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Introduction

Skin and blubber biopsy sampling technique allows sampling from free-ranging whales and dolphins ' In
many studies, this technique complements samples obtained from stranded and by-caught individuals, which
provide access to internal tissues including muscle, liver or kidney *'°. These organs are essential to better
assess biochemical pathways of toxicity and to build pharmacokinetic models ''"*. Biopsies are convenient for
the researchers as their sampling allow assessing exposure of free-ranging and healthy individuals. However,
many biotic processes should be taken into account before interpreting data to assess exposure of the individuals.
The present study gathers some of our data extracted from previously published, submitted or on-going studies
on pollutants in free ranging whales and dolphins from various seas and oceans '*'*

Materials and methods

Data on pollutants (POPs and Hg) and stable isotopes were extracted from previous studies, where the details of
the entire procedures and quality assurance are given *'>'®. Briefly, biopsies of skin and blubber of various
cetacean species including humpback whales Megaptera novaeangliae from the Indian Ocean, bottlenose
dolphins Tursiops truncatus off Florida and off French coasts, Mediterranean sperm whales Physeter
macrocephalus, long-finned pilot whales Globicephala melas and fin whales Balaenoptera physalus, were used
to measure levels of persistent organic pollutants (POPs), total mercury (T-Hg) and stable isotopes. Skin biopsies
were used to analyse 8"°C and 8'°N composition (delta (8) notation in parts per thousand %o) through Mass
Spectrometer (IRMS) coupled in continuous flow to an elemental analyser (EA), and total-Hg content through
atomic absorption spectrometry at 254 nm, in a Direct Mercury Analyser DMA 80. Blubber biopsies were used
to measure POPs concentrations. After extraction of lipids through accelerated solvent extraction (ASE) or hot
Soxhlet, samples were purified via multicolumn liquid-solid chromatography. POPs were then quantified using
different techniques of Mass Spectrometry (GC-ECD, GC-ECNI/MS or GC-HRMS), resting on laboratories
availabilities.

Results and discussion

Several biotic and non-biotic factors, such as gender, age, specific blubber metabolism, body size, nutritional
status and species distribution, can influence marine mammals’ final burden of contaminants, and explain
interspecies differences.

[1 The geographical location can strongly determine contamination profile and levels, due to differences in
historical usage and production of these contaminants between studied areas *'>'**°. POP concentrations
analysed in humpback whales from La Reunion (stock C4, IWC) are up 40 times lower than that described
for humpback whales feeding near the Western Antarctic Peninsula waters (Stock G) ', but similar to POP
concentrations described in humpback whales breeding in Moreton Bay Marine Park, off Australia (stock
E1) 2**'. Migration, fasting and lactation obviously affect POP concentrations in tissues of marine
mammals leading to an increase of concentrations because PCBs are less easily mobilised from blubber
than lipids **. Humpback whales sampled off Australia, on their breeding zone, two dominant congeners,
p.p -DDE and HCB, exhibited a significant increase of concentration in late migrating cohorts (x1.6), while
other compounds remained similar between cohorts . Our results clearly reflect a lower POP exposure of
humpback whales from stocks C4 and E1 compared to humpback whales sampled near the Antarctic
Peninsula (stock G). The reason of such discrepancy is currently unknown, but it requires further
investigation on humpback whales from Antarctica. A higher exposure of whales from Western Antarctic
Peninsula cannot be excluded presumably linked to differential anthropogenic sources in Antarctic.
However, many other factors should be taken into account when using data acquired from blubber biopsies
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[1 Age is a crucial factor because PCBs, THg and other lipophilic persistent contaminants accumulate in
blubber throughout the life *****. However, when sampling is conducted through skin and blubber biopsies,
no information is gathered on the age of the individuals. Age is usually calculated either using growth
layers of teeth (toothed whales - odontocetes) or ear plugs (baleen whales - mysticetes). When the growth
curve of the population is well known, body length could be used as a proxy for age for the smaller
individuals (in mammals, the aging process may continue for decades after the growing of the animal has
ceased). However, in the abovementioned pilot whale case, neither of these data was available, and during
sampling it was only possible to approximately distinguish between adults and juveniles through visual
observation of body size '°. It is worth mentioning that it is possible to estimate the age of cetaceans using
the fatty acid (FA) composition of blubber **°. However, almost 20 years after the publication of the first
study that draw attention to this possibility ', the approach is still regarded as “a promising method” **. The
main problem with the approach is related to the precision of the method, as it allows age assessment with
an accuracy of +7-10 years 2. There is also a logistic constraint related to an incompatibility between the
small amounts of blubber obtained with the biopsy and the mass of sample required for both types of
analysis.

