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ARTICLE INFO ABSTRACT

Keywords: Phthalates are used in plastics, found throughout the marine environment and have the potential to cause
Toothed whales adverse health effects. In the present study, we quantified blubber concentrations of 11 phthalates in 16 samples
A"Ctic‘ . from stranded and/or free-living marine mammals from the Norwegian coast: the killer whale (Orcinus orca),
E;Z:triili:frcomammams sperm whale (Physeter macrocephalus), long-finned pilot whale (Globicephala melas), white-beaked dolphin

(Lagenorhynchus albirostris), harbour porpoise (Phocoena phocoena), and harbour seal (Phoca vitulina). Five
compounds were detected across all samples: benzyl butyl phthalate (BBP; in 50 % of samples), bis(2-ethylhexyl)
phthalate (DEHP; 33 %), diisononyl phthalate (DiNP; 33 %), diisobutyl phthalate (DiBP; 19 %), and dioctyl
phthalate (DOP; 13 %). Overall, the most contaminated individual was the white-beaked dolphin, whilst the
lowest concentrations were measured in the killer whale, sperm whale and long-finned pilot whale. We found no
phthalates in the neonate killer whale. The present study is important for future monitoring and management of

Maternal transfer

these toxic compounds.

1. Introduction

Phthalates, also known as diesters of phthalic acids, are a group of
chemicals added to plastics to enhance their flexibility and durability
(EPA, 2023). These plasticisers are often used in order to turn polyvinyl
chloride (PVC) into a flexible material, as well as in cosmetics (e.g.
hairspray and nail polish), plastic clothing, adhesives and lubricants
(ECHA, 2023a). The annual worldwide production of phthalates was
estimated to exceed 5 million tonnes per year in 2018 (Holland, 2018).
Phthalates have been identified as persistent and potentially toxic for
living organisms since the late 1970s (Dillingham and Autian, 1973;
Giam et al., 1978; Peck and Albrot, 1982). Therefore, the European
Chemicals Agency (ECHA) has listed 14 phthalates on the REACH
Authorisation List (Annex XIV), and several compounds including the
ortho-phthalates diisobutyl phthalate (DiBP), dibutyl phthalate (DBP),
benzyl butyl phthalate (BBP), bis(2-ethylhexyl) phthalate (DEHP) and
dicyclohexyl phthalate (DCHP) are on the Candidate List of substances
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of very high concern due to their toxicity to the endocrine system and
reproduction (ECHA, 2023b).

Phthalates are ubiquitous and even present in remote areas such as
the Arctic (Xie et al., 2007; Routti et al., 2021), where they may enter
through air deposition and leaching from plastics carried by air and
ocean currents (Xie et al., 2007). Most phthalates are lipophilic, with the
potential to bioaccumulate in lipid-rich tissues and biomagnify in food
chains (Cousins and Mackay, 2000). Given their large fat stores, marine
mammals typically accumulate high concentrations of lipophilic pol-
lutants in their blubber (Dietz et al., 2019). Only a handful of studies
have investigated phthalate concentrations in Arctic marine mammals
(Routti et al., 2021; Vorkamp et al., 2004). Blue whales (Balaenoptera
musculus) and fin whales (Balaenoptera physalus) from the Norwegian
Arctic, that ingest large amounts of krill, had considerably higher con-
centrations of phthalates than polar bears that feed at the top of the
Arctic marine food web (Routti et al., 2021). In Greenland, DEHP con-
centrations in sediment were similar to concentrations in birds, fish and
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seals, and only slightly higher in polar bears (Vorkamp et al., 2004).
Such trophic dilution of phthalates in marine mammal food webs is also
supported by both field and modelling studies in aquatic food webs (Kim
et al., 2016; Mackintosh et al., 2004) likely due to metabolic trans-
formation and/or elimination in higher trophic level species (Goutte
et al., 2020; Hu et al., 2016). Phthalate concentrations in many marine
mammal species remain unknown, especially in apex predators such as
toothed whales, known to bioaccumulate high concentrations of legacy
POPs (Sonne et al., 2018; Jepson and Law, 2016; Andvik et al., 2021).
The aim of our study was to provide information about contamina-
tion to phthalates in marine mammals from the Norwegian coast. We
measured blubber concentrations of 11 compounds in 16 samples from
stranded and/or free-living killer whale (Orcinus orca), sperm whale
(Physeter macrocephalus), long-finned pilot whale (Globicephala melas),
white-beaked dolphin (Lagenorhynchus albirostris), harbour porpoise
(Phocoena phocoena), and harbour seal (Phoca vitulina). To our knowl-
edge, this is the first documentation of phthalate contamination in killer
whale and sperm whale, and the first to detect di-isononyl phthalate
(DiNP) and dioctyl phthalate (DOP) in marine mammal blubber. The
present work focused mainly on killer whales, which is one of the most
polluted species on Earth (Jepson and Law, 2016), and contributes to
filling the gap of knowledge on phthalate contamination in marine
mammals from Norway (Routti et al., 2021; Rian et al., 2020).

