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Preface

In the present study 35 ivory gutlagophila eburneaggs were sampled from four colonies
in Svalbard (Svenskgya), Franz Josef Land (Nagerskod Klyuv Cape) and Severnaya
Zemlya (Domashny). The eggs were analysed for pddymated biphenyls (PCBs),
organochlorine pesticides, brominated flame retasléBFRs), mercury (Hg), perfluorinated
alkyl substances (PFAS), stable isotop#SN and§'C) and vitamin A (retinol) and Eo{
tocopherol). Furthermore, eggshell thickness wasrdened for all eggs.

This project was a collaboration between the NoraredPolar Institute, Tromsg; Arctic and
Antarctic Research Institute, St. Petersburg; Ngrare School of Veterinary Science, Oslo;
Norwegian Veterinary Institute, Oslo; and Norwegidmversity of Science and Technology,
Trondheim.
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1. Samandrag

Ismaka er ein sjeldan art i ein global samanhegg@grein av dei minst kjende sjafuglartane i
verda. Kartleggjing av ismakepopulasjonen i norgkrassisk Arktis vart starta etter at ein
nedgang pa 80 % i ismakepopulasjonen i Canadalgkumentert. Da ismaka er avhengig av
sjgis og er pa eit hagt trofisk niva, er klimaenddr og miljggifter to identifiserte
miljgtruslar. Malet med denne studien var & kagjegniljagifter og kvikksglv i ismakeegg
fra Svalbard og russisk Arktis, og undersgkje mogleffektar av miljggifter.

Totalt vart 35 egg samla inn fra ein koloni pa $eatl, to koloniar pa Franz Josef Land og
ein koloni pa Severnaya Zemlya, Karahavet. Dei andlysert for ei rekkje PCB-kongenerar,
organoklorerte pestisider (OCP), bromerte flammehamar (BFR), perfluoroalkylstoffer
(PFAS) og kvikksglv. | tillegg vart det analyseor fire responsvariablar i egga fra Russland
(n=25); eggeskaltjukkleik og vitamina retinol @gocopherol.

Det vart funne hgge niva av miljggifter i ismakeaggmanlikna med niva i egg fra ei rekkje
sjgfuglartar (t.d. ismake, polarmake, krykkje) Féile Arktis. Seerskild nivda av PCB-ar og
OCP-ar, dominert ap,p’-DDE, var hgge, medan nivaa av BFR-ar og PFASaarvesentleg
lagare. Skilnadar mellom koloniane i miljagiftsnivart ogsa funne. Generelt var nivaa av
PCB-ar, OCP-ar og BFR-ar hggast i egg frd Nagurkkbtenien (Franz Josef Land), middels
i egg frA Svenskgya-kolonien (Svalbard) og Klyuvp&olonien (Franz Josef Land) og
lagast i Domashny-kolonien (Severnaya Zemlya). Bliay kvikksglv og PFAS-ar var
generelt sett like mellom koloniane.

Multivariat dataanalyse antyda assosiasjonar metlentre responsvariablane og miljggifter i
egg fra dei tre koloniane i russisk arktis. Positassosiasjonar vart funne mellom retinol
(vitamin A) og nivA av miljggifter. Indikasjonar pd&ninkande konsentrasjonar av
antioksidanteno-tocopherol med aukande miljggiftskonsentrasjoramt vunne. Dette kan
tyde pa at ismaka er utsett for miljggiftsindusdidativt stress. Det vart ogsa funne

negative assosiasjonar mellom eggeskaltjukkleileiogkkje miljggifter, noko som indikerer
at eggeskaltjukkleiken er paverka av miljggifteeride responsen er stgtta av ei samanlikning
av eggeskaltjukkleiken med ismakeegg samla infaT vart introdusert, da det vart funne
ei 7 til 17% reduksjon i eggeskaltjukkleik i deidfikoloniane.

Dei hgge nivaa av miljggifter, seerskild organokleri funne i ismakeegg fra Svalbard og
russisk Arktis er truleg sa hage at dei paverkandlsa. | tillegg til indikasjonane pa effektar
av miljggifter pa vitaminer og eggeskaltjukkleiknfie i denne studien, er nivaa neer eller over
ulike terskelverdiar for effektar. Ei samanliknimged egg fra fer DDT-bruk indikerer at
reduksjonen i eggeskaltjukkleik neermar seg denskatgrensa som er blitt assosiert med
populasjonsnedgong i mange artar. Dette kan tydatpdivaa er sd hgge at dei kan ha
innverknad pa populasjonsstatusen til ismaka. Dmjehnivda av miljggifter kan i tillegg
verke som ein ytterlegare stressfaktor nar ismakatem utfordringane framtidige
klimaendringar skapar.
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2. Summary

The ivory gull is a rare species in a global cohtexd is one of the most poorly known
seabird species in the world. Following a documténteof an 80% population decline in the
Canadian Arctic, mapping of the ivory gull poputettistatus in the Norwegian and Russian
Arctic was initiated. Due to its dependence on iseaand high trophic position, identified
environmental threats are climate change and congats. The aim of the present study was
to identify and quantify organic contaminants anereary in ivory gull eggs from Svalbard
and the Russian Arctic, and examine possible resgsto contaminant exposure.

Thirty-five eggs were sampled from one colony iral®ard, two colonies in Franz Josef Land
and one colony in Severnaya Zemlya, Kara Sea. §jgs were analysed for a range of PCB-
congeners, organochlorine pesticides (OCPs), bmtedh flame retardants (BFRS),
perfluorinated alkyl substances (PFASs) and mercAdglitionally, three response variables
were analysed in the eggs from the Russian Arciie2%); the vitamins retinol and-
tocopherol and eggshell thickness.

High contaminant levels were found in the ivorylgdgs when compared to levels in eggs
from a range of seabird species (e.g. ivory gulhugous gull, black-legged kittiwake)
throughout the Arctic. In particular the levelsRPEBs and OCPs, dominated py'-DDE,
were high, whereas the levels of BFRs and PFAS® wensiderably lower. Differences
between colonies in contaminant levels were alsmdo In general, PCBs, OCPs and BFRs
were highest in eggs from the Nagurskoe colonyn&rosef Land), intermediate levels in
eggs from the Svenskgya (Svalbard) and Klyuv C&pang Josef Land) colonies and the
lowest concentrations found in eggs from the Domggiolony (Severnaya Zemlya). Levels
of mercury and PFASs generally did not differ bedweolonies.

Multivariate data analysis indicated associatioesveen the three response variables and
contaminant variables in the eggs from the thrdentes in the Russian Arctic. Positive
associations between retinol (vitamin A) and comtemt levels were found. Indications of
decreasing concentrations of the antioxidantocopherol (vitamin E) with increasing
concentrations of contaminants were found. This mdigcate that the ivory gull is influenced
by contaminant-induced oxidative stress. Negatigsoaiations were also found between
eggshell thickness and a wide range of contaminandgating that the eggshell thickness is
influenced by contaminants. The latter responséuither supported by a comparison of
eggshell thickness with ivory gull eggs collectexfdnbe DDT was introduced, indicating a 7
to 17% decrease in eggshell thickness in the folamges.

The high levels of contaminants, in particular a@zhlorines, found in ivory gull eggs from
Svalbard and the Russian Arctic are likely to iaflae the ivory gull. In addition to the
indications of effects on vitamin status and eglisheekness found in the present study, the
levels are approaching or higher than various tulelslevels for effects. The degree of
eggshell thinning relative to eggs from before DD3e is approaching the critical level
associated with population declines in a rangepeties, indicating that eggshell thinning is
of potential concern for the population status.tfienmore, the high levels of contaminants
indicate that the ivory gull is under additionaksts as it meets the challenges posed by future
environmental change.
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3. Introduction

Organohalogens of anthropogenic origin have beandon Arctic biota for decades, despite
few local sources of contamination. Anthropogenantaminants released in temperate
regions in the northern hemisphere reach the Ativarious routes, such as atmospheric
and oceanic transport (Oehme 1991; Burkow and Kladlen 2000). Recently, new classes of
chemicals, such as brominated flame retardants $BBRd perfluorinated alkyl substances
(PFASs), have become of global environmental caondar addition to the established

organochlorines (OCs). Recent studies and repave Ishown that both these compound
groups are widespread in the environment and haga Hetected in the Arctic (de Wit et al.

