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Introduction  
 
In recent decades the decline of many species of marine mammals and the overall increase in 
the number of stranding, have urged the researchers to deepen the investigations on the causal 
role of environmental pollution and therefore exposure and effects of contaminants in the 
various species of marine mammals. In sperm whales, these studies are conditioned by the 
possibility to analyse only wild individuals, thanks to the recovery of carcasses of stranded 
animals.  
 
Despite the existence of regulations and bans, persistent organic pollutants (POPs), including 
flame retardants (FRs) remain widespread in the marine environment. Potential health risks 
from exposures to PBDEs in mammals include a variety of biological effects, e.g. thyroid 
disruption, neurobiological development and foetal toxicity / teratogenicity. There are few 
studies evaluating the FR occurrence in sperm whales. De Boer et al. [1] found high 
concentrations of PBDEs (up to 350 ng/g lw) in blubber of sperm whales from Atlantic 
coasts. More recently, Pinzone et al. [2] published an extensive work with PBDE levels in 
blubber from 61 sperm whales from the North Western Mediterranean sea, collected between 
2006 and 2013. They found similar levels, with mean values of 347±173 ng/g lw.  
 
However, other FRs such as HBCD or Dechloranes have never been studied in sperm whales. 
In this study, the occurrence of classical (PBDEs and HBCD) and alternative (Dechloranes) 
FRs, together with naturally produced MeO-PBDEs, was evaluated in different tissue samples 
of stranded sperm whales. 
 
Materials and Methods 
 
In September 2014, 7 sperm whales (Physeter macrocephalus) were found stranded in Vasto, 
along Molise coasts, Italy. Four live animals were returned to the sea, while 3 animals died on 
the shore. Complete necropsies were performed on all three animals, and a complete set of 
tissues were collected and preserved frozen for toxicology. Tissues (blubber, liver, muscle, 
heart, brain, umbilical cord and feces) were freeze dried and sent to the analytical laboratory. 
 
Sample preparation methodology was based on previous works [3,-5]. Briefly, after adding 
the surrogate standards, extraction was performed by pressurized liquid extraction (PLE) 
followed by acid treatment with H2SO4 (conc.) and solid phase extraction (SPE) using Al−N 



cartridges. Lipid content was determined gravimetrically before acid treatment. Resulting 
extracts were concentrated prior to instrumental analysis. Instrumental analysis of PBDEs and 
MeO-PBDEs was carried out by gas chromatography coupled to tandem mass spectrometry 
(GC-MS-MS) using electron ionization. GC-MS-MS was also used for Dechloranes, but 
working with negative chemical ionization. Finally, HBCD were analysed by LC-MS-MS in 
order to obtain isomer-specific data. 
 
Results and discussion 
 
The 3 died individuals (SW1, SW2 and SW3) were females with total length between 7.33 
and 8.95 m. One individual, (SW1) was pregnant and its foetus (SW1B) was male. All 
belonged to the same Mediterranean population and family.  
 
Concentration levels of FRs and MeO-PBDEs in blubber are summarized in Table 1. ΣPBDE 
levels in adult females ranged between 158 and 183 ng/g lw, showing low inter-individual 
variations. Our PBDE levels are slightly lower than previously reported in sperm whales from 
the Atlantic sea and North Western Mediterranean sea [1,2]. This finding could be due to a 
decline in environmental PBDE levels due to their restrictions. However, higher amount of 
samples must be analysed in order to confirm this finding.  
 
Some PBDE congeners were detected in the other analysed tissues: liver (51.3 – 137 ng/g lw), 
muscle (15.5 – 79.7 ng/g lw), heart (61.3 – 138 ng/g lw) and brain (10.5 – 16.1 ng/g lw). 
However, in the feces sample no PBDEs were detected. 
 
Table 1. Concentration levels (expressed in ng/g lw) in blubber sperm whales. 
 