[] Sex on the other hand, can be determined genetically in the lab through karyotyping done with blubber and
skin biopsies *. ' PCBs, 'DDTs and PBDEs were significantly higher in males than females in
Mediterranean whales'®. Older males are generally more contaminated than females because significant
burdens of lipophilic pollutants are transferred to calves from the mother through the highly fatty milk 2%
2. The high variability of pollutant concentrations in females long-finned pilot whales from the
Mediterranean Sea could result from the fact that reproducing females impart up to 70% of their pollutant
burden to calves either during gestation and lactation periods .

[J Another main factor influencing the contaminant concentrations in marine mammals is the trophic level at
which they feed ™****. Lipophilic POPs tend to biomagnify along the food webs resulting in greater
concentrations with increasing trophic level. Subsequently, higher concentrations of POPs have been often
related with higher 8'"°N values "****. However, this relationship was not found for pilot whales and sperm
whales from the Mediterranean Sea '®. Indeed, even if the resulting 8'°N values placed sperm whale at
higher trophic level than long-finned pilot whales, the latter resulted as the most contaminated species for
all classes of POPs '°,

] POPs in cetacean blubber are strongly influenced by its thickness, stratification and lipid profile ***’. In turn,
blubber characteristics are very sensible to sampling quality and technique '°. Several biases might occur
when using biopsies'®. Darted biopsies permit to collect only the outermost layer '°. Even if this layer is
metabolically inert, reflecting pollution exposure over a long time range, its particular composition in fatty
acids that is dedicated more to diving and body structure support than energy storage, can prevent the
accumulation of certain congeners with respect to others *>=°. Secondly, the angle with which the dart
arrives in the tissues of the animals, the particular body area and the time of the biopsy in water before
recollection, can affect the blubber biopsy structure ***’. When blubber biopsies are in seawater, an
important seepage of lipids occurs between the sampling and the collection moment. Moreover, the amount
of tissue sampled with biopsies is very low (between 100 and 400 mg, personal observation). This leads to
difficulties in performing good measurements of POP concentrations, especially for the detection of
congeners that are present in very low levels, such as dioxins and furans '°.

[1 Finally, blubber structure and composition are influenced by multiple species-specific factors such as niches
differentiation, migratory routes and diving behaviour, sex and age, but also nutritional status **. Capital
breeders such as the fin whale use blubber mainly as energy storage during fasting period; therefore their
lipid profile is mainly characterized by easily metabolized fatty acids, such as the triacylglycerides (TAG).
On the contrary, odontocetes like sperm whales are income breeders and receive continual energy
acquisition throughout the reproductive period. In these species, blubber acquires a wider role, mostly
related with their deep foraging dives. For this reason the outermost layer of this species is characterized by
more structurally complex fatty acids such as wax esters (WE), which are not easily metabolized *. Higher
concentrations of DDT and PCB congeners are positively related with higher percentages of TAG and non-
esterified fatty acids . Based on these assumptions, sampling methods such as biopsies of free-ranging
cetaceans are less efficient in representing pollutant burden of sperm whales as for other species. This could
be thus one explanation for the significant difference showed in lipids content between the mysticete and
the odontocete in our studies. In fact, humpback and fin whales present the highest lipids content (between
12 and 84%), followed by long-finned pilot whales (4 — 80%), bottlenose dolphins (2 — 46%) and in the end
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by sperm whales (2 — 30%). Studies on stranded animals showed that blubber thickness of sperm whales
presents high individual variability and can range between 43 to 168 mm *. The middle layer of sperm
whale blubber contained double the amount of lipids found in the outer and inner layers *. Apparently thus,
biopsies do not allow the acquisition of sufficient quantities of sperm whales blubber, enough to minimize
the error related with the experimental analysis.

Acknowledgements

The authors would like to thank all the associations, which financially supported the research projects, such as
the Water Agency of Rhone, Mediterranean and Corse and FNRS (Fonds de la Recherche Scientifique —
Belgium). We especially thank WWF-France (World Wide Fund for Nature - France) for its help in samples
collecting and its organisation of the Mediterranean project. Moreover, we thank the French Ministry of Ecology
and Sustainable Development and the French part of the PELAGOS Sanctuary for the permits regarding samples
acquisition. Finally we are very grateful to all the staff of all laboratories included in these studies, such as the
Mass Spectrometry and the LEAE laboratories of CART at the University of Liege and the Toxicological Center
at the University of Antwerp.

