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Introduction  
Several studies have demonstrated the presence of Persistent Organic Pollutants (POPs) in Antarctic wildlife and 

in some cases some adverse effects due to POP exposure have been described
1
. In spite of the efforts made 

during the last two decades to address the presence of POPs in Antarctic predators, data are scarce, especially in 

the case of emerging POPs. Most studies are limited to a few sampling points and species and mostly to legacy 

POPs
 2
. Accordingly, the influence of key factors driving the exposure to POPs and related compounds in 

Antarctic predators, i.e. trophic relationships and geographic distribution or movements, remains unclear
1,2

.  

 

In this study we aimed to evaluate the relative influence of spatial distribution and trophic ecology of Antarctic 

wildlife in their exposure to POPs and related compounds. For that, 45 chemicals were analyzed in plasma of 

206 seabirds belonging to 8 species. Organochlorinated pesticides (6 DDTs and HCB), chlorinated and 

brominated flame retardants (2 DPs and 15 PBDEs, respectively), polychlorinated biphenyls (7 indicator PCBs) 

and perfluoralkylated substances (15 PFASs: Five perfluoroalkane sulfonates (PFSAs, C4-12), ten perfluoroalkyl 

carboxylic acids (PFCAs, C4-13) and perfluorooctane sulfonamide (FOSA) were studied. Moreover, stable 

isotope ratios of C and N (δ
13

C and δ
15

N) were also determined in plasma and used to infer the potential latitude 

of foraging areas and trophic position, respectively
2
. 

 

Materials and methods  
Sample collection: Blood samples (>1.5 ml; n=190) were obtained between 2009 and 2011from adult seabirds 

(penguins, giant petrels, skuas, albatross and shearwaters) at four locations covering Antarctic, sub-Antarctic and 

south temperate regions (Fig.1). Unfortunately, not all species could be sampled at each location and not all 

analyses have been conducted on each sample yet.  

 
Figure 1. Sampling design of this study. 

 

Isotopic and POP analyses: About 0.36-0.40 mg of dried plasma was used to determine δ
15
N and δ

13
C values by 

elemental analysis-isotope ratio mass spectrometry (EA-IRMS) as previously explained in Roscales et al. 2016
2
. 

From 1.2 to 1.5 g of plasma were used for POPs determination. Sample extraction, purification, instrumental 

determination and QA/QC criteria for PCB, HCB, DDT, PBDE and DP analysis are described in Roscales et al. 

2016
2
 and in Roscales et al. 2019 for PFASs

3
.  

Data analysis: IBM SPSS 25 was used for data handling. Only those analytes which were found above the limit 

of quantification (LOQ) in more than 50% at least for one species in one breeding site were considered for 

statistical comparisons. Concentrations were log transformed to satisfy a normal distribution and comparisons 

among groups were performed using one or two-way ANOVA or Student T-test.  

 

Results and discussion:  
Significant spatial differences (one-way ANOVA, p<0.01) were found within all species for all POPs except for 

DPs. Moreover, in the case of skuas neither HCB nor DDTs showed significant spatial differences. Spatial 
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variations are presented in Figures 2, 3 and 4 for organochlorines (OCs), flame retardants (FRs), and PFASs, 

respectively. POP concentrations and δ
13

C were significantly correlated in most cases for penguins and petrels 

but not for skuas (Fig. 2, 3 and 4). These results show that spatial patterns depend on both the selected compound 

and the species.  

 

PCB, DDT (Fig.2) and PBDE (Fig.3) concentrations increased northwards from Antarctica in both penguins and 

giant petrels. Moreover, both species showed comparable relationships between δ
13

C and pollutant burdens. 

However, HCB concentrations increased southwards in penguins but decreased in giant petrels, which resulted in 

opposite relationships between δ
13

C and pollutant burdens (Fig.2). Penguins spend all year round in the general 

vicinity of their breeding colonies. In contrast, giant petrels can forage across different marine regions during the 

breeding period and especially during the austral winter. For instance, foraging areas of petrels breeding in the 

Antarctic Peninsula includes sub-Antarctic areas and coastal areas of South America
4
. Therefore, penguins are 

expected to better reflect local conditions and thus, latitudinal variations in the presence of POPs. Considering 

the higher volatility of HCB compared to other POPs spatial patterns found in penguins agree with those 

expected from cold condensation of this compound
5
.  

 

 
Figure 2. POP concentrations (ln [pg/g]) in plasma of seabird by species (a) according to the sampling site (mean ± 95%CI) 

and to (b) seabirds’ foraging areas latitude as indicated by δ13C. Correlation lines indicate significant relationships. 

Approximated δ13C position of Polar and subtropical fronts from Jaeger et al. 2010. 

 

 
Figure 3. FR concentrations (ln [pg/g]) in plasma of seabird by species (a) according to the sampling site (mean ± 95%CI) 

and to (b) seabirds’ foraging areas latitude as indicated by δ13C. Correlation lines indicate significant relationships.  

 

Spatial variations found in skuas did not match those found for penguins and giant petrels. Basically, South Polar 

skuas from Livingston Island showed greater or similar concentrations of POPs (Fig.2 and 3) than brown skuas 

from sub-Antarctic and cool-temperate regions. South polar skuas spend the non-breeding period in northern 

latitudes while brown skuas remain in southern waters all year round. Previous studies have shown that 

migratory movements to the north hemisphere of Antarctic skuas result in a greater exposure to POPs
6,7

. 

Considering that our results regarding resident species clearly suggest that exposure to POPs increase northwards 

from Antarctica, greater concentration found in South Polar skuas from Antarctica probably reflect their 

migratory movements rather than spatial variations in the presence of POPs in southern ecosystems.  

