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Abstract

Occurrence of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) was evaluated in sepiolite as a widely employed binder and anti-caking agent for animal feed. Also, naturally contaminated kaolinitic clay was used for comparative purposes. Since sepiolite shows remarkable adsorption properties, particular interest was paid to the extraction steps as they become critical for the final determination of these pollutants in such matrixes. Furthermore, classical Soxhlet extraction using different extracting strategies as well as acid treatment were carried out with simultaneous liquid-liquid extraction. Results obtained depended on the extraction procedure applied. Acid treatment or Soxhlet extraction using a mixture of toluene:ethanol as solvent allowed to reach the minimum requirements of recovery rates. However, Soxhlet extraction using a mixture cyclohexane:toluene as extracting solvent did not allow to comply with minimum specifications for recovery. Significant differences were obtained in TEQ units when acid treatment was applied in comparison to Soxhlet extraction. This fact can be explained because the use of drastic acid conditions allows removing strongly adsorbed analytes which can be uniquely extracted after a total destruction of the crystalline structure of sepiolite. On the contrary, Soxhlet extraction was not able to destroy the structure of sepiolite and as a consequence the PCDDs/Fs were strongly adsorbed in the internal structure of the mineral.  

From biological point of view the availability of these toxicants constitutes a critical aspect playing an important role in the final decision choosing particular analytical procedures. Then, acid conditions in the digestive tract should be taken into account. In this scenario, a bioaccumulation study was conducted to evaluate the transference of PCDDs/PCDFs from the sepiolite into the animal tissues when fed with feed containing sepiolite. To this end, chickens were used as a model to examine the bioavailability of PCDDs/PCDFs. Four groups of chickens were exposed through their diet to a control feed, feed with 3% w/w sepiolite as additive, feed contaminated with PCDDs/PCDFs at concentration around 2.8 pg WHO-TEQ/g and feed with 2% of a contaminated kaolinitic clay (460 pg TEQ/g mineral). Livers of the four studied groups were analyzed throughout the exposure period. Results of this trial showed that the performance of broilers was not affected by the presence of dioxins at levels tested, and chickens did not show any abnormal behaviour. Dioxins intentionally added to the diet were absorbed and accumulated in the liver in a significant manner, whereas the PCDDs/Fs from sepiolite were not available for chickens since livers from broilers fed 3% sepiolite presented similar WHO-TEQ values than those from broilers fed control diet. 
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1. Introduction

Today, dioxin contamination episodes occurred all over the world affecting food and feed products and the subsequent surveillance studies have demonstrated the feasibility for these toxicants to reach the food chain. Ninety five per cent of human exposure to dioxins comes from food and the remainder is attributed to inhalation and dermal exposure to contaminated soil (Fires, 1995). The major food sources are fish and seafood, followed by meat and meat products and milk and dairy products, each group accounting for a third of total human intake (Focant et al., 2002). In addition, a number of studies also reported high levels of PCDDs and PCDFs in animals and food resulting from the use of contaminated animal feed (Bernard et al., 1999; Malisch, 2000; Malisch et al., 2000; Carvalhaes et al., 2002 and Llerena et al., 2003) and public concern about PCDD and PCDF levels in animals and food has been raised. In consequence, some measures to protect and improve the quality of human health have been enforced.  As an example, the EU set maximum levels for PCDD/Fs in food, feed as well as in a large number of additives included as a feed intermediates (Commission regulation (EC) No 199/2006; Commission directive 2003/57/EC; Council Regulation (EC) No 2375/2001, Commission directive 2006/13EC). 

Because feed can contribute considerably to the contamination of food, it is important to monitor the origin of dioxin contamination of feeds and feed ingredients, and as a result survey programs are usually undertaken. Some of the most employed feed additives are formed by mineral matrixes such as sepiolite, bentonite or kaolin. These minerals are composed by a variable content of natural magnesium and aluminum silicates and other minor components. In general terms, they are characterized by their micron sized particles, and variable swelling properties, large surface area, cation exchange capacity, chemical stability and charge distribution. Other minerals participating in feed manufacture are also halite, carbonates, phosphates, and many other minerals incorporated in trace amounts.   

