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TRANSFER OF A BROMINATED FLAME RETARDANT INTO HEN EGG: γ γ γ γ-HEXABROMOCYCLODODECANE

Introduction

Hexabromocyclododecane (HBCD) is the main brominated flame retardant (BFR) incorporated in plastics and textiles. By the end of the last century, HBCD was the second highest BFR used in Europe in volume, after tetrabromobisphenol-A and before decabromodiphenyl ether. Their use is still growing since the ban of PBDEs in Western Europe 1 . Like other BFRs, HBCD can enter the environment by emission during manufacture or leaching from flame retarded products. As a persistent and bioaccumulative substance, HBCD is a candidate as potential persistent organic pollutant in the frame of the Stockholm Convention 2 . The presence of HBCD was reported in animal products for human consumption such as fish, but also hen eggs 3,4 . Kinetic studies of HBCD in fish have been published 5,6 , but not in hen eggs although it is a major component of human food. In this context, the aim of the present study was to evaluate the pattern of excretion of HBCD into egg yolk by laying hens submitted to a subchronic and moderate oral dose of γ-HBCD. This is to our knowledge the first report on HBCD toxicokinetic in poultry.

Material and method

Feed: Experimental feed samples were prepared by mixing a blank commercial feed with 0.5% rapeseed oil spiked at 0.2 µg.g -1 with HBCD (0.2%, 0.1% and 99.7% of α-, βand γ-HBCD, respectively) obtained from Sigma Aldrich (St. Louis, MO, USA). HBCD was dissolved by agitation (at 30°C) in oil. Finally, this tested feed sample contained 1 µg HBCD.kg -1 feed. Standard and contaminated feeds were presented as pellets.

Animals: Forty eight laying hens (Isa Brown, 22 weeks old and weighing 1.78±0.090 kg) were placed in individual cages under conventional conditions of lighting (16 h light per day). During a 2-week adaptation period, they were offered ad libitum a standard diet covering all their nutrient requirements and water.

Experimental procedure: At the end of the adaptation period, four hens were slaughtered, whereas the 44 remaining hens were given ad libitum either the uncontaminated feed during the 39-day experiment (4 hens) or the contaminated feed during 21 days and the uncontaminated feed during the 18 following days. Hens were sequentially slaughtered after 1, 4, 8, 11, 16, 21, 22, 24, 29 and 39 days of experiment, with 4 hens at each date. Abdominal fat and the egg laid the date of slaughter were collected. Only data corresponding to eggs are presented in the current paper. Collected eggs were removed from shell and yolk and albumen were separated. Yolks were weighed, frozen and stored at -20°C before analysis.

Extraction and LC/MS/MS analysis: Before extraction, yolk samples were freeze-dried and 3 13 C-labelled HBCDs were added (α, β and γ-HBCDs) for quantification according to the isotope dilution method. Samples were then extracted using an Accelerated Solvent Extraction system (ASE). The extraction solvent was a mixture of toluene/acetone 70:30 (v/v). Resulting extracts were evaporated to dryness, which enabled the gravimetric determination of the fat content. Finally, a purification was performed, using a multilayer silica gel column followed by a liquid-liquid extraction using sodium hydroxide and hexane. One external standard was added for the recovery calculation (Fluorometholone). The chromatographic separation of the α-, βand γ-HBCD stereoisomers was achieved using an Agilent 1200 liquid chromatography pump, equipped with an Hypersil Gold reversed phase column (100 mm × 2.1 mm).

Elution solvents were acetonitrile and water containing ammonium acetate 20mM. Mass spectrometric data were acquired after negative electrospray ionization and on the basis of multiple reaction monitoring acquisition mode, using an Agilent 6410 triple quadrupole instrument.

Statistical analysis: Concentrations of γ-HBCD in yolk were submitted to an analysis of variance using the GLM procedure of the Statistical Analysis Systems software package (SAS, version 9.1, SAS Institute, Cary, NC) and considering the hen as experimental unit. The model included the experimental treatment (n=12) which corresponded to the 10 dates of slaughter (days 1, 4, 8, 11, 16, 21, 22, 24, 29 and 39) for hens exposed to HBCD plus two levels corresponding to the control hens slaughtered the first and last days of experiment. Student's ttest was used for comparison of means. Differences were considered significant for P-values < 0.05.

Results and discussion

Hens remained healthy throughout the experiment. Laying performance and daily feed intake were unaffected by exposure to γ-HBCD (results not shown). Bioaccumulation and depuration: No HBCD could be detected in eggs collected from the eight control hens. γ-HBCD was quantified as major diastereomer in all samples, with concentrations about six times higher than those of α-HBCD. Concentration of β-HBCD was below the detection limit in most yolk samples. γ-HBCD levels in yolk increased during the period of exposition to reach a plateau of 0.4 ng.g -1 lipid weight at d-11. Then during the depuration phase, the concentrations of γ-HBCD in yolk decreased down to the initial level within ten days. This steady-state suggests that similar amounts of contaminant are transferred to each yolk in the course of its growth, which lasts about ten days. Carry-over of γ-HBCD into eggs: In the current experiment, only a minor proportion of ingested γ-HBCD was excreted via egg yolk. At steady-state, the carry-over rate, calculated as the ratio of the daily flow of γ-HBCD excreted in yolk to the amount daily ingested did not exceed 1.2 %. Diastereoisomeric profile of HBCD in egg yolk: γ-HBCD predominated, with a ratio γto α-HBCD around 5-6 at steady state. Since HBCD ingested was in the γ-form, this result suggests bioisomerization of γto α-HBCD in laying hens. This biotransformation was previously reported in trout 5 and in rat 7 , with similar patterns of HBCD in muscle of trout and in liver of rats. In contrast to the current results, egg samples from observational field studies were reported to display a αdiastereomer-dominated profile 8 . This predominance of α-HBCD is characteristic of higher-trophic-level organisms like sea birds which are exposed to food enriched in α-diastereomer (e.g. fish) compared to the ingested pattern in the current study 9 .

Conclusion

The current study allows assessment of parameters of HBCD kinetics in laying hens. Besides, it suggests bioisomerization in laying hens and supports hypothesis of an izomerisation of γto α-HBCD in animals submitted to a low dose of this compound.
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 1 Figure 1: Concentration of γ-HBCD in egg yolkValues are adjusted means (±SE, n=4) a, b, c: values not followed by the same letter differ significantly (P < 0.05)
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 2 Figure 2: Relative contribution of αand γ-HBCD in feed and in yolk at d-21
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