References

1. Fossi, C. et al. The use of non-destructive biomarker in the Mediterranean cetaceans: preliminary data on
MFO activity in skin biopsy. Mar. Pollut. Bull. 24, 459—-461 (1992).

2. Fossi, M. C. et al. Skin biopsy of Mediterranean cetaceans for the investigation of interspecies susceptibility
to xenobiotic contaminants. Mar. Environ. Res. 50, 517-521 (2000).

3. Bengtson Nash, S., Dawson, a., Burkhard, M., Waugh, C. & Huston, W. Detoxification enzyme activities
(CYP1AT1 and GST) in the skin of humpback whales as a function of organochlorine burdens and migration
status. Aquat. Toxicol. 155,207-212 (2014).

4. Dorneles, P. R. et al. Levels and profiles of chlorinated and brominated contaminants in Southern
Hemisphere humpback whales, Megaptera novaeangliae. Environ. Res. 138C, 49-57 (2015).

5. Gauthier, J. M., Metcalfe, C. D. & Sears, R. Validation of the blubber biopsy technique for monitoring of
organochlorine contaminants in Balaenopterid whales. Mar. Environ. Res. 43, 157-179 (1997).

6. Marsili, L. ef al. Relationship between organochlorine contaminants and mixed function oxidase activity in
skin biopsy specimens of Mediterranean fin whales (Balaenoptera physalus). Chemosphere 37, 1501-1510
(1999).

7. Krahn, M. M. et al. Persistent organic pollutants and stable isotopes in biopsy samples (2004/2006) from
Southern Resident killer whales. Mar. Pollut. Bull. 54, 1903-1911 (2007).

8. Das, K. et al. Ecological and pathological factors related to trace metal concentrations in harbour porpoises
Phocoena phocoena from the North Sea and adjacent areas. Mar. Ecol. Prog. Ser. 281, 281-283 (2004).

9. Siebert, U. et al. Potential relation between mercury concentrations and necropsy findings in cetaceans from
German waters of the North and Baltic Seas. Mar. Pollut. Bull. 38, 285-295 (1999).

10.Jepson, P. D. et al. Investigating potential associations between chronic exposure to polychlorinated
byphenyls and infectious disease mortality in harbour porpoises from England and Wales. Sci. Total Environ.
243/244, 339-348 (1999).

11. Weijs, L., Hickie, B., Blust, R. & Covaci, A. Overview of the Current State-of-the-Art for Bioaccumulation
Models in Marine Mammals. Toxics 2, 226246 (2014).

12. Weijs, L., Yang, R. S. H., Covaci, A., Das, K. & Blust, R. Physiologically Based Pharmacokinetic (PBPK)
Models for Lifetime Exposure to PCB 153 in Male and Female Harbor Porpoises (Phocoena phocoena):
Model Development and Evaluation. Environ. Sci. Technol. 44, 7023—7030 (2010).

13. Weijs, L. et al. Lifetime PCB 153 bioaccumulation and pharmacokinetics in pilot whales: Bayesian
population PBPK modeling and Markov chain Monte Carlo simulations. Chemosphere 94, 91-6 (2014).

14.Dorneles, P. R. ef al. Levels and profiles of chlorinated and brominated contaminants in Southern
Hemisphere humpback whales, Megaptera novaeangliae. Environ. Res. 138, 49-57 (2015).

15. Das, K. et al. Humpback whale Megaptera novaeangliac from La Reunion Island: New insights in their life
history through stable isotope and pollutant analyses. Prep. (2015).

16. Pinzone, M. et al. POPs in free-ranging pilot whales, sperm whales and fin whales from the Mediterranean
Sea: influence of biological and ecological factors. Submitted (2015).

Organohalogen Compounds Vol. 77, 444-447 (2015) 446



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

Damseaux, F. et al. Multi-pollutant approach in free-ranging bottlenose dolphins, Tursiops truncatus from
southern Florida. Prep. (2015).

Praca, E. ef al. Toothed whales in the northwestern Mediterranean: Insight into their feeding ecology using
chemical tracers. Mar. Pollut. Bull. 62, 1058—1065 (2011).

Ryan, C. et al. Levels of persistent organic pollutants in eastern North Atlantic humpback whales. Endanger.
Species Res. 22,213-223 (2013).

