light, and other environmental factors.  Relatively 

small OH radical rate constants, vapor pressures, and Henry’s law constants (KAW) are all 

indicative of a persistent chemical.  Bioaccumulation refers to a chemical’s ability to increase in 

concentration in an organism.  A log KOW greater than 5 and a relatively small water solubility 

are indicative of a bioaccumulative chemical.  Toxicity refers to a chemical’s ability to cause 

acute, chronic, carcinogenic, or mutagenic effects.  A relatively small LD50 is indicative of a 

toxic chemical.  The international scientific community has identified a list of twelve persistent 

organic pollutants (POP) known as the dirty dozen.  Table 1 shows the PBT data for nine of the 

twelve POP as well the average for the group.  In addition, the PBT data has been included for 

PBEB.  The data shows that PBEB is more persistent than the dirty dozen averages in all areas.  

The log KOW and water solubility show that PBEB is more bioaccumulative than the dirty dozen 

averages.  The lack of LD50 data for PBEB does not allow for comparison.     



            

Table 1:  PBT data for nine of the twelve dirty dozen POP and PBEB.  LD50 data was not 

included for hexchlorobenzene because literature values ranged from 3.5 to 10,000 

mg/kg.  The LD50
 
for DDT is the average of the range for in the literature.  

 

  

 Chicago air samples confirmed that PBEB was persistent in the environment.  A 

maximum concentration of 550pg/m
3
 and an average concentration of 520pg/m

3
 were recorded 

(1).  These concentrations were relatively low in comparison to the concentrations of other 

polybrominateddiphenyl ethers measured, though (1).  Herring gull eggs at the Great Lakes and 

Glaucous gull eggs in the Norwegian Arctic have shown that PBEB is bioaccumulative (4).  

Mutagenic tests on hamster and rat livers showed no positive results to PBEB (24).  It seems that 

more research needs to be conducted to confirm the toxicity of PBEB.  The EPA has taken the 

necessary action to limit this BFR because it believes that PBEB could be “hazardous to human 

health and the environment” (5). 

 Brominated fire retardants have been included in many everyday materials to limit the 

spread of fires.  The persistence, bioaccumulation, and toxicity of these chemicals, including 

pentabromoethylbenze, need to be monitored, though, to prevent these chemicals from adversely 

affecting the environment and its organisms.  The data shows that PBEB is comparable to at least 

nine of the twelve chemicals included on the dirty dozen list of POP.  Future revisions to the list 

of POP should consider adding PBEB.                         

 



References 

  1. Hoh, E.; Zhu, L.Y. Novel Flame Retardants, 1,2-bis(2,4,6-tribromophenoxy)ethane and 

2,3,4,5,6-pentabromoethylbenzene, in Environmental Samples. Env. Sci. Tech. 2005, vol 39, 

2472-2477.  http://pubs.acs.org/cgi-bin/article.cgi/esthag /2005/39/i08/pdf/es048508f.pdf 

(accessed August 12, 2008).  

  2. European Flame Retardants Association.  How Do Flame Retardants Work? 

http://www.cefic-efra.org/Content/Default.asp?PageName=openfile&DocRef=2006-02-21-

00001 (accessed August 12, 2008).  

  3. Discussion Paper For the Ad-hoc Meeting on Physico Chemical Properties Regarding the 

Flammability of Halogenated Hydrocarbons. http://64.233.169.104/search?q=cache: 

LIxVAOwzHiwJ:ecb.jrc.it/classlab/5405_uk_IND_ halogenated_hydrocarbons_ 

flammability.doc+Discussion+Paper+For+the+Ad-hoc+Meeting+on+Physico+Chemical 

+Properties+Regarding+the+Flammability+of+ Halogenated +Hydrocarbons&hl=en&ct 

=clnk&cd=1&gl=us. June 15, 2004, pp.224A-227A. (accessed August 12, 2008).   

  4. Klosterhaus, S. Polybrominated Diphenyl Ethers (PBDEs) in the San Francisco Estuary And 

What We Do and Do Not Know about their Potential Replacements. greensciencepolicy.org/ 

files/conferences/KlosterhausOptimized.pdf (accessed August 12, 2008). 

  5. EPA. Pentabromoethylbenzene: Significant New Use of Chemical Substance.  

https://courseweb.library.upenn.edu/webapps/portal/frameset.jsp?tab=courses&url=/bin/com

mon/course.pl?course_id=_27610_1 (accessed August 12, 2008). 

  6. SRC. DDT. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

  7. SRC. Aldrin. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

  8. SRC. Dieldrin. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

  9. SRC. Endrin. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

10. SRC. Chlordane. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

11. SRC. Heptachlor. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

12. SRC. Hexachlorobenzene. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 

2008). 

13. SRC. Mirex. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008). 

14. SRC. Toxaphene. http://esc.syrres.com/interkow/webprop.exe (accessed August 12, 2008).  

15. SRC. Pentabromoethylbenzene. http://esc.syrres.com/interkow/webprop.exe (accessed 

August 12, 2008). 

16. DDT. http://www.pan-uk.org/pestnews/Actives/ddt.htm  (accessed August 12, 2008). 

17. U.S. National Toxicology Program Acute Toxicity Studies for Aldrin. http://www. 

pesticideinfo.org/List_NTPStudies.jsp?Rec_Id=PC35039  (accessed August 12, 2008). 

18. Safety Data for Dieldrin. http://physchem.ox.ac.uk/msds/DI/dieldrin.html (accessed August 

12, 2008). 

19. Safety Data for Endrin. http://msds.chem.ox.ac.uk/EN/endrin.html (accessed August 12, 

2008). 

20. Safety Data for Chlordane. http://msds.chem.ox.ac.uk/CH/chlordane.html (accessed August 

12, 2008). 

21. Safety Data for Heptachlor. http://msds.chem.ox.ac.uk/HE/heptachlor.html (accessed August 

12, 2008). 

22. Chemical Fact Sheet: Mirex. http://www.oztoxics.org/cmwg/chemicals/rbapts_chem/Mirex 

.html (accessed August 12, 2008). 

23. Safety Data for Toxaphene. http://msds.chem.ox.ac.uk/TO/toxaphene.html (accessed August 

12, 2008). 

24. 2,3,4,5,6-Pentabromoethylbenzene. http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./ 

temp/%7EyHh4Fh:1:BASIC   (accessed August 12, 2008). 

 


