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Abstract 
The polar bear (Ursus maritimus) is the apex predator of the Arctic marine ecosystem and an 
integral component of Inuit culture. Due to its position at the top of the marine food web, levels 
of persistent organic pollutant (POP) and metal contaminants in polar bears are among the 
highest observed in the Arctic. The last circumpolar spatial/temporal trends assessment of 
contaminants in polar bears (from populations spanning the western hemispheric Arctic in 
Alaska, Canada, Greenland and Svalbard (Norway)) was based on tissue samples collected in 
2000-2001. This 2001-2002 assessment updated on the trends of legacy POPs (PCBs, OC 
pesticides and methyl sulfonyl-PCB metabolites (MeSO2-PCBs)) and metals (e.g., Hg, Se, Rb, 
Sr, Ba and Mn). However, several novel and emerging classes and congeners of POPs of 
environmental concern were also identified for the first time in polar bear, e.g., the brominated 
flame retardants (BFRs) polybrominated diphenyl ethers (PBDEs) and 
hexabromocyclododecanes (HBCDs), perfluoroalkyl compounds (PFCs; e.g., perfluorooctane 
sulfonates (PFOS)) and several hydroxylated (OH) brominated and chlorinated compounds. 
Until these 2001-2002 studies there was no published data on spatial and temporal trends of any 
BFR or PFC contaminants in polar bears, a core NCP monitoring species. With the exception of 
major bioaccumulative PFCs studied in one Canadian population (northern Baffin Bay) assessed 
in 6 years spanning 1972 to 2002, there is currently no geographically-specific, temporal trends 
information for any BFR or PFA in polar bears from any circumpolar population.  
 
In the present, ongoing study, liver, fat and in same cases muscle tissue samples were collected 
from bears harvested in late winter/early spring 2007 from locations encompassed within the 
seven Canadian polar bear management zones. Although not a mandate of NCP directly, similar 
bear sample sets were also collected and obtained from East Greenland, Svalbard and Alaskan 
zones. The bear samples collected attempted to adhere as closely as possible to an optimal study 
design, although sampling was dependent on the bears hunted as part of community harvests, as 
a result of opportunism in the field, and within the collection quotas permissible for each 
community. If at all possible, the collected bears adhered to the design to minimize age, 
reproductive and nutritional variation and thus minimize the effects of these parameters on 
contaminants, e.g., the bears were adult females between the ages of 5 and 15, and from bear 
harvests in the late winter/early spring and nearing the end of the hyperphasic period.    
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Expected results include the first circumpolar temporal trend and spatial change assessments in 
polar bears for emerging POPs such as PBDEs, HBCDs and PFCs in fat or liver tissue. Sample 
have be obtained for stable carbon and nitrogen isotopes (SIs; muscle) and a profile of fatty acids 
(FAs; fat) to be used as ecological tracers of trophic level and diet, respectively, are will be used 
to assess variations in the ringed seal-polar bear dietary relationships as a function of 
populations, which may be a variable affecting contaminant trend data.  
 
Key Project Messages  
• Tissue samples were collected in 2007 from bears from several Nunavut and NWT 

populations, and spatial and temporal trend investigations were begun on known POPs such 
as PCB and OC pesticides, as well as emerging POPs such as PBDEs, other BFRs and PFCs. 

• Relevant to contaminant exposures in Canadian polar bears was the finding of numerous 
emerging and newly detected brominated flame retardant and other brominated substances in 
East Greenland bears collected in 2001-2002. 

• Relevant to increasing our understanding of contaminant exposure implications in Canadian 
polar bears, and in collaboration with scientists from Denmark and Greenland, were findings 
showing relationships between various POP concentrations, including PBDE flame 
retardants, and immune, endocrine and physiological (e.g., sex organ size and renal lesions) 
health biomarkers in bears from East Greenland that were collected in 2001-2002..   

 
Project Objectives 
• To determine and monitor the spatial and temporal trends (e.g., concentrations and 

congener patterns), bioavailability, fate, and toxicokinetics (e.g., biotransformation and 
tissue distribution) of legacy and “new” persistent organic pollutants (POPs; chlorinated, 
brominated and fluorinated), their persistent degradation products as well metal and other 
elements in polar bears from the seven Canadian Arctic management zones, as well as in 
bears from other circumpolar Arctic regions (Alaska (U.S.), Svalbard (Norway), 
Greenland (Denmark) and Russia).    

