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Introduction 
 
In recent years there has been a growing concern about the risks associated with the presence 
of persistent organic pollutants (POPs) in marine-terrestrial ecosystems. These compounds are 
toxics and ubiquitous pollutants in the environment and tend to be bioaccumulated into the fat 
tissues of living beings, and to be biomagnified through the food web.
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Seabirds have been commonly used as sentinel species for monitoring the levels of POPs in 
the marine environment because they are very widespread and are sensitive to the 
environmental changes.Thus, they may be exposed to relatively high concentrations of these 
environmental contaminants and are able to integrate pollutant levels over a large area by 
bioaccumulation.Studies in bird-breeding areas of special protection have reported unexpected 
high levels of polychlorinated byphenyls (PCBs), several organochlorine pesticides (e.g., DDTs, 
DDE and hexachlorocyclohexane isomers), polychlorinated dibenzo-p-dioxins and 
dibenzofurans (PCDD/Fs), dioxin-like PCBs (dl-PCBs) and flame retardants.
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These findings 

reinforce the necessity of a better knowledge of the presence of halogenated compounds on 
sensitive areas which are refuges for numerous wildlife bird species.To assess the levels and 
trends of POPs, bird eggs have been proposed to assess the levels ofPOPs.At least within 
species, POP levels in eggs reflect the contaminant burden of the female at the time of egg 
laying, especially the uptake of contaminants from food recently ingested around the colony, 
although some contaminants may derive from the previously accumulated levelsin the adipose 
tissue.
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The aim of this study was to evaluate the occurrence of several POP families in gull eggs (L. 
michaellis) from three Spanish gull colonies located in Atlantic Islands of Galicia National Park, 
the Cabrera Archipelago National Park and the National Hunting Refuge of Chafarinas Islands, 
as part of an ongoing monitoring project devoted to evaluate the presence of these pollutants in 
areas of special protection. The POPs considered in this study include priority contaminants, 
such as PCDD/Fs, dioxin-like PCBs and marker PCBs, and other emerging pollutants, such as 
short-chain chlorinated paraffins (SCCPs), recently listed by the Stockholm Convention as 
candidate to a new persistent organic pollutant. The results and conclusions of this study are 
presented here.  
 
Materials and Methods 
 
Analytical method 
Analysis of PCDD/Fs and dl-PCBs was performed following the USEPA 1613 and 1688 
methods, respectively. After addition of the 

13
C12-PCDD/Fs

13
C12-dl-PCBs to the sample, ten 

grams of freeze-dried sample were Soxhlet extracted using a toluene:cyclohexane solvent 
mixture (1:1) and the purification of the extracts was accomplished using the automated clean-
up Power-Prep

TM
 System (FMS, Waltham, M.A., USA)based on the use of multilayer silica, 

basic alumina and PX-21 carbon sorbents. For SCCP and marker PCB analyses, a 
simultaneous extraction and clean-up method based on selective pressurized liquid extraction 
(sPLE), using acidic silica (20%, w/w) as fat retainer was applied.  
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Samples 
Eggs of yellow-legged gull (L. michahellis) were collected at the beginning of the breeding 
season from three colonies located atthe Atlantic Islands of Galicia National Park (Galicia, 
north-west of Spain), the Cabrera Archipelago National Park (Balearic Islands, east of Spain) 
and the National Hunting Refuge of Chafarinas Islands (south of Spain), during the time period 
2010-2012. For each colony and year, 12 eggs were randomly collected from three sub-colonies 
(36 eggsin total per colony and year). To ensure that the reproductive potential of each nest was 
maintained, only the first egg of each nest was sampled. The eggs were transported to the 
laboratory in a cool box and the eggs of each sub-colony were then pooled, freeze-dried and 
stored at -20ºC before analysis.  
 