Recently, the evaluation of methodologies used for the analysis of feed additives of mineral origin has become an interesting issue due to the complexity of these matrices. The absence of consistent data on the analysis of PCDDs/PCDFs in mineral matrices used as additives, the large differences between results obtained in matrixes with the same nature and the analytical difficulties due to the remarkable adsorption properties of these materials are critical in the study of the analytical methodology applied to analyze PCDDs/PCDFs in minerals used as feed components (Abad et al., 2002; Eljarrat et al., 2002). In some cases, some extraction methods do not allow to achieve the required quality parameters, such as recovery rates of added internal standards. Moreover, depending on the applied extraction methods significant differences in the achieved data can be reached. Therefore, final decision on setting maximum and action levels for these kinds of materials can be a difficult issue. For these reasons, a harmonization of the methodologies for the analysis of PCDDs/PCDFs in mineral matrixes is mandatory. In this way, Hosseinpour et al. (2003) proposed the use of accelerated solvent extraction (ASE) instead of Soxhlet extraction for the analysis of kaolinitic clays and copper oxide with good results. Similarly, Abad et al., (2005) reported a study of different extraction strategies over a number of mineral matrices currently employed as feed additives, such as halite, periclase or sepiole, depending on their physico-chemical properties (Abad et al., 2005). The authors also remarked satisfactory recovery rates for mineral matrices using Soxhlet or liquid-liquid extraction, except for sepiolite when the extraction step was based on Soxhlet extraction using a mixture of non polar solvents, i.e.: toluene:cyclohexane (1:1, v/v).

Finally, in July 2006 Community Reference Laboratory (CRL) for Dioxins in Food and Feed, considering this situation, organized an interlaboratory study aiming to evaluate of the influence of different parameters on extraction of PCDDs/PCDFs in mineral matrices, in particular, in sepiolite. In this study, some approaches for extraction of PCDDs/PCDFs were suggested to those laboratories participating in the exercise (unpublished data). 
On the other hand, it is important to better understand transfer mechanisms of dioxins and furans from the animal feed to their different body compartments. Although various incidents of food chain contamination have occurred involving contaminated feedstuffs in commercial chicken farms, few studies have examined the transfer of dioxins and furans from commercial feed to chickens. Recently, Pirard and De Pauw studied accumulation of PCDDs/PCDFs through various compartments in chickens (Pirard and De Pauw, 2005a, 2005b). Within the findings, it is reported that liver seems to be the major storage site for dioxins where preferentially are retained highly chlorinated congeners (Pirard and De Pauw, 2005a). Hoogenboom et al. studied the PCBs and PCDDs/PCDFs kinetics in broilers fed dioxin contaminated feed (Hoogenboom et al., 2004). However, in these studies no attention was paid to minerals used as additives in feedstuffs. In 1997, it was found a ball clay naturally contaminated with high levels of dioxins added to poultry and catfish feed (Hayward et al., 1999). Later, evidence of dioxin contamination in chickens fed with contaminated feed composed by ball clay was also demonstrated (Ferrario et al., 2000). Finally, Abad et al., (2002) published the concentration of PCDDs/PCDFs in several binder and anti-caking agent feed additives such as sepiolites or kaolinitic clays. The kaolinitic clay studied by Abad et al., (2002) was already introduced in this study as contamined mineral matrix. These studies revealed the need to examine the transference of dioxins and furans from mineral additives to feedstuffs and their influence to the animals in terms of an increase in levels of contaminants. 

In this work, two different objectives are aimed. Taking into account the strong adsorption properties observed in sepiolite matrix due to its crystalline structure, the first objective is to evaluate feasibility of a number of extraction procedures in order to analyze PCDDs/PCDFs from the bulk. In addition, we attempted to reproduce rearing conditions similar to those usually found in commercial operation in order to investigate bioavailability of dioxins adsorbed in mineral matrixes in different scenarios when these materials are employed as feed additives. Distribution of PCDDs/PCDFs from feed have been investigated in order to better understand the transfer or these organochlorinated compounds from feedstuff to liver tissue since this organ might preferably accumulate organic contaminants such as dioxins and furans (Pirart and De Pauw, 2005a, Abad et al., 2005b).
2. Materials and Methods
2.1. Chemical reagents and standard solutions 

All solvents (acetone, ethanol, dichloromethane, toluene, ethyl acetate, n-hexane and isooctane) for organic trace analysis were purchased from Merck (Darmstadt, Germany). Nonane was from Fluka (Fluka chemie Gmh., Switherland). Multilayer silica, basic alumina and activated carbon were obtained from FMS Inc (FMS Inc, Boston, USA). Perfluorokeronese (PFK) low boiling grade for mass spectrometry was from Sigma Aldrich (Spain). Standard solutions in nonane (CS0.5, CSL, CS-1 to CS-4, EPA1613 LCS, EPA1613 ISS, EPA1613 PAR Solution from Wellington Labs., Guelph, Ontario, Canada) were used for instrument calibration, quantification, sampling and analytical recovery. 