2. Materials and methods
2.1. Field sampling

Blubber samples were collected from dead marine mammals that had
stranded along the Norwegian coast between 2016 and 2020, and from
live killer whales that were taken by biopsy sampling in northern Nor-
way in 2020 (Fig. 1).

Sampling of the stranded specimens (n = 7) was coordinated by
Norwegian Orca Survey (NOS) (Table 1, Fig. 1). A minimum of
10*10*10 cm piece of skin-blubber-muscle was collected from the mid-
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dorsal region of the body for each stranded animal. The two killer
whales (ID 004 and O06 — a neonate) and one harbour seal (2SB) were
sampled by NOS directly, whilst samples from the sperm whale (SW1),
harbour porpoise (HP1), long-finned pilot whale (PW2) and white-
beaked dolphin (D1) were collected by volunteers. Morphometrics and
photographs were also collected. Each carcass was also assigned a code
reflecting its decomposition state, from 2 (freshly deceased and no
bloating) to 4 (advanced decomposition with major bloating / organs
beyond recognition) (Kuiken and Garcia-Hartmann, 1991) (Table 1).
Prior to sampling, equipment was cleaned with soap and water, boiled
for 5 min and sterilized with 95 % ethanol. All samples were wrapped in
aluminium foil and stored at —20 °C until analysis.

Sampling from free-living killer whales (n = 9) was carried-out by
the Arctic University of Norway (UiT) in northern Norway (Table 1;
Fig. 1). A biopsy of skin and blubber (~4 c¢m long) was collected using
the ARTS darting system operated from a Rigid Inflatable Boat, and
targeting the region directly below or posterior to the dorsal fin (Klei-
vane et al., 2022). Adult males were identified based on observable
secondary sexual characteristics (overall body size and height of the
dorsal fin), per Ford et al. (2014), and other individuals classed as
“Unknown” due to adult females and subadult individuals being indis-
tinguishable from observations of size / dorsal fin. The biopsies were
immediately removed from the dart to separate skin, dermis, and
blubber on a glass petri dish using disposable scalpels and sterile scis-
sors. Blubber samples were immediately stored in glass vial with a
polypropylene top cap, with septum lined with polytetrafluoroethylene
(PTFE) foam urethane (National Scientific, Austin, Texas, USA). Glass-
ware used in the field were rinsed using cyclohexane and acetone and
heated in an oven at 450 °C for 8 h prior to the field season.

All samples were stored at —20 °C upon sampling and until analysis.

2.2. Phthalate analyses

Phthalate analyses were conducted at the Norwegian Institute for Air
Research in Tromsg (NILU), Norway. Samples of stranded individuals
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Fig. 1. A map of Norway showing the sampling location of each stranded and free-living marine mammal and the number of individuals. Biopsies were collected
from free-living killer whales in two locations and n indicates the number of biopsies performed at each sample site.



Table 1

Sampling information and concentrations of phthalates expressed as ng/g wet weight (ww) and lipid weight (Iw) in blubber of stranded and free-living marine mammals from the Norwegian coast 2016-2020. NA = not
applicable, UNK = unknown and n.a. = not analysed. Samples under the limit of detection (LOD) are indicated by a less-than sign (<), and samples over the LOD are shaded light grey. The LOD and limit of quantification
(LOQ) for each sample is also provided in the supplementary dataset. Samples between LOD and LOQ are indicated with an asterix (*).