2004; Smithwick et al. 2005; de Wit et al. 2006).

The ivory gullPagophila eburneas a characteristic high Arctic species, assodiatgh sea
ice throughout the year (Haney and MacDonald 1998 ivory gull has an extremely
northern distribution and has on average the northest breeding grounds of all birds
(Blomgvist and Elander 1981). It has a patchy cipalar breeding distribution, with
scattered colonies in the Canadian Arctic, Greehl&valbard and Russia. The colonies in
Russia are located in Franz Josef Land, on islantise Kara Sea and in Severnaya Zemlya
(Stream 2006). The ivory gull is a colony breedeaKiBen and Tertitski 2000) and is versatile
in its choice of nesting ground. It breeds on aHyinaccessible cliffs and nunataks in inland
or coastal regions, as well as on flat ground @vejrcovered islands (Blomqvist and Elander
1981; Thomas and Macdonald 1987; Judin and Firéd®@®). The ivory gull lays 1-3 eggs,
with a clutch size of two being most common, and Eying has been reported framedio
June tamedioJuly (Blomqgvist and Elander 1981; Gavrilo et alprep).

It is a rare species; the last population estirsaggests approximately 14,000 breeding pairs
globally, with about 80% residing in the RussianctAr (Bakken and Tertitski 2000).
Gilchrist and Mallory (2005) demonstrated an 80%lide in the ivory gull breeding
population in the Canadian Arctic during the laét y&ars. Preliminary data from recent
surveys in Russia and on Svalbard show some inoisabf population decline in Svalbard.
Few of the known colonies were occupied in 2006, #xose which were occupied consisted
of fewer individuals than previously reported ($trand Gavrilo in prep).

The International Union for Conservation of Natarel Natural Resources (IUCN) classified
the ivory gull as near threatened in 2006 on th€NUred list of threatened species, with
major threats identified as pollution and globakrmiag (IUCN 2007). Gilchrist and Mallory
(2005) suggested changing sea ice distribution taigkness, leading to altered wintering
habitat, as a possible mechanism of the declinevarfy gulls in the Canadian Arctic.
Furthermore, as a top predator, the ivory gull rhayexposed to high levels of contaminants
through biomagnification (Hobson et al. 2002; Borgdal. 2004). Studies on contaminant
levels in ivory gulls are scarce throughout thetisrovith a few recent reportings from the
Canadian Arctic, demonstrating high levels of omfalogen contaminants both in liver and
fat (Fisk et al. 2001; Buckman et al. 2004), ad aglin eggs (Braune et al. 2007) from ivory
gulls. Additionally, some of the highest concentia¢ of Hg ever reported in seabird eggs
from the Arctic have been found in ivory gull edgsm Canada (Braune et al. 2006).

Relationships between high levels of contaminants\arious impacts on top predator birds
in the Arctic have been demonstrated in a rangstuafies (recently reviewed in Gabrielsen
2007). Associations found include reduced repradeqgberformance (Helberg et al. 2005),
alterations of the immune system (Bustnes et &4p0Gsymmetry in wing feathers (Bustnes
et al. 2002), changes in circulating thyroid hormdgvels (Verreault et al. 2004b) and altered
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behaviour during nesting (Bustnes et al. 2001).o08isdions between contaminants and
vitamin status have also been reported (e.g. RbIZODO; Champoux et al. 2006; Murvoll et
al. 2007), as well as genotoxic effects (dstbyl.e2@05). Furthermore, contaminant-induced
eggshell thinning is well documented (e.g. Cook&319.owe and Stendell 1991; Blus et al.
1997).

The main objective in the present study was tosaskyels of mercury and a wide range of
organohalogens, such as polychlorinated biphenfA€BE), organochlorine pesticides
(OCPs), brominated flame retardants (BFRs) andymenhated alkyl substances (PFASS) in
ivory gull eggs from four colonies in the Russiarctic and Svalbard. Furthermore, eggshell
thickness and levels of vitamin A (retinol) and dzt¢copherol) was determined to evaluate
associations with the contaminant variables.
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4. Materials and Methods

4.1 Sampling procedures

A total of 35 eggs were sampled from individualteesithin four colonies in Svalbard and
north-western Russia; Nagurskoe and Klyuv CaperanF Josef Land and Domashny in
Severnaya Zemlya (figure 1). Clutch size was ndtedall sampled nests, and nests for
sampling were chosen randomly. In Russia, onlysnegth two or three eggs were sampled.
The eggs were weighed using a Pesola balance saaiédg (Pesola AG, Baar, Switzerland)
and width and length were determined to the ne@dsinm with a still calliper in the field.
The egg laying sequence was not determined to nsaiisturbance. The eggs sampled in
the Russian Arctic were marked, wrapped in alunmmfail and stored at -20 °C until further
analyses. During transport the samples were kepéefrin thermos bottles. The eggs sampled
in Svalbard were marked, wrapped in aluminium foid stored on ice until the end of
fieldwork (0-10 days). The samples were then state@0 °C until further analyses.
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Figure 1 Map of Svalbard and the western Russiatti@rlvory gull eggs were sampled from Svenskgya

(Svalbard), Nagurskoe and Klyuv Cape (both in Fridoeef Land) and Domashny Island (Severnaya Zemlya)

4.2 Analyses

All eggs were analysed for a suite of OCs, BFRs RRASs. The organochlorine pesticides
(OCPs) analysed and quantified were DDPpgDDE, p,p’-DDT, p,p’-DDD, o,p’-DDT),
chlordanes (oxychlordandgrans-nonachlor,cis-chlordane), HCHs of-, p- and y-), mirex,
HCB, dieldrin, heptachlor, aldrin and toxapheneblBe26, -40, -41, -44, -50 and -62). Other
OCs analysed were PCBs (PCB-28, - 47, -52, -66,-99, -101, -105, -114, -118, -128, -
137, -138, -141, -149, -151, -153, -156, -157, ;14470, -180, -183, -187, -189, -194, -196
and -206). The BFRs analysed and quantified wer€BIBsum ofa-, - andy-HBCD) and
BDEs (BDE-28, -47, -99, -100, -153, -154 and -20R)e PFASs analysed and quantified
were perfluorohexanoate (PFHxA), perfluoroheptamodPFHpA), perfluorooctanoate
(PFOA), perfluorononanoate (PFNA), perfluorodeca@o@FDcA), perfluoroundecanoate
(PFUNA), perfluorododecanoate (PFDoA), perfluode#danoate (PFDTTrIA),
perfluorotetradecanoate (PFTeA), perfluoropentadeate (PFPeDA), perfluorobutane
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sulfonate (PFBS), perfluorohexane sulfonate (PFHx®)fluorooctane sulfonate (PFOS),
perfluorodecane sulfonate (PFDcS), perfluorooctawdfonamide (PFOSA) and 6:2
fluorotelomer sulfonate (6:2 FTS). The PCB and Bfdageners follow the numbering given
in Ballschmiter and Zell (1980), later adapted Iy international Union of Pure and Applied
Chemistry (IUPAC). Furthermore, total Hg, stabletémes §'°N and§**C) and vitamin A
(retinol) and E ¢-tocopherol) was analysed and eggshell thicknessdetermined.

4.2.1 Preparation of samples

The eggshell was thoroughly removed and the foetusmbryo (henceforth embryo) was
removed from the thawed egg and weighed when wisatdsent. Subsequently, the whole
egg including the embryo was homogenised indiviguaking a food blender (Melissa,
Adexi group, Risskov, Denmark or Waring Commerclaboratory Blender, Waring

Laboratory, Torrington, CT, USA). Homogenate wapasated into aliquots for different
analyses and stored at -20 °C until analysed. Hematg for vitamin analyses was kept in
cryo tubes wrapped in aluminium foil to preventliglegradation of vitamins.

