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Summary
We collected barnacle goose eggs from Kongsfjorden in 2016, and analysed eggs for polyand perfluoroalkyl substances (PFASs) at the Norwegian Institute for Air Research (NILU) in
early 2017. We also analysed eggs for protein and lipid content and conducted maternity
analyses between eggs and nests, as some geese lay eggs in foreign nests. We found low
levels of PFASs in eggs, with some PFASs related to protein concentration. Lipid content in
eggs was related to nest hatching date. DNA analysis between eggs and nests revealed a
substantial contribution of eggs dumped by foreign parents.
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Background
Study species
Barnacle geese (Branta leucopsis) migrate annually from Solway Firth (United Kingdom) to
Kongsfjorden (Norway) every summer, and bring with them the necessary energy reserves for
egg production (Figure 1). Many individuals of this breeding population utilise stopover
grounds in northern Norway at Helgelandskysten and/or Vesterålen (Tombre et al. 2008).
Others can also fly north directly, skipping the stopover grounds in northern Norway
altogether. This means that energy source in eggs relative to the breeding grounds can be
either distant, local, or a combination of the two.

Figure 1. Map depicting the barnacle goose’s flyway from overwintering grounds located in
Solway Firth, Untied Kingdom. The geese migrate north every summer, and either: 1)
stopover at staging areas located in Helgeland and Vesterålen; or 2) fly direct to Svalbard.
The circles indicate potential feeding sites the geese use for egg production.
3

Warming climates are leading to increased populations of barnacle geese on Svalbard, with
populations arriving earlier for summer breeding (Dickey et al. 2008). 2016 presented the
earliest nest hatch date on record for the Kongsfjorden population (Maarten Loonen). Females
of this population utilise distant resources from United Kingdom and Svalbard towards egg
production (Hahn et al. 2011), which also has implications for how pollutants are acquired
and allocated towards eggs.
PFAS as an environmental pollutant
Poly- and perfluoroalkyl substances include organic compounds that consist of carbon chain
atoms saturated by fluorine atoms. The ends of these chains contain either a carboxylic acid
(PFCAs) or sulfonic acid (PFSAs) functional group (Table 1). PFASs vary in carbon chain
length (often designated by Cn, where n refers to the number of carbon atoms). These
compounds are considered environmental pollutants, because they are persistent in the
environment, accumulate in organisms and can exert toxic effects (Tomy et al. 2004). One
compound, PFOS (perfluorooctanesulphonate), is listed as a persistent organic pollutant (POP)
under the Stockholm Convention (UNEP 2013).
Table 1. Overview of the different PFASs analysed in barnacle goose eggs. PFASs can be
divided into chemical class as well as the type of functional group. We analysed eggs for 22
different types of PFASs commonly found in the environment.
Chemical class
Functional group
Types
Perfluoroalkane carboxylic acids
Carboxylic acid (COOH) PFBA, PFPA, PFHxA,
(PFCAs, C4-C14)
PFHpA, PFOA, PFNA,
PFDA, PFUnA, PFDoA,
PFTriA, PFTeA
Perfluoroalkane sulfonic acids
Sulfonic acid (SO3H)
PFBS, PFPS, PFHxS,
(PFSAs, C4, C6, C8)
PFHpS, brPFOS, linPFOS,
PFOSA, PFNS, PFDcS
Fluorotelomer sulfonic acids (FTS) CnH2nSO3H
FTS 6:2, FTS 8:2
Relationship between migration and pollutants
As herbivorous organisms, geese feed low on the terrestrial food chain. However, they can
still be exposed to pollutants via vegetation. Pollutants have been detected in Arctic
vegetation (Wang et al. 2015), but knowledge on pollutant bioaccumulation in terrestrial
ecosystems is underrepresented in ecotoxicology (van den Brink et al. 2016).
Female birds transfer pollutants to their offspring during egg production (Verreault et al.
2006). Thus we expected pollutants associated with lipids and proteins such as
polychlorinated biphenyls (PCBs) and PFASs to also be transferred to eggs. Since barnacle
geese utilise resources (in the form of lipids and protein) towards egg production from
different staging areas during their flyway, then we expected both energy source and timing of
migration to affect both the type and concentration of pollutants transferred to eggs.
We hypothesised:
1) Geese relying on distant resources (United Kingdom and Norway) to have a diet that
reflects feeding at overwintering or stopover grounds prior to breeding. Geese that rely on
local resources (Svalbard) should have a diet that mostly reflects feeding at Svalbard
prior to breeding.
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2) Thus geese that rely more on distant resources should transfer more lipid-associated
pollutants (PCBs) to their eggs than geese feeding at local sites in Svalbard.
3) Consequently, protein-associated pollutants (PFAS) will be less likely to follow this
pattern, but should be detectable in all samples.
In this project, we investigated part of hypothesis 2 (lipid content) and hypothesis 3 (PFASs,
protein content).

