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Carcasses of South Polar Skuas (Catharacta maccormicki) and Kelp gulls (Larus dominicanus) were opportunistically collected around of Rothera Research station (67°35'8"S and 68°7'59"W) during the 2016/2017 austral summer. Samples of their tissues (muscle, liver and subcutaneous fat) were analysed for persistent organic pollutants (POPs). Organochlorine pesticides (OCPs) showed the highest concentrations, notably for pp’-DDE and HCB. The Polychlorinated biphenyls (PCBs)-profiles demonstrated a clear dominance of hexa- and hepta-CBs, while concentrations of polybrominated diphenyl ethers (PBDEs) remained low. The concentrations of some POPs (e.g. HCB) were lower than in past studies on similar species, however others were within the previous range (PCBs) or even higher than previous reported values (DDE). Although no major interspecific differences in the absolute concentrations of POPs were detected, their profiles varied, being likely related to feeding and migration patterns of each species.  The current study provides important baseline data for future monitoring of POPs in Antarctica. 
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1. Introduction
Persistent Organic Pollutants (POPs) encompass a group of contaminants including polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and organochlorine pesticides (OCPs) (Vallack et al., 1998). POPs have been demonstrated to potentially affect  reproductive, developmental, neurologic, endocrine, and immunologic systems of animals and humans (Noyes et al., 2009). Despite these risks being known since the 1960s, only in 2001 international agreement was achieved on the ban, restricted use or reduction of hazardous POPs by the Stockholm convention (Gavrilescu, 2005; “Listing of POPs in the Stockholm Convention,” n.d.). POPs are known to accumulate in multiple compartments of ecosystems all around the world (Gavrilescu, 2005; Vallack et al., 1998). Even the remote continent of Antarctica has been established as an environmental sink for POPs (Bargagli, 2008; Wania, 2003). Because of a unique combination of relative volatility and environmental persistence, some POPs are able to reach the Antarctic continent via long-range atmospheric transport process and the cold condenser effect (Schenker et al., 2014). Therefore more volatile POPs can reach high concentrations in Antarctic apex predators, including marine birds (Van den Brink, 1997). In addition, the birds also migrating North of the Antarctic convergence are exposed to relatively higher amounts of other POPs in their wintering grounds (Bourgeon et al., 2012; Martínez-López et al., 2015; Pozo et al., 2014). In this manner birds that migrate into and out of Antarctica may be exposed to a wide spectrum of POPs, with both Antarctic as well as more Northerly signatures (Battaglia et al., 1997). This has been shown for South Polar Skua (Stercorarius maccormicki) (Carravieri et al., 2017; Corsolini et al., 2011; Focardi et al., 1992; Mello et al., 2016; Roscales et al., 2016) However, little information is available on the exposure of related migrating species, one of them being the Kelp gull (Larus dominicanus). 
South Polar Skuas (C. maccormicki) and kelp gulls (L. dominicanus) are two species of migratory seabirds that nest around the whole Antarctic continent, including the Western Antarctic Peninsula during austral summer. The South Polar Skua (widely hybridised with the brown Skua (Stercorarius antarcticus) (Ritz et al., 2006)) may be found almost everywhere around Antarctica, but in the same time can commence a trans-equatorial migration when foraging (Hahn and Bauer, 2008; Trillmich, 1978). The exact patterns of its migration have been investigated in detail (Kopp et al., 2011). Kelp gulls are less inclined towards very long haul migration than Skuas, but can move all around the Sub-Antarctic islands and South America (Bertellotti and Yorio, 1999; Harrison, 1991). These reports indicate that Skuas and Kelp gulls demonstrate consistent migration patterns on both populational and individual scales (Krietsch et al., 2017). They have both been shown to be highly affected by global climate change (Micol and Jouventin, 2001), and established migration routes are therefore likely to change, or even cease to exist (Constable et al., 2014). Skuas and Kelp gulls are predominantly opportunistic omnivore avian predators and scavengers in the marine food chain of the Southern Ocean. Their diet composition may shift dramatically when travelling from Antarctica to South America: as they move north the amount of krill and marine fish and invertebrates gradually decreases, being substituted with terrestrial insects and even garbage (Reinhardt et al., 1988),(Bertellotti and Yorio, 1999). Skuas prey on other bird species (Furness and Hislop, 2009; Reinhardt et al., 1988), while Kelp gulls may forage on live whales (Rowntree et al., 1998) and seal pups (Seguel et al., 2017) in Antarctica and on rodents in South America (Ruiz and Simeone, 2001). Both species may also exhibit cannibalistic behaviour towards both chicks and adults (Coulson and Coulson, 1993; Reinhardt et al., 1988). 
The first research on POPs concentrations in migratory birds in the Antarctic dates back to the 1960s (Risebrough et al., 1968), however the data is often incomplete or sporadic (see Appendix Table 1 for details). For permanent Antarctic species, concentrations of POPs have been shown to be declining over the last decade, but it remains unknown whether this also applies to migratory species reaching Antarctica (van den Brink et al., 2011). Since the 1990s explicit studies were performed to compare POPs in the migratory Antarctic birds to the native Antarctic non-flying birds (mainly Adélie penguins) (Court et al., 1997; Kim et al., 2015; Wolschke et al., 2015). These studies reported that concentrations of POPs in the former are almost 2 times higher than in the latter. However, direct comparisons between birds of different migratory routes are lacking. Skuas and Giant Petrels continue to be the most well-researched species among the Antarctic marine predators on the topic of POPs contamination (Colabuono et al., 2016; Corsolini et al., 2011; Court et al., 1997; Kim et al., 2015; Mello et al., 2016; Norheim et al., 1982; Roscales et al., 2016; Yogui and Sericano, 2009), while information on others is more limited (Cipro et al., 2013; Fromant et al., 2016; Van den Brink, 1997).   
In the current study we report a wide range of POPs in different tissues of opportunistically obtained Skua and Kelp gull specimen. This is the first article to do so in various tissues of Kelp gulls. The data will provide important insights to the task of monitoring of POPs in Antarctic birds.    
2. Material and methods
2. 1 Sample collection and preparation.
Three corpses of South Polar Skua (C. maccormicki) and Kelp gulls (L. dominicanus) were opportunistically collected on Rothera Point (67°35'8"S, 68°7'59"W, Fig. 1) and nearby islands in Ryder Bay during the austral summer of 2016-2017. Only adult birds found dead were collected, with the main cause of death determined to be collisions with masts or buildings. The corpses were stored and transported at -20°C until further analysis in the laboratory in the Netherlands.  During necropsies, samples of liver, muscle and subcutaneous fat were collected where possible, and stored in hexane pre-cleaned 60ml amber glass vials. Due to scavengers, birds were found in different physical states, and therefore, it was not possible to sample all the targeted organs in each specimen.
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Figure1. Location of Rothera research station on the Antarctic continent (left) and on Adelaide Island (right).