2.2. Analytical method

Mineral samples were extracted following a number of extraction procedures. In the first method (M-1), analytes were removed from 40 g of mineral samples by Soxhlet extraction for 24 h using toluene:cyclohexane (1:1, v/v) as a solvent mixture following previously reported procedure (Malisch et al., 2003 and 2004). In this particular case, two different tests were undertaken, in the first one (M-1a), samples were spiked with known amounts of mixtures of 13C12-PCDDs/PCDFs after the extraction; in the second test (M-1b), samples were spiked with known amounts of mixtures of 13C12-PCDDs/PCDFs before the extraction. In the second method (M-2), extraction was performed using a mixture of ethanol:toluene (7:3, v/v) for 24 h and spiking the sample before the extraction (method suggested by CRL). Finally, the third method (M-3) consisted in an acid treatment using HCl at different concentrations (1M, 6M and 12M) combined with a simultaneous extraction for approximately 16 h (coded as M-3a, M-3b, and M-3c, respectively). Twenty grams sample was located in a glass bottled with 200 ml of HCl and 200ml of n-hexane/dichloromethane (1:1, v/v). Magnetic stirring was used during the extraction step with a Teflon-coated stir bar to obtain good sample homogeneity. In this case, the samples were spiked with known amounts of mixtures of 13C12-PCDD/PCDFs before extraction. After the acid treatment, the aqueous phase was extracted twice with 25 ml n-hexane and the organic phases were recombined and stored at 4ºC. The solid residue was filtered and neutralized with water. The remaining solid residue was newly extracted by Soxhlet extraction for 24 h with toluene. Final organic extracts from the Soxhlet and the acid treatment were recombined and concentrated until 5 ml c.a. before clean-up step.

For the bioavailability study chicken livers were analyzed. Thus, liver samples were freeze-dried and homogenized prior to the analysis. Next, they were spiked with known amounts of mixtures of 13C12-PCDDs/PCDFs. Then, they were extracted in a Soxhlet for 24h with toluene:cyclohexane (1:1). After that, the extracts were rotary evaporated and transferred to 100 mL n-hexane. In order to remove organic components, fat and other interfering substances, the n-hexane extracts were treated with sulphuric acid. Finally, the extracts were rotary concentrated and filtered prior to the clean up process.

Purification was accomplished by automated clean up based on the use of multilayer silica, basic alumina and PX-21 carbon adsorbents (FMS Inc., MA, USA). First, the n-hexane extracts were filtered. Afterwards, they were loaded and pumped through individual sets of multilayer silica followed by a basic alumina column. Interferences were eliminated with n-hexane:dichloromethane (98:2). Next, PCDDs/PCDFs were eluted from the alumina column and transferred to the PX-21 carbon column with n-hexane:dichloromethane (1:1). The interferences were eluted with ethyl acetate:toluene (1:1) in the forward direction, and PCDDs/PCDFs were collected from the carbon column in the reverse direction with toluene (Abad et al., 2000).
2.3. HRGC-HRMS Analysis

Instrumental analysis was based on the use of high resolution gas chromatography coupled to high resolution mass spectrometry (HRGC-HRMS). All analyses were performed on a Agilent gas chromtograph fitted with a high resolution 40m x 0.18 mm i.d. x 0.18µm film thickness DB-5ms fused silica column (J&W Scientific, CA, USA) connected through a heated transfer line kept at 280ºC to a Micromass Ultima NT high resolution mass spectrometer (EBE geometry) controlled by a Masslynx data system. All sample injections, as solutions in nonane, were carried out by a PAL system under data control system. The injector port temperature was 280ºC, and a helium carrier gas flow was maintained by an electronic pressure program. The GC capillary temperature program for fractions was as follows: initial 140 ºC (hold for 1 min), then at 20 ºC/min to 200 ºC and kept isothermally for 1 min and at 5ºC/min to 310ºC (hold for 6 min). 

Chromatograms of GC effluents were achieved using a positive electron ionization (EI+) source and operating in the SIM mode at approximately 10000 resolving power (10% valley definition). The two most abundant ions in the [M Cl]+ cluster were monitored with equal dwell time and delay time of 50 ms and 20 ms respectively. The ion source temperature was kept at 250ºC; at an electron beam current of 600µA, and ion acceleration voltage of 8 kV. The electron beam energy was adjusted to maximize the response for the m/z 331 ion of PFK. 