  SW1 SW2 SW3 SWB1 
BDE-28 2,40 2,05 nq 2,16 
BDE-47 78,8 65,1 99,8 38,5 
BDE-100 27,7 26,8 32,0 15,7 
BDE-99 20,3 24,1 29,7 16,2 
BDE-154 31,2 40,3 21,5 25,5 
BDE-153 nd nd nd 4,55 
BDE-209 nd nd 0,08 2,47 
ΣPBDEs 160 158 183 105 
α-HBCD 5,75 2,59 3,48 nd 
Dec 602 1632 519 713 nd 
6-MeO-BDE-47 258 209 75,7 115 
2-MeO-BDE-68 305 232 145 194 
ΣMeO-PBDEs 563 442 221 309 

   
nd = below limit of detection; nq = below limit of quantification 



PBDEs were also found in all analysed tissues of SW1B, indicating maternal transfer of these 
xenobiotics through placenta (Figure 1). It is important to emphasize that only few congeners 
(BDE-47, -99 and -100) were found in the umbilical cord. This might suggest that these 
congeners have a greater affinity for cord. This way, umbilical cord can play a protective role 
for the foetus, limiting the quantity of chemicals transferred. What is even more interesting to 
note, and can provide a starting point for reflection on the metabolism of these compounds in 
the sperm whale, is that BDE-153 was found in blubber of the foetus, but not in the same 
maternal tissue. PBDE concentrations in foetus, comparable for order of magnitude with 
those of females, could lead to hypothesize a contamination of the subject in the development 
phase considerably high, and this, considering the potential harmful effects that can be 
induced by PBDEs, could have resulted in severe neurological, immunological and 
endocrinology disorders for foetus. 
 

 
Figure 1. Comparison of brominated compounds in mother-foetus pair. 

 
 
HBCD was also detected in adult females, but at concentrations well below to those found for 
PBDEs, and ranging between 2.59 and 5.75 ng/g lw. All the HBCD contamination is due to 
the alpha isomer. To our knowledge, no other data exist concerning HBCD in sperm whales. 
In addition, α-HBCD was found in no other body district, with the exception of the feces 
(11.3 ng/g), suggesting that part of the contaminant can be excreted via the gastro-enteric. In 
feces, β-HBCD and γ-HBCD were also identified (12.4 and 16.1 ng/g, respectively), leading 
to assume that α-HBCD metabolic and excretory processes are less efficient than those of the 
β-HBCD and γ-HBCD isomers, in accordance with the existing literature [6,7], or that the 
absorption of these compounds is scarce or null. 



As regards Dechloranes, only Dec 602 was detected in blubber, heart, liver and muscle of 
adult sperm whales, but at concentration levels higher than those found for PBDEs (up to 
1632 ng/g lw in one blubber sample). However, Dec 602 was not found in the foetus. 
Anyway, Dec 602 was found in umbilical cord, so it can be assumed that the structure can 
serve as a site of accumulation and as a barrier for the passage to the foetus. Overall, it can be 
assumed that despite having similar chemical characteristics to the PBDEs, Dec 602 in sperm 
whale is not transferred from mother to foetus, at least not to the anatomical districts we 
analysed. 
 
Finally, MeO-PBDE results showed the presence of 6-MeO-BDE-47 and 2-MeO-BDE-68, at 
levels in adult female blubbers between 221 and 563 ng/g lw. Our results are lower than those 
found by Dorneles et al. [8] in samples collected along the Brazilian coast. This is in 
accordance with numerous published studies indicating that, whereas PBDE levels in 
cetaceans were higher in the Northern hemisphere, the naturally-produced MeO-PBDE levels 
were significantly higher in Southern hemisphere cetaceans. 
 
In conclusion, present research, focusing on a top predator commonly present in 
Mediterranean Sea, confirms its high contamination, mainly of anthropic origin. It also 
underlines the necessity of additional toxicological studies on sperm whale, to better 
understand the impact of xenobiotics on this endangered species. In this specific episode, 
PBDEs could have indirectly contributed to the stranding, also favouring, i.e. by inducing 
immunosuppression, the onset of infectious diseases. Alternatively, PBDEs could have 
worsen existing pathological conditions or could have favoured the onset of renal (SW1) or 
ovaric (SW2) lesions. 
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