Instrumental Analysis  
PCDD/F and dl-PCB analyses were performed on a Trace GC Ultra gas chromatograph 
(Thermo Fisher Scientific, Milan, IT) coupled to a DFS(Thermo Fisher Scientific, Bremen, 
Germany) high resolution mass spectrometer controlled by a Xcalibur data system and 
operating in selected ion monitoring (SIM) mode at resolving power of 10,000 (10% valley 
definition). Separation was accomplished using a DB-5ms (Agilent, Palo Alto, CA, USA) fused-
silica capillary column (60 m x 0.25 mm I.D., 0.25 µm film thickness). Quantification of PCDD/Fs 
and dl-PCBs was carried out using isotopic dilution method. Short-chain chlorinated paraffins 
(SCCPs) and marker PCBs were analysed on a Trace GC 2000 series gas chromatograph 
coupled with a DSQIIquadrupole mas spectrometer (Thermo Fisher Scientific, Milan, IT) 
operating in negative ion chemical ionisation (methane as moderating gas) and electron 
ionisation, respectively. Chromatographic separation of SCCPs and marker PCBs was 
performed using a 15 m and 60 m x 0.25 mm I.D., 0.25 µm of film thickness DB-5 ms capillary 
column (Agilent), respectively. Quantification of marker PCBs was performed by isotopic 
dilution, while for SCCPs internal standard method was selected, using 

13
C6-hexachlorobenzene 

as surrogate standard. 
 
Results and Discussion 
 
PCDD/Fs, dl-PCBs, SCCPs and marker PCBs were determined in all yellow-legged gull eggs 
collected in the three colonies studied. Among them, marker PCBs were the compounds found 
at the highest concentrations, with a contribution to the total contaminants of 91% in Chafarinas 
Islands, 78% in Atlantic Islands of Galician and 83% in the Archipelago of Cabrera. Total PCB 
concentrations, expressed as sum of six marker PCBs, ranged from 171.8 ng/g wet weight (ww) 
(Galician Atlantic Islands in 2011) to 1405 ng/g ww (Chafarinas Islands in 2011). Comparing 
these results with those reported for similar samples collected in 1995, a slightly decreasing on 
the PCB levels can be observed, as occur with PCDD/Fs and dl-PCBs. Among marker PCBs, 
CB-153 was the most predominant congener, followed by CB-180 and CB-138. These results 
may suggest a contamination produced by a PCB formulation of high chlorinated degree. 
 
Regarding PCDD/Fs and dl-PCBs, concentration levels ranging from0.197 to 1.30 pg WHO-
TEQ/g wwfor PCDD/Fs and between 3.16 and 10.2 pgWHO-TEQ /g wwfor dl-PCBs were 
determined. For all egg samples, OCDD was the most predominant congener among 
PCDD/Fsdetected at concentrations ranging from 0.87 to 26.5 pg/g ww, while for dl-PCBs, a 
clear predominance of CB-118 (5.01-23.9 ng/g ww), followed by CB 156, 105 and 167,was 
observed, suggesting that Aroclor 1260 was the main PCB mixture responsible of the 
contamination.For SCCPs, they were almost detected in all samples at concentrations ranging 
from 4.52 to 16.7 ng/g ww and it is the first time these compounds are identified in seagull eggs 
from the Iberian Peninsula. Comparing with the results obtained in the three colonies, the 
highest concentrations of the target compounds were detected in eggs collected in Cabrera 
Archipelago, mainly due to the high contribution of PCBs, followed byChafarinas and Atlantic 
Islands. During the period of the study (2010-2012), a low temporal variation on the 
concentrationsof POPs studied was observed, indicating a diffuse contamination but also 
constant produced by the effect of anthropogenic activities developed near of these protected 
areas. 
 
Conclusions 
 
Generally, the POP levels found in egg samples collected at the three gull colonies are relatively 
high, especially for PCBs, and their presence may pose a risk to the development of the eggs, 
the chicks or of the colony survival. The variability of concentrations within one species or 
among species can probably be attributed to different feeding habits, seasonal variation of food 
composition, age and condition of the birds. Gull eggs have shown to be a suitable matrix for 



 
 

the biomonitoring of POPs and they permit to evaluate the contamination impact of a local 
area.In addition, collection of eggs is a relatively non-invasive technique that can minimize the 
adverse effects on the bird community. It is early to evaluate the effects that these contaminants 
may produce to the gulls, but considering the neurotoxicity, carcinogenicity and endocrine 
disruption effects of detected POPs, additional studies should be launched to assess the 
sources and fate of these pollutants and to take actions to minimize their impact upon birds, 
especially for protected species.       
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