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A B S T R A C T

A recent Science report predicted the global killer whale population to collapse due to PCB pollution. Here we
present empirical evidence, which supports and extends the reports’ statement. In 2016, a neonate male killer
whale stranded on the German island of Sylt. Neonatal attributes indicated an age of at least 3 days. The stomach
contained ∼20mL milk residue and no pathologies explaining the cause of death could be detected. Blubber
samples presenting low lipid concentrations were analysed for persistent organic pollutants. Skin samples were
collected for genotyping of the mitochondrial control region. The blubber PCB concentrations were very high
[SPCBs, 225mg/kg lipid weight (lw)], largely exceeding the PCB toxicity thresholds reported for the onset of
immunosuppression [9mg/kg lw ∑PCB] and for severe reproductive impairment [41mg/kg lw ∑PCB] reported
for marine mammals. Additionally, this individual showed equally high concentrations in p,p’-DDE [226mg/kg
lw], PBDEs [5mg/kg lw] and liver mercury levels [1.1 μg/g dry weight dw]. These results suggest a high pla-
cental transfer of pollutants from mother to foetus. Consequently, blubber and plasma PCB concentrations and
calf mortality rates are both high in primiparous females. With such high pollutant levels, this neonate had poor
prerequisites for survival. The neonate belonged to Ecotype I (generalist feeder) and carried the mitochondrial
haplotype 35 present in about 16% of the North Atlantic killer whale from or close to the North Sea. The
relevance of this data becomes apparent in the UK West Coast Community, the UK's only residentorca popula-
tion, which is currently composed of only eight individuals (each four males and females) and no calves have
been reported over the last 19 years.Despite worldwide regulations, PCBs persist in the environment and remain
a severe concern for killer whale populations, placing calves at high risk due to the mother-offspring PCB-
transfer resulting in a high toxicological burden of the neonates.

In a recent Science report, Desforges et al. (2018) predicted the
global killer whale population to collapse due to pollution with poly-
chlorinated biphenyls. Using an individual-based model framework and
globally available data on PCB concentrations in killer whale tissues,
they showed that PCB-mediated effects on reproduction and immune
function threaten the long-term viability of> 50% of the world’s killer
whale populations. Here, we present empirical evidence, which sup-
ports and extends the reports’ statement.

On 8 February 2016, a neonate male killer whale stranded on the
beach of Rantum, German island of Sylt (Fig. 1). Killer whale strandings
are rare and post-mortem examinations on fresh individuals are scarce.

This stranding probably marks the ninth recorded killer whale
stranding along German coasts since the mid-1800s (Reckendorf et al.,
2018). The carcass was necropsied approximately 10 h after collection
and was examined according to standard protocol (Siebert et al., 2001).
Total length, body weight, different body measurements, girths and
blubber thickness (at nine locations along the left flank: dorsal, medial
and ventral behind the flipper, in front of as well as behind the dorsal
fin) were recorded. The stomach contained ∼20mL milk residue and
no pathologies explaining the cause of death could be detected
(Reckendorf et al., 2018). Blubber samples (n=3) presenting low lipid
concentrations [16–22%] were analysed for a suite of persistent organic
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pollutants, such as PCBs (28 congeners), polybrominated diphenyl
ethers (PBDEs) and Dichlorodiphenyltrichloroethane and metabolites
(DDTs). The method used for sample extraction and clean-up has been
previously described by Das et al., 2017. Liver samples were analysed
for mercury following the method described by Cransveld et al., 2017.
Skin samples were collected caudal to the dorsal fin for genotyping of
the mitochondrial control region using established standard odontocete
primers ProL and DLH (Tiedemann et al., 1996; Wiemann et al., 2010).
For the analysed part of the mtDNA, many sequences from killer whales
around the world are available in genetic databases. Hence, such ge-
netic analyses can provide insight into the putative origin of the in-
dividuals, enabling them to be assigned to a certain population/ecotype
(Foote et al., 2009; Morin et al., 2010).

