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Objectives

Materials & Methods

1. Develop efficient extraction methods for each 
compound and potential breakdown products

2. Identify breakdown pathways 
3. Use outdoor microcosms (Figure 1) to examine the fate 

of the compounds in the aquatic environment, with 
particular focus on sediment given the high log Kow of 
each compound

• Polybrominated diphenyl ethers (PBDEs) are a major
class of brominated flame retardants
o 3 types - Penta, Octa and Deca-BDE, 209 congeners

• Penta- and Octa-BDE have been banned, Deca-BDE still
in use, although under review[1]

• Growing concern regarding Deca-BDE usage
o Widespread distribution and persistence in the environment[2], lack of

understanding regarding the environmental fate, metabolism and
potential adverse health effects[1][3]

• There is evidence that Deca-BDE can degrade under
some conditions to more toxic and bioaccumulative
compounds[3]

• Table 1 outlines two potential replacements for Penta-,
Octa and possibly DecaBDEs

• The authors would like to acknowledge the technical
assistance of Jeff Small, Colin Darling, Christine Spencer
from Environment Canada, and Sarah Crawford from the
University of Guelph. Funding has been provided through
Environment Canada’s Chemicals Management Plan
Research Programme
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Future Work

Figure 1: (L) A microcosm (pond) at the University of Guelph 
Microcosm Facility, Guelph Ontario, Canada. (R) Treating the 
microcosms on the evening of Nov.26th, 2007, evening was chosen 
to prevent any initial photodegradation

Results & Discussion

• Technical TBBPA-DBPE was provided in kind by
Shenzhen Dehayer Chemical Co.,Ltd. And BTBPE was purchased
from Shanghai Mintchem Development Co.,Ltd. respectively.

• Laboratory standards of each compound were provided by
Wellington Laboratories

• Two, 12000L microcosms were treated at a low (100 ng/kg
sediment) and two at a high (1000 ng/kg sediment) concentration
of each compound (Figure 2)

• Continue to refine method for detection of parent
TBBPA-DBPE, and possible breakdown products

• Develop methods for phenolic degradation products of
BTBPE to help complete the mass balance

• Examine water, suspended particles, and pond liners for
compounds

• Larger scale microcosm study, examining biological and
ecological endpoints, using fish and invertebrates

• These compounds may be expected to breakdown to 
more polar and water soluble phenolics

• Potential alternatives to PBDEs must provide the same 
benefits, while reducing the environmental risks

Table 1:  Physical and chemical properties of two potential Deca-BDE 
replacements

Name 
Bis (tribromophenoxy) 

ethane 
Tetrabromobisphenol-A 
(dibromopropyl ether) 

Structure 

 

 

Short form BTBPE TBBPA-DBPE 
CAS# 37853-59-1 21850-44-2 

Molecular Formula C14H8Br6O2 C21H20Br8O2 

Molecular Weight (Da) 687.64 943.62 
Log Kow 9.15 11.52 

Water Solubility 1.56x10-4 mg/L 8.17x10-7 mg/L 
Production Rate >10 million lbs/yr >10 million lbs/yr 

ECOSAR Predicted LC50 

96-hr Fish* 9.69x10-5 mg/L 0.041 mg/L 
48-hr Daphnid* 1.70x10-4 mg/L 0.041 mg/L 
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* Compounds may not be soluble enough to measure this predicted effect.

Microcosm

Amount 
BTBPE put in 
Nov 27, 2007 

(mg)

Amount BTBPE 
at May 16, 
2008* (mg)

% in
Sediment

Pond 2 11.5 0.05 0.5

Pond 8 11.5 0.34 3

Pond 4 115 18 16

Pond 5 115 21 19
* Based on the highest concentration in the sediment profile from May 16, 2008, back calculated to 

give total amount of BTBPE. Pond 5 Sample Calculation: 78.064 ng/g, convert to ng/kg = 

78064.503 ng/kg. Multiply by the amount of sediment per pond, 274.334 kg = 21415747.4 ng per 

pond. Convert to mg = 21.4157 mg BTBPE in Pond 5. 

Table 2: Recovery of BTBPE from the sediment over 171 Days.

•Using the conditions outlined in Figure 2 we were unable to
identify TBBPA-DBPE in the sediment samples.

•TBBPA-DBPE was detectable as a standard by the HPLC-DAD,
work is continuing to optimize its determination by mass
spectrometry

•TBBPA-DBPE may have hydrolyzed or debrominated once in
water, resulting in products that were not detectable under the
current operating conditions.

•Use of BIOWIN™ modelling on BTBPE predicts the loss of
aliphatic Br and hydrolysis of the ether and phenoxy linkages
via biodegradation.

•Under winter conditions, biodegradation processes are not
expected to be dominate, as such, most changes seen are likely
attributable to abiotic factors.

Accelerated 
Solvent 

Extraction 
(DCM)

Acid Silica Gel 
Column Clean 

Up

5 mL for TBBPA-DBPE 
Determination by 

HPLC-DAD

5 mL for BTBPE 
Determination by GC-

MS

HPLC Settings – Modified from [4] 
•Gradient elution – Acetonitrile and 
Water

0-1 min = 55% ACN
1-14 min = 95% ACN
14-25 min = 95% ACN
25-30 min = 55% ACN

•Flow = 0.5 min
•10 µL injection
•Column =  3 µ, 50x 2.00 mm
•Column Temp = 40oC

GC Settings
•Oven temperature

80-340oC
•Column = DB-1 ms
•Length = 30.0 m
•Diameter = 250.00 µm
•Film thickness = 0.1 µm
•Gas type = Helium
•Pressure = 11.61 psi
•Total flow = 83.8 mL/min
•Run time = 26.50 min

Figure 2: Flow diagram of the analytical method for the 
extraction, isolation and determination of TBBPA-DBPE and 
BTBPE in sediment

Bring to 10 
mL in 

Hexane

Extract Clean Up
• 40mL extract from the ASE 

is passed through an Allhin
funnel packed with DCM 
washed sodium sulfate

• The extract is placed in a 
Rotavap until volumne is 
reduced to 1 mL

• Extract is passed through 
glass column, packed with 
3 grams of 44% H2SO4 Acid 
Silica Gel filled with 40 mL
15% DCM in Hexane

• The extract is again  placed 
in the Rotavap , reducing 
the volume to 1mL

Processing Sediment
• Sediment is collected from 
an in situ 500 mL wide 
mouth glass jar, then frozen

• The thawed sample is then 
sectioned at 1, 2, and 3 cm.

•4-5 g (wet weight) of 
sample is mixed with half 
its weight in Hydromatrix™ 
and packed into an ASE vial

Extract after passing 

through Silica Gel 

Column

Extract after filtration 

through Sodium 

Sulfate

•The mass balance of BTBPE in the microcosms is not
very well described by the sediment alone (Table 2)

•Method spikes reveal the extraction recovery of BTBPE to
be 96%, eliminating methodology as a cause for the low
recovery in sediment

•Based on the large percentage of BTBPE still to be
accounted for, this suggests the possibility of breakdown
(via debromination or hydrolysis) and association with
the water, possibly the pond liner

Days
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Figure 3: Concentration of BTBPE over time for a high (Pond 5) 

and low (Pond 2) concentration..

• Levels of BTBPE fluctuated throughout the study
(Figure 3), with highest levels seen after 150 days

•This may be due to the BTBPE not being in equilibrium
and undergoing settling and resuspension