4.2.2 Analyses of OCs and BFRs

Analyses of OCs and BFRs were carried out at thmtatory of Environmental Toxicology
at the Norwegian School of Veterinary Science (OBlorway). Lipids were extracted twice
from egg homogenate by acetone/cyclohexane exiractiipid content was determined
gravimetrically. Extracts were treated twice withiphuric acid for sample clean up. An
aliquot for toxaphene analyses required furtheras®pn on silica columns. Finally,
contaminants were separated and quantified usigly fr@solution gas chromatographs (GC)
with mass spectrometer (MS) or electron captureeafiein (ECD). More details on the
chromatographic separation and equipment is giweMurvoll et al. (2006) for OCs, Iin
Andersen et al. (2006) for toxaphenes and in Sanab. (2006) for BFRs.

The laboratory is accredited by Norwegian Accradita(Kjeller, Norway) according to NS-
EN ISO/IEC 17025, test 137, and the analytical igiaf the laboratory has been approved in
several intercalibration tests. As standard promedecoveries of spiked samples, blanks and
reference samples were analysed in each seriescaegtable results were achieved.

4.2.3 Analyses of PFASs

PFAS analyses were conducted by the Analytical #enmental Chemistry Unit at the

Stockholm University (Sweden). Samples were extéhdwvice from egg homogenates with
acetonitrile in an ultrasonic bath. Concentratetlaexs went through clean-up on graphitised
carbon and acetic acid. Clean extract was addedntmonium acetate and precipitation
followed. High performance liquid chromatographyupted to high resolution mass

spectrometry (HPLC-HRMS, for sulfonates) or tandemass spectrometry (MS-MS, for

carboxylates) was applied. More details on theaexivn procedure and quantification is
given in Verreault et al. (2007).

For quality assurance were recovery rates of tlablestisotope mass-labelled internal
standards determined, one sample was analysed anmitea fish tissue sample used in an
interlaboratory comparison study analysed with #@mples. Acceptable results were
achieved.

10
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4.2.4 Analyses of Hg

The analyses of Hg were performed by the Nationatekhary Institute (Oslo, Norway).
Samples were decomposed with a mixture of nitrid and hydrogen peroxide in a closed
system using a microwave oven (Ethos Plus Microwalestation, Milestone Inc., Bergamo,
Italy). The amount of Hg in the sample was deteadinsing cold vapour atomic absorption
spectrometry (CVAAS; Varian SpectrAA 600, Variar.InPalo Alto, CA, USA), using tin(ll)
chloride (SnGlJ) to reduce the Hg. The method is described inildat&turman (1985).

The laboratory is accredited by Norwegian Accrdutita(Kjeller, Norway) according to NS-
EN ISO/IEC 17025, and the laboratory’s accreditedlgical quality has been approved in
several international intercalibration tests. Asaly of certified reference materials such as
TORT-2, LUTS-1 and DORM-2 together with the sampjase acceptable results.

4.2.5 Analyses of stable isotopes

Freeze-dried homogenate samples were analysedafte ssotope ratiosSt°N and§*C) at
the Institute for Energy Technology (Kjeller, Noryya Lipids were removed by Soxhlet
extraction with dichlormethane added 7% methandiime sample was then dried at 80 °C
before rinsing with 2 N HCI to remove traces ofbmarates. Next, the sample was rinsed with
distilled water and dried at 80 °C, before comharstvith G, and CpO3 in a Carlo Erba NCS
Elemental Analyser. Finally, the combustion produgere separated on a Poraplot Q column
and&™N ands'C were determined on a Micromass Optima mass speeter. International
standards, Pee Dee Belemnite (PDB: USGS 243'f& and atmospheric air (IAEA-N-1 and
2) for 8*°N, were generally run for each 10 samples. A dedailescription of the method is
given in Sgreide et al. (2006).

4.2.6 Analyses of vitamins

The vitamin analyses were carried out at the Depant of Biology, Norwegian University of
Science and Technology (Trondheim, Norway). Theagtion of retinol andi-tocopherol
was conducted in red light to prevent degradatibthe vitamins. Samples were extracted
three times with hexane using a high intensityastbnic processor (GEX400, Sonics and
Materials, Inc., Newtown, CT, USA). The extract wessaaporated to dryness and mobile
phase (98:2% methanol:water) was added. The camatens of retinol andw-tocopherol
were determined by high-performance liquid chromgetphy (HPLC). More details on the
extraction procedure and quantification is giveiiurvoll et al. (2005).

All samples were extracted and analysed eitheuplicate or triplicate and the coefficient of
variation (CV%) was <20% for all samples. Contraoteblank samples were also analysed
and acceptable results were achieved.

4.2.7 Eggshell thickness

The inner membrane of the eggshell was removed thanshell using running tap water and
careful washing. Subsequently the egg was leftrycatiroom temperature for minimum two

weeks. Eggshell thickness was then measured atarthe equator using a spring-loaded
micrometer (0-25) with an accuracy of 0.01 mm. Thean of four measurements was
recorded as the eggshell thickness.

11
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4.3 Statistical analyses

For calculations of mean + standard deviation (8$B)centrations only values above the
respective detection limits were included, dendigc lower sample size (n). Similarly, only
values above the detection limit were included wisaitulating sums) of compound
classes or congeners. Contaminants detected inHass60% of the samples analysed were
excluded from further statistical analyses. Conegians below the detection limit for
contaminants detected in more than 60% of the sssnplere given values of half the
corresponding detection limit for statistical arsay to avoid missing values in the data set.
Statistical analyses were performed with contantir@mcentrations given as wet weight
values with lipid content (%) included as a coviaria

Multivariate data analyses were performed using ringdtivariate program Unscrambler

(version 9.2, Camo AS, Oslo, Norway). Principal pament analyses (PCA) were conducted
to consider differences and similarities betweelories and to evaluate intracorrelations.
Multivariate regression; projection to latent sture (PLS), was carried out to evaluate
associations between the response variables (visarand eggshell thickness) and the
biological and contaminant variables for eggs fritr@a Russian Arctic. More details on the
statistical treatment of the data is given in Médjg (2007).

12
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5. Results

The compounds- andy-HCH, PFHXA, PFHpA, PFBS, heptachlor and aldrineveelow the
detection limit in all samples analysed and areetioee not reportedp,p’-DDD, o,p’-DDT,
cis-chlordane, BDE-209, PFOSA and 6:2 FTS were dedactéess than 60% of the samples
and were thus excluded from statistical analyses.

5.1 Levels of contaminants

The chemical analyses of ivory gull egg samplesveliothe presence of several major classes
of contaminants. Concentrations of all quantifieshtaminants in the four colonies are
summarised in table 1. OC contaminants were domimahe contaminant profile, with
particularly PCBs (PCB-99, -118, -138, -153, -18®83) andp,p’-DDE present in the highest
concentrations. The two chlordane compounds, orydahe andrans-nonachlor, were also
found in relatively high concentrations, as wellthe toxaphenes CHB-26 and -50. Also
PFASs and BFRs were present, however in considel@alber concentrations.