Quantification was carried out by the isotopic dilution method. Relative response factors were performed for each individual analyte by the analysis of six different calibration solutions for PCDDs/PCDFs. The results are expressed TEQ values using WHO-TEQ (Van den Berg et al., 1998). TEQs values were calculated in upperbound assuming the limit of detection (LOD) for those non-quantifiable or below the LOD. The detection limit for PCDDs/PCDFs is defined as the minimum concentration of analyte that produces a clear peak with an acceptable chlorine isotope ratio and with a signal-to-noise ratio equal to 3. In our study, the chlorine isotope ratio for the molecular cluster ions was within ±15% of the theoretical ratio and the peak responses for each of the two selected molecular cluster ions were at least three times the background noise level (Abad et al., 1997).

2.4. Quality Criteria

The criteria for ensuring the quality data include the application of the quality assurance and quality control (QA/QC) measures. A survey of laboratory cross-contamination showed that after the analysis of a series of control blanks covering whole methodology. In the majority of the cases, the analytes keep below limit of detection or not detected and only traces of highly chlorinated compounds were quantified.  Other internal and routinely checks performed consider aspects such as sensitivity and power resolution of mass spectrometer, accurate GC separation and retention times, correct isotopic ratio or acceptable recovery rates. Complementarily, the continuous participation in intercalibration exercise is also an excellent tool to ensure the quality of generated data (Becher et al., 2004). In addition we contribute in a comprehensive study on dioxin content in sepiolite organized by Dr. Rainer Malisch from Chemisches und Veterinäruntersuchungsamt in Freiburg (Germany), at present Community Reference Laboratory (CRL) for Dioxins in Food and Feed, aiming to evaluate of the influence of different parameters on extraction of PCDDs/PCDFs in sepiolite.
2. 5. Bioavailability study of PCDD/F in chickens 

24 one-day old female broilers of Ross 308 strain (6 per treatment) were individually housed in stainless steel Petersime (Petersime Incubator Co., Gettysburg, Ohio, USA) cages provided with electric heating, located in one room with automated temperature and ventilation programmer. Typical prophylactic cleaning, disinfecting and vaccination were carried out. Only animals with no leg problems, eyes opened, active behavior, and no other problems, were included in the trial. Birds were vaccinated against infectious bronchitis at the hatchery. 

During the first 7 days, all birds were fed with the control diet. The experimental period and intake of dietary treatments started on day 8 of life, and lasted 31 days, till day 39 of life. Feed intake and body weight gain and feed to gain ratio of broilers were recorded from 8 to 39 days during the last week of trial, a nutritive balance was performed, using the European Method based on ad libitum feeding and total collection of excreta, for a period of 4 days (Bourdillon et al., 1990). 

During the overall experimental period chickens were fed a single maize-soybean meal based diet, providing 20.5% of crude protein and 3100 kcal/kg of apparent metabolizable energy, and formulated to comply with the nutrient requirements according NRC (1994). Prior to mixing, all feed ingredients except fat, minerals and vitamins were ground until particles passed through a 3 mm sieve. Experimental diets were analyzed using standard methods (AOAC, 2000) for dry matter (code 934.01), crude fat (code 920.39), chloride and crude protein (Dumas method, code 990.03). 

At the end of the assay, chickens were slaughtered by cervical dislocation, and their livers were separated. These samples were frozen and analyzed for dioxin presence. 