• To assess population- and time-dependent variations, and corresponding influence on 
contaminant trends, in trophic level and dietary relationships between polar bears and 
seals using stable carbon and nitrogen isotope and fatty acid profiles, respectively as 
ecological tracers. 

• Archive the remaining polar bear tissue samples that were collected as part of this 
project, in Environment Canada’s Wildlife Specimen Bank (EC-WSB) located at the 
NWRC, Carleton University, Ottawa. 

• Provide information in a timely manner to each Inuit community participating in the 
study, on the levels and temporal trends of these contaminants in polar bear. This would 
include translation of documentation and deliverables into Inkituk. 

 
Introduction 
Like humans, polar bears (Ursus maritimus) are at the top of the Arctic marine food web, 
circumpolarly distributed, and thus are an ideal sentinel/monitoring species for contaminants in 
the Arctic. Through the process of biomagnification the polar bear achieves some of the highest 
contaminant concentrations of any arctic species or any species on the planet (Braune et al. 
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2005), with potential effects ramifications in exposed bears and the human consumers who eat 
them or there prey items such as ringed seals (Fisk et al. 2005).  
 
A comprehensive examination of the spatial trends of legacy organochlorine (OC) contaminants 
such as PCBs, methyl sulfone (MeSO2) PCB metabolites and OC pesticides was last carried out 
for Canadian bear populations and other circumpolar populations on samples collected 1996 but 
mostly on 2001-2002 samples (Verreault et al. 2005a). Levels of legacy organochlorine 
contaminants, such as PCBs and chlordane pesticides, have been monitored in the western 
Hudson Bay polar bear population consistently through the 1980s into the 1990s (Norstrom et al, 
1998; Norstrom 2001). Recently we reported on PCBs and OC pesticides in western Hudson Bay 
bears on samples collected in 2001-2002 (Verreault et al. 2005a). In this study, we carried out 
two-point temporal comparisons (1989-1993 relative to 2001-2002) on PCBs and OC pesticides 
for in bears from six Canadian management zones including western Hudson Bay (Norstrom et 
al. 1998; Verreault et al. 2005). The results showed a general decrease for age-adjusted mean 
concentrations of ΣCHL, p,p’-DDE, Σ42PCB, ΣMeSO2-PCB and 3-MeSO2-p,p’-DDE over a 
period of approximately 10 years. Comparisons of present 2001-2002 concentrations in fat of 
female polar bears from western Hudson Bay showed great consistency with temporal trends 
(1991-1999) previously reported for the same region, i.e. the apparent non-decreasing trend of 
ΣCHL, β-HCH, ΣHCH and dieldrin, and the apparent declining trend for ΣPCB (Norstrom 
2001). However, 2001-2002 concentrations of α-HCH and ΣCBz were elevated, and ΣDDT was 
notably lower in western Hudson Bay samples compared to the last measurements in fat samples 
collected in 1999, which was not in accord with reported temporal trends for this region. Clearly, 
continued temporal and spatial monitoring of bears from western Hudson Bay and other 
Canadian zones is warranted. 
 