Neonatal attributes including colouration, freshly healing umbi-
licus, distinct neonatal papillae on the tongues and partly erupted teeth
were found and indicated an age of at least 3 days (Reckendorf et al.,
2018). The blubber PCB concentrations were very high [ΣPCBs, average
225mg/kg lipid weight (lw)], largely exceeding the PCB toxicity
thresholds reported for the onset of immunosuppression [9mg/kg lw
∑PCB] (Kannan et al., 2000) and for severe reproductive impairment
[41mg/kg lw ∑PCB] (Helle et al., 1976) in marine mammals (Jepson
et al., 2016) (Fig. 2).

The study of Desforges et al. focuses on a single chemical class
(PCBs), but a large number of additional contaminants are present in
killer whale tissues. This individual showed equally high concentrations
in p,p’-DDE [average 226mg/kg lw]. In a previous study, adult killer
whales from British and Irish coastal waters showed lower p,p’-DDE
concentrations [ranging from 7 to 179mg/kg lw], except one in-
dividual that presented a higher p,p’-DDE concentration of 567mg/kg

lw (McHugh et al., 2007). A number of contaminant studies on marine
mammals have determined the p,p’-DDE/∑DDT ratio in order to assess
the chronology of DDT inputs and state that a ratio> 0.6 is indicative
of a stable system with no new DDT inputs (Aguilar, 1984; Tanabe
et al., 1997). In the current study, our neonate presented a p,p’-DDE/
∑DDT ratio of 0.98, suggesting that DDT residues are derived from
historic environmental contamination. However, several studies in
delphinid species have shown higher transfer rates of p,p’-DDE from
mother to calf during lactation than for p,p’-DDT or ∑DDT, which might
potentially alter the observed ratio (Aguilar, 1984; Borrell et al., 1995;
McKenzie et al., 1997).

Polybrominated diphenyl ethers (PBDEs) are a group of flame-re-
tardant compounds which have been widely used in recent years.
Compared to other orcas from UK waters, elevated levels of ∑PBDEs
[average 5mg/kg lw] were found in this individual. In a previous study,
four adult killer whales showed lower ∑PBDE concentrations, [ranging
from 0.69 to 4.37mg/kg lw], while one individual presented a higher
∑PBDE concentration [of 23.8mg/kg lw] (Law et al., 2005).

Environmental mercury (Hg) concentrations have increased over
the past 150 years, resulting in over 92% of the mercury body burden in
higher trophic level species being of man-made origin (Dietz et al.,
2013). Total mercury (THg) analysed in liver samples of the neonate
[1.1 μg/g dry weight dw] revealed concentrations below the threshold
[20 μg/g dw] defined for liver lesion in adult marine mammals (Dietz
et al., 2013; Rawson et al., 1993), but close to the mercury-associated
neurochemical effect threshold in the 3–5 μg/g dw range (Basu et al.,
2007, 2006; Dietz et al., 2013). More subtle changes were observed at
lower Hg concentrations in the brain of toothed whales with associated
signs of neurochemical effects. The meaning of such a high Hg con-
centration in the tissue of a neonate is difficult to interpret, but methyl-
Hg is immunotoxic and neurotoxic even at low doses (Basu et al., 2007,
2006; Dietz et al., 2013).

All these compounds may contribute to reproductive and immune
failure or other health endpoints not included here, and raise concerns
about the potential for other persistent contaminants to generate ad-
ditional toxicological effects in long-lived, high–trophic level aquatic
species. These results suggest a high placental transfer of pollutants
from mother to foetus. Consequently, blubber and plasma PCB con-
centrations and calf mortality rates are both high in primiparous fe-
males (Schwacke et al., 2002; Wells et al., 2005). With such high pol-
lutant levels, this neonate had poor prerequisites for survival. The

Fig. 1. Picture of the neonate male killer whale stranded on 8 February 2016 on
the beach of Rantum, on the German island of Sylt.