A PCA revealed a high degree of correlation betwienmajority of the OCs and BFRs, as
indicated by the large extent of clustering in libgding plot (cluster 2 in figure 2). Cluster 1,
with a high loading along PC2, contained the majasf the PFASs and showed a different
distribution, and was thus not associated with@i&s and BFRs. A few compounds were
separated from the main clusters, such as [HgCH, PFOA and PFNA. Hg showed a
distribution similar to the PFAS-cluster, whergaslCH was negatively associated with Hg.
PFNA was negatively associated with the OC/BFRteluand PFOA was not associated with
any compound analysed. The score plot (figure @icated colony differences in distribution

of contaminants along PC1, with the highest levadl<OCs and BFRs (the contaminants
important along PC1) in the Nagurskoe colony, mexliate levels in the Svenskgya and
Klyuv Cape colonies and the lowest levels in thanashny colony (figure 3). Hg (figure 4)

and most PFAS, however, did not differ between mel® (as seen along PC2 in figure 2).
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Organohalogens and mercury in ivory gull eggs (T3%&2007)
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Figure 2 Score plot and loading plot from principaimponent analysis (PCA) of contaminants and biokd
variables measured in ivory gufagophila eburneaggs from Svalbard and the Russian Arctic (n=8%)1
explains 46% and PC2 explains 15% of the variandbe data set (validated: 50%). S, N, K and Chiandcore
plot designate the Svenskgya, Nagurskoe, Klyuv GageDomashny colonies, respectively. Cluster Xains

the majority of PFASSs, cluster 2 contains the nigjoof OCs (PCBs, toxaphenes and other chlorinated
pesticides) and BFRs. The analysis is based onveigiht values.
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Organohalogens and mercury in ivory gull eggs (T3%&2007)
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Figure 3 Comparison of mean concentrations withdsted error of mean (+tSEM) faBDE, HBCD,XPCB and

p,p’-DDE in ivory gull eggs from Svalbard, Russia a@dnada and glaucous gull eggs from Bear Island. a
denotes data from Braune et al. 2007, b denotesfidah Verreault et al. 2004.
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Figure 4 Comparison of mean concentrations withdsed error of mean (+SEM) for mercury in ivory lgegigs

from Svalbard and Russia, herring gull, Atlantidfipuand black-legged kittiwake eggs from Rgst gfalcous
gull eggs from Bear Island. a denotes data fromdseun et al. 2005.
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Table 1 Arithmetic mean with standard deviationX®&nd ranges (min-max) for contaminant concernesting/g ww) analysed in ivory gull egg homogersateples from
the Svenskgya colony on Svalbard and the Nagursidgey Cape and Domashny colonies in the RussiactiéorSample size is n=10, n=6, n=7 and n=12, retspy.

Exceptions are BDE-209, PFOA, PFTeA, PFDcS and-8:2, where some individuals had levels below thea®n limit, thus the sample size for BDE-209 ever-0, n=1,
n=4 and n=2, for PFOA were n=0, n=5, n=6 and nfd1PFTeA and PFDcS were n=9, n=6, n=7 and n=12fan@:2 FTS were n=0, n=4, n=3 and n=5 for therSkeya,
Nagurskoe, Klyuv Cape and Domashny colonies, reésede. Due to small changes in the detection limére PFOSA detected only in eggs from the Sverskajony
(n=8). nd designates not detected. Dieldrin and 6B was not analysed in eggs from the Svenskgl@ygowhereasis-chlordanep,p’-DDD ando,p’-DDT was not

analysed in eggs from the three colonies in thesRasArctic, as designated by na (not analysed).

Svenskgya Nagurskoe Klyuv Cape Domashny

Mean + SD Median Min - Max Mean + SD  Median Min - Max Mean + SD Madi  Min - Max Mean + SD  Median Min - Max
Lipid % 9.95+1.18 9.88 8.63-12.3 105+1.0 10.3 9.48.1 9.15+0.99 9.1 8.11-10.4 9.57 +1.39 9.956.95-115
3C -20.2+0.3 -20.2 -20.8--19.7 -20.1+0.3 0. -20.4--19.5 -20.0+04 -20.1 -20.6 --19.420.6 +0.5 -20.6 -21.3--19.7
315N 15.8+0.3 15.8 15.3-16.2 16.2+0.9 15.8 18.3.6 16.5+0.6 16.4 15.9-17.7 16.2 +0.7 16.3 4.7117.2
p,p’-DDT 25.6+125 227 10.1-47.0 40.1+5.7 40.9 3287 39.9+19.1 325 20.9-69.5 23.7+7.31 21.2183-45.1
p,p’-DDE 1,510+700 1,330 933-3,240 2,910+910 3,180 313,860 1,360 * 340 1,370 813-1,920 1,46008a, 984 341-7,410
p,p’-DDD 1.80+2.48 0.49 nd - 6.89 na na na na na na na na na
0,p-DDT 3.32+539 051 nd - 16.6 na na na na na na na na na
Oxychlordane 165 + 69 156 95.3-319 287 £ 98 310 130 - 413 431 142 98.9 - 188 134+ 71 104 45.0 — 285
trans-nonachlor 77.6+£37.7 67.1 39.7-170 177 £174 107 75.67-52 112 +52 124 26.5-175 36.0+£13.1 29.7 20.8.35
cis-chlordane 231120 21.2 8.10-51.7 na na na na na na na a n na
B-HCH 11.4+35 10.6 6.47 - 17.9 18.1+6.9 16.7 1(B9.6 154 +8.7 11.6 8.88-31.5 28.4+6.9 28.3 .8185.1
Mirex 31.2+7.8 30.1 21.5-46.7 50.2 +13.6 49.6 2&3.7 306+7.7 31 21.0-43.2 234 +14.1 195 .21%54
Dieldrin na na na 78.4£46.3 61.9 51.7-172 43.4+128 344 21.3-59.3 246+9.1 23.1 13.7-44.2
HCB 62.1 £+20.7 55.1 45.3-113 97.4+11.2 97.4 79.22 59.1+17.4 55.8 41.0 - 90.9 62.4 +15.9 59.8 42.4 - 93.5
CHB-26 38.6+33.6 30.6 13.1-131 101 + 105 63.9 40243 475+24.6 38.4 12.5-86.7 14.5 +5.83 13.2 01%724.9
CHB-40 7.26+£2.39 6.97 4.38-11.9 5.41 +£1.03 5.41 4885 3.98 £0.96 4.09 2.52 -5.47 254+0.80 224 156-3.94
CHB-41 3.53+1.78 2.99 1.81-7.66 7.08 £ 4.98 5.12 3.18.7 4.87 £2.37 4.13 2.04-9.21 1.94+0.64 31.8 1.30-3.69
CHB-44 6.32+4.71 531 2.24-185 135+15.1 7.14 5332 8.09 £ 3.67 8.37 2.23-14.0 2.83+0.87 72.7 2.02-5.16
CHB-50 75.3+53.3 56.7 26.9 - 213 166 + 94 144 82.2-34972.0+27.9 84.9 30.0 - 102 28.3+9.78 30.7 133.4
CHB-62 9.70£5.65 8.77 453 -23.2 246 £8.0 22.8 129.3 17.1+7.2 17.3 7.37-26.1 9.59 +4.10 8.42 3.35-16.9
Y CHB 140 + 100 111 54.1 - 405 318 + 225 244 154 - 770 4 460 155 57.2-221 59.7 + 20.1 57.5 34.1-92.4
PCB-28 415+150 3.83 1.95-7.21 5.86 +2.14 5.09 3.982 452 +1.48 411 2.31-6.97 410+1.02 83.7 3.03-6.02
PCB-47 146+7.0 11.7 9.82-27.9 33.5+15.8 29.1 169.4 149+3.3 16.5 8.12-17.6 144 +12.0 11.0 5.28-49.9
PCB-52 5,66 £2.57 6.41 2.33-9.51 14.3+8.3 12.0 6.28.6 12.2+135 4.52 2.46 - 36.2 3.28+2.44 2.511.47-10.4
PCB-66 155+5.7 135 10.4-26.4 31.3+14.7 27.5 1%3.7 16.2+2.8 17.1 10.6 - 18.8 15.1 +5.06 13.028.71-24.2
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Svenskgya Nagurskoe Klyuv Cape Domashny