2. 2 Chemical analysis.
The whole procedure is based on the EN 15741:2009 (European Committee for Standardization CEN/TC 327, 2012) method with some adjustments during the extraction step (details in Appendix 2A). In short, the procedure was as follows: After homogenization, 2 to 6g of sample was transferred into hexane pre-cleaned 60ml amber glass tubes, and spiked with 13C12 standards. MiliQ water was added until the total sample volume was 13ml. After this 10ml of ethyl acetate was added, and the mixture was vigorously shaken in an overhead shaker for at least 10 minutes. This was followed by the addition of a mix of 2g of sodium chloride and 4g of magnesium sulphate. The samples were then centrifuged for at least 10 minutes at 350G. The ethyl acetate supernatant was then transferred into a Turbovap® tube, and the procedure was repeated 2 times, starting from the addition of 10ml of ethyl acetate, so that the total extract volume at the end of the process was 30ml. The samples were then concentrated to 1ml, and carefully transferred to new pre-cleaned 60ml amber glass tubes. 27ml of hexane and 10g of 40% acidic silica were added to each sample and left overnight. The hexane fraction was then transferred to a hexane pre-cleaned Turbovap® tube, and evaporated to 1ml, after which the sample was passed through a clean-up column which consisted of 1g of activated silica and 8g of 40% acidic silica. The sample was eluted with 25ml of hexane and subsequently by a mixture of 18ml hexane and 12ml dichloromethane.  The resulting solvent mixture was evaporated in a Turbovap® to 1ml, and a solvent exchange to iso-octane was performed. The resulting 1ml of extract in iso-octane was then stored at -20°C until measurements of PCBs, PBDEs and OCPs were made.        
Table 1 presents the full list of POPs analysed in this study. 