We showed in the last monitoring cycle that several emerging POPs such as PFCs (e.g., 
perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)) accumulated in the liver 
of bears spanning the Canadian arctic (Smithwick et al. 2005a, 2005b). There is only one known 
study on the temporal trends of PFAs in polar bears for any circumpolar populations. In liver 
samples of bears collected in 6 years between 1972 and 2002 from one Canadian location 
(Northern Baffin Island) and Barrow, Alaska, concentrations of PFOS and PFCAs with carbon 
chain lengths from C9 to C11 were reported to be exponentially increasing at both locations with 
doubling times ranging from 3.6 ± 0.9 years for perfluorononanoic acid in the eastern group to 
13.1 ± 4.0 years for PFOS in the western group. PFOSA showed decreasing concentrations over 
time at both locations, while the remaining PFCs showed no significant trends or were not 
detected in any sample (Smithwick et al. 2006). The emergence of PFAs as ubiquitous 
environmental contaminants is recent (Houde et al. 2006). Moreover, Butt et al. (2007) very 
recently reported on the temporal trends in PFCs in liver samples from two ringed seal (Phoca 
hispida) populations in the Canadian Arctic, Arviat (western Hudson Bay) (1992, 1998, 2004, 
2005) and Resolute Bay (Lancaster Sound) (1972, 1993, 2000, 2004, 2005). C9-C15 PFCAs 
showed statistically significant increasing concentrations during 1992-2005 and during 1993-
2005 at Arviat and Resolute Bay, respectively. PFOS and PFOSA concentrations showed 
maximum concentrations during 1998 and 2000 at Arviat and Resolute Bay, with statistically 
significant decreases from 2000 to 2005. PFOS disappearance half-lives for seals at Arviat and 
Resolute Bay were 3.2 and 4.6 years. These results demonstrated that ringed seals and their food 
web are rapidly responding to the phase out of perfluorooctane sulfonyl fluoride based 
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compounds by 3M in 2001. Given the PFC changes reported in Canadian arctic ringed seal, that 
there has been a pan-Canadian spatial assessment for one time point, and that there has been a 
temporal assessment (up until 2002) for only one Canadian population, further spatial/temporal 
assessments of PFCs in polar bears are highly warranted.  
 
We have also reported on PBDEs in the fat of bears collected in 2001-2002 from all Canadian 
(Nunavut and NWT) management zones (Muir et al. 2006). PBDEs have also been reported in 
Arctic biota with increasing frequency; however the focus has generally been on Br4 to Br8 
PBDE congeners, which largely comprise the PentaBDE and OctaBDE technical mixtures, and 
continue to be phased out from commercial use. Much less is known about in Arctic biota about 
higher brominated PBDEs, and especially BDE-209, which is the major constituent of the 
unregulated DecaBDE technical mixture (Braune et al., 2005). Very recently, Verreault et al. 
(2005b) reported on PBDEs in plasma of Svalbard polar bear although BDE-209 was not 
detectable. Other important and bioaccumulative brominated flame retardants (BFRs) such as 
hexabromocyclododecane (HBCD; total and not isomer-specific) have yet to be determined in 
Canadian polar bears. Although with fat samples collected in 2001-2002 we did report on total-
HBCD in Alaskan, East Greenland and Svalbard bears, and levels were high and comparable to 
ΣPBDE concentrations (Muir et al. 2006). Clearly more spatial and temporal studies on HBCDs 
are necessary for Canadian bears. Furthermore, there are other numerous and current-use non-
PBDE BFRs that may also be of environmental relevance to the Arctic and present in polar 
bears. For example, in other top predators, very recently in herring gulls from the Great Lakes 
numerous non-PBDE BFRs such as hexabromobenzene (HBB), 1,2-bis(2,4,6-
tribromophenoxy)ethane (BTBPE), pentabromoethylbenzene (PBEB) and pentabromotoluene 
(PBT) were reported in eggs collected from sites spanning the Great Lakes (Gauthier et al. 
2007a) as we as in male and female plasma and egg yolk of Svalbard glaucous gulls (Verreault et 
al. 2007). BDE-209 and other highly brominated PBDE congeners were also detected in the eggs 
of these Great Lakes herring gulls and Svalbard glaucous gulls. 
 
There is presently a dearth of temporal data for BFRs in polar bears and other marine mammals 
from the circumpolar Arctic (Braune et al. 2005; Muir et al. 2006). Ikonomou et al. (2002) 
reported exponential increases of PBDEs in Canadian arctic biota from measured in samples 
from 1981 to 2000. PBDEs have been shown to be increasing significantly in ringed seals at 
Holman (Muir et al. 2006). The only report of PBDEs in Canadian polar bear tissues was by 
Muir et al. (2006) on fat samples collected in 2001-2002. The PBDE congener pattern was 
dominated by BDE-47. However, there may be shifts in the PBDE congener patterns due to 
recent phase-outs of PentaBDE and Octa-BDE technical formation, and the rise in the use of 
DecaBDE formulations. In temporal studies on PBDEs in the eggs of Great Lakes herring gulls, 
is was recently reported the post-2000 PentaBDE-derived congeners are not increasing and 
appear to be on the decline, whereas BDE-209 and other highly brominated (and BDE-209 
degradation product) congeners were only detectable in the mid-1990s and large increases were 
observed in the mid-2000s (Gauthier et al. 2007b, unpublished data). 
 
