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Names 

2-Ethylhexyl 2,3,4,5-

tetrabromobenzoate 

Bis(2-ethylhexyl)-2,3,4,5-

tetrabromophthalate 

TBB TeBrDEHP 

EHTBB TBPH 

EHTeBB BEHTBP 

EH-TBB BEH-TEBP 

CAS # 183658-27-7 26040-51-7 

Molecular Formula C15H18Br4O2 C24H34Br4O4 

Molecular Weight 

(Da) 
549.9 706.2 

Boiling Point (oC) 421.31 539.75 

Melting Point (oC) 317.41 339.96 

Vapor Pressure (Pa) 1.08E-05 2.28E-09 

Water Solubility 

(mg/L) 
3.70E-05 1.98E-09 

log KOA 11.968 16.864 

log KAW -3.708 -4.914 

Log KOC 4.212 5.9428 

log KOW 8.26 11.95 

2012 US National 

Production Volume 

(lb/ yr) 

Withheld 
1,000,000 - 10,000,000  

(past 3,483,600) 

Proportion of FM550 2.5 1 

Proportion of BZ-54 4 1 

BENTHICS FISH 

FATE 

Extracted using Accelerated Solvent Extractor 

 Preheat 2 min, Heat 5 min, Static 5 min 

 Flush: 75% of volume 

 Purge: 60 sec, cycles = 3 

 Pressure: 1500 psi, temperature: 100oC 

 Solvent: 100% dichloromethane 

Gel permeation chromatography (biota), followed by acid 
silica clean-up 

GC-ECNI/MS  

 Restek 1614 15m, 0.25 mmID, 0.10 µm Column 

 Full-scan mass spectra (m/z 60-800) 

 Select ions 79, 81, 357, 385, 463, 470 

 

 

 

Figure 5: Correlation matrix of 

the treated mesocosms (ponds) 

based on benthic community 

structure. Darker squares 

highlight ponds with strong 

correlations, while lighter 

squares indicate weaker 

relationships. The BZ-54 treated 

mesocosms are Pond 12 and 3, 

both of which are the most 

weakly correlated to the other 

cosms. 

EHTeBB was detected above the MDL in the fish on d 7 and 14. Matrix effects 

caused a significant shift in retention time by 0.4 minutes (Figure 2); however, 

EHTeBB was confirmed with full scan spectra (EI) which showed the correct ion 

ratios for major mass fragments (e.g. m/z 359/469). BEHTBP was only measurable 

in the fish at d 7, and only in fish from one mesocosm, after which several 

brominated transformation products were detected, but not able to be identified due 

to the limited response. 

Figure 7: Detection of EHTeBB in fathead minnows exposed to BZ-54. A) Ion specific (m/z 356) 

chromatograph of BZ-54 standard showing EHTeBB at 18.9 minutes. B) Ion specific chromatograph of 

fathead minnow on d 7 exposed to BZ-54 showing peak at 19.3 minutes. C) Mass spectra of EHTeBB 

at 18.9 minutes from standard. D) Mass spectra of peak at 19.3 minutes, showing spectrum indicative 

of EHTeBB, shifted forward 0.4 minutes.  

Figure 6: Percent composition of benthic macroinvertebrate families collected from Hester Dendy samplers 

based on the top five families (n = 2 per treatment). The first number is the absolute count, followed by the 

percent composition of the total count. 

Figure 4: Schematic of Hester-

Dendy sampler, which allows for 

colonization of benthic 

macroinvertebrates 

Traditional brominated flame retardants (BFRs), namely the 

polybrominated diphenyl ethers (PBDEs), have persistent, 

bioaccumulative, and toxic properties that have resulted in the phase out 

of their production and their being banned in certain jurisdictions.  

 

To meet regulatory flame retardancy requirements, novel BFRs (NBFRs) 

have entered the marketplace.  

 

Bis(2-ethylhexyl)tetrabromophthalate (BEHTBP) and ethylhexyl-2,3,4,5-

tetrabromobenzoate (EHTeBB)  are two NBFRs which have been identified 

as replacement compounds for PBDEs. BEHTBP and EHTeBB are the 

brominated chemicals in commercial Firemaster®550 and BZ-54 mixtures 

(Chemtura Corporation), which are considered replacements for Penta-

BDE in polyurethane foams. 

 
Very little is known about the persistence, bioaccumulation, and toxicity of 

these replacement compounds. The few studies available have generally 

been laboratory exposures/experiments and may not reflect the behavior 

of these compounds in the environment. 

 

 

OBJECTIVES 
 

• Examine the environmental fate under realistic, semi-

natural conditions 

 

• Determine the ecological effects on the benthic 

macroinvertebrate community 

 

• Examine the potential for bioaccumulation, and associated 

toxicity in fathead minnows (Pimephales promelas) 
 

INTRODUCTION 

METHODS 

The estimated time for 50% dissipation (DT50) and the 95% confidence 

interval in the particulate phase (n = 16) was 25 (7 - 44) days for 

BEHTBP, and 9 (6 - 13) days for EHTeBB.  

Only BEHTBP was measurable in the sediment (n = 36) and had a DT50 

of >200 days.  

A) B) Ratio 
Previous studies have 

shown that the ratio of 

EHTeBB:BEHTBP in the 

environment differs from 

the technical products. 

Here we controlled the 

source of both 

compounds, thus any 

deviation from the 

technical product ratio 

can be attributed to 

differential behavior in 

the environment 
Figure 3: A) Peak areas of EHTeBB and BEHTBP in particulates, sediments, and the technical product used to treat the mesocosms, 
B) Ratio of EHTeBB:BEHTBP in the technical products over the course of 42 d. The mean and standard deviation of the ratio of the 
technical product are presented as the dashed horizontal lines. 