 

In the case of DPs no spatial pattern emerged (Fig.3) in resident species (penguins and giant petrels) because 

concentrations were below de limit of detection (LOD) in most cases. A plausible explanation for this result 
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could be related to a lower efficiency in the long-range transport of DP compared to legacy POPs. Alternatively, 

a low accumulation/bioaccumulation capability for DP also could explain our results. Previous studies on 

transport and accumulation of DP in Antarctica
8,9 

do not fully agree with our results. 

 

Regarding PFASs, penguins and giant petrels from Gough Island showed significant greater concentrations of 

both PFSAs and PFCAs than those from Antarctic and sub-Antarctic regions (Fig.4). No significant differences 

were detected between Antarctic and sub-Antarctic colonies. PFAS profiles were basically dominated by PFOS 

followed by odd long-chain PFCAs (Fig.5). However, the number of long-chain PFCAs and PFSAs other than 

PFOS detected was markedly greater in seabirds breeding in the cool-temperate region. Nash et al. (2010)
10

 

proposed that the circulation pattern of the Southern Ocean, mainly the Antarctic Circumpolar Current (ACC), 

avoids significant inputs of PFASs in Antarctic ecosystems through water-phase circulation, resulting in 

undetectable or negligible PFAS concentrations in wildlife. Main spatial patterns found here agree well with this 

hypothesis. However, our results suggest that several PFASs reach Antarctic ecosystems efficiently. In this line, 

recent studies have shown great concentrations of PFAS precursors in Antarctic atmosphere and pointed the 

crucial role that atmospheric path-ways could play in the global transport of PFAS
11,12

. 

 
Figure 4. PFAS concentrations (ln [pg/g]) in plasma of seabird by species (a) according to the sampling site (mean ± 95%CI) and to (b) 

seabirds’ foraging areas latitude as indicated by δ13C. Correlation lines indicate significant relationships.  

 

In line with recent studies
13

, our results also suggested an important role of seabird migration in the exposure to 

PFASs (Fig.5). Great shearwaters, the only trans-equatorial migratory species in which PFASs were analyzed, 

showed greater PFCA concentrations than species feeding on higher trophic position at their breeding sites such 

as giant petrels. Moreover, great shearwaters were the only species in which PFCAs were found at greater 

concentrations than PFOS, which was the prevalent compound in the remaining species (Fig.5). PFAS profiles 

dominated by PFCAs agree with those commonly found in North Atlantic waters while PFOS usually dominates 

those from Antarctic waters
14,15

. Therefore, our results suggest a greater exposure of shearwaters to PFCAs due 

to their migratory movements.   

 
Figure 5. Concentrations profiles of PFASs (ng/g ww) log transformed (ln) according to seabird species sampled in Antarctic, sub-

Antarctic and south cool-temperate regions 

 

Interspecies patterns: Significant interspecies differences in POP concentrations were detected in all sites (one-

way ANOVA, p<0.001) except for DPs. Moreover, all POP families showed similar relationships with δ
15

N 

(only shown for PCBs, Fig.5). Positive correlations were found in all sampling sites and for all POPs (p range 

<0.01 - <0.001; r range 0.41-0.87; e.g. Fig.2) except DPs (p>0.05; r range 0.02-0.12). These results suggest that, 

as expected, all studied POPs biomagnify trough Antarctic food webs in comparable magnitudes. Penguins 

always showed the lowest trophic position (δ
15

N values) and POP concentrations. δ
15

N values in rockhopper 
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penguins from Gough were unusually great resulting in a weak relationship with POP concentrations at this site. 

However, inter-species patterns between giant petrel and skuas varied among breeding sites (Fig.1 and 2). These 

variations could be related to dietary variations in the studied species among sites but also to differences in the 

influence that migratory behavior of skuas has on the different POPs studied here. 

 
Figure 6. δ15N and PCB concentrations (ln[pg/g]) in studied seabirds. Cross plots indicates mean ± 95%CI. Lines represent 

significant relationships between variables within breeding sites. 

 

In the case of PFASs, greater concentrations were generally found in the species placed on the top of marine 

webs (i.e. giant petrels, Fig.4 and 5). However, some interesting results suggest that other factors can override 

expected differences in PFASs related to trophic web structure. Penguins showed composition profiles with great 

contributions of short-chain PFCAs that were not found in other species, and skuas showed significant lower 

concentrations than those expected for their high trophic position. Based on similar findings from previous 

studies
16,17  

specific metabolic capabilities of these species probably explain our findings.  

 

Conclusions: Our results showed that breeding locality, foraging areas and trophic position strongly influence 

POP concentrations in Antarctic seabirds. Moreover, trans-equatorial migratory species are exposed to greater 

burden than southern resident species and could act as biovectors for POPs. Therefore, distribution, movements 

and food web structure must be considered when comparing POP concentrations among Antarctic seabirds, 

especially when distant populations are involved.  

 

Spatial pattern of POPs found here generally agree with previous studies on fate and transport of POPs. The most 

volatile compounds such as HCB seems to be mainly accumulated in Antarctica, in agreement with cold 

condensation theory. However, exposure to medium-low volatile POPs increases northwards from Antarctica, 

where potential pollutant sources exist. Exposure to POPs efficiently transported by marine current systems 

suchs as PFASs, increased sharply northwards from the ACC. However, DP was not detected in most cases and 

no biomagnification evidences were found in Antarctic seabirds which clearly question the POP-alike properties 

of these pollutants. 
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