The occurrence of retained OH-PCB and persistent MeSO2-PCB metabolites in wildlife tissues 
has been of bioaccumulative and toxicological concern from some time (Letcher et. al. 2000). In 
polar bears, MeSO2-PCB and/or OH-PCBs (mainly in blood) have been reported in whole blood, 
plasma, fat and/or liver of East Greenland, central Canadian arctic and Svalbard polar bears 
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(Letcher et al. 1998, 2005; Norstrom 2001; Sandala et al. 2004; Sandau et al. 2000). MeSO2-
PCB and 3-MeSO2-p,p’-DDE have similar bioaccumulative properties as PCBs, and circumpolar 
trends in polar bears were last assessed in 2001-2002 for bears from Canadian, East Greenland, 
Svalbard and Alaskan populations (Verreault et al., 2005a). 
 
The last study that examined spatial trends of metals in Canadian polar bears was carried out in 
2001-2002 (Letcher et al. 2005; Rush et al. 2007). These studies showed that the levels of many 
metals, and especially the major metal contaminants Cd, Hg and Se varied between different 
regions of the Canadian Arctic. For example, polar bears collected from the western Canadian 
Arctic had lower concentrations of Cd but higher concentrations of Hg and Se than those 
collected from other regions. In light of the evidence of increasing Hg concentration in Arctic 
biota and the lack of temporal trend metal data for polar bears there is a need to assess the 
current levels of metals.  
 
Activities in 2006-2007 
a) NCP-Supported Projects 
Sample collections: Samples from polar bears from all management zones (populations) in the 
Canadian arctic are routinely collected by Nunavut and Northwest Territories agencies and 
governments. We have obtained fat, liver and/or muscle samples from a number of polar bears 
collected in the late winter/early spring 2007 harvests of participating community HTOs, hunters 
and Nunavut and NWT collaborators encompassed within the seven Canadian polar bear 
management zones. We have also received or are receiving fat, liver and/or muscle samples (and 
in the case of Svalbard whole blood samples) via international collaborators of polar bears from 
East Greenland, Alaska and Svalbard. As the requisite samples arrived for bears from the 
Canadian (and other circumpolar) populations, various contaminant determinations have 
proceeded.  
 
Contaminant Determinations 
Chemical analysis  
PBDEs/BFRs: We completed an exhaustive search for new and current-use BFRs reported in the 
scientific literature in the environment, produced in high commercial/industrial volumes, 
described as replacements of PBDE technical formulations, and/or the commercial availability of 
analytical standards. Among the BFRs found were 2,3,4,5,6-pentabromoethylbenzene (PBEB), 
1,4-bis(pentabromophenoxy)-tetrabromobenzene, 1,2-Bis(2,4,6-tribromophenoxy)ethane 
(BTBPE), decabromodiphenyl ethane (DBDPE), hexabromobenzene (HBB), pentabromobenzyl 
acrylate (PBBA), pentabromobenzyl bromide (PBBB), pentabromotoluene (PBT), tetrabromo-p-
xylene and 1,2-dibromo-4-(1,2-dibromoethyl)cyclohexane. McKinney has optimized analytical 
methodologies for PBDE/BFR determinations, as well as for PCBs, OC pesticides and MeSO2-
PCBs/-p,p’-DDE  in polar bear fat samples. 
 
PFCs:  Progress was made at NWRC in implementing and validating a HPLC-MS-MS-based 
methodology for the determination of a suite of PFCs in polar bear liver samples. The 
methodology currently being utilized is the same as was used in the previous monitoring study 
for PFCs in polar bears, where we had adapted and successfully applied such a PFC method for 
polar bear liver (Smithwick et al. 2005a, 2005b; Smithwick et al. 2006) and ringed seal liver 
(Butt et al. 2007). The methodology being implemented will monitor for a suite of 10 saturated 
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and linear, C6-C15  perfluorinated carboxylic acids (PFCAs, including PFOA), 4 saturated and 
linear (C4, C6, C8 and C10) perfluorinated sulfonic acids (including PFOS), perfluorooctane 
sulfonamide (PFOSA), and the  precursor PFCs 8:2 and 10:2 fluorotelomer alcohols, and 8:2 and 
10:2 fluorotelomer unsaturated alcohols. 
 