Mean + SD Median Min - Max Mean + SD  Median Min - Max Mean + SD Madi  Min - Max Mean + SD Median Min - Max
PCB-74 21.3+7.72 185 135-354 33.3+1238 30.9 1%8.7 18.8+4.1 19.7 10.7 - 23.8 16.9+95 14.2 7.62 - 43.6
PCB-99 168 + 71 151 99.3 - 346 362 +122 390 173 -503 184 191 120 - 260 175 + 140 137 67.2 - 584
PCB-101 9.51+3.68 9.40 453-18.0 18.3+9.3 15.3 9.38.4 12.2+£9.2 8.67 5.18-31.1 6.15 + 3.96 4.81 3.23-17.6
PCB-105 356+11.8 316 219-574 69.0 + 286 61.5 36.96 34.0+6.6 35.7 20.5-40.4 32.0+14.8 28.2 3.5160.0
PCB-114 411+082 3.85 3.16-5.21 5.51+1.93 5.46 2912 2.77 £0.56 2.81 1.73-3.52 271+156 523 1.12-6.87
PCB-118 134 + 40 125 89.1-188 244 + 92 213 134 - 381 A28 125 74.7 - 145 119+78.7 97.7 42.8 - 326
PCB-128 33.7+215 257 13.2-79.9 94.8 +29.8 106 4969 44,6 +15.3 44.9 21.3-70.6 36.2 +33.8 28.3 8.60 - 131
PCB-137 326+11.2 313 18.9-57.3 66.6 +22.2 70.5 3@6.6 345+7.0 36.4 24.6 -45.3 32.3+28.0 24.8 12.3-116
PCB-138 546 + 213 522 312-1,030 903 + 272 986 448 -1,190478 £ 117 491 302 - 662 382 + 307 303 148 - 1,280
PCB-141 1.36 £0.37 1.32 0.81-2.05 3.07+1.54 2.47 1887 1.59 £0.54 1.61 0.78-2.41 0.87+0.55 80.6 0.50-2.51
PCB-149 25775 25.4 155-41.1 443 +11.6 42.9 3®%8.9 322+15.1 28.1 12.9-61.3 17.7+7.7 14.4 9.93 - 36.4
PCB-151 3.06+1.84 3.04 0.74-6.54 7.02 +5.83 3.97 2671 7.34 £9.79 2.51 0.87 -27.8 1.10+£1.38 70.6 0.38-5.40
PCB-153 957 + 346 892 566 - 1,770 1,410 £ 420 1,500 6900600 768 £ 172 794 516 - 1,020 610 + 449 490 21840
PCB-156 29.2+85 26.8 19.4-43.7 429+1438 42.9 256.2 225+5.3 22.1 14.3 - 30.7 164 +7.7 15.1 .51736.1
PCB-157 11.0+3.6 10.4 6.88 - 18.9 16.7+5.4 171 8.234 8.56 £2.11 8.53 5.33-12.0 7.09 +4.27 5.99 2.81-19.0
PCB-167 na na na 16.5+5.6 14.8 9.74 - 23.4 7.60+1.45 557. 4.97-9.26 7.68 +6.69 6.40 1.96 - 26.6
PCB-170 105 + 39 95.8 62.3 - 195 188 + 64 185 94.5 - 281 24Q7 106 59.9-135 58.2+41.2 48.4 25.1-181
PCB-180 341 £ 115 310 217 - 588 543 + 178 536 267 - 800 298 306 180 - 379 171 +£127 139 78.2 - 557
PCB-183 61.3+21.0 579 39.0 - 100 112 + 34 112 61.8 - 162 62.2 +15.2 62.3 41.0-81.6 455 +38.7 35.4 19.63
PCB-187 445+13.6 40.3 29.4-70.9 85.3+21.8 79.8 64.21 49.7 +16.6 51.0 25.6-77.8 26.1+26.0 19.4 10.4 - 107
PCB-189 3.51+0.78 3.27 2.80-5.12 4.67 £1.63 4.55 22405 2.34+£0.77 2.35 1.14-3.38 1.17+1.01 309 0.38-4.15
PCB-194 38.7+10.6 3438 29.1-60.1 68.5+24.3 65.0 3261 37.3+12.6 37.1 19.8 -57.6 15.6 £9.2 13.9 8.68 - 43.5
PCB-196 246 6.0 22.8 18.4-36.9 45.0+16.3 42.7 23%8.9 24.1+6.3 23.1 14.9-34.2 13.6 £8.9 11.6 .88640.9
PCB-206 7.28+1.74 6.80 4.87-10.3 119+35 10.8 7.38.3 6.54 +2.06 5.85 3.65-9.89 2.53+0.76 2.36 1.66 - 4.62
>10MO-PCB 218 + 64 201 143 - 311 400 + 147 358 216 - 613 1986 210 123 - 244 185+ 114 157 70.3-478
>,6PCB 2,680+£930 2520 1,660-4,800 4,480+1,34@,700 2,290-5950 2,400 =550 2,460 1,500 - 3,13®B30 + 1,350 1,480 790 - 5,810
BDE-28 0.12+0.06 0.10 0.05-0.22 0.29+0.14 0.26 0.066 0.25+0.11 0.25 0.06 - 0.38 0.05+0.02 50.0 0.02-0.10
BDE-47 883+3.19 7.98 5.66 - 13.9 21.6+12.6 19.2 9.43.6 16.1£6.75 17 4.72 -24.9 272+1.13 2.33 1.26-4.83
BDE-99 1.82 £ 0.56 1.72 1.09 - 3.15 345+1.12 3.17 23%4 243 +0.8 2.76 0.92-3.39 0.60 £0.23 0.52 0.33-1.02
BDE-100 1.11 +£0.32 1.14 0.60 - 1.53 1.87 £0.86 1.73 0.3916 1.43 £0.63 1.37 0.31-2.37 0.29+0.11 60.2 0.16-0.50
BDE-153 1.34 +£0.35 1.31 0.77-2.01 1.99 £0.54 2.01 1262 1.33+£0.42 1.28 0.56-1.84 0.43+0.28 40.3 0.19-1.27
BDE-154 1.84+0.54 1.62 1.13-2.87 3.65+1.12 3.42 2839 2.35+0.85 2.4 0.78 -3.42 0.49+£0.21 0.43 0.26 - 1.04
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Svenskgya Nagurskoe Klyuv Cape Domashny

Mean + SD Median Min - Max Mean + SD  Median Min - Max Mean + SD Madi  Min - Max Mean + SD Median Min - Max
BDE-209 nd nd nd 0.031 0.031 0.031 0.051+0.026 0.053 10-@2075 0.04 £0.01 0.04 0.03-0.04
>,BDE 15.1+4.4 13.9 9.35-235 32.9+15.3 30.8 163.9 23.9+8.93 26.2 7.35-35.9 459 +1.58 443 252 -6.44
HBCD 841+291 7.52 3.81-12.9 14.9+£8.0 14.1 7.28.4 10.6 £3.3 11.7 4.40 - 14.0 474 +3.20 3.851.42-11.9
PFOA nd nd nd 0.32 £0.06 0.34 0.25-0.40 0.25+0.06 .240 0.17-0.31 0.24 +0.06 0.22 0.16 - 0.37
PFNA 1.25 £ 0.66 1.04 0.40-2.70 1.19+£0.31 1.34 0.7748 0.94 +0.19 0.99 0.65-1.21 1.44+0.39 914 0.83-2.15
PFDcA 248+1.04 241 0.85-4.35 3.03£1.50 3.11 1883 2.86+1.19 3.36 1.10-4.43 3.26+1.36 035 1.21-561
PFUNA 121 +£5.2 12.6 3.16-19.1 129+7.0 129 5.82.7 10.8+4.7 11.7 4.66-17.6 12.0+5.2 10.7 844.20.8
PFDoA 299+1.06 344 0.94 - 4.09 250+1.71 2.29 1541 2.08+1.15 2.12 0.89 -3.98 200+0.96 115 0.87-3.65
PFTriA 10.7+£45 10.7 2.7-17.7 9.61 £5.59 8.21 4.80.8 7.89 +4.66 7.86 3.54-15.9 6.98 +3.16 5.67 3.43-13.2
PFTeA 0.90+0.34 0.88 0.41-1.37 1.27 £0.63 1.07 0.226 1.08 £0.78 0.97 0.31-2.61 0.88+0.40 70.7 0.43-1.72
PFPeDA 0.59+0.27 0.58 0.14-1.0 1.52 £ 0.99 1.19 0.8%0 1.22 +0.88 0.91 0.53 - 3.07 0.92+£0.45 0.76 0.48 - 1.69
PFHxS 0.49+0.39 0.37 0.19-1.46 0.79 £0.36 0.77 0.3(38 0.66 +0.4 0.69 0.24-1.31 0.83+0.44 0.79 0.30-1.90
PFOS 726 £30.5 79.2 242 -113 55.8 £23.6 59.1 2]92.9 56.2+29.4 66.1 20.9-97.3 66.5 +32.3 57.7 17.7 - 117
PFDcS 045+0.19 047 0.22-0.76 0.62 +0.37 0.62 0.227 0.75+0.41 0.86 0.28-1.32 0.79+051 80.6 0.21-1.80
PFOSA 0.06 +0.06 0.05 0.03-0.20 nd nd nd nd nd nd nd d n nd
6:2 FTS na na na 0.26 +0.04 0.25 0.22-0.32 0.29+0.07 .280 0.23-0.37 0.37 £0.07 0.37 0.27 -0.47
> 1,PFAS 104 + 42 116 32.7 - 157 89.6 +41.2 91.3 42.7 - 156 84.8 £43.1 96.8 34.8 - 149 96.0 +44.0 86.9 30.84
Hg 0.15+0.05 0.14 0.08 -0.24 0.21 £0.06 0.23 0.024 0.26 +£0.12 0.20 0.16 - 0.48 0.14+0.07 10.1 0.06-0.30
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Organohalogens and mercury in ivory gull eggs (T3%&2007)

