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 Arctic top and apex predators including polar bears (Ursus 

maritimus) bioaccumulate a broad array halogenated flame 

retardants (HFRs) and other organic contaminants [1], and also 

have a high capacity to metabolize some compounds [2] 

 Banned legacy persistent organic pollutants (POPs) such as 

DDTs and PCBs are decreasing over time in marine mammals, 

fish, and seabirds throughout the Arctic, with some exceptions [3] 

 Polybrominated diphenyl ethers (PBDEs) underwent rapid 

increases in some Arctic marine mammals in the 1980’s and 

1990’s and then plateaued after bans on production and 

restrictions on use in North America  [3,4]  

 Trends of HFRs and perfluorinated alkyl substances (PFASs) 

have been less consistent, increasing in some species [4] 

 The recent regulation of PBDEs and  other HFRs makes 

assessing their temporal trends important for understanding the 

effectiveness of regulatory action on wildlife contaminant trends 

in the Arctic 

Introduction 

 Only the main congeners of the 

Penta- and OctaBDE technical 

mixtures were detected at 

frequencies exceeding 80%  

 BDE-209 was detected in 2009 

and 2012, but was otherwise only 

found sporadically throughout the 

monitoring periods 

 Of the non-PBDE HFRs, only -

HBCDD and BB-153 were 

detected consistently (> 80%), 

though several were also found 

sporadically (PBEB, HBB, BB-

101)   

 Recalcitrant PCBs produced  two 

significant regressions (CB-

170/190 and 6PCB) in the SHB 

only  

 

Internal Standards : 

BDE-71, BDE-156, 13C10-BDE-209, 13C10-

syn-DDC-CO, 13C10-anti-DDC-CO 

 Quantified by internal standard method 

Methods 
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Accelerated Solvent Extraction 
(50:50  dichloromethane (DCM ):hexane (v/v)  mixture) 

Gel Permeation  
Chromatography 

,  

0.35 g fat sample 

Analysis:  

25  PBDEs 

24  alternative HFRs 

Non-PBDE FRs: 

(1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE), pentabromoethyl benzene (PBEB), 2-ethylhexyl-2,3,4,5-

tetrabromobenzoate (EH-TBB), decabromodiphenylethane (DBDPE), 2,4,6-tribromophenyl allyl ether (TBP-AE), tetra-

bromo-o-chlorotoluene (TBCT), pentabromotoluene (PBT), hexabromo-benzene (HBB), pentabromobenzyl acrylate 

(PBB-Acr), pentabromo-p-xylene (TBX), 1,2-dibromo-4-(1,2-dibromoethyl)-cyclohexane (α-DBE-DBCH, β-DBE-DBCH), 

α-hexabromocyclododecane (α-HBCDD), octabromo-1,3,3-trimethyl-1-phenyl indane (OBTMPI), polybrominated 

biphenyls (BB-101, BB-153), pentabromophenyl allyl ether (PBP-AE), 5,6-dibromo-1,10,11,12,13,13-hexachloro-11-

tricyclo[8.2.1.02,9]tridecene (DBHCTD), 2,4,6-tribromophenyl-2,3-dibromopropyl ether (TBPDPTE), 2,3-dibromopropyl 

pentabromophenyl ether (PBP-dbpe), bis(2-ethylhexyl)-tetrabromophthalate (BEH-TEBP), and Dechlorane Plus (syn-

DDC-CO and anti-DDC-CO) 

Objectives: 

1) Investigate the temporal trends in concentrations of  

PBDEs and alternative HFRs, as well as priority PCBs 

(for comparison) 

2) Examine changes and differences in patterns of PCB 

and PBDE congeners over time 

GC-MS (PBDEs + FRs) 
(Electron  Capture, negative  

ionization mode) 

Solid Phase 
Extraction 

BakerbondTM SPE silica gel 
cartridge  
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Figure 5. Total mean 6PCB (CB-47/48, -99, -138.158, -153, -

180, -170/190)  and mean 5PBDE (BDE-47, -99, -100, -153, -

209) shown with their SDs. 

Discussion & Conclusions 
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Figure 3. LN-linear relationships of median -

HBCDD and BB-153 concentrations (ng g-1 lipid 

weight) in the Southern and Western Hudson Bay 

polar bears.  

 LN-transformed  

median concentrations 

were modelled over 

time 

 Piecewise regressions 

were used to identify 

breakpoints for PBDEs 

 HFRs were modelled 

only when detection 

frequencies exceeded 

80%  

Results 

Figure 2. LN-linear trends of 

median PCB concentrations (ng 

g-1 lipid weight) in the SHB and 

WHB polar bears. 6PCB = CB-

47, -99, -138/158, -153, -180, -

170/190. 

Trends of PBDEs: 

Trends of non-PBDE HFRs:: 

Trends of PCBs: 

 Tissues collected with the cooperation of local 

Inuit hunters and trappers in each community 

Breakpoint analysis: 

Composition of 5PBDEs and 6PCBs: 
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Western 

Hudson 

Bay

Southern

Hudson 

Bay

nSHB males = 108

nSHB females = 33

Median age = 7 (2–28)

Temporal range = 

2006/2007 – 2016/2017

nSHB males = 62

nSHB females = 107

Median age = 6 (2–29)

Temporal range = 

1991/1992 – 2016/2017

 All of the consistently detected 

PBDEs (BDE-47, -99, -100, -153) 

and the 5PBDE had changes in 

trends between 2000 and 2003 in 

the WHB 

 Rapidly increasing concentrations 

(14 – 18% yr-1) slowed by  5 - 10x 

to 1.3 – 5.4% yr-1 after the 

breakpoints 

 PBDE production was banned in 

North America and Europe in 

2003/2004, but was also preceded 

by voluntary reductions in use 

 

Figure 4. Piecewise 

regression analysis of 

BDE-47 and the 5PBDE 

showing their respective 

breakpoints (2000.2 and 

2003) 

 Priority tetra-hexaBDE congeners and the 5PBDE were 

increasing consistently and significantly in the WHB (7.2 – 

9.1% yr-1) but were inconsistent in the SHB 

 Piecewise regression analysis demonstrated consistent 

reductions in the rate of increase of PBDEs consistent 

with timing of North American production bans on PBDEs 

 -HBCDD decreased significantly in WHB but was less 

consistent in the SHB 

 Composition of the 6PCB and 5PBDE was relatively 

consistent between years 
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Figure 1. LN-linear trends of median PBDE 

concentrations (ng g-1 lipid weight) in WHB and SHB 

polar bears. 5PBDE = BDE-47, -99, -100, -153, -209. 
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