FAs: Over the course of 2006-2007 at NWRC we successfully set-up a method for the 
determination of a profile of fatty acids (FAs) (i.e., a suite of 37 saturated and polyunsaturated, 
C6-C24 fatty acids) in herring gull egg, to be used as an ecological tracer of dietary changes and 
differences, and complement the use of SIs as indicators of trophic level. In a given sample FAs 
are derivatived to their methyl ester analogues as fatty acid methyl esters (FAMEs), which are 
subsequently separated and quantified by gas chromatography-flame ionization detection (GC-
FID). A similar methodology was recently applied to in the determination of a profile of FAs in 
polar bear fat.   
 
b) non-NCP funded projects 
Additional research had been conducted and completed using samples obtained via or in relation 
to the NCP II, 2001-2002 polar bear monitoring assessment. For example, initiatives were 
completed on the screening, tissue distribution (plasma, fat, brain and liver) and bioaccumulation 
(from ringed seal blubber) of legacy and emerging contaminants in a sub-set of 20 individual 
adult bears (10 males and 10 females) from East Greenland population collected in 1999-2001 
(Gebbink et al. 2007a, 2007b, 2007c). This sub-project was the basis of the thesis research 
project of Mr. Wouter Gebbink (Carleton University, under the supervision of R. Letcher) that 
was entitled, “Bioaccumulation and Toxicokinetics and Brominated and Chlorinated 
Contaminants in East Greenland Polar Bears (Ursus maritimus)”.  
 
In 2006-2007 a number of other non-NCP funded projects were ongoing or completed on the 
spatial and temporal trends and effects on contaminants in polar bears, and several papers were 
published. Sonne et al. (2006a) reported on the relationships between tissue levels (fat) of 
potentially xenoendocrine organohalogens and the possible implication of reduced size of sexual 
organs in East Greenland polar bears. In Sonne et al. (2006b) we also reported on the 
relationships between organohalogen contaminant levels and the potential co-factor involvement 
in the development of renal lesions in East Greenland polar bears. Again in East Greenland polar 
bears, we also reported on the seasonal trends and bioaccumulation of PBDEs (Dietz et al. 2007). 
Finally, in polar bears in the vicinity of Resolute Bay in the Canadian high arctic, we reported on 
the composition of PCBs and OC pesticides and degradation products among major and 
metabolically active adipose tissue depots of polar bear (Verreault et al. 2007).  
 
Results 
a) NCP-Supported Projects 
Despite only receiving NCP funding for the 2006-2007 fiscal year in November 2006, much 
progress has been make in 2006-2007. In Sept. 2006 a new PhD, Melissa McKinney, began her 
studies under the supervision of R. Letcher (Department of Chemistry, Carleton University). In 
the latter part of 2006 McKinney has been focusing her energies on 1) arranging Canadian, as 
well as Alaskan, Svalbard and East Greenland polar bear sampling and samples,  2) preparing a 
PhD thesis research proposal, 3) setting up and optimizing analytical methodologies for 
PBDE/BFR determinations, as well as for PCBs, OC pesticides and MeSO2-PCBs/-p,p’-DDE  in 
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polar bear fat samples, and 4) initiating processes for FA (fat) and SIA (muscle) determinations 
for available polar bear and ringed seal (in collaboration with D.C.G. Muir) samples . Including 
the NCP-supported component, the title of McKinney’s PhD thesis project is, “Relationship of 
Diet and Body Condition to Organohalogen Accumulation and Toxicokinetics in Circumpolar 
Polar Bear Populations Assessed on Both Spatial and Temporal Scales”. 
 
As a functional analytical methodology has been set-up at NWRC (post-doctoral fellow Dr. 
Shaogang Chu), PFC analyses have commenced on available polar bear liver samples. However, 
there is insufficient data at the moment to report on an temporal or spatial trends in Canadian 
bears. Such data is expected over the course of 2007-2008, and trend assessments will result 
from comparisons with PFC levels and compound patterns found as part of 2002 and earlier 
survays (Smithwick 2005a, 2005b, 2006).  
 