Fig. 2. Mean ∑PCBs concentrations in neonate and adult female killer whales (from Jepson et al., 2016). The blue bar represents the neonate and the grey bar are
adult females. The red dashed line is the equivalent ∑PCBs concentrations threshold (9.0 mg/kg lw) for onset of physiological effects in experimental marine mammal
studies (Kannan et al., 2000). The red solid line is the equivalent ∑PCBs concentrations threshold (41.0mg/kg lw) for the highest PCB toxicity threshold published for
marine mammals based on marked reproductive impairment in ringed seals in the Baltic Sea (Helle et al., 1976). Error bars= LowerCI and UpperCI.

J.G. Schnitzler et al. Aquatic Toxicology 206 (2019) 102–104

103



neonate belonged to Ecotype I (generalist feeder) and carried the mi-
tochondrial haplotype 35 present in about 16% of the North Atlantic
killer whales from or close to the North Sea (i.e., the UK, the Nether-
lands, Denmark) (Foote et al., 2009; Reckendorf et al., 2018). The re-
levance of this data becomes apparent in the UK West Coast Commu-
nity, the UK's only resident orca population, which is currently
composed of only eight individuals (each four males and females) and
no calves have been reported over the last 19 years (Beck et al., 2014).

Despite worldwide regulations, marine pollutants, including mer-
cury, organochlorine pesticides and PCBs, persist in the environment
and remain a severe concern for killer whale populations, placing calves
at high risk due to the vertical mother-offspring pollutant-transfer re-
sulting in a high toxicological burden of the neonates.

Acknowledgements

The authors thank all people involved in the reporting, transport
and imaging, as well as all ITAW colleagues who helped with necropsy
and sampling. K. Das is a Senior F.R.S.- FNRS Research Associate and M.
Pinzone received grants from FRIA (Fonds pour la formation à la re-
cherche dans l’industrie et dans l’agriculture). We thank Claus Dethlefs
for the picture of the stranded animal. The investigations were partly
funded by the Ministry of Energy, Agriculture Environment and Rural
Affairs, and the National Park Service of Schleswig-Holstein. This re-
search received no specific grant from any funding agency, commercial
or not-for-profit sectors.

References

Aguilar, A., 1984. Relationship of DDE/ΣDDT in marine mammals to the chronology of
DDT input into the ecosystem. Can. J. Fish. Aquat. Sci. 41, 840–844.

Basu, N., Kwan, M., Man Chan, H., 2006. Mercury but not organochlorines inhibits
muscarinic cholinergic receptor binding in the cerebrum of ringed seals (Phoca his-
pida). J. Toxicol. Environ. Health Part A 69, 1133–1143.

Basu, N., Scheuhammer, A.M., Rouvinen-Watt, K., Grochowina, N., Evans, R.D., O’brien,
M., Chan, H.M., 2007. Decreased N-methyl-D-aspartic acid (NMDA) receptor levels
are associated with mercury exposure in wild and captive mink. Neurotoxicology 28,
587–593.

Beck, S., Foote, A.D., Koetter, S., Harries, O., Mandleberg, L., Stevick, P.T., Whooley, P.,
Durban, J.W., 2014. Using opportunistic photo-identifications to detect a population
decline of killer whales (Orcinus orca) in British and Irish waters. J. Mar. Biol. Assoc.
U.K. 94, 1327–1333.

Borrell, A., Bloch, D., Desportes, G., 1995. Age trends and reproductive transfer of or-
ganochlorine compounds in long-finned pilot whales from the Faroe Islands. Environ.
Pollut. 88, 283–292.

Cransveld, A., Amouroux, D., Tessier, E., Koutrakis, E., Ozturk, A.A., Bettoso, N., Mieiro,
C.L., Bérail, S., Barre, J.P.G., Sturaro, N., Schnitzler, J., Das, K., 2017. Mercury stable
isotopes discriminate different populations of european seabass and trace potential
Hg sources around Europe. Environ. Sci. Technol. 51, 12219–12228. https://doi.org/
10.1021/acs.est.7b01307.