I 32 14puy "D

Sample information Phthalate concentrations (ng/g)
. Age Lipid | BBP® DEHP* DiBP¢ DiNP® DOP! DEP¢ | DHxP" | DCHP! | DiDcP! | DNP* | DnBP!
ID Species | Year | Sex Code* |
class % ww | lw ww | lw WW Iw WW Iw ww | lw WW WW wWwW wWwW WW wWwW
Long-
PW2 Sﬁgfd 2016 | UNK | Subadult | 3 57 17 | 29 | <45 | <78 | <5.0 | <8.7 | 54* | 94* | <3.0| <52 | <14 | <50 | <5.0 <8 | <14 | <16
whale
006 &;}1:2 2017 | Male Neonate | 2 80 <0.6 | <0.8 | n.a. n.a. <5.0 | <6.3 n.a n.a n.a n.a <14 <5.0 <5.0 n.a. n.a. <16
g | HPI E:rrsgi:z 2018 | Female | Adult 2 98 <02 | <02 | 23 24 | <02 | <02 | 1800 | 1800 | 65 66 | <3.0 | <0.2 <0.1 <24 | <07 | <0.7
=
=
£ | swi VSVI;‘;T: 2020 | UNK | UNK 3 27 <02 | <0.7 | 41% | 15% | <02 | <07 | <3.1 | <11 | <03 | <I.1 | <3.0 | <0.2 <0.1 <4 | <07 | <0.7
m .
004 &E:; 2020 | Male | Adult 3 55 <02 | <04 | 33% | 5.9% | <02 | <04 | <3.1 | <5.6|<03 | <05 | <3.0 | <0.2 <0.1 <4 | <07 | <0.7
White-
D1 beaked | 2019 | UNK | UNK 3 89 <02 | <02 | 120 | 130 | 35 39 | 7020 | 7900 | 205 | 230 | <3.0 | <0.2 <0.1 <4 | <07 | <07
dolphin
2SB izrlb"“r 2018 | UNK | UNK 2 79 | <02|<03|<13|<16| 74 | 93 | 720 | 910 | <03 | <04 | <3.0 | <02 | <01 | <24 | <07 | <07
KWO1 &Eﬁ; 2020 | UNK | UNK NA | 41 28 | 6.8 | <45 | <110 | <54 | <13 | <29 | <71 | <3.0 | <73 | <15 | <0.3 <0.1 <28 <0 | <16
KWo04 gﬂ:; 2020 | Male | Adult NA 15 3.6 | 25 | 55% | 380% | <54 | <37 | <29 | <200 | <3.0 | <21 | <15 | <0.3 <0.1 <28 | <20 | <16
KWO05 sﬁ;’; 2020 | UNK | UNK NA |38 53 | 14 | <45 | <120 | <54 | <14 | 240 | 640 | <3.0 | <8.0 | <15 | <0.3 <0.1 <28 | <20 | <16
s | KWO06 &ﬂﬁé 2020 | UNK | UNK NA | 43 41 | 9.6 | <45 | <100 | <54 | <13 | <29 | <68 | <3.0 | <7.0 | <15 | <03 <0.1 <28 <0 | <16
£ !
T | Kwo7 gﬂ:; 2020 | UNK | UNK NA |55 3.9 7 | <45 | <81 | <54 | <98 | <29 | <53 | <3.0| <55 | <15 | <03 <0.1 <28 | <20 | <16
P
S :
= | kwos sﬂﬁ 2020 | UNK | UNK NA |20 26 | 13 | <45 | <220 | 10.6* | 52 | <29 | <140 | <3.0 | <15 | <15 | <03 <0.1 <28 | <20 | <16
KW10 ﬁﬁé 2020 | UNK | UNK NA | 48 <0.6 | <0.6 | <45 | <92 | <54 | <I1 | <29 | <60 | <3.0 | <6.7 | <15 | <03 <0.1 <28 <0 | <16
KW14 gﬁ:; 2020 | UNK | UNK NA 18 <0.6 | <1.6 | <45 | <250 | <5.4 | <31 | <29 | <160 | <3.0 | <17.0 | <15 | <03 <0.1 <28 | <20 | <16
KW15 &ﬂ;ﬁ; 2020 | UNK | UNK NA 52 28 | 54 | <45 | <87 | <54 | <11 | <29 | <56 | <3.0 | <5.8 | <15 | <03 <0.1 <28 | <20 | <16

3Decomposition code, per Kuiken and Garcia-Hartmann (1991); ® Benzyl butyl phthalate (CAS: 85-68-7); © Bis(2-ethylhexyl)phthalate (CAS: 117-81-7); ¢ Diisobutyl phthalate (CAS: 84-69-5), ¢ Di-iso-nonyl phthalate (CAS:
28553-12-0); f Di-n-octyl phthalate (CAS: 117-84-0); édiethylphthalate (CAS: 84-66-2); "di-n-hexyl phthalate (CAS: 84-75-3); 'dicyclohexyl phthalate (CAS: 84-61-7); 'di-iso-decyl phthalate (CAS: 26761-40-0); di-n-nonyl
phthalate (CAS: 84-76-4); ldi—n—butylphtﬁhalate (CAS: 84-74-2).