Major findings on chlorinated and brominated POP in Canadian polar bears were…………. 
 
b) non-NCP funded projects 
In studies on the tissue- (liver, fat and brain) and blood-specific composition of chlorinated and 
brominated compounds and metabolites in East Greenland polar bears (Gebbink et al. 2007a), 
the PCB congener patterns were similar in the three tissues and blood, and the pattern was 
dominated by five congeners: CB-99, -138, -153, -170/-190 and -180, which made up 79-95% of 
ΣPCB (Figure 1, Table 1). However, PCB congener patterns were variable among the tissues and 
blood. the trend for P-PCB concentrations was adipose tissue> liver> brain > blood (Table 1) 
(Gebbink et al. 2007b). In the adipose tissue, the OH-PCB congener to ΣOH-PCB concentration 
ratios showed significant differences relative to the other tissues (p<0.04) (Figure 1), and trend 
for mean ΣOH-PCB concentrations follows blood>>liver >  adipose tissue > brain (Table 1)  
 
A total of 13 BDE congeners were detected in the polar bear tissues (Figure 1) (Gebbink et al. 
2007a). The total percent composition among the tissues of the congeners BDE-47, -99, -100, -
153, and - 154 was 86 to 91% of ΣPBDE concentration (Table 1). Among the BDE-47, -99, -
100, -153 and -154 congeners the trend showed a significant brain localization preference for 
BDE-47 (p<0.03), a significant preference of BDE-99 to accumulate in the liver (p<0.001), and a 
significant accumulation preference of BDE-153 in the subcutaneous adipose tissue (p<0.001). 
The trend for P-PBDE concentrations follows adipose > liver> blood > brain (Gebbink et al. 
2007b). We unexpectedly detected three unknown, brominated phenolic contaminants in the 
present bears, which we identified as OH-PBBs (Gebbink et al. 2007a). 
 
We also reported on the comparative bioaccumulation, biotransformation and/or 
biomagnification of various classes and congeners of contaminants and metabolic by-products, 
i.e., PCBs, CHLs, MeSO2-PCBs, PBDEs, OH-PBDEs, OH-PCBs, MeO-PBDEs and OH-PBBs, 
p,p’-DDE, 3-MeSO2-p,p’-DDE, PCP, 4-OH-HpCS, BB-101 and total-(α)-HBCD, from East 
Greenland ringed seal blubber (Phoca hispida) to polar bear tissues (periphery adipose, liver, 
brain) (Gebbink et al. 2007c). For the entire brominated and chlorinated compounds under study, 
only OH-PCB congeners and 4-OH-HpCS were not detected in the ringed seal blubber. The 
tissue-specific biomagnification factors (BMFs) demonstrated biomagnifications and/or 
preferential tissue localization in bear relative to seal. In polar bear liver all the detectable 
organohalogens had biomagnification factors (BMFs) >1, with BMFs ranging from 2.4 to 570. In 
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the brain, the mean BMFs were around 1 with the exception of OH-PBBs (mean BMF = 93 ± 
54). Unlike the OH-PCB metabolites, which were mainly in the blood, OH-PBDEs 
bioaccumulated in the bear tissues from the seal blubber. In a hepatic microsomal in vitro assay 
for the polar bears, a slow rate of oxidative metabolism of PBDE congeners corroborated seal 
accumulation as a source of OH-PBDEs in the bear tissues.  
 
Discussion and Conclusions 
The difference in PCB congener pattern in brain and liver of East Greenland polar bears (Figure 
1) could be a result of biochemical processes, biotransformation in the liver and the congener-
specific discrimination by the BBB. The ΣOH-PCB concentrations clearly showed a preferences 
for localization in the blood (Figure 1, Table 1), which means that OH-PCBs are likely more 
protein associated rather than lipid associated as is the case with POPs in general (Gebbink et al., 
2007b). However, OH-PCBs were present in adipose tissue indicating that these PCB 
metabolites possess some bioaccumulation potential. Our findings are consistent with other polar 
bear studies where BDE-47 and -153 were the dominant congeners and BDE-154 a minor in 
adipose tissue samples (Muir et al., 2006; Sørmo et al., 2006).  
 