Das, K., Malarvannan, G., Dirtu, A., Dulau, V., Dumont, M., Lepoint, G., Mongin, P.,
Covaci, A., 2017. Linking pollutant exposure of humpback whales breeding in the
Indian Ocean to their feeding habits and feeding areas off Antarctica. Environ. Pollut.
220, 1090–1099.

Desforges, J.-P., Hall, A., McConnell, B., Rosing-Asvid, A., Barber, J.L., Brownlow, A., De

Guise, S., Eulaers, I., Jepson, P.D., Letcher, R.J., Levin, M., Ross, P.S., Samarra, F.,
Víkingson, G., Sonne, C., Dietz, R., 2018. Predicting global killer whale population
collapse from PCB pollution. Science 361, 1373–1376.

Dietz, R., Sonne, C., Basu, N., Braune, B., O’Hara, T., Letcher, R.J., Scheuhammer, T.,
Andersen, M., Andreasen, C., Andriashek, D., 2013. What are the toxicological effects
of mercury in Arctic biota? Sci. Total Environ. 443, 775–790.

Foote, A.D., Newton, J., Piertney, S.B., Willerslev, E., Gilbert, M.T.P., 2009. Ecological,
morphological and genetic divergence of sympatric North Atlantic killer whale po-
pulations. Mol. Ecol. 18, 5207–5217. https://doi.org/10.1111/j.1365-294X.2009.
04407.x.

Helle, E., Olsson, M., Jensen, S., 1976. PCB levels correlated with pathological changes in
seal uteri. Ambio 261–262.

Jepson, P.D., Deaville, R., Barber, J.L., Aguilar, À., Borrell, A., Murphy, S., Barry, J.,
Brownlow, A., Barnett, J., Berrow, S., Cunningham, A.A., Davison, N.J., ten
Doeschate, M., Esteban, R., Ferreira, M., Foote, A.D., Genov, T., Giménez, J.,
Loveridge, J., Llavona, Á., Martin, V., Maxwell, D.L., Papachlimitzou, A., Penrose, R.,
Perkins, M.W., Smith, B., de Stephanis, R., Tregenza, N., Verborgh, P., Fernandez, A.,
Law, R.J., 2016. PCB pollution continues to impact populations of orcas and other
dolphins in European waters. Sci. Rep. 6, 18573.

Kannan, K., Blankenship, A.L., Jones, P.D., Giesy, J.P., 2000. Toxicity reference values for
the toxic effects of polychlorinated biphenyls to aquatic mammals. Hum. Ecol. Risk
Assess. 6, 181–201.

Law, R.J., Allchin, C.R., Mead, L.K., 2005. Brominated diphenyl ethers in the blubber of
twelve species of marine mammals stranded in the UK. Mar. Pollut. Bull. 50,
356–359.

McHugh, B., Law, R.J., Allchin, C.R., Rogan, E., Murphy, S., Foley, M.B., Glynn, D.,
McGovern, E., 2007. Bioaccumulation and enantiomeric profiling of organochlorine
pesticides and persistent organic pollutants in the killer whale (Orcinus orca) from
British and Irish waters. Mar. Pollut. Bull. 54, 1724–1731.

McKenzie, C., Rogan, E., Reid, R.J., Wells, D.E., 1997. Concentrations and patterns of
organic contaminants in Atlantic white-sided dolphins (Lagenorhynchus acutus) from
Irish and Scottish coastal waters. Environ. Pollut. 98, 15–27.

Morin, P.A., Archer, F.I., Foote, A.D., Vilstrup, J., Allen, E.E., Wade, P., Durban, J.,
Parsons, K., Pitman, R., Li, L., 2010. Complete mitochondrial genome phylogeo-
graphic analysis of killer whales (Orcinus orca) indicates multiple species. Genome
Res. 20, 908–916.