3. Results and discussion

3.1. Optimization of the extraction procedure for the analysis of PCDDs/PCDFs in mineral matrices

Extraction steps for the analysis of PCDDs/PCDFs had been subject of study over a number of mineral matrices currently employed as feed additives (Abad et al., 2005). In that work, a number of extraction procedures were applied depending on the different physicochemical properties of the mineral matrices. The findings revealed satisfactory recovery rates using classical methods based on Soxhlet extraction or liquid-liquid extraction, without any pretreatment for matrices such as halite, periclase, ferric chloride or sodium sulfate. However, poor recoveries for labeled internal standards were achieved for matrices i.e for sepiolite when the extraction steps were based on classical Soxhlet extraction using a mixture of toluene:cyclohexane (1:1, v/v) for 24h. In particular, a drop in the recovery rates was observed when increasing the degree of chlorination, being OCDF and OCDD the most critical congeners. On the contrary, acceptable recovery rates were achieved when internal standards are added after the extraction, which indicates critical dependence of the extraction procedure in the analysis of PCDDs/Fs in this kind of matrices. However, this procedure might be subject of critics since extraction process is not considered despite its importance in the whole analytical scheme.
It is well-known that physical properties of sepiolite may vary depending on the particle size as well as other factors such as humidity which can directly affect active points in crystalline structure. In addition, this crystalline structure can be destroyed when is subjected to drastic acid conditions, so that, critical changes regarding the adsorption properties might be early reached. In figure 1, difractograms obtained for pure sepiolite, sepiolite treated overnight with 0.3M (similar to this found in animal digestive tract) as well as 12M hydrochloric acid and the kaolinitic clay are given. The graphics show complete degradation of the crystalline structure when the sepiolite is treated with 12M HCl meanwhile no effects was observed for sepiolite treated with 0.3M HCl in comparison with difractogram achieved for pure sepiolite. In addition, the kaolinitic clay was also characterized by X-Ray Diffraction as shown in figure 1. 
Bearing in mind these findings, two alternative extraction procedures based on Soxhlet extraction using a mixture of organic solvents with different polarities as well as an acid treatment was proposed in order to evaluate the extraction procedure for those matrices. Thus, analytes from sepiolite samples were removed by Soxhlet extraction using a mixture of polar and non-polar solvent formed by ethanol:toluene (7:3, v/v) for 24 h. In addition, an acid treated treatment with hydrochloric acid at three different concentrations, 1M (three fold higher to those found in animal digestive tract), 6M and 12M was applied. Table 3 presents a summary of the results obtained following strategies above-mentioned. In general, the figures indicated better recovery rates for labeled internal standards in both cases in comparison with those obtained with Soxhlet extraction using a mixture of  toluene:cyclohexane and spiking before the extraction, being Soxhlet extraction using ethanol:toluene as extracting solvent or a hydrochloric acid treatment 6M or 12M the optimum values without any apparent differences between both concentrations, though this data was no statistically corroborated.

Extraction efficiency no only affects recovery rates but also concentration of native PCDDs/PCDFs which is significantly affected. As can be observed in Table 3, dioxin concentration in terms of TEQ units varied from 0.15 to 0.26 pg WHO-TEQ/g when Soxhlet extraction is applied. Moreover, comparable results were achieved when acid treatment with hydrochloric acid 1M was applied to the matrix. The same tend was found when the analytes were removed from the matrix with soxhlet apparatus and ethanol:toluene as extracting solvents.  On the contrary, the use of hydrochloric acid 6M or 12 M for dioxin removal resulted in an increase in the final result expressed in WHO-TEQ higher than to those found following Soxhlet extraction procedure. Moreover, no differences in the congener-distribution of 2,3,7,8-PCDDs/PCDFs was obtained with independence of  the extraction procedure used during the analysis. Figure 2 summarizes comparison values of concentrations of 2,3,7,8-PCDDs/PCDFs obtained during the experiment. 

Taking into account the findings, some minerals with remarkable adsorption properties can retain so-called ‘non extractable’ dioxins if traditional Soxhlet extraction or other mild procedures are applied when these contaminants are intended to be removed from the bulk with the aim to be determined. In contrast, a complete destruction of the matrix combined with simultaneous extraction might give rise to a quantitative extraction of PCDDs/PCDFs from the matrix and, thus, an exhaustive dioxin extraction can be early accomplished. Therefore, the final results of PCDDs/PCDFs expressed in TEQ may vary depending on the extraction procedure included in the analytical scheme. From a regulatory point of view, this fact invites the analytical protocol for dioxin analysis in mineral matrices with high adsorption properties to be harmonized. At that point, a new concept plays an important role in the study of dioxins in mineral matrices: the bioavailabilty of the pollutants adsorbed in materials. Since the acid conditions can never be done in the digestive tract of those animals fed with foodstuffs containing sepiolite, the transference of PCDDs/PCDFs from these mineral materials to the animals is strongly questioned. 
3.2. Bioaccumulation study of PCDD/F in liver tissue from chickens
Considering the findings described in the above-mentioned section and the fact that such acidity conditions are not present in the digestive tract of those animals fed with foodstuffs containing sepiolite, the hypothesis about the potential transference of PCDDs/PCDFs from these mineral materials to the animals via food is strongly questioned. In other words, the bioavailabilty of the toxicants adsorbed in materials could be limited. 