9E65TT ($20Z) 66T UBANING UOHNJO] FULDI
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were sent whole to the laboratory, where a subsample was taken from
the inside of each sample to minimise contamination. 11 phthalates
were analysed in all samples: DiBP, BBP, DEHP, DCHP, DiNP, DOP,
diethyl phthalate (DEP), di-n-butyl phthalate (DnBP), di-hexylphthalate
(DHxP), dinonyl phthalate (DNP) and diisodecyl phthalate (DiDcP). Due
to possible degradation of lipids / interference from matrix, DEHP, DOP,
DiNP, DNP and DiDcP could not be screened in the neonate killer whale
(006). The limit of detection (LOD) and limit of quantification (LOQ)
for each phthalate and sample are provided in Table 1 and the Supple-
mentary dataset.

2.2.1. Chemicals

Chemicals used were acetonitrile (Rathburn, LCMS grade), n-Hexane
(Merck, Suprasolv), acetic acid (ReagentPlus, >99 % purity, Sigma
Aldrich Co LLC), milli-Q (Advantage, A10, Merck KGaA), florisil (J.T.
Baker, activated at 675C, Avantor Performance materials, Inc.), acetone
(Merck KGaA, Suprasolv) and methanol (Merck KGaA, Lichrosolv). All
phthalate standards were from Accustandard Inc., New-Havens, United
States.

2.2.2. Sample preparation

Samples were prepared based on Guerranti et al. (2013) and Fossi
etal. (2014). 0.3 g of blubber was added to a 15 mL centrifuge glass with
100 ng of surrogate standard (d4-DEHP). The sample was vortexed, and
extracted by ultrasound twice for 10 min with acetone and centrifuged.
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The supernatant was evaporated to dryness and lipid content deter-
mined. Acetic acid/water (9/1) and 1 mL n-hexane was added to the
extract, vortexed and centrifuged. n-hexane was transferred to a new
glass and the procedure was performed three more times. The n-hexane
extract was evaporated to dryness and 1 mL acetonitrile and 100 ng of
internal recovery standard (d4-DOP) was added and the sample was
vortexed. 0.5 mL was taken for analysis on UPLC/MS/MS. The instru-
mental analysis was performed using the Thermo Fisher Scientific TSQ
Vantage LC/MS/MS fitted with an analytical column (100 mm x
2.1mmlID, 1.8 pm; Aquity UPLC HSS T3, Waters Inc) and a pre-column
(50 mm x 2.1 mm, 5 pm; XBridge C18, Waters Inc) fitted between
pump and injector to offset system background. 10 pL sample was
injected and mobile phase was 0.1 % aqueous formic acid (A) and
methanol with 0.1 % formic acid (B) starting at 90/10 (A/B) with a
gradient to 85/15 and finally to 100 % B at 0.3 to 0.4 mL/min. The ESI-
MS was operated at 380 °C and a capillary voltage of 4.0 kV in negative
mode identifying parent/daughter ions.

2.2.3. Quality assurance

All glassware were washed with acetone and n-hexane and burned at
450 °C for 8 h the day before use, and again rinsed with n-hexane
immediately before use. All work was conducted in a clean room. n-
hexane was precleaned before use by adding Florisil into the flask and
shaken to absorb contaminants. The acetic acid/water (9/1) mix was
purified in a separatory funnel with precleaned n-Hexane and put in
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shaker at 200 min~! for 30 min, and the n-hexane was discarded. Milli-Q
water was generated through a Milli-Q unit with an additional polishing
cartridge to remove contaminants. To assure the quality of the sample
preparation and analysis, three laboratory blanks were used and a
certified reference material (NIST 3074, phthalates in methanol) was
added to seal blubber samples in three replicates and a reference sample
without addition of NIST 3074 giving a standard deviation for DEHP of
6.6 % between replicates and 82-96 % recovery of the actual certified
value. The instrument was run on a 6-point calibration curve from 10 to
1000 ng/mL. LOD and LOQ (Supplementary dataset) were determined
by 3xSD and 10xSD in laboratory blanks respectively, and all samples
were blank corrected. The LOD for DEHP is higher for the long-finned
pilot whale (PW2) and the free-living killer whales, compared to the
stranded marine mammals, as the d4-DEHP standard was contaminated
with DEHP and there was not enough material to repeat analysis.