To our knowledge, this is the first comparative report of PCB, PBDE, OH-PCB, MeSO2-PCB, 
OH-PBDE and MeO-PBDE metabolite/degradation product, congener patterns among polar bear 
tissues, and specifically including the brain. Our findings show that tissue composition of 
congener pattern varies as a function of the multiple congener class in question. The pattern 
composition differences for PCBs, OH-PCBs, MeSO2-PCBs, PBDEs and OH-PBBs indicate that 
there are congener-specific mechanisms into or out of the brain, liver, adipose tissue and blood. 
Clearly, our findings suggest that exposures with respect to congener patterns may elicit target 
tissue-specific effects in East Greenland polar bears. In a separate report, we provide an in-depth 
examination of the tissue composition and body burdens of the individual or sum concentrations 
of classes with multiple congeners, of a wide variety of chlorinated and brominated contaminants 
of contrasting physico-chemical properties (e.g., polarity and lipophilicity) (Gebbink et al.,  
2007b). 
 
In further investigations on the comparative bioaccumulation, biotransformation and/or 
biomagnification of various PCBs, CHLs, MeSO2-PCBs, PBDEs, OH-PBDEs, OH-PCBs, MeO-
PBDEs and OH-PBBs, p,p’-DDE, 3-MeSO2-p,p’-DDE, PCP, 4-OH-HpCS, BB-101 and total-
(α)-HBCD, from East Greenland ringed seal blubber (Phoca hispida) to polar bear tissues 
(periphery adipose, liver, brain) were revealing. Unlike the OH-PCB metabolites, which were 
mainly in the blood, OH-PBDEs bioaccumulated in the bear tissues from the seal blubber. Our 
findings demonstrated that organohalogen biotransformation and bioaccumulation in polar bears 
originating from a ringed seal diet are the main sources depending on the organohalogen type 
and the tissue in question.  
 
Expected Project Completion Date 
All aspects of the project is expected to be completed by March 31, 2010.  
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Figure 1. The mean concentration ratio (relative to the sum concentrations of each class) of 
major congeners of (A) PCBs, (B) OH-PCBs, (C) MeSO2-PCBs and (D) PBDEs in adipose, 
brain and liver tissue and whole blood of polar bears (n=20) from East Greenland. 
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Table 1. The arithmetic mean (± SE) of concentrations (ng/g wet wt) of classes of neutral and phenolic organohalogen compounds in 
the tissues of female and male polar bears from East Greenland (n=20). 
 
Analyte Adipose 

Mean (± SE) 
 
Range 

Blood 
Mean (± SE) 

 
Range 

Brain 
Mean (± SE) 

 
Range 

Liver 
Mean (± SE) 

 
Range 

         
Lipid (%) 90 ± 4 28 – 120 1.3 ± 0.1 0.88 - 1.9 21 ± 1 13 - 29 11 ± 1 5.1 - 19 
Σ-PCBa 5 387 ± 606 887 - 12 262 40 ± 9 7 - 204 148 ± 23 31 - 459 3 125 ± 372 1 412 - 7 443 
Σ-MeSO2-PCBb 455 ± 123 61 - 2 648 7 ± 2 1 - 52 12 ± 1 9 - 23 225 ± 61 31 - 1 268 
Σ-OH-PCBb 60 ± 8 20 – 173 1 020 ± 132 385 - 2 888 18 ± 3 4.8 - 51 355 ± 36 176 - 714 
Σ-PBDEd 83 ± 19 24 – 422 1.2 ± 0.1 0.5 - 1.9 2.9 ± 0.4 <0.5 - 7.6 40 ± 4 14 - 103 
Σ-OH-PBDEe 0.9 ± 0.5 <0.3 – 10 2.9 ± 1.0 <0.5 - 13 n.d. <0.2 n.d. <0.5 
Σ-MeO-PBDEf 4.3 ± 1.7 <0.3 – 25 0.16 ± 0.06 <0.5 - 0.78 n.d. <0.5 n.d. <0.5 
n.d. – not detected. 
a Σ-PCB: CB-28/31, -42, -44, -49, -52, -60, -64/71, -66/95, -70, -74, -84/101, -87, -97, -99, -105, -110, -118, -128, -129/178, -138, -141, -146, -149, -151, -153, -156/171/202, -158, -170/190, -172, -174, -177, -179, -180, -182/187, -183, -194, -195, -