In order to evaluate the bioaccumulation of PCDDs/PCDFs in animals throughout feedstuff containing sepiolite, a study in chickens was undertaken with the aim to determine the transference of these toxicants from feed to the animals in a variety of scenarios. Thus, four dietary treatments coded as T-1, T-2, T-3 and T-4 were tested in parallel. T-1 was as a control, with animals fed with basal diet composed with usual raw materials salts and vitamins but no sepiolite; T-2 refers to animals fed with the same diet used in T-1 and adding  3% sepiolite w/w; in T-3, the basal diet spiked with dioxin  was used to fed the animals at levels approximately three fold the regulatory value using a fortified soybean oil; finally, in treatment T-4, birds  were fed with a diet containing kaolinitic mineral with high concentration of  PCDDs/PCDFs (data reported by Abad et al., 2002).  All feeds and other components employed during the study were analyzed for PCDDs/PCDFs before starting the experiments. Detailed information about the concentration of PCDDs/PCDFs determined in control feed (T-1), sepiolite (T-2, applying the acid treatment method), soybean oil (before and after addition of dioxin) (T-3) and mineral (T-4) are given in Table 4. The concentration of PCDDs/PCDFs in control feed was 0.048 pg WHO-TEQ/g feed. The concentration of PCDDs/PCDFs in sepiolite was 1.55 pg WHO-TEQ/g which giving rise in a theoretical increase in final concentration of PCDDs/PCDFs in feed up to 0.096 pg WHO-TEQ/g with respect concentration determined for control feed. These values are consistent to those reported in the literature for ingredients and mixed feeds, ranging between 0.39-13 and 0.15-0.22 pg WHO-TEQ/g (Guruge et al., 2005). Finally, the concentration of PCDDs/PCDFs in feed T4 was estimated using the concentration of the control feed with a 2% of the contaminated kaolinitic clay with a concentration of 9.21 pg WHO-TEQ/g. 
The study was mainly focused in liver tissue, since this organ might preferably accumulate organic contaminants such as dioxins and furans (Pirart et al., 2005a, Abad et al., 2005b). Therefore, an accumulation of PCDDs/PCDFs at levels higher than the limit of quantification could presumably be achieved.
The productive parameters of broilers obtained in the overall experimental period are exposed in Table 5. In general, none of the broilers showed problems, neither fed with feed spiked with dioxins nor with those fed with contaminated mineral. Moreover, from a statistical point of view no significant differences between treatments were found for any of the performance parameters evaluated. However, it should be noted that broilers fed  control diet T-1 and dietary treatment T-3 (spiked feed) showed the highest values of body weight and the best gain ratio, but it should be noticed that the lower final body weight of broilers fed treatments T-2 and T-4 could be due to the energy dilution produced when minerals were added. In the same way, liver weights presented the same tendency with statistical significant differences between treatments (at a probability of P=0.0529). Nevertheless, when liver weight data is expressed in term of percentage w/w (in grams) over final body weight, no statistically differences were found between all groups subject of study.

Table 6 gives the results of the analysis of PCDDs/PCDFs in the liver samples. The value found in livers of broilers fed control treatment T-1 was 1.66 pg WHO-TEQ/g lipid. Interesting finding was observed in livers from those broilers fed diet containing 3% sepiolite (T-2), showing WHO-TEQ value of 1.57 pg/g lipid, which is similar to the value found in livers broilers fed treatment control T-1. Considering these figures, the increase in the total content of PCDDs/PCDFs in the final feed due to addition of 3% sepiolite did not produce any increase in the concentration of dioxins into the liver (Figure 3). Therefore, no transference of dioxins from sepiolite to broiler livers was observed. Furthermore, all individual congeners determined in the liver lipid extract were equal or lower for animals fed sepiolite diet (T-2) than for birds fed control diet (T-1).
On the contrary, remarkable higher values of PCDDs/PCDFs (42.42 pg WHO-TEQ/g lipid) were early achieved in livers from broilers belonging to the treatment T-3 where broilers consumed feed in which dioxins were added. The same tendency was observed for broilers fed treatment T-4 in which contaminated mineral was included in feed. In this case, values of 20.05 pg WHO-TEQ/g lipid were determined.
In conclusion, the results of the present study indicate that acidity conditions usually found in digestive tract allow dioxins to be released and metabolized by animals when they are available, i.e. when feed is contaminated with spiked oil or a contaminated mineral. On the contrary, when animals are fed a diet containing 3% of sepiolite with PCDDs/PCDFs at concentrations higher than those recommended by the EU, the levels found in the liver were similar to those obtained with the control feed. 

In addition, conventional analysis of isomer and congener distribution, commonly called chemical finger-print analysis, is widely employed as an important tool to find relationships between the presence of contaminants to a specific source. In this sense, it is reported that mineral matrices show a congener profile of the 2,3,7,8-chlorinated HxCDD characterized by the highest content of 1,2,3,7,8,9-HxCDD which could be used as interesting fingerprint for those materials with a mineral origin (Eljarrat et al., 2000). In this study, a comparison of the congener profile of the 2,3,7,8-chlorosubstituted PCDDs/PCDFs determined in both foodstuffs and livers was performed. Figures 4a and 4b show the distribution expressed in both concentration (pg/g) and TEQ units. In general, large similarities was observed between foodstuffs and corresponding liver samples. For treatment T-1 and T-2 reveals no clear influence of the presence of sepiolite in feed.
As expected, the analysis performed on feed and livers corresponding to treatment T-3 shows evidences of the influence of the use of a dioxin spiked solution. Thus, the feed and the liver present large similarities equivalents to those found in a commercial solution such as PAR solution.  