Persistence 
Photodegradation lab study by Davis and Stapleton (2009) found that both 

EHTeBB and BEHTBP underwent photolysis, mainly via reductive 

debromination. Estimated half-lives in methanol were 94.59 and 220.17 

minutes for EHTeBB and BEHTBP, respectively.  

 

Bioaccumulation 
In a feeding study with fathead minnow (Pimephales promelas) Bearr et al. 

(2010), found that only 0.59 and 0.19 % respectively of the daily dosage (1 

mg /fish/day) for BEHTBP (referred to as TBPH) and EHTeBB (referred to 

as TBB) were accumulated in the fish fed BZ-54. The minimal 

accumulation of the compounds may be attributed to the rapid metabolism.  

 

Bearr et al. (2012) examined species specific metabolism of EHTeBB and 

BEHTBP in hepatic subcellular fractions of fathead minnow, common carp, 

mouse, and snapping turtle. Generally, BEHTBP was metabolized at a 

lower rate than EHTeBB in the fathead minnow, common carp, and mouse, 

for each incubation; only BEHTBP was metabolized by the snapping turtle.  

 

BEHTBP has been found in biota (birds, Guerra et al. 2011; marine 

mammals, Lam et al. 2009), suggesting it has the potential to 

bioaccumulate.  

 

Toxicity 
Egloff et al. (2011) using in ovo (chicken embryos) and in vitro (primary 

cultures of chicken embryonic hepatocytes) approaches assessed the 

overt toxicity and various transcriptional responses (hepatic messenger 

RNA expression levels of 11 transcripts) of BEHTBP: None of the gene 

targets to be responsive to exposure to BEHTBP,  

 

Bearr et al. (2010) noted damage to integrity of the DNA strand of fathead 

minnows exposed to BZ-54 which can be the result of altered glutathione 

levels, which serve to modulate reactive oxygen species which can cause 

DNA damage.  

 

 

Table 1: Physical and chemical descriptors of EHTeBB and BEHTBP. Values were estimated using EPISuite (version 4.1). 

Production volumes are from the USEPA Chemical Data Reporting  Rule (epa.gov/cdr/) 

Figure 1: Fate and behavior of BEHTBP (solid shape) and its degradation 
product (open shape) over 42 d in the particulate compartment. 

Figure 2: A) Selected ion chromatograph (m/z 79) of the particulates from the BZ-54 treated Pond 12, 1 d 

post treatment, B) ECNI mass spectrum of the unknown peak, C) Distribution of ions around the base 

peak, D) Expected distribution of m/z for a tribrominated anhydrive, C8O3Br3, E) Proposed degradation 

pathway of BEHTBP through hydrolysis of the ester groups and formation of an anhydride. 

Analytical 

PRO 
Environmentally relevant and 

realistic exposure 

 

CON 
High degree of intra- and  

inter treatment variability 

Confounding factors 
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University of Guelph 
Mesocosms 
 30 mesocoms (2008 Fish study n = 12, 

2009 Benthics and Fate n = 8) 

 1.2 m deep 

 4.0 m diameter 

 11.95 m2 

 12 000 L 

Setup 

• Circulation from central irrigation pond 

• Water shutoff at d -7, Fathead minnows 
added to cages (12 minnows per cage, 
2 cages per cosm) 

• 4 treatments (Control, BTBPE, TBBPA-
DBPE, BZ-54) with 3 replicates each (n 
= 12). Target concentration = 500 ng/g 
sediment  

• Sampled 3 minnows per cosm, per 
sampling day, during 42 d uptake, and 
28 d depuration period  

• Following year, re-treated mesocosms, 
2 replicates each (n = 8), and deployed 
Hester-Dendy samplers 

• After 70 d, samplers were removed and 
the benthic macroinvertebrates were 
identified 

• Sediment and water samples collected 
throughout both years 

The estimated environmental dissipation times were highly variable, due to a 

number of physical (e.g., burial, degradation, diffusion, and resuspension), 

experimental (e.g., homogeneous distribution of the compounds), and analytical 

(e.g., matrix interference) factors contributed to the uncertainty. The results 

suggest BEHTBP is persistent in the environment under semi-natural conditions. 

The altered ratio in the particulate compartment suggests increased degradation 

of EHTeBB relative to BEHTBP.  

 

The benthic community composition was significantly different in cosms treated 

with BZ-54, with them exhibiting low diversity and an abundance of Chironomids. 

The results are limited by inherent variability and the single concentration used, 

future studies on the benthic community are warrented.  

 

The dissipation of BEHTBP after 14 d and the presence of several brominated 

products suggest biotransformation is occurring.  

The accumulation of BEHTBP and EHTeBB was limited, and did not persist 

beyond d 14. Previous studies have also noted limited availability and 

accumulation of these NBFRs and the rapid metabolism (Bearr et al., 2010, 

2012).  

 

Need for further studies addressing ecological impacts of these NBFRs on 

aquatic organisms, particularly benthic invertebrates which are under-represented 

in the NBFR literature. 

No significant changes in: 

 Growth rate  

 Liver Somatic Index  

 Gonadal Somatic Index 

 Condition Factor 

 Vitellogenin 

 Sex Steroids (E2 and 

11-KT) 

 

Some indication of 

increased oxidative stress 

during the uptake period 

 

Limited accumulation 

Significantly altered 

benthic invertebrate 

community in cosms 

treated with BZ-54 

 Lowest diversity scores 

 Lowest evenness 

scores 

 Highest proportion of 

Chironomids 
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