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 Introduction 
Hexabromocyclododecane (1,2,5,6,9,10-hexabromocyclododecane, HBCD) is a 
brominated flame retardant (BFR) consisting of 16 possible isomers, three of them (α-, β-  
and γ-HBCD) are the main components in the commercial mixtures1.  
The Greenland shark Somniosus microcephalus is a top predator and the long-lived 
vertebrate known, with an average life span of at least 272 years2. In general, its biology 
and ecotoxicology are poorly understood3. Considering that S. microcephalus is an 
opportunistic, extremely long-lived and slow-growing top-predator2, it is prone to 
bioaccumulate high concentrations of organohalogen contaminants (OCs) such as BFRs in 
its tissues3. The aims of this study were to: (a) assess the HBCD concentrations in muscle 
samples of S. microcephalus from Greenland seawaters and (b) to investigate whether 
HBCD concentration is correlated to lipid content, gender, and age. 
 
Materials and methods 
HBCDs were analyzed in 1-5 g of white muscle from 14 Greenland sharks (8 ♀ 6 ♂, body 
length (bl) = 104-454 cm) collected in fjords and offshore in NW, SW and SE Greenland 
seawaters. The estimated age of each shark was calculated considering the age ranges 
reported by Nielsen et al. (2016)2. The α-, β-, γ-, and δ-HBCD isomers were investigated 
following the methods described elsewhere4.  
 
Results and discussion 
Concentrations of ΣHBCDs ranged from 21 to 15450 pg/g (lipid weight = lw) with mean ± 
SD of 1751 ± 4006 pg/g lw (Table 1). The lipid content was 48 ± 10 %. The α-, β-, γ-, and 
δ-HBCD isomers were detected in all samples with α-HBCD predominating (95% of the 
ΣHBCDs) (Figure 1). 
The γ-isomer accounted for 4% for the ΣHBCDs, while both the β- and δ-isomers 
accounted for < 1% (Figure 1). The concentrations of ΣHBCDs in the sharks from SE 
(4688 ± 7210 ng/g lw) and SW Greenland seawaters (1254 ± 1449 ng/g lw) were higher 
than those observed in the sharks from NW (408 ± 412).  
Although the γ-HBCD is the major component in the commercial mixtures, the 
concentrations of the α-HBCD in this study were higher (1666 ± 3993 pg/g lw) than those 
of γ-HBCD (71 ± 208 pg/g lw). This is in accordance to other studies which observed the 
predominance of α-HBCD in biota1. The estimate half-life of α-HBCD in fish tissue was 
observed to be longer (∼ 9.76-17.33 days) than the half-life of γ-HBCD (∼ 8.35-6.08 days)5 
suggesting that the former is more biologically persistent than the latter. Moreover, even if 
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the α-HBCD is more water soluble than γ-HBCD (48.8 and 2.1 μg/l respectively), the 
highest concentrations of α-HBCD observed in our samples might be related to two 
plausible factors; first, the lack of rapid metabolism that would permit α-HBCD to 
accumulate into fat stores more readily than γ-HCBD secondly the bioisomerization of 
HBCD isomers which were observed to biotransform primarily to α-HBCD6.  
No significant correlation was detected between concentrations of ΣHBCDs and lipid 
content (%) in muscle (r = 0.24, p= 0.38 > 0.05), therefore, lipid content may not be 
considered the main factor responsible for bioaccumulation of HBCDs in the studied 
sharks. 
Differences in HBCD concentrations depending on shark sex and age were also observed 
in this study. The mean concentration of ΣHBCDs were higher in the females (2497 ± 5287 
pg/g lw) than in males (756 ± 722 pg/g lw) (Figure 2), but it was not statistically significant 
(p = 0.84 > 0.05) (Figure 2). Females individuals were larger than males and the highest 
concentrations observed in females were presumably correlated to their higher age range (∼ 
96-237 years old) in comparison to males (∼ 50-105 years old). However, no significant 
differences in ΣHBCD concentrations were detected across age groups (r = - 0.01, p = 0.97 
> 0.05) (Figure 2).  
Previous studies reported other BFRs, e.g. polybrominated diphenyl ethers (PBDEs), in 
Greenland sharks from NE Greenland seawaters and concentrations were 1365 pg/g3 and 
426 pg/g7 wet weight (sum of 19 and 3 congeners, respectively) in the white muscle. 
Therefore, this study confirms the presence of BFRs including HBCDs in the muscle of the 
Greenland shark. The α-isomer was predominant in all samples indicating its persistence in 
biota and probably its higher degree of biomagnification in the Arctic food web. No 
statistically significant differences were detected between concentrations and lipid content 
such as between concentrations and gender and age/size; however, other factors such as 
tissue lipid composition, feeding behavior, metabolism and others, may also play an 
important role in the distribution of HBCDs in this shark species. 
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Table 1: Lipid content (%) and concentrations of HBCDs (pg/g lw) in the 
Greenland shark tissues 

 
 
 
 
 
 
 

              

 
 
Figure 1: Isomer composition (percentage) of HCBDs in the muscle of the 14 sharks analyzed 
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Figure 2: Logarithmic concentrations of ΣHBCDs (pg/g lw) in the Greenland shark muscle samples 
depending on the sex (a) and age (b). 
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