5.2 Pattern

Clearly, the concentration differences between rdek contributed largely to the colony
differentiation in the PCA of the contaminants. 8&waluate pattern differences in distribution
of compounds the data set was factor-normalisedxtbdude differences in concentrations
between individuals, and a new PCA was performéa. §core plot indicated that it was not
possible to discriminate between the Svenskgyauidige and Klyuv Cape colonies with
respect to contaminant pattern. There was, howeavelear distinction between Svalbard and
Franz Josef Land (Svenskgya, Nagurskoe and KlyupeCand Severnaya Zemlya
(Domashny), explained by PC2. The eggs from Svdllbad Franz Josef Land contained a
higher proportion of BDEs compared to the eggs ff®avernaya Zemlya, in addition to
HBCD, a few toxaphenes (CHB-26, CHB-50 aBgCHB) and an assortment of higher-
chlorinated PCBs, such as PCB-170, -180, -187,,-1B%, -196 and -206. The eggs from
Severnaya Zemlya on the other hand appeared tainoatlarger proportion of MO-PCBs,
along with PCB-99 and -137, oxychlordane $idCH. A PCB-99 to PCB-180 ratio can be
used as an indicator of high versus low chlorind®&B distribution (Letcher et al. 1995;
Andersen et al. 2001). The PCB-99:PCB-180 ratiosew®49, 0.67, 0.62 and 1.0 in the
Svenskgya, Nagurskoe, Klyuv Cape and Domashny ieslorespectively, supporting the
trend of a decreasing proportion of higher chlaedaPCBs from west to east seen from the
PCA. PFASs did not differ between colonies in r&itboncentration nor pattern. The colony
differences were however minor, in an overall vige relative contribution of compound
classes to the total contaminant burden followe® R49-54%) > OCP (37-41%) > Hg (2.7-
5.8%) > CHB (2.0-3.6%) > PFAS (1.2-3.5%) > BFR (0.3%) for all four colonies.

Within compound classes, the distribution appe#&odak similar between colonies (figure 5).
>,gPCB consisted mainly of the congeners PCB-153 @1)3> -138 (20%) > -180 (9.5-
13%) > -99 (6.2-9.3%) > -118 (4.9-6.5%), which togethenstituted 77-80% of the total
PCB concentration. The relative contribution of thmin perfluorinated compounds to
¥1,PFAS followed PFOS (63-69%) > PFUNA (11-14%) > RKT({7.5-11%) > PFDcA (2.4-
3.5%), which together contribute to 91-94%3@fPFAS. An exception to the general pattern
was BFR, where the relative contribution in patacurom HBCD and BDE-47 varied
between colonies. The four major compounds and exmerg constituting 89-91% a&BFR
were BDE-47 (37%) > HBCD (35%) > BDE-154 (8.1%) BB-99 (7.9%) for the Svenskgya
colony, BDE-47 (44%) > HBCD (31%) > BDE-154 (8.7%) BDE-99 (7.8%) for the
Nagurskoe colony, BDE-47 (45%) > HBCD (32%) > BD&{9.2%)~ BDE-154 (7.0%) for
the Klyuv Cape colony and HBCD (47%) > BDE-47 (318%BDE-99 (6.8%) > BDE-154
(5.9%) for the Domashny colony.
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Organohalogens and mercury in ivory gull eggs (T3%&2007)
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Figure 5 Relative distribution (%) of various clasr compounds in ivory gulagophila eburneaggs from
Svenskgya (n=10) colony on Svalbard and Nagurskeé)( Klyuv Cape (n=7) and Domashny (n=12) colonies
in the Russian Arctic. The graph is based on weghtevalues.A: Relative distribution (%) of OCPs, PCBs,
BFRs, PFASs and CHBs to total organohaloggnRelative distribution (%) of a selection of PCBgafn
contributing congeners t8,PCB (>5%)).C: Relative distribution (%) of CHBs t&:CHB. D: Relative
distribution (%) of BDEs and HBCD tBBFRs.D: Relative distribution (%) of PFOA, PFNA, PFDcA, BfRA,
PFDoA, PFTriA, PFTeA, PFPeDA, PFHxXS, PFOS and PFDE&S,PFASS.

20



Organohalogens and mercury in ivory gull eggs (T3%&2007)

5.3 Associations with response variables

A PLS analysis of retinol explained by all biologicand contaminant variables, with a
stepwise reduction of variables of low importancesulted in a model explaining 65%
(validated: 44%, ©0.42) of the variance in retinol with three PCs.qAvalue of 0.42
indicate that this is an acceptable model for lgmlal data (Lundstedt et al. 1998). Of the 26
x-variables remaining in the model were BDE-28,,-9B, -100,X;BDE, HBCD, PCB-28, -
66, -128, -138, -153, -156, -170, -180, -189, -1¥PCB, mirex, oxychlordane and lipid
content positively associated with retinol, wherédsHxS, PFDcS, PFOS;;,PFAS and
embryo mass were negatively associated with retinol

A PLS analysis ofu-tocopherol explained by all biological and contaanit variables was
performed, followed by a stepwise reduction of aibles of low importance and a successive
increase of § This resulted in a model explaining 67% (validat81%, §=0.48) of the
variance ina-tocopherol with two PCs. The’galue indicate that this was an acceptable
model (Lundstedt et al. 1998). The ten x-varialskysaining in the model wengp’-DDE,
p,p’-DDT, PCB-66, -101, -151, PFUNnA, PFDoA, PFTriA aHg. Of these were the OCs and
Hg were negatively associated withtocopherol and the PFASs and lipid content were
positively associated witti-tocopherol.

A PLS analysis with a successive improvement ofriioelel resulted in a model explaining
56% (validated: 36%,%0.33) of the variance in eggshell thickness with PCs. A Gvalue

of 0.33 indicated that this was a close to accéptaindel based on biological data (Lundstedt
et al. 1998). The 21 x-variables remaining in thedel were clutch size, oxychlordanegns
nonachlorp,p’-DDE, PCB-28, -47, -99, -128, -137, -138, -170891-194, -206, BDE-28, -
47, HBCD, PFTeA and PFDcS, where all the variablese negatively associated with
eggshell thickness.
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6. Discussion

6.1 Levels of contaminants

Colony differences in contaminant levels were found the majority of the analysed
compounds, including most OCs and BFRs (figureaBlet 1). Concentrations of PFASs and
Hg did generally not vary between colonies. Eggsnfthe Nagurskoe colony (Franz Josef
Land) contained the highest levels of most OCs BR@Rs, whereas the eggs from the
Domashny colony (Severnaya Zemlya) displayed thwe$d levels. In contras}-HCH
showed an opposite distribution with approximatelyce as high levels in the Domashny
colony, when compared to levels in the two colonresranz Josef Land (Nagurskoe and
Klyuv Cape) and nearly three times as high levslsnathe Svenskgya colony on Svalbard.
These distinct differences in contaminant levelthiwithe remote Arctic may indicate local
sources of contamination in the proximity of tharkr Josef Land colonies. Alternatively, the
differences may be due to differential long rangengport of contaminants, leading to
exposure to different levels of contaminants onlifeeding grounds or in wintering areas, or
both. The ivory gull moves over large areas dutimg year (Haney and MacDonald 1995),
thus the colony differences may be a result ofordji differences in food web composition or
contaminant levels. The ivory gull is an opporttici$eeder, foraging primarily on polar cod
Boreogadus saidand crustaceans, as well as carrion of sealsdkidke polar beardJrsus
maritimusand human waste (Haney and MacDonald 1995). haa@htion in availability of
the various food items may lead to regional diffiees in contaminant levels, as these food
items contain different levels of biomagnifying taminants.