Bengtson Nash, S. M., Waugh, C. a. & Schlabach, M. Metabolic concentration of lipid soluble
organochlorine burdens in the blubber of southern hemisphere humpback whales through migration and
fasting. Environ. Sci. Technol. 47, 9404-9413 (2013).

Waugh, C., Schlabach, M., Noad, M. & Bengtson Nash, S. The effect of migration and fasting on
organochlorine contanminant burdens in antarctice humpback whales. Organohalogen Compd. 74, 919-922
(2012).

Debier, C. et al. Quantitative dynamics of PCB transfer from mother to pup during lactation in UK grey seals
Halichoerus grypus. Mar. Ecol. Prog. Ser. 247, 237-248 (2003).

Reijnders, P. J. H. & Aguilar, A. in Encyclopedia of marine mammals (eds. Perrin, W. E., Wiirisg, B. &
Thewissen, J. G. M.) 948-957 (Academic Press, 2002).

Das, K., Debacker, V., Pillet, S. & Bouquegneau, J.-M. in Toxicology of Marine Mammals (eds. Vos, J. G.,
Bossart, G., Fournier, M. & O’Shea, T.) 135-167 (Taylor and Francis Publishers, 2003).

Herman, D. P. er al. Assessing age distributions of killer whale Orcinus orca populations from the
composition of endogenous fatty acids in their outer blubber layers. Mar. Ecol. Prog. Ser. 372, 289-302
(2008).

Herman, D. P. et al. Age determination of humpback whales Megaptera novaeangliae through blubber fatty
acid compositions of biopsy samples. Mar. Ecol. Prog. Ser. 392,277-293 (2009).

Koopman, N. H., Iverson, S. J. & Gaskin, D. E. Stratification and age-related differences in blubber fatty
acids of the male harbour porpoise ( Phocoena phocoena ). J. Comp. Physiol. Part B 165, 628—639 (1996).
Marcoux, M., Lesage, V., Thiemann, G. W., Iverson, S. J. & Ferguson, S. H. Age estimation of
belugas, Delphinapterus leucas , using fatty acid composition: A promising method. Mar. Mammal Sci.
n/a—n/a (2015). doi:10.1111/mms.12212

Berube, M., Bérubé, M. & Palsbell, P. Identification of sex in Cetaceans by multiplexing with three ZFX and
ZFY specific primers. Mol. Ecol. 5, 1-6 (2000).

Aguilar, A., Borrell, A. & Pastor, T. in 83—116 (1999).

Abarnou, A., Robineau, D. & Michel, P. Organochlorine contamination of Commerson’s dolphin from the
Kerguelen Islands. Oceanol. Acta 9, 19-29 (1986).

Weijs, L. et al. Assessing levels of halogenated organic compounds in mass-stranded long-finned pilot
whales (Globicephala melas) from Australia. Sci. Total Environ. 461-462, 117125 (2013).

Fisk, A. T., Hobson, K. A. & Norstrom, R. J. Influence of chemical and biological factors on trophic transfer
of persistent organic pollutants in the northwater polynya marine food web. Environ. Sci. Technol. 35, 732—
738 (2001).

Jardine, T. D., Kidd, K. A. & Fisk, A. T. Applications, Considerations, and Sources of Uncertainty When
Using Stable Isotope Analysis in Ecotoxicology. Environ. Sci. Technol. 40, 7501-7511 (2006).

Evans, K., Hindell, M. & Hince, G. Concentrations of organochlorines in sperm whales (Physeter
macrocephalus) from Southern Australian waters. Mar. Pollut. Bull. 48, 486—503 (2004).

Ryan, C., McHugh, B., O’Connor, I. & Berrow, S. Lipid content of blubber biopsies is not representative of
blubber in situ for fin whales ( Balaenoptera physalus ). Mar. Mammal Sci. 29, 542—-547 (2013).

Gauthier, J. M., Metcalfe, C. D. & Sears, R. Chlorinated organic contaminants in blubber biopsies from
Northwestern Atlantic Balaenopterid whales summering in the Gulf of St Lawrence. Mar. Environ. Res. 44,
201-223 (1997).

Koopman, H. N. Phylogenetic, ecological, and ontogenetic factors influencing the biochemical structure of
the blubber of odontocetes. Mar. Biol. 151, 277-291 (2006).

Lockyer, C. Body composition of the sperm whale Physeter catadon, with special reference to the possible
functions of fat depots. Rit Fiskid. 12, 1-24 (1991).

Organohalogen Compounds Vol. 77, 444-447 (2015) 447