196/203, -200, -201, -206. 

b Σ-MeSO2-PCB: 3'/4'-MeSO2-CB49, 3/4-MeSO2-CB52, 3/4-MeSO2-CB64, 3/4-MeSO2-CB70, 3'/4’-MeSO2-CB87, 3/4-MeSO2-CB91, 3'/4’-MeSO2-CB101, 
3/4-MeSO2-CB110, 3'/4’-MeSO2-CB132, 3'/4’-MeSO2-CB141, 3/4-MeSO2-CB149, 3/4-MeSO2-CB174. 
c Σ-OH-PCB: 4'-OH-CB79, 4-OH-CB97, 4'-OH-CB101/4-OH-CB134, 4-OH-CB107/4'-OH-CB108, 2'-OH-CB114, 3-OH-CB118, 4'-OH-CB120, 4'-OH-CB127, 
4'-OH-CB130, 3'-OH-CB138, 4-OH-CB146, 4'-OH-CB159, 4-OH-CB162, 4-OH-CB163, 4'-OH-CB172, 4'-OH-CB177, 4-OH-CB178, 3'-OH-CB180, 3'-OH-
CB182, 3'-OH-CB183, 3'-OH-CB184, 4-OH-CB187, 4-OH-CB193, 4'-OH-CB199, 4'-OH-CB200, 4'-OH-CB201, 4'-OH-CB202, 4,4'-diOH-CB202, 3'-OH-
CB203/4'-OH-CB198, 4'-OH-CB208. 
d Σ-PBDE: BDE-17, 28, -47, -66, -85, -99, -100, -138, -153, -154, -183, -190, -209. 
e Σ-OH-PBDE: 6'-OH-BDE17,  6'-OH-BDE17, 6’-OH-BDE49, 2'-OH-BDE68, 6-OH-BDE47, 3-OH-BDE47, 5-OH-BDE47, 4'-OH-BDE49, 4-OH-BDE42, 6-
OH-BDE90, 6-OH-BDE99, 2-OH-BDE123, 6-OH-BDE85, 6-OH-BDE137. 
f Σ-MeO-PBDE: 4'-MeO-BDE17, 6'-MeO-BDE17, 2'-MeO-BDE28, 4-MeO-BDE42, 3-MeO-BDE47, 5-MeO-BDE47, 6-MeO-BDE47, 4'-MeO-BDE49, 6’-
MeO-BDE49, 2'-MeO-BDE68, 6-MeO-BDE85, 6-MeO-BDE90, 6-MeO-BDE99, 2-MeO-BDE123, 6-MeO-BDE137. 
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	PFCs:  Progress was made at NWRC in implementing and validating a HPLC-MS-MS-based methodology for the determination of a suite of PFCs in polar bear liver samples. The methodology currently being utilized is the same as was used in the previous monitoring study for PFCs in polar bears, where we had adapted and successfully applied such a PFC method for polar bear liver (Smithwick et al. 2005a, 2005b; Smithwick et al. 2006) and ringed seal liver (Butt et al. 2007). The methodology being implemented will monitor for a suite of 10 saturated and linear, C6-C15  perfluorinated carboxylic acids (PFCAs, including PFOA), 4 saturated and linear (C4, C6, C8 and C10) perfluorinated sulfonic acids (including PFOS), perfluorooctane sulfonamide (PFOSA), and the  precursor PFCs 8:2 and 10:2 fluorotelomer alcohols, and 8:2 and 10:2 fluorotelomer unsaturated alcohols.
	As a functional analytical methodology has been set-up at NWRC (post-doctoral fellow Dr. Shaogang Chu), PFC analyses have commenced on available polar bear liver samples. However, there is insufficient data at the moment to report on an temporal or spatial trends in Canadian bears. Such data is expected over the course of 2007-2008, and trend assessments will result from comparisons with PFC levels and compound patterns found as part of 2002 and earlier survays (Smithwick 2005a, 2005b, 2006). 