The levels of contaminants measured in the ivoty eggs from Svalbard and Russia were
generally high in comparison with other studiesseabird eggs throughout the Arctic. This is
in keeping with several studies of OC levels ingpdiears (Andersen et al. 2001; Lie et al.
2003) and ringed seaPhoca hispidaNakata et al. 1998; Muir et al. 2000), indicatiigt
the western Russian Arctic is the most pollutediaregwithin the Arctic. This may be
explained by the stronger association with mulatysea ice in this region (Andersen et al.
2001) or be related to the continued use of PCHissaweral pesticides in the former Soviet
Union after ban in many other countries (Fedoro99%nd the high extent of riverine input
to the Kara Sea (de March et al. 1998).

A selection of organochlorine pesticides, includsig toxaphene congeners, were analysed
and found in relatively large quantities, witlp’-DDE being the prevailing compound (table
1). Thep,p’-DDE mean concentrations were higher in all footonies than concentrations
measured in ivory gull eggs from the Canadian Areimpled in 2004 (Braune et al. 2007,
figure 3), and higher than or comparable to leve¢msured in eggs from a variety of seabird
species sampled in the Barents Sea region over tleeades with ten-year intervals (Barrett
et al. 1996). Furthermore, the levels were foueight times higher in the present study than
reported in glaucous gullarus hyperboreugggs from Bear Island in 2004 (Verreault et al.
2004a). Similar indications of high levels of orgahlorine pesticides were found when
comparing the other organochlorine pesticides vather studies. Levels of chlordanes,
mirex, B-HCH and HCB were higher than reported in glaucguk eggs from Bear Island
(Verreault et al. 2004a) and in eggs from a rarfggeabird species in the Barents Sea region
(Barrett et al. 1996). The levels of these contamis were also higher than or comparable to
the levels measured in ivory gull eggs from the &ian Arctic (Braune et al. 2007).
Exceptions were the levels of chlordanes (oxycldoedandransnonachlor), which were
lower in the Svenskgya and Domashny colonies coedpém the ivory gull eggs from
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Canada, and the levels $fHCH, which were lower in the Svenskgya and Klyuap€
colonies compared to the ivory gull eggs from Can@raune et al. 2007). Toxaphenes have
not previously been quantified in ivory gull egghe level ofZsCHB in the Nagurskoe
colony was however three times as high as the &\&;CHB reported in glaucous gull eggs
from Bear Island, whereas the level in the Domastoigny was approximately half of the
level found in glaucous gull eggs (Verreault e28l04a).

The concentrations af,gPCB in all four colonies were markedly higher tlagPCB in ivory
gull eggs from the Canadian Arctic sampled in 2A®B7 and 1976; the concentrations were
approximately four to eight times higher than tlenaentrations in the eggs from 2004
(Braune et al. 2007, figure 3). FurthermazggsPCB in all four colonies were clearly higher
thanX,,PCB reported in glaucous gull eggs from Bear Islsahpled in 2004 (Verreault et
al. 2004a) and higher than (Nagurskoe) or compartbbr slightly lower than (Klyuv Cape,
Svenskgya and Domashny);PCB reported in herring gullarus argentatusand razorbill
Alca torda eggs from northern Norway and glaucous gull eggsmfSvalbard sampled in
1993 (Barrett et al. 1996).

The concentrations of individual BDE congeners e two Franz Josef Land colonies
(Svenskgya, Nagurskoe and Klyuv Cape) were markéiper than individual BDE
concentrations reported in ivory gull eggs from @anadian Arctic sampled in 2004, whereas
the Domashny colony generally displayed conceminatsimilar to those in Canada (Braune
et al. 2007, figure 3). ThE;BDE levels in all four colonies were however lowleanXsBDE
measured in herring gull eggs from northern Nonamag glaucous gull eggs from Bear Island
(Knudsen et al. 2005). The levels found in the Skema, Nagurskoe and Klyuv Cape
colonies were similar to levels in eggs from Atlarpuffin Fratercula arcticaand black-
legged kittiwakeRissa tridactylain northern Norway (Knudsen et al. 2005), whileyttwere
clearly higher than reported in black guillem@epphus grylleeggs from east Greenland
(Vorkamp et al. 2004). The distribution of HBCD wasmewhat different, with less
pronounced differences between colonies. The leafe$BCD were 20 to 70 times higher in
ivory gull eggs from the Russian Arctic than innyaull eggs from Canada sampled in 2004
(Braune et al. 2007). The differences were lessndiswhen compared to seabird eggs from
the European Arctic. Nagurskoe and Klyuv Cape diggdl values similar to those reported in
glaucous gull eggs from Bear Island, whereas thieldein the Svenskgya and Domashny
colonies were lower (Verreault et al. 2004a). Téeels in the Nagurskoe and Klyuv Cape
colonies were higher than or similar to levelseggs from herring gulls and black-legged
kittiwakes from northern Norway, whereas the lewelthe Svenskgya and Domashny colony
were lower than in herring gulls and black-leggdtivkakes from northern Norway (Knudsen
et al. 2005).

The presence of perfluorinated compounds has reMiqusly been assessed in ivory gulls.
The levels were similar in eggs from all four camand markedly higher than the levels of
BFRs, with PFOS as the clearly dominating compoftadle 1). Nevertheless, the levels of
PFOS were about one order of magnitude lower tlegorted in common guillemdiria
aalgeeggs from the Baltic Sea (Holmstrom et al. 20@8Y less than half the concentration
measured in glaucous gull eggs from Bear Islandr@aeilt et al. 2005). The concentrations
of PFOS were however higher than reported in ltissue from black-legged kittiwakes and
glaucous gulls from eastern Canada (Tomy et al4R0Gvels in eggs and liver have been
shown to be fairly comparable in glaucous gullsr(gault et al. 2005). Few studies report on
perfluorinated compounds other than PFOS aboveédtection or quantification limit. These
are now possible to quantify due to improvements@hods of extraction and quantification.
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Generally, the levels of perfluorocarboxylic acidsre found to be similar to or lower than
levels reported in glaucous gull eggs from Beandl(Verreault et al. 2005).

Hg was the only inorganic contaminant measuretienpresent study. The Hg concentrations
did not differ between colonies and were roughlg fto ten times lower than in reported in
ivory gull eggs from the Canadian Arctic (Brauneakt 2006). The latter were however
among the highest concentrations ever reportedséabird eggs from the Arctic. The
concentrations were slightly lower than in northéatmar Fulmarus glacialiseggs and
similar to concentrations found in Brinnich’s gartiot Uria lomvia and black-legged
kittiwake eggs from Canada (Braune and Simon 20Ddg. concentrations were comparable
to levels reported in glaucous gull eggs from Bls&and, herring gull, Atlantic puffin and
black-legged kittiwake eggs from northern Norway(dsen et al. 2005, figure 4) and eggs
from a variety of seabird species sampled fromBents Sea region (Barrett et al. 1996).