Table 1.Chemical compounds analysed in the current study. 
	PCBs
	PBDEs
	OCPs

	PCB 28
	BDE-47
	HCB

	PCB 52
	BDE-66
	HCH-α

	PCB 101
	BDE-85
	HCH-γ

	PCB 105
	BDE-99
	HCH-β

	PCB 114
	BDE-100
	HCH-δ

	PCB 118
	BDE-138
	Heptachlor

	PCB 123
	BDE-153
	op'-DDE

	PCB 138
	BDE-154
	trans-Chlordane

	PCB 153
	BDE-183
	cis-Chlordane

	PCB 156
	 
	pp'-DDE

	PCB 157
	 
	Endosulfan-α

	PCB 167
	 
	op'-DDD 

	PCB 180
	 
	op'-DDT

	PCB 189
	 
	pp'-TDE(DDD)

	 
	 
	pp'-DDT

	 
	 
	




PCBs and PBDES were quantified by a Magnetic Sector Autospec GC-HRMS from Waters (Manchester, UK) equipped with an Agilent 6890 GC (Santa Clara, USA). Because of practical constraints OCPs were measured by an Agilent 7010B Triple Quadrupole coupled with an Agilent 7890 GC (Santa Clara, USA). A DB-5MS 60m × 0.25mm × 0.25μm fused silica capillary column (Agilent J&W, Folson, USA) was used for PCB analysis, while a CL-Pesticide 30m x 0.25mm x 0.25μm column (Restek, Bellefonte, USA) was fitted for the analysis of PBDEs and OCPs. The measurements were conducted at RIKILT laboratories in Wageningen, the Netherlands. For further details on the GC-methods see Appendix 2B. Limits of quantification (LOQ) were set for each individual compound as the lowest quantifiable standard, while the limit of detection (LOD) was calculated as 3 times the concentration of the compound in the extract of the corresponding blank sample. Concentrations in samples were not adjusted for blanks nor corrected for recovery rates, however all values are reported in Appendix 2C. The lipid content was determined gravimetrically on a fraction of each sample after extraction.  
2. 3 QA/QC.
Each measurement batch contained 7 tissue samples, a procedural blank and sample of a certified reference material (SRM 1947, National Institute of Standards and Technology). The samples were considered valid if the recoveries of all internal standards were  50%-150% and the difference between measured and estimated SRM concentrations was <50%. The detailed QA data is shown in Appendix 3.
2. 4 Data treatment.
The low number (1-3 per specific tissues per specimen) of samples did not allow for a comprehensive interpretation of results based on statistical tests. Therefore further analysis and discussion chiefly refer to the obtained values mostly in a descriptive manner. The only exception are the samples of muscles, where 3 samples were collected for both Skuas and Kelp gulls each, and therefore they could be analysed statistically. Mann–Whitney–Wilcoxon (MWW) tests were conducted on them using the Real Statistics© package in Microsoft Excel with the null hypothesis being that the sums of concentrations of PCBs, DDTs and PBDEs in did not different between Skuas and Kelp gulls.  The results of the test are presented in Appendix 4. 
The mean values were calculated in cases when more than one sample was available per specific tissue in a species.  The standard deviation (SD) values were calculated only for instances with 3 samples present.     



Concentrations of POPs across different tissues in a single organism may be similar due to lipid-mediated exchange of contaminants between tissues. In the current study there were higher concentrations of PCBs and OCPs in muscles and livers of Skuas than in fat (Haddad et al., 2000). Although similar patterns were reported for non-Antarctic birds (Jaspers et al., 2006; Zheng et al., 2018), the most probable explanations are that the bird specimens  were found in different stages of decomposition and natural variability (Carravieri et al., 2017). 3. Results and discussion
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Figure 2. Concentrations (mean and standard deviations back-transformed from log-transformed data) of PCBs in muscles, livers and subcutaneous fat of Skuas (blue bars) and Kelp gulls (orange bars and dots (in cases where only 1 sample was available)). Note that log scale is used ubiquitously.

