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1. Introduction 
Hexabromocyclododecane (HBCDD) concentration in eggs is generally low, with an average value of 0.54 ng 
g-1 lipid weight (lw) in the EU [1]. However, some abnormally high concentrations reaching several tens [2], 
hundreds [3] or even thousands ng g-1 lw [4] have been reported. In these studies, the α-isomer generally 
predominates in eggs, in contrast with technical mixtures, in which the γ-isomer is the major one. Given the 
limited rate of bio-isomerization of γ- to α-HBCDD, it was hypothesised that the profile to which hens are 
exposed is dominated by the α-isomer. In this regard, Cariou et al. [5] identified extruded polystyrene (XPS) as 
possible source of poultry exposure to α-HBCDD in rearing buildings. The aim of the current study was to test 
the hypothesis of XPS as a source of on-farm eggs contamination by HBCDD and to assess the inter-individual 
variability within a flock of hens. 
 
2. Materials and methods 
2.1. Study design and sample collection 
The experiment was conducted in France under the application of the Directive 2010/63/EU on the protection of 
animals used for scientific purposes. Fifty-five laying hens (70 weeks old, 2.14±0.23 kg) were reared in a 
furnished wire cage according to commercial conditions. They were given a commercial feed. The plate of XPS 
(64 g, 20×20×4 cm) was attached to the wall of the cage. It contained 2.59% HBCDD of which 75, 15 and 10% 
as racemic α-, β- and γ-HBCDD, respectively. 
A daily composite sample of the eggs produced by the flock was prepared by first mixing eggs by groups of 5 or 
6 and then by pooling 10 mL subsamples of each of these mixtures. This operation was performed 5 days prior 
the experiment, as control, and then daily throughout the 24-d experiment. The last day of experiment, each egg 
was collected and a 10 mL aliquot was taken for individual analysis. The composite sample was then prepared as 
described above. Egg mixtures were stored at -18 °C before analysis. 
 
2.2. Chemical analyses 
Native and labelled (isotopic dilution method) HBCDD reference solutions were provided by Wellington 
Laboratories. Samples (100 mg fresh weight, fw) were partitioned between H2SO4 and a mixture of 
dichloromethane/n-hexane 2:8 (v/v) and then with NaOH 1 N. After centrifugation, reconstituted extracts in a 
mixture of methanol/H2O 4:1 were analysed by LC-ESI(-)-HRMS (Q-Exactive, R=140000 @200, Thermo) 
using a chiral column (Trefoil CEL1, 150 × 2.1 mm, 2.5 µm, Waters). Standard calibration curves, procedural 
blanks and quality controls supported satisfying performances, including 0.2 ng g-1 fw as limits of reporting. 
 
2.3. Calculations 
The concentration of each isomer was calculated as the sum of the (+) and (-)enantiomers, and the concentration 
of HBCDD as the sum of the six enantiomers. The enantiomeric fraction (EF) is the contribution of the 
(+)enantiomer in the sum of the two enantiomers. Two order kinetics models were adjusted to the concentration 
of each isomer, taking the highest concentration as the starting point of depuration. The ingestion of XPS by 
each hen was estimated as proportional to the concentration of HBCDD in each individual egg collected the last 
day of experiment, considering that 55 hens had shared the whole plate. 



3. Results and discussion 
The XPS plate was completely ingested by the hens within the 3 first days of the experiment, furthermore, no 
debris was observed in the cage. Over this 3-day period, the mean exposure to HBCDD was thus 4.7 mg per kg 
body weight d-1 as 3.5, 0.7 and 0.5 mg α-, β- and γ-HBCDD, respectively. 
 
3.1. HBCDD concentration in composite samples 
No HBCDD was detected in the control sample. The two enantiomers of α-HBCDD were quantified in all 
samples and those of β-HBCDD in all samples except in the first collected one, while (+) and (-)γ-HBCDD were 
quantified only in the 4 and 2 most concentrated ones, respectively. Overall, concentrations increased during 5 
days, then decreased rapidly during 10 days and then more slowly (Fig. 1). As previously observed in birds 
exposed to technical HBCDD [6], the profile in eggs was dominated by α-HBCDD (98.7±0.7% of total 
HBCDD). The maximum concentration was 1037 ng HBCDD g-1 fw, i.e. around 10.4 µg HBCDD g-1 lw, 
accounting for 10% lipids in eggs. The increase up to two days after the XPS plate was completely consumed 
and the high initial depuration rate are linked to egg yolk formation into daily concentric layers deposition 
during 10 days before ovulation. The corresponding initial half-life was 2.4±0.3 and 2.0±0.2 d for α- and 
β-HBCDD, respectively. In accordance with literature [7,8], the terminal half-life was longer for α- than for 
β-HBCDD (10.6±5.3 and 4.9±2.3 d, respectively). Although the concentration of HBCDD was dramatically 
reduced 21 days after the exposure had ceased, it remained at the abnormally high level of 86 ng g-1 fw and 112 
more days would have been required to return to the EU mean of 0.54 ng g-1 lw [1]. The gradual enrichment in 
(-)α-HBCDD is consistent with previous observations in poultry [3,9], while the enrichment in (+)β-HBCDD is 
more controversial in literature. 
 

 

 
Figure 1: Time-dependent concentration and enantiomeric fraction of α- and β-HBCDD in eggs 

The double arrow corresponds to the presence of the XPS plate in the cage and the dashed line to the adjusted kinetics model. 
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3.2. HBCDD concentration in individual eggs 
HBCDD was quantified in each of the 42 eggs collected the last day of experiment at concentrations ranging 
between 0.47 and 1361 ng g-1 fw, of which 99.8±0.3% as α-HBCDD. Thus, 21 days after the exposure had 
ceased, concentrations remained 9 to 25000 times higher than the value of 0.54 ng g-1 lw [1]. The mean, median, 
P25 and P75 values were 138±261, 13, 3.2 and 170 ng HBCDD g-1 fw, respectively. Based on this distribution, it 
was estimated that, depending of the hen, XPS ingestion over the 3 days of exposure was 4 mg to 11.5 g per hen. 
Among 55 hens, it was calculated that 5, 15 and 32 had consumed 50, 90 and 99% of the XPS plate, 
respectively; the remaining 23 hens had shared 1% of it (Figure 2). 

 
 

 
Figure 2: Estimates of the part of the XPS plate consumed by the hens 

 
 
 
4. Conclusion 
The accidental and short term ingestion of XPS by hens is a potential source of exposure of hens leading to 
contaminated eggs, even in hens consuming small amounts of XPS. Thus, any degradation of walls in rearing 
buildings leading to a potential contact of hens with insulation materials should be strictly avoided. 
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