6.2 Contaminant pattern

Not only were differences in concentration levelsrfd between colonies, but also differences
in contaminant pattern. Although the order of daaiimgy compound classes did not differ
regionally, the proportion of each group variedyisiiy between colonies. The colony on
Svalbard and the two colonies on Franz Josef Lamiamed a higher proportion of BFRS,
whereas PFASs contributed more to the total comamiburden in eggs from the Domashny
colony. The latter can be explained by the simikarels of PFASs in all four colonies,
whereas the concentrations of other compoundsd/éargely between colonies. This further
suggests that the levels of PFASs are a resubingf tange transport to the Arctic, and that the
PFASSs are evenly distributed in this part of thetist The higher proportion of BFRs in the
colonies on Svalbard and Franz Josef Land indiaf@sportionally higher influx of BFRs to
these colonies compared to the Domashny colonyewerS8aya Zemlya, with Europe as a
likely source region (Vinogradova 2000; de Wit et2004). Nevertheless, PCBs and OCPs
were undoubtedly the dominating compound grougpedry gull eggs from all four colonies.

6.3 Associations with response variables

Elucidating effects from pollutants in wildlife ehallenging. In nature, the biota is exposed to
complex mixtures of anthropogenic contaminants \(die et al. 2004), the composition of
which are qualitatively and quantitatively not fulknown (Groten et al. 2001). Only a
selection of compound classes and only a seleci@ompounds within these classes have
been analysed and quantified. Impact of non-andlysEmpounds on the organism and
possible interactions are not possible to accoomtHurthermore, many of the congeners and
compounds analysed were found to be highly coedlaflhis intercorrelation between
variables complicates the elucidation of respomgm fcertain compounds (Esbensen 2001).
Multivariate data analyses are generally a goodagmh for handling the vast amount of
information associated with complex mixtures (Gnoet al. 2001). A drawback is however
the lack of certainty that the remaining varialdes cause of the response or merely covary
with a compound leading to the response.

Retinol, together with the other forms of vitaminig important for growth and development,
reproduction, vision, epithelial maintenance andnume function (Zile 1998; Simms and
Ross 2000). Due to the complex storage and transpechanisms and the wide range of
functions, vitamin A may be influenced by contanmtsaat several steps in the pathway from
uptake to function, such as reduced dietary uptdkereased liver stores or disruption of
circulatory transport to tissues (Simms and Ro€¥)20Thus, a range of contaminant-related
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mechanisms may influence the retinol levels in manays, with a possibility of both increase
and decrease of retinol. The present study foursitipe associations between retinol and
contaminant levels in eggs. This may indicate ameiased mobilisation of retinol from the
vitamin A stores. However, retinyl palmitate, th@imstorage form of vitamin A, was not
possible to determine in the ivory gull eggs, tthesvitamin status was not possible to assess.

a-Tocopherol is the main chain-breaking membranesxigant and plays a major role in the
cellular antioxidant defence system (Packer andala©993). Contaminants may enhance
production of reactive oxygen species in severaisyee. through cytochrome P450 enzymes
or disruption of the normal electron flow in thetawhondrial membrane (Boelsterli 2003),
thus leading to a depletion @ftocopherol (Di Mascio et al. 1991). This suppdhis findings

in the present study with decreasing concentratadristocopherol with increasing levels of
contamination and may indicate that the ivory gsllinfluenced by contaminant-induced
oxidative stress.

Contaminant-induced eggshell thinning was largelynfl to explain the population declines
in birds of prey after 1945 in Europe and North Altee and one of the main reasons leading
to a ban of DDT in many developed countries inghdy 1970s (Fiedler 2000; Walker et al.
2001).p,p’-DDE is a well-known eggshell thinner (Cooke 1973)wever, other compounds,
such as PCBs, methyl-Hg and dieldrin, have alsaveheggshell modifying properties (e.g.
Cooke 1973; Lowe and Stendell 1991; Lundholm 199B¢ present study found associations
between eggshell thickness and a wide range ofounants, including PCBs, Hg, BFRs and
DDTSs, indicating that the eggshell thickness inrywgull eggs from the Russian Arctic are
influenced by contaminants.

6.4 Toxicological evaluation

Most studies regarding threshold levels for biatagjieffects have focused on old and well-
known contaminants such as PCBs and organochlqesticides. These are also the
dominating compounds in the ivory gull eggs in terent study. Very little is known about
the sensitivity of ivory gulls and to date no seslof potential effects have been performed
on the species. Although threshold data have ltroita and extrapolating across species
should be done with care, these levels can stilldsl to judge the risk posed to the ivory gull
from environmental contaminants.

Generally, the levels of contaminants in the ivguyl eggs were relatively high. In particular
the high}»,sPCB andp,p’-DDE concentrations were at levels that are likielelicit effects in
avian species. The meaisPCB in Nagurskoe, the colony with the highest Isyelas above
the no-effect level for hatching success in Foist@rnsSterna forsteriand above the low-
effect level for egg mortality in double-crestedrmoorantsPhalacrocrax auritusand bald
eagles (de Wit et al. 2004). The mean level, howewvas below the low-effect levels for egg
mortality and deformities in herring gulls, for dehities in double-crested cormorants and
for reproduction in common teri&erna hirundaand night heronBlycticorax nycticoraXde
Wit et al. 2004). The three remaining colonies kadsiderably lower levels of PCBs. The
mean) ,sPCB concentrations in eggs from the Svenskgya dyaviKCape colonies exceeded
the low-effect level for hatching success in Fatstdéerns, whereas the medrn,sPCB
concentrations in the eggs from the Domashny coleere below all effect thresholds listed
in de Wit et al. (2004).

All levels of p,p-DDE were well below levels associated with reprotive failure in
peregrine falconFalco peregrinuseggs and most eggs had levels below the threshold
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associated with marked productivity decline in baddjleHaliaeetus leucocephaleygs (de
Wit et al. 2004). Although the concentrations pyp’-DDE were below critical threshold
levels in bald eagles and peregrine falcons, ndntheoeggs displayed low levels pfp’-
DDE. Contaminant-induced eggshell thinning was dirgound to explain the population
decline in birds of prey after 1945 in Europe amattN America. Although there is a wide
inter-species variation in sensitivity, it is pd#si to define a critical degree of eggshell
thinning, where thinning above 16 to 18% is asdediavith population declines (Walker et
al. 2001). The mean values of eggshell thicknessdcoh colony were compared to the mean
value of eleven ivory gull eggs in the collectianfsthe Western Foundation of Vertebrate
Zoology (WFzZV) sampled between 1885 and 1930 (Rra@m, pers. comm.). A mean
thinning of 7 to 17% were found in the four colaniéndicating that the ivory gull may be
influenced by contaminants at levels affectingpgbpulation status.
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7. Conclusions

High levels of organohalogen contaminants were doanivory gull eggs from Svalbard and

the western Russian Arctic compared to levels igsegom seabird species throughout the
Arctic. In particular the levels of PCBs apg’-DDE were high, whereas the levels of BFRs
and PFASs were considerably lower. Large differsrmetween colonies were also found, in
particular for PCBs, organochlorine pesticides BfdRs, being considerably higher in eggs
from the Naguskoe colony, intermediate levels igsefjom the Svenskgya and Klyuv Cape
colonies and the lowest concentrations found irsdggm the Domashny colony. Levels of
Hg and PFASs generally did not differ between celenThese findings indicate that there
may be a possible local source of contaminatiomarticular of PCBs and organochlorine
pesticides on Franz Josef Land, or large regiorni#rednces in long-range transported
contaminants to the breeding grounds or winternegs

These high levels are likely to influence the ivgull. The levels are approaching or higher
than various threshold levels for effects (de Wiale 2004; Gabrielsen 2007) and the present
studies found indications of effects on vitamintis$aand eggshell thickness. The degree of
eggshell thinning relative to eggs from before DD3e is approaching the critical level
associated with population declines in a rangepeties, indicating that eggshell thinning is
of potential concern for the population status. @omnants inflict stress on organisms, often
in combination with natural stress factors, and d¢ffects of the contaminants may become
more severe when the organism is under additiamat@mental stress (Bustnes 2006). The
future of the ivory gull is likely to involve charg in habitat and food availability due to
changes in ice conditions. The high levels of comtants indicate that the ivory gull is under
additional stress as it meets the challenges pmgéature environmental change.
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