Concentrations of PCBs (Fig.2) are generally higher in subcutaneous fat and livers than in muscles for both species. The patterns of individual congeners, nevertheless, appear quite similar with a predominance of hexa- and hepta-CBs, i.e. PCB 153, PCB 180 and PCB 138. Among tri-, tetra- and hepta-CBs the highest concentrations are attributed to PCB 118. The predominance of hexa- and hepta-CBs in both Skuas and Kelp gulls agrees with many preceding studies for various Antarctic marine birds (including Skuas) (Corsolini et al., 2017, 2011; Mello et al., 2016; Roscales et al., 2016), although this may not observed for penguins(Van den Brink, 1997). This outcome may arise from characteristics of the metabolism of PCBs by avian species, which allows them to eliminate lower chlorinated PCBs faster than the higher chlorinated ones (Court et al., 1997; Maervoet et al., 2004). No statistically significant differences were found among concentrations of PCBs in the muscles of the two species (Appendix 4).
Although PCB concentrations in this study are higher than those reported recently for Antarctic seabirds(Cipro et al., 2013; Corsolini et al., 2011; Fromant et al., 2016; Kim et al., 2015; Mello et al., 2016; Roscales et al., 2016; Yogui and Sericano, 2009) and are comparable to the ones from 15-20 years ago (Court et al., 1997; Van den Brink, 1997), Antarctic birds are known to demonstrate high individual variability in their PCB contents (Mello et al., 2016), which also varies with their seasonal breeding activities (van den Brink et al., 1998). From the current samples, no indications of their reproductive condition could be acquired, so it was not feasible to account for such seasonal variability. Neither was it possible to find significant differences between concentrations of PCBs in Skuas and Kelp gulls. Therefore although PCBs concentrations in the current study may indicate that concentrations may be stable over time, more detailed information is needed to account for different factors affecting the uncertainty when comparing between studies. 
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Figure  3. Concentrations (mean and standard deviations back-transformed from log-transformed data) of OCPs in muscles, livers and subcutaneous fat of Skuas (blue bars) and Kelp gulls (orange bars and dots (in cases where only 1 sample was available)). Note that log scale is used ubiquitously.

OCPs are the most abundant group of POPs among the individual compounds and congeners analysed (Fig. 3), possibly due to their application method which involves their dispersion over large areas and therefore an increased tendency for the long-range atmospheric transfer (Fromant et al., 2016). In addition, recent reports (Brisbois, 2014; Carvalho, 2017; Hjorth et al., 2011; Joyce, 1997) indicate that despite multiple legislative restrictions, several OCPs (e.g. HCB) are still being produced and/or sold (sometimes as by-products) in South America, which facilitates their continuous intake into environments which the collected birds were very likely to have visited (Martínez-López et al., 2015).
The profile of OCPs is quite similar among the species (the MWW test (Appendix 4) has not revealed any significant differences among their concentrations in muscles of Skuas and Kelp gulls): the highest concentrations measured were for p,p’-DDE, followed by HCB, p,p’-DDT,  p,p’-DDD, oxychlordane and HCB-β. Concentrations of other pesticides are low. 
The overall burden of total DDTs (DDTs, DDEs and DDDs) is higher than reported in recent studies for Skua eggs, but is similar to an earlier report for livers of adult Skuas (Court et al., 1997). Furthermore, the DDT and especially the DDE concentrations in the both species of the current study are higher than found in penguins (Kumar et al., 2002; Montone et al., 2016; Weichbrodt et al., 1999). This may demonstrate that exposure to DDT is a continuing issue for the former during their winter migrations. Blood samples of giant petrels and Skuas were yet reported to have lower DDT concentrations, and this may result from their different migration patterns and/or site-specific variations (Colabuono et al., 2015; Kim et al., 2015; Roscales et al., 2016). 
HCB is the second most abundant OCP. The concentrations of HCB were higher in this study than for eggs of Antarctic flying birds (including Skuas) recently reported (possibly due to the absence of potential  for HCB to accumulate in eggs) (Mello et al., 2016), but are yet consistent with reported values for blood of giant petrels (Colabuono et al., 2016). Compared to Antarctic non-flying birds, HCB concentrations reported here were similar for Kelp gulls, and were higher for Skuas (Roscales et al., 2016; van den Brink et al., 1998).   
The chlordane group (Oxychlordane, trans-Chlordane, cis-Chlordane, Heptachlor and Heptachlor epoxide) is mainly represented by Oxychlordane, a metabolite of other chlordanes (Eisler, 1990), while their concentrations are higher than those found in other studies (Colabuono et al., 2016; Fromant et al., 2016; Kim et al., 2015). The HCH group is chiefly represented by β- and γ- stereoisomers, which are the mostly used isomers (Kristine L. Willett et al., 1998). 
There were no significant statistical differences among concentrations of OCPs in muscles of Skuas and Kelp gulls (Appendix 4).
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Figure  4. Concentrations (mean and standard deviations back-transformed from log-transformed data) of PBDEs in muscles, livers and subcutaneous fat of Skuas (blue bars) and Kelp gulls (orange bars and dots (in cases where only 1 sample was available)). Note that log scale is used ubiquitously.