Interesting findings were achieved for treatment T-4, where a similar profile characterized by remarkable presence of PCDDs in comparison with PCDFs was early observed. This fact shows the influence of the presence of typical ‘contaminated’ kaolinitic clay which is documented to present particular distribution of PCDDs/PCDFs essentially composed by PCDDs. In addition, the relationship found in mineral samples between the three 2,3,7,8-HxCDD isomers (1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD and 1,2,3,7,8,9-HxCDD) was about 1:2:7, respectively, which correlates with the relation observed in a German kaolin sample (Rappe and Anderson, 2000).  
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 Table 1. Composition of basal diet.

	Ingredients
	(%)

	Maize
	59.61

	Soybean meal, 47%
	31.82

	Soybean oil
	5.00

	Dicalcium phosphate
	1.61

	Calcium carbonate
	0.91

	Salt
	0.35

	L-Lisine HCl
	0.15

	DL-Methionine
	0.15

	Vitamin-mineral premixl
	0.40


Table 2. Estimated nutritive value. 

	AME, Kcal/Kg
	3100

	Crude protein, %
	20.5

	Ether extract, %
	7.6

	Crude fibre, %
	1.9

	Lys, %
	1.15

	Met, %
	0.45

	Met+Cys, %
	0.84

	Treo, %
	0.74

	Trip, %
	0.22

	Ca, %
	0.85

	P, %
	0.63

	P disp, %
	0.40

	Na, %
	0.15


One Kg of feed contains: Vitamin A: 12000 UI; Vitamin D3: 2400 UI; Vitamin E: 30 mg; Vitamin K3: 3 mg; Vitamin B1: 2.2 mg; Vitamin B2: 8 mg; Vitamin B6: 5 mg; Vitamin B12: 11 µg; Folic acid: 1.5 mg; Biotin: 150 µg; Calcium pantotenate: 25 mg; nicotinic acid: 65 mg; Mn: 60 mg; Zn: 40 mg; I: 0.33 mg; Fe: 80 mg; Cu: 8 mg; Se: 0.15 mg; Etoxiquín: 150 mg.

Table 3. PCDD/PCDF concentrations in sepiolite analyzed by the extraction methodologies studied.

	
	M-1
	M-2
	M-3
	
	

	Concentration (pg/g)
	M-1a
	M-1b
	
	M-3a
	M-3b
	M-3c

	PCDDs/PCDFs
	Conc 
	Recov. %
	Conc 
	Recov. %
	Conc 
	Recov. %
	Conc 
	Recov. %
	Conc 
	Recov. %
	Conc 
	Recov. %

	2,3,7,8-TCDD
	0.0033
	111
	0.03
	34
	0.0080
	84
	0.014
	40
	0.056
	99
	0.041
	92

	1,2,3,7,8-PeCDD
	0.081
	114
	0.018
	18
	0.10
	72
	0.12
	22
	0.43
	92
	0.31
	86

	1,2,3,4,7,8-HxCDD
	0.020
	136
	0.010
	6
	0.0094
	76
	0.12
	12
	0.15
	56
	0.038
	62

	1,2,3,6,7,8-HxCDD
	0.082
	104
	0.013
	8
	0.23
	73
	0.21
	13
	0.56
	51
	0.36
	63

	1,2,3,7,8,9-HxCDD
	0.35
	n.p.
	0.49
	n.p.
	0.87
	n.p.
	0.35
	n.p.
	1.69
	n.p.
	1.11
	n.p.