2.3. Data treatment

No statistical analyses were conducted due to the low sample size
and low occurrence of phthalates in the dataset.

3. Results

Of the 11 screened phthalates, we found five compounds across all
the samples: BBP (detected in 50 % of samples), DEHP (33 %), DiBP (19
%), DINP (33 %) and DOP (13 %) (Table 1). The most phthalate-
contaminated individual was the white-beaked dolphin, followed by
the harbour porpoise and the harbour seal (Table 1, Fig. 2A). Concen-
trations of phthalates were systematically < LOD for all compounds in
the neonate stranded killer whale.

DiNP was the most abundant phthalate and made up over 90 % of the
total phthalate load in the white-beaked dolphin, harbour porpoise,
harbour seal and long-finned pilot whale (Fig. 2B). Concentrations of
DiNP in the white-beaked dolphin were approximately 4, 7, 80 and 2000
times higher than in the harbour porpoise, seal, long-finned pilot whale
and both the stranded sperm whale and killer whale, respectively
(Table 1; Fig. 2A). Amongst the free-living killer whales, DiNP was
detected in only one individual (Table 1).

BBP was only detected in one stranded specimen, the long-finned
pilot whale, whilst it was the most frequently detected phthalate in
free-living killer whales (7 out of 9). DEHP was detected in four of the
stranded marine mammals, the harbour porpoise, the sperm whale, a
killer whale (O04) and the white-beaked dolphin. DiBP was detected in
two stranded marine mammals, the white-beaked dolphin and the
harbour seal. DOP was detected also in two stranded individuals, the
harbour porpoise, and the killer whale (Table 1). DEHP and DiBP were
detected in only one free-living killer whale each (different individuals)
(Table 1). DOP was not detected in free-living killer whale samples.

4. Discussion

Our results showed that the killer whale, sperm whale and long-
finned pilot whale had the lowest concentrations of phthalates
compared to the white-beaked dolphin, harbour porpoise and harbour
seal. Whilst information about their diet is not available in the literature
for all the species in this study area, it is known that killer whales off the
Norwegian coast eat a range of prey including (primarily) herring, but
also other fish and marine mammal prey (Jourdain et al., 2019), and that
sperm whales from Norway and long-finned pilot whales from the North
Atlantic feed on deep-sea benthic prey (Christensen et al., 1992;
Desportes and Mouritsen, 1988; Mendes et al., 2007; Simila et al., 2022).
The stable isotope ratios of nitrogen in sperm whales were higher than
baleen whales in the Barents Sea (Mackenzie et al., 2022), and there are
indications that they are high trophic species due to the trophic level of
their prey being comparable to top vertebrate predators in the Arctic
(Golikov et al., 2018). Harbour seal, harbour porpoise and white-beaked
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dolphins along the Norwegian coast are thought to be opportunistic
feeders feeding primarily on small pelagic fish (Berg et al., 2002; Bjgrge,
2003; Fall and Skern-Mauritzen, 2014), indicating that they are mid-
trophic species. Whilst we cannot directly compare the trophic posi-
tion of these species, and our sample size is small, there are indications
that our results support a trophic dilution of phthalates in the marine
mammal food web. This is in line with recent works reporting higher
concentrations of DEHP in baleen whales than polar bears from the
Norwegian Arctic (Routti et al., 2021), and similar concentrations of
DEHP in sediment, birds, fish and seals, and only slightly higher in polar
bears from Greenland (Vorkamp et al., 2004).

Feeding habitat may also influence phthalate concentrations in ma-
rine mammals. In the Mediterranean sea, baleen whales in areas with
high amounts of plastic pollution accumulate higher concentrations of
phthalates through the ingestion of microplastics and direct exposure to
seawater (Baini et al., 2017; Fossi et al., 2014, 2012). White-beaked
dolphins, harbour porpoises and seals are pelagic and coastal feeders,
and therefore, potentially, more exposed to plastics than the deep-diving
sperm and pilot whales. However, this is heavily dependent on the types
of plastics in the local environment, with different densities determining
if they float or sink (GESAMP, 2015).

With the exception of the white-beaked dolphin and one free living
killer whale (KWO04), DEHP concentrations measured in our study were
lower than those found in blue and fin whale blubber from the Norwe-
gian Arctic (Routti et al., 2021). DEHP concentrations measured in
common bottlenose dolphin blubber from the Brittany gulf (90-160 ng.
g’1 ww) (Zanuttini, 2019) were similar to the blubber concentrations we
have measured in the white-beaked dolphin. Concentrations in different
species from different environments are likely correlated to local sources
and/or transport of phthalates. For example, there was a strong influ-
ence of location on phthalate metabolite concentrations in harbour
porpoises from coastal Norway, with lower concentrations in individuals
from lesser populated areas than those sampled closer to active oil and
gas fields (Rian et al., 2020).