The concentrations of PBDEs (Fig. 4) are low compared to other POPs. They are comparable, however, to previous studies for eggs of Skuas (Mello et al., 2016; Yogui and Sericano, 2009), but lower than the ones reported in blood of giant petrels and prions. This can be explained by the different  migration behaviour (Mello et al., 2016) – petrels and prions tend to travel less further North and therefore are less directly exposed to industrial chemicals (Fromant et al., 2016; Roscales et al., 2016). Composition of congeners is similar in all tissues of both species: the highest values are attributed to BDE-47 followed by BDE-153, BDE-154, BDE-99, and BDE-100. While concentrations of other congeners are minimal, they exhibit high variability as seen in their large standard deviations. The presence of PBDE-183 in quantifiable concentrations has been suggested to occur due to direct exposure to decaBDEs in Antarctica, and may be an indicator of emerging pollution of local seas by microplastics (Fromant et al., 2016). 
The MWW test (Appendix 4) demonstrated significant differences between PBDE concentrations in muscles of Skuas and Kelp gulls, which was the only instance when significant differences were found in this study. Because Skuas tend to travel longer distances than Kelp gulls (Bertellotti and Yorio, 1999; Kopp et al., 2011; Krietsch et al., 2017), concentrations of PBDEs in the former can be expected to be higher. 
The second explanation may arise from different feeding habits of the two birds species during their stay in South America. Skuas are more likely to forage on landfills and therefore to be exposed to industrial chemicals (such as PBDEs), while Kelp gulls prefer to forage in agricultural areas (Bertellotti and Yorio, 1999; Hahn and Peter, 2003; Reinhardt et al., 1988; Votier et al., n.d.).
4. Conclusions 
The present study provides an important baseline for any future evaluation of trends of POPs in Antarctic marine avian predators, near the Antarctic Peninsula and the Southern regions of South America. The concentrations of PCBs, OCPs and PBDEs were generally in good agreement with similar earlier reports. This study confirms that Skuas and Kelp gulls are still subjected to direct exposure to POPs, whose concentration patterns are linked not only to environmental levels in the areas the birds are visiting, but also to the characteristic ecological traits of each species. 
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Liver	Skua (n=3)	71.901902753598804	3.901191087876565	56.893138733523493	280.63746272437885	5.4523100283337662	2.6325598065388776	15.290153052700486	1.4898735123360538	3.0432973897378841	1.3165394205548839	1.6903477443928141	6.3694225101491853	11.144487303969738	8.5913507853424864	2.5312247671374362	2.5934689729369031	3.4347613854881094	12.47822135488104	71.901902753598804	3.901191087876565	56.893138733523493	280.63746272437885	5.4523100283337662	2.6325598065388776	15.290153052700486	1.4898735123360538	3.0432973897378841	1.3165394205548839	1.6903477443928141	6.3694225101491853	11.144487303969738	8.5913507853424864	2.5312247671374362	2.5934689729369031	3.4347613854881094	12.47822135488104	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	PCBs Sum	2.7604295930654823	18.346812440855889	33.404145704364602	328.81449541120418	499.08803600158257	516.90258889389531	116.1430040976289	129.26172072152292	42.222063937115593	0.45421081258793689	168.69836005184894	10438.10177847772	3267.1631238653113	9071.4569921434722	24632.817762152175	Liver	Gull (n=1)	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	PCBs Sum	0	3063.6540734940486	115.15375994832202	1428.5679695689182	238.88551288655327	319.87064571686045	336.38007311717081	37.060634446772553	536.64680116751538	909.39201291403469	2847.3446417576597	5784.9238109214284	5252.2314213961845	2576.4508101861343	23446.562167521603	
C ng/g lipid