Rawson, J., Patton, W., Hofman, S., Pietra, G., Johns, L., 1993. Liver abnormalities as-
sociated with chronic mercury accumulation in stranded Atlantic bottlenose dol-
phins. Ecotoxicol. Environ. Saf. 25, 41–47.

Reckendorf, A., Ludes-Wehrmeister, E., Wohlsein, P., Tiedemann, R., Siebert, U., Lehnert,
K., 2018. First record of Halocercus sp.(Pseudaliidae) lungworm infections in two
stranded neonatal orcas (Orcinus orca). Parasitology 1–5.

Schwacke, L.H., Voit, E.O., Hansen, L.J., Wells, R.S., Mitchum, G.B., Hohn, A.A., Fair, P.
A., 2002. Probabilistic risk assessment of reproductive effects of polychlorinated bi-
phenyls on bottlenose dolphins (Tursiops truncatus) from the Southeast United States
Coast. Environmental Toxicology And Chemistry / SETAC 21, 2752–2764.

Siebert, U., Wünschmann, A., Weiss, R., Frank, H., Benke, H., Frese, K., 2001. Post-
mortem findings in harbour porpoises (Phocoena phocoena) from the German North
and Baltic Seas. J. Comp. Pathol. 124, 102–114.

Tanabe, S., Madhusree, B., Öztürk, A.A., Tatsukawa, R., Miyazaki, N., Özdamar, E., Aral,
O., Samsun, O., Öztürk, B., 1997. Persistent organochlorine residues in harbour
porpoise (Phocoena phocoena) from the Black Sea. Mar. Pollut. Bull. 34, 338–347.

Tiedemann, R., Harder, J., Gmeiner, C., Haase, E., 1996. Mitochondrial DNA sequence
pattern of harbour porpoises (Phocoena phocoena) from the North and the Baltic Sea.
Zeitschrift fur Saugetierkunde 61, 104–111.

Wells, R.S., Tornero, V., Borrell, A., Aguilar, A., Rowles, T.K., Rhinehart, H.L., Hofmann,
S., Jarman, W.M., Hohn, A.A., Sweeney, J.C., 2005. Integrating life-history and re-
productive success data to examine potential relationships with organochlorine
compounds for bottlenose dolphins (Tursiops truncatus) in Sarasota Bay, Florida. Sci.
Total Environ. 349, 106–119.

Wiemann, A., Andersen, L.W., Berggren, P., Siebert, U., Benke, H., Teilmann, J., Lockyer,
C., Pawliczka, I., Skóra, K., Roos, A., 2010. mitochondrial control region and mi-
crosatellite analyses on harbour porpoise (Phocoena phocoena) unravel population
differentiation in the Baltic Sea and adjacent waters. Conserv. Genet. 11, 195–211.

J.G. Schnitzler et al. Aquatic Toxicology 206 (2019) 102–104

104

http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0005
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0005
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0010
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0010
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0010
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0015
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0015
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0015
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0015
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0020
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0020
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0020
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0020
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0025
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0025
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0025
https://doi.org/10.1021/acs.est.7b01307
https://doi.org/10.1021/acs.est.7b01307
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0035
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0035
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0035
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0035
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0040
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0040
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0040
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0040
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0045
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0045
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0045
https://doi.org/10.1111/j.1365-294X.2009.04407.x
https://doi.org/10.1111/j.1365-294X.2009.04407.x
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0055
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0055
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0060
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0065
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0065
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0065
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0070
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0070
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0070
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0075
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0075
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0075
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0075
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0080
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0080
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0080
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0085
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0085
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0085
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0085
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0090
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0090
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0090
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0095
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0095
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0095
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0105
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0105
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0105
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0110
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0110
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0110
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0115
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0115
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0115
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0120
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0120
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0120
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0120
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0120
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0125
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0125
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0125
http://refhub.elsevier.com/S0166-445X(18)30997-4/sbref0125

	Supporting evidence for PCB pollution threatening global killer whale population
	Acknowledgements
	References