The differences in concentrations and proportions of phthalates be-
tween the free-living killer whales and stranded marine mammals might
be explained by differences in sample collection, area and depth of
blubber sampled, chemical degradation, as well as in LODs for the same
phthalate between different analyses batches. For example, the LOD for
DEHP in the long-finned pilot whale and all the free-living killer whales
was 44.6 ng/g ww, whereas for the stranded marine mammals it was 1.3
ng/g ww. Due to the ubiquitous presence of phthalates in the environ-
ment, blank levels are often high and can vary widely between batches,
despite best efforts to minimise background contamination. This also
makes comparison to other studies challenging, with different proced-
ures used to account for contamination. For example, in Vorkamp et al.
(2004) samples were not blank-corrected despite high blank levels. The
LOD levels in the present study are, however, within the ranges, and in
many cases lower, than that reported in the existing literature (e.g.
Routti et al., 2021; Baini et al., 2017; Vorkamp et al., 2004).

The absence of phthalates in the neonate killer whale suggests an
inefficient maternal transfer of phthalates in killer whales and/or
absence of phthalates in the mother. These results are consistent with
other studies indicating a lack of maternal transfer of phthalates in
common bottlenose dolphin (Tursiops truncatus) from the Brittany Gulf
in France (Zanuttini, 2019) and from Florida (Dziobak et al., 2021), as
indicated from blubber and urine samples. This is in contrast with
maternal transfer of other lipophilic pollutants confirmed for this same
specimen in a previous study (Andvik et al., 2021). Given that this
neonate had died only a few hours before sampling, degradation of
phthalates is unlikely.

The high concentrations of DiNP in our study, in comparison to
DEHP, may be representative of the shift in the overall industrial use and
production of phthalates, with a replacement of DEHP with DiNP
following regulations (ECHA, 2013). DEHP was placed on the Norwe-
gian Priority List of chemicals that should be phased out in 2002
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(Norwegian Priority List, 2023), and has been regulated in Europe under
REACH Annex XVI since 2015 and Annex XVII since 2018 (ECHA,
2023b). Subsequently, a simultaneous increase of DiNP and decrease of
DEHP concentrations has been highlighted in time series from the
freshwater environment (Nagorka et al., 2022; Nagorka and Koschor-
reck, 2020) and humans (Reyes and Price, 2018) in the period mid-
2000s to late-2010s. Whilst a recent study on Icelandic fin whales did
not report any variation in total concentrations of phthalates over three
decades, the contribution of DEHP within the phthalate profile
decreased over the study period, although DiNP was not quantified
(Garcia-Garin et al., 2022). DiNP was not, however detected in baleen
whales from the Norwegian Arctic suggesting species- and/or location-
specific differences in its bioaccumulation (Routti et al., 2021). This
may, however, also be due to the higher LOD value for DiNP (100 ng/g
ww), as opposed to the present study (3.1-39 ng/g ww).

The small contribution of BBP, DIBP and DOP in the phthalate profile
may be attributed to a low regional production and exposure, and/or a
more efficient metabolism/elimination of these compounds in the ma-
rine mammals sampled for the present study. BBP has been previously
detected in polar bear, common minke whale (Balaenoptera acutoros-
trata), ringed seal (Pusa hispida) and long-finned pilot whale liver from
Greenland, in concentrations two to ten times higher than the blubber
concentrations reported here (Vorkamp et al., 2004). These differences
could be tissue related (blubber vs liver) or could be representative of
lower background concentrations of BBP along the Norwegian coast.
DiBP has previously been detected in a stranded common dolphin
blubber from the French coast at 30 times higher concentrations than
the seal from the present study (Zanuttini, 2019), although two other
stranded dolphins had concentrations <LOD.

Ocean plastic pollution is expected to significantly rise in the next
decade (Jambeck et al., 2015; Mai et al., 2020) leading to increased
leaching of phthalates in the marine environment. The present study
provides knowledge on the occurrence of phthalates in marine mammals
from the Norwegian coast, which is important for future monitoring and
management of these toxic compounds. Further studies on marine
mammals from a range of trophic levels, and other organisms in the food
web, are needed to deepen our understanding of phthalate contamina-
tion routes in the marine environment.
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