Muscle	Skua (n=3)	6.9681843092738607	2.7690187770194892	7.5014213836525609	12.530304023891279	11.058130403937449	4.8684025008097871	12.632169746896388	4.1826944618915975	51.943429870307426	3.8636297427169208	8.565312884198665	21.645381308117965	14.406401314018126	18.203414353652356	18.404879556219441	72.219226439899231	12.392742432560611	4.2845780281962789	6.9681843092738607	2.7690187770194892	7.5014213836525609	12.530304023891279	11.058130403937449	4.8684025008097871	12.632169746896388	4.1826944618915975	51.943429870307426	3.8636297427169208	8.565312884198665	21.645381308117965	14.406401314018126	18.203414353652356	18.404879556219441	72.219226439899231	12.392742432560611	4.2845780281962789	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	Sum	0.73446074953123053	269.45965058025166	0.10692734204219101	53.96481624154449	61.888442799880345	72.353665921163184	26.471722995160196	13.47649044766648	5.2701299015707068	2.1378340944202825	21.14769191102074	1369.5622745965404	495.32143425943042	1129.8982719325984	3521.7938137728206	Muscle	Gull (n=3)	7.6000857927141512	4.578958992823261	15.838676446694413	71.315828062316982	3.12860587484839	7.5619447177517713	29.901294230049071	27.892271868642727	92.436717155499366	5.92110353814261	98.299431148729298	39.632459505676174	67.491559222086195	8.2530527870010246	2.3265928142660841	134.33174051365216	3.6811027640814502	1.0272078334452086	7.6000857927141512	4.578958992823261	15.838676446694413	71.315828062316982	3.12860587484839	7.5619447177517713	29.901294230049071	27.892271868642727	92.436717155499366	5.92110353814261	98.299431148729298	39.632459505676174	67.491559222086195	8.2530527870010246	2.3265928142660841	134.33174051365216	3.6811027640814502	1.0272078334452086	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	Sum	0.58572724887706651	123.87823853896649	9.8081379278203595E-2	27.482930885257101	32.200106204613967	37.513313962072715	8.9616739987785508	5.278286865162551	2.1896817125140591	0.39142418216515951	5.6171714723736921	628.09876461558588	257.16456248311079	537.58450265728823	1667.0444662060445	
C ng/g lipid




Muscle	Skua (n=3)	2.6243898564075661	1.0655082204708759	2.4589544878530667	3.8060472443865687	1.1592738883093923	1.4243519104929561	1.1326833955285418	1.2358981016742383	30.984599788391641	1.03174908154659	1.3336649601600215	1.7333817325719321	2.4995998475033718	23.78660152137105	13.769697620343244	2.8633788456555336	2.6287735435010204	4.5318393650114928	2.6243898564075661	1.0655082204708759	2.4589544878530667	3.8060472443865687	1.1592738883093923	1.4243519104929561	1.1326833955285418	1.2358981016742383	30.984599788391641	1.03174908154659	1.3336649601600215	1.7333817325719321	2.4995998475033718	23.78660152137105	13.769697620343244	2.8633788456555336	2.6287735435010204	4.5318393650114928	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	1548.4996530034514	2.9151988901067432	18.12447982840418	89.075382428921415	4.1488932309941191	5.6134802074299852	508.60171185288067	1.6832367798682262	2.1747120661935204	24.221409069479471	51.346608928030349	10766.581938768364	4.4586034000408432	24.768308627007357	1.1979174468151406	54.275105125552493	315.2122597819444	187.68137720974758	Muscle	Gull (n=3)	1.2645243238978707	1.6012509901335219	2.8522300452336342	2.4322208093757323	1.5333020836834081	1.7619002174506526	1.4109798971945484	6.2892271096251502	20.076265871302802	1.0764150893055722	5.479440214323736	1.0860449892147797	18.705453855559192	1.2187566384597373	3.4227162678108742	1.7929904927772664	2.3215314293678997	1.3093795844441605	1.2645243238978707	1.6012509901335219	2.8522300452336342	2.4322208093757323	1.5333020836834081	1.7619002174506526	1.4109798971945484	6.2892271096251502	20.076265871302802	1.0764150893055722	5.479440214323736	1.0860449892147797	18.705453855559192	1.2187566384597373	3.4227162678108742	1.7929904927772664	2.3215314293678997	1.3093795844441605	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	808.77198234127479	1.5989996781696867	13.610232788639458	8.7318767210577342	2.2914602182915393	2.7716481824913228	81.177234232492751	0.42709508512451849	0.5003653067475401	9.0082955628932044	4.4209695491919456	1845.1903811806119	0.47595799400789712	23.196601909045285	8.7265915133235037	5.8918888489735739	172.24157939389627	110.13764457824277	
C ng/g lipid