Fieldwork and methods
Study site
Storholmen is a 30 hectare island (78°56'N, 12°13'W) situated in Kongsfjorden, Svalbard
(Figures 2 & 3). In 2016, the island was home to over 250 barnacle goose nests. Nearly half of
these nesting pairs include at least one ringed individual, meaning that for many breeding
pairs, we have access to past data such as previous hatching dates and flyway information.
22/60 of our study pairs also were seen at either Vesterålen or Helgeland in 2016.

Figure 2. A map of Kongsfjorden, Svalbard. Our study site, Storholmen, is approximately 6
km east from Ny-Ålesund and is only accessible via boat. Source: TopoSvalbard.
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Figure 3. Aerial photo of Storholmen (left), and a map depicting the 60 nests sampled in this
project (right). Photo: Daniel Hitchcock.
Sampling effort
In 2016, we registered the number of nests and eggs at Storholmen by surveying the entirety
of the island over a two day period (5-6 June). We marked nest location with GPS and noted
breeding pairs with ringed individuals. We then sampled one egg and several grams of down
feather from 60 nests from the island over a two week period (9-20 June). For each nest, we
also recorded nest hatching date, represented by the date when the first egg hatched within a
clutch. We processed sampled eggs at the Netherlands Arctic Research station and recorded
length, width and mass. We homogenised all eggs, and aliquoted subsamples to 1.5 mL tubes
and stored the remainder in 50 mL tubes at –20 °C. Bulk samples were stored in Oslo, and the
aliquots were brought to Tromsø for lipid and pollutant analysis.
PFAS analysis overview (Figure 4)
1) Egg material is added to a tube and weighed
2-3) Organic solvent (acetonitrile) is added and the contents are mixed thoroughly
4-5) The tube is centrifuged and the supernatant (top layer) is transferred to another tube
6) The extract in the new tube is up-concentrated to 2 mL
7) 800 uL of this is extract is transferred to a third tube for emulsive matrix removal
8) The extract containing PFAS is transferred to vial for chemical analysis
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Figure 4. Step-by-step procedure for preparing egg samples for PFAS analysis.
Quality assurance and control
For most types of chemical analyses, treatment of samples will result in the loss of the desired
pollutant at each step. Thus, to determine sample recovery (i.e. how much pollutant was lost
during the procedure), samples are spiked with a ‘standard’ chemical of a known
concentration at the beginning of each extraction. Recovery (%) and pollutant concentration
prior to chemical extraction can be calculated. Laboratory ‘blanks’ (control) were also
prepared during each batch of extractions, e.g. extraction carried out minus biological material.
Reference material (containing pollutants of a known concentration) was also included in
conjunction with every tenth extraction of sample material.
Instrument analysis and final output
The final samples containing the pollutants of interest are run through analytical instruments
that allow the determination of pollutant concentration in each sample. PFAS samples were
run through ultrahigh pressure liquid chromatography triple-quadrupole mass-spectrometry
(UHPLC-MS/MS). Given samples were weighed prior to extraction, pollutant concentration
can be expressed as picogram pollutant per gram wet weight tissue (pg/g ww).

7

Lipid analysis overview (Figure 5)
1) Egg material is added to a jar and weighed
2) Sodium sulphate powder is added, and the contents are mixed and stored in a freezer
overnight. Sodium sulphate is a strong absorbent of water
3-5) The sample is thawed, organic solvent (acetone/cyclohexane) is added, sample is mixed,
and the liquid extract is transferred to a tube. Organic solvent is added two more times
6) The collection of extracts in the new tube is up-concentrated close to dryness and weighed.
This fraction represents lipid content.