	1,2,3,4,6,7,8-HpCDD
	0.056
	129
	0.043
	1
	0.16
	79
	0.38
	7
	0.52
	16
	0.60
	30

	OCDD
	0.095
	139
	0.042
	0
	0.63
	70
	1.45
	3
	2.31
	26
	2.56
	16

	2,3,7,8-TCDF
	0.038
	102
	0.08
	47
	0.010
	85
	0.022
	52
	0.058
	110
	0.054
	92

	1,2,3,7,8-PeCDF
	0.017
	107
	0.040
	30
	0.020
	79
	0.058
	26
	0.24
	95
	0.12
	87

	2,3,4,7,8-PeCDF
	0.018
	111
	0.030
	28
	0.011
	71
	0.024
	29
	0.083
	99
	0.036
	88

	1,2,3,4,7,8-HxCDF
	0.050
	124
	0.050
	13
	0.010
	84
	0.053
	12
	0.12
	54
	0.059
	62

	1,2,3,6,7,8-HxCDF
	0.025
	98
	0.050
	12
	0.033
	85
	0.074
	14
	0.23
	48
	0.16
	61

	2,3,4,6,7,8-HxCDF
	0.052
	105
	0.060
	11
	0.010
	79
	0.046
	15
	0.097
	58
	0.031
	71

	1,2,3,7,8,9-HxCDF
	0.044
	126
	0.090
	22
	0.082
	88
	0.12
	16
	0.44
	74
	0.22
	68

	1,2,3,4,6,7,8-HpCDF
	0.005
	117
	0.029
	2
	0.065
	71
	0.037
	6
	0.33
	30
	0.22
	27

	1,2,3,4,7,8,9-HpCDF
	0.008
	143
	0.013
	5
	0.0081
	78
	0.17
	7
	0.24
	46
	0.11
	38

	OCDF
	0.0007
	n.p.
	0.07
	n.p.
	0.030
	n.p.
	0.32
	n.p.
	0.93
	n.p.
	0.54
	n.p.

	Total WHO-TEQ
	0,15
	
	0.26
	
	0.24
	
	0,27
	
	0,69
	
	0,63
	


Table 4. Concentration of the PCDDs/PCDFs congeners present in control and spiked feed, Sepiolite used for the T2 treatment and kaolinitic clay used for the T4 treatment.
	
	Control feed
	Contaminated feed
	Sepiolite
	Kaolinitic
clay 

	PCDDs/PCDFs
	 (pg/g)
	(pg/g)
	(pg/g)
	(pg/g)

	
	
	
	
	

	2,3,7,8-TCDD
	0,014
	0,23
	0,09
	140,61

	1,2,3,7,8-PeCDD
	< LOD
	1,15
	0,72
	175,62

	1,2,3,4,7,8-HxCDD
	< LOD
	1,12
	< LOD
	150,32

	1,2,3,6,7,8-HxCDD
	0,026
	1,21
	1,12
	225,21

	1,2,3,7,8,9-HxCDD
	< LOD
	1,12
	3,82
	810,11

	1,2,3,4,6,7,8-HpCDD
	0,22
	1,31
	0,57
	2401,10

	OCDD
	3,13
	5,91
	1,81
	17140,33

	2,3,7,8-TCDF
	< LOD
	0,24
	0,44
	0,05

	1,2,3,7,8-PeCDF
	< LOD
	1,12
	0,28
	0,05

	2,3,4,7,8-PeCDF
	< LOD
	1,12
	0,09
	0,03

	1,2,3,4,7,8-HxCDF
	0,012
	1,17
	0,13
	0,02

	1,2,3,6,7,8-HxCDF
	0,012
	1,14
	0,26
	0,05

	2,3,4,6,7,8-HxCDF
	< LOD
	1,22
	0,07
	0,04

	1,2,3,7,8,9-HxCDF
	< LOD
	1,11
	0,78
	0,13

	1,2,3,4,6,7,8-HpCDF
	0,055
	1,36
	0,30
	0,28

	1,2,3,4,7,8,9-HpCDF
	< LOD
	1,17
	0,42
	0,21

	OCDF
	< LOD
	2,07
	0,87
	21,15

	
	
	
	
	

	Total WHO-TEQ PCDD/F
	0.048
	2.86
	1.55
	460.57


<Limit of Detection
Table 5. Productive parameters of broilers (8-39 d) and liver weights of broilers, collected to be analyzed for PCDDs/PCDFs and dl-PCBs levels. Values are evaluated using body weight at 7 days as a covariable.

	Treatment
	Diet
	Level
	Final body weight
	ADG (g/d)
	ADC (g/d)
	FE (g/g)
	Liver weight (g)
	Liver (%/body   weight)

	T-1 (n=6)
	Control
	No
	1885
	55.3
	85.5
	1.549
	50.5a
	2.68

	T-2 (n=6)
	Sepiolite
	3%
	1786
	52.3
	83.0
	1.587
	42.2b
	2.36

	T-3 (n=6)
	Dioxins 
	2-3 pg /g*
	1904
	55.7
	87.6
	1.572
	50.6a
	2.65

	T-4 (n=6)
	Kaolinitic clay
	2%
	1