Subcutaneous fat	Skua (n=2)	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	276.47168235561816	0.21486477587763839	10.1262262733882	46.811375581440565	0.16620600529106053	0.73588097162480415	244.7627081888418	1.9540815993024843	0.92692166386823882	4.0578046562043237	26.799213628407799	10099.084028715954	1.3180328085698878	1.2619437674302787	1.9456280707008768	66.607939431419169	81.260418621573336	2.4545333423589333	Subcutaneous fat	Gull (n=1)	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	124.01765507766629	0.4466086971263738	1.3368235785992979	13.339933939686732	0.47419194662510872	1.0859544116597855	97.828982748865258	0.61027763302998639	0.76400078512881442	3.5915551013678102	9.4909733367250233	2907.390510677722	1.2573232043394074	23.795824107283231	0.97012042659794961	17.545994708393224	104.14526881611847	18.306991348500762	
C ng/g lipid




Liver	Skua (n=3)	2.1868786338430755	3.1744690490117584	18.362563206650851	3.0085395528437613	1.3198282961369487	5.6097950484952133	1.5075215373432176	1.451442317174872	2.8600289392633766	1.7190536093693634	1.9193175222059236	1.3062806958137736	1.7929275525421025	1.3238692960310607	1.2854699081030276	1.7038280363016736	6.5454782945558101	2.7324851584918561	2.1868786338430755	3.1744690490117584	18.362563206650851	3.0085395528437613	1.3198282961369487	5.6097950484952133	1.5075215373432176	1.451442317174872	2.8600289392633766	1.7190536093693634	1.9193175222059236	1.3062806958137736	1.7929275525421025	1.3238692960310607	1.2854699081030276	1.7038280363016736	6.5454782945558101	2.7324851584918561	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	3272.0365249264587	5.7972891305201033	51.220124069785641	577.26238837953463	2.1651541600542679	22.822356305789725	2139.6488239188179	9.2448208282207585	5.2863505328419969	36.586223224738298	257.34173092876188	61871.388617261829	29.332358206266605	1.4611091762159352	11.048327496858702	617.61393052396477	190.46683128237066	78.296741120176478	Liver	Gull (n=1)	HCB	HCH-α	HCH-γ	HCH-β	HCH-δ	Heptachlor	Oxychlordane	op'-DDE	Heptachlor epoxide 	trans-Chlordane	cis-Chlordane	pp'-DDE	Endosulfan-α	op'-DDD 	op'-DDT	pp'-TDE(DDD)	pp'-DDT	Methoxychlor	103.47292940297599	13.380630206146758	9.2695589523402084	3.6429737415515935	1.5387584339067597	97.043839822328621	366.60455053860511	114.69939572721026	2.7049877457761373	271.60896999804237	1385.6865659035302	24515.59082698233	10.738298400363494	137.80468342246076	302.34156101008261	1068.0793133401351	2521.0556818359723	17.242391044443821	
C ng/g lipid




Liver	Skua (n=3)	14.283274929043483	3.4767829115104738	151.16565064170578	17.699287436208962	12.264358586783732	15.054947462696793	8.6724179766036436	10.403174998432913	14.283274929043483	3.4767829115104738	151.16565064170578	17.699287436208962	12.264358586783732	15.054947462696793	8.6724179766036436	10.403174998432913	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	6.292395936617365	4.252500771028507E-2	0.49960894249504578	1.3289860239326989	1.8822006263003852	4.7155380599022303	5.0356372059860897E-2	0.46693644953908564	15.278547418556958	Liver	Gull (n=1)	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	32.683052709359075	0.6027718746714007	15.899533348979055	10.767313250468048	13.367198707749965	43.383304987114379	0.53367862072329963	2.3285534652858377	119.56540696435104	
C ng/g lipid