Figure 5. Step-by-step procedure for preparing egg samples for lipid analysis.
Protein analysis
We measured protein content in homogenised egg samples at the University of Oslo. We
added 0.1 mL of egg material to a cocktail containing RIPA buffer and Protease Inhibitor
Cocktail (Thermo Scientific). We incubated the mixture on ice for 20 minutes before
sonicating samples at 4 ºC for 5 minutes. We incubated samples for 10 minutes with
occasional mixing and then centrifuged samples at 15000 rpm for 15 minutes. We removed
the supernatant containing the proteins in solution and measured absorbance using Pierce
Detergent Compatible Bradford Assay Kit at 595 nm. Protein content is expressed as mg/mL.
Maternity analysis
We compared DNA microsatellites between eggs and nest down feathers at the Natural
History Museum, University of Oslo. We extracted DNA from samples using an E.Z.N.A.TM
Tissue DNA Kit (Omega Bio-Tek). Four polymorphic microsatellite loci (Apl11, CAUD08,
Oxy13a and Sfiμ5a) were selected and amplified in a multiplex polymerase chain reaction
(PCR) using fluorescently labelled forward primers and a Type-it Microsatellite PCR Kit
(QIAGEN) with a final reaction volume of 10 μL.
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We carried out PCR reactions using a GeneAmp 9700 Thermocycler (Applied Biosystems).
The size of labelled products was determined using a capillary automated ABI 3130xl Genetic
Analyzer and Peak Scanner software v. 2 (Applied Biosystems). Additional samples were
analysed by Macrogen. We determined maternity by comparing allele sizes of microsatellites
between candidate mothers and offspring with Peak Scanner software.

Results and Discussion
PFAS data
Out of the 22 PFASs we analysed, we only detected 12 PFASs across all 60 eggs including:
four PFCAs (PFHpS, brPFOS, linPFOS, PFNS; C7-C9) and seven PFSAs (PFOA, PFNA,
PFDA, PFUnA, PFDoA, PFTriA and PFTeA; C8-C14).
Only six PFASs were detected in 60% or more of all eggs (Figure 6). The mean PFAS
concentration in eggs was 1209 ± 2972 pg/g ww. These concentrations are approximately one
order of magnitude less than what is detected in eggs of Arctic seabird species (Braune and
Letcher 2012), suggesting that exposure to PFAS in adult geese is low. The occurrence of
PFOS and long-chained PFCAs in the barnacle goose eggs also reflects the composition of
PFASs detected in eggs of marine bird species (Braune and Letcher 2012). To our knowledge,
this data is the first report of PFAS concentrations in Arctic-breeding geese. Even though we
detected a small number of PFASs in eggs, some eggs did contain PFASs not present in
others, which may suggest differences in exposure in adults.
There was no relationship between PFAS concentrations and egg mass, length or width. The
only PFAS which was related to nest hatch date was PFNA (Pearson’s correlation coefficient
= 0.29, P = 0.03). However, we are cautious to draw conclusions from this finding due the
statistical caveats of carrying out multiple comparisons. The average nest hatching date for
the island population was the earliest on record (mean: 25 June ± 4 days), and occurred within
a narrow timeframe. Most geese also arrived at the island prior to snowmelt, meaning that
adults were limited by which sites they could use to fuel the costs of egg production. It is
likely that most 2016 females relied on resources from Solway Firth or northern Norway,
limiting the potential number of migration strategies available in that year.

Figure 6. PFASs that were detected in 60% or more of all egg samples. Individual pollutant
concentrations are reported as mean ± SD pg/g wet weight.
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Protein and lipid data
Protein content in eggs was 4.9 ± 1.0 mg/mL (range: 2.8 to 8.7), and was significantly less
than lipid content (mean: 17.0 ± 2.4 %; range: 10.6 to 26.0). Protein concentration did not
correlate with any PFASs except for PFDoA (Pearson’s correlation coefficient = 0.32, P =
0.03). Lipid content increased with increasing nest hatching date (Pearson’s correlation
coefficient = 0.29, P = 0.02) and was not related to egg size or protein content. This may
suggest that lipid soluble pollutants such as PCBs are more affected by migration strategy
than protein associated PFAS, as stated in hypothesis 3. However, the fact that an increasing
lipid content was seen with increasing nest hatching date is contrary to expectations, given
early hatching nests represent early arriving geese utilising resources from distant sources
(United Kingdom and northern Norway), which are expected to be more polluted than Arctic
sites. An alternative explanation is that late hatching nests represent individuals that delay
their departure from Solway Firth, and fly direct to breeding grounds (de Boer et al. 2014).
These individuals utilise a combination of distant resources (Solway Firth) as well as stored
reserves, which means consumption of more polluted grass and utilisation of remobilised
pollutants for egg production. To confirm this hypothesis, we have quantified PCB
concentrations in eggs as part of another project (Fram Centre Flagship, Hazardous
Substances).
Maternity analyses
We were able to test maternity in approximately 75% of the egg samples. Of those eggs (N =
43), 77% belonged to their parent nest, whereas 23% did not. The proportion of foreign eggs
present in nests is higher than in other goose populations, such as a 12% rate for an island
breeding colony in Sweden (Anderholm et al. 2009).
Conclusions
Barnacle geese may be sensitive to the effects of a warming climate (Dickey et al. 2008,
Lameris et al. 2017), which may have implications both for the reproductive success of the
species and the areas in which they breed. Increasing populations may lead to overgrazing of
Arctic tundra or increased predation on breeding populations (Prop et al. 2015). With
pollutant data available for one breeding season, it is not clear how climate-sensitive
migration strategies may affect pollutant concentrations in future populations of the geese.
Concentrations of PFAS in barnacle geese eggs are quite low, meaning low levels of exposure
in adults, and suggesting it is unlikely that PFAS contributes to negative health effects in the
Kongsfjorden breeding population. However, the relationship between PFAS exposure and
population effects remains to be properly explored. We also lack data on annual variability in
populations not only breeding in Kongsfjorden, but also other locations in Svalbard such as
areas near Longyearbyen, where human activity may be more prevalent.
The results of this project will be combined with data on stable isotopes (dietary descriptors
that provide information on an egg’s potential energy source), PCB and Hg pollutant data. We
plan to publish the findings in a scientific publication.
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Appendix
Communication of the project
- Blog post on research group webpage:
http://www.mn.uio.no/ibv/english/people/aca/katribor/news-and-blog/first-week-at-nilu.html
(16 January 2017)
- Poster presentation. ICCE Conference, Oslo, 2017.18-22 June 2017.
- Poster presentation. Svalbard Science Conference, Oslo. 06-08 November 2017.
- Fram Forum 2018: https://issuu.com/framcentre/docs/framforum-2018-issuu (pages 106-111,
18 March 2018)
- Lecture. Brief presentation of the project at the UNIS course Arctic Environmental
Toxicology (AT-380), Svalbard. 12-14 March 2018.
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A copy of the poster with PFAS data, which was presented at the 16th International
Conference on Chemistry and the Environment in Oslo, June 2017. Not all eggs had been
analysed for PFAS prior to the conference, so results differ to the main report.
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Detailed summary of the PFAS analysis
Approximately 1–1.5 g of pre-weighed homogenised egg material was spiked with 10 ng of
13
C-labelled internal standards. Samples were extracted with 8 mL of acetonitrile in an
ultrasonic bath for 30 min with thorough mixing. After centrifugation, extracts were
evaporated to 2 mL and 0.8 mL of extract was added to 25 mg of ENVI-Carb (Sigma-Aldrich)
and 50 μL of glacial acetic acid. Samples were centrifuged at 10,000 rpm for 10 min and 0.5
mL of the supernatant was transferred to a vial. The sample was spiked with 2 ng of brPFDcA
recovery standard and 0.1 mL was transferred to an autoinjector vial containing 0.1 mL of 2
mM NH4OAc in HLB-water. The following 13C-labelled compounds were used as internal
standards: PFBA, PFPA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnA, PFDoA, PFTeDA,
PFBS, PFHxS, PFOS, PFOSA, FTS 6:2 and FTS 8:2. Details of the instrumental analysis are
described in detail by Hanssen et al. (2013).

Detailed procedure the lipid analysis
Approximately 2 g of pre-weighed homogenised egg material was freeze-dried in anhydrous
sodium sulphate (burnt at 600 °C). Samples were extracted three times with
cyclohexane/acetone (3:1) in an ultrasonic bath. Extracts were evaporated to dryness and lipid
content was determined gravimetrically.

Maternity determination between eggs and nests
We considered egg-mother pairs a match when all four loci in females and offspring shared at
least one allele of the same size. Because it was not possible to read allele size in some loci,
we adopted a conservative approach to match eggs with their nests. In cases where only three
of the four loci were related, we assumed the fourth loci matched when: 1) allele size differed
by two base pairs due to potential mutation by replication slippage (Anmarkrud et al. 2008); 2)
allele size in one individual was homozygous due to potential allelic dropout (Taberlet et al.
1999); and 3) allelic data were missing incomplete or missing for one individual.
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