Subcutaneous fat	Skua (n=2)	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	6.1463083576423649	0.15148085120964766	1.0186241918471579	2.0150888671587261	0.88616466672745065	0.99903720599421264	4.9123812913913784E-3	7.1852634999290482E-2	11.293469156870243	Subcutaneous fat	Gull (n=1)	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	7.2831625575822292	1.5252882029946083E-2	1.6070025997433444	1.5256954801200651	1.3417011943656258	1.532130204407679	1.4468347667484309E-2	0.26410004687111127	13.583513312787487	
C ng/g lipid




Muscle	Skua (n=3)	2.6243898564075661	1.0655082204708759	2.4589544878530667	3.8060472443865687	1.1592738883093923	1.4243519104929561	1.1326833955285418	1.2358981016742383	30.984599788391641	1.03174908154659	1.3336649601600215	1.7333817325719321	2.4995998475033718	23.78660152137105	13.769697620343244	2.8633788456555336	2.6287735435010204	4.5318393650114928	2.6243898564075661	1.0655082204708759	2.4589544878530667	3.8060472443865687	1.1592738883093923	1.4243519104929561	1.1326833955285418	1.2358981016742383	30.984599788391641	1.03174908154659	1.3336649601600215	1.7333817325719321	2.4995998475033718	23.78660152137105	13.769697620343244	2.8633788456555336	2.6287735435010204	4.5318393650114928	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	21.198385785302822	0.40858345139580965	3.3670934236557222	3.3557530997364671	3.9805162537656922	8.0734642378336172	0.19345586905915857	1.294328630547799	41.871580751297088	Muscle	Gull (n=3)	1.2645243238978707	1.6012509901335219	2.8522300452336342	2.4322208093757323	1.5333020836834081	1.7619002174506526	1.4109798971945484	6.2892271096251502	20.076265871302802	1.0764150893055722	5.479440214323736	1.0860449892147797	18.705453855559192	1.2187566384597373	3.4227162678108742	1.7929904927772664	2.3215314293678997	1.3093795844441605	1.2645243238978707	1.6012509901335219	2.8522300452336342	2.4322208093757323	1.5333020836834081	1.7619002174506526	1.4109798971945484	6.2892271096251502	20.076265871302802	1.0764150893055722	5.479440214323736	1.0860449892147797	18.705453855559192	1.2187566384597373	3.4227162678108742	1.7929904927772664	2.3215314293678997	1.3093795844441605	BDE-47	BDE-66	BDE-100	BDE-99	BDE-154	BDE-153	BDE-138	BDE-183	BDEs Sum	0.14641998592742539	9.5466822559882675E-2	9.8436824622824812E-2	5.3073023161456588E-2	4.1499643628173571E-2	6.2983967622334922E-2	1.4468347667484321E-2	9.4498958129133788E-3	0.52179851100249552	
C ng/g lipid




Subcutaneous fat	Skua (n=2)	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	PCBs Sum	7.4854531911465605	2.9756901224773786	14.458170103502418	150.96730627236522	291.68000156884494	286.59397832380199	61.634105959223675	71.966474128002432	3.3919523005962922	3.0639965565569156	63.427935551490684	5558.2188129166498	1638.3365881912146	5644.8180759498719	13799.018541135745	Subcutaneous fat	Gull (n=1)	PCB 123	PCB 118	PCB 114	PCB 105	PCB 167	PCB 156	PCB 157	PCB 189	PCB 28	PCB 52	PCB 101	PCB 153	PCB 138	PCB 180	PCBs Sum	2.0155037122234383	120.56617877553292	2.1690091965990481	22.256524522875178	31.073341545806795	34.148701803614564	7.9049306943256976	7.7384299681338948	1.6639799789929344	0.64127228421189253	9.1836524652567313	641.04002333387291	193.11462088933075	619.38146326490016	1692.8976324356768	
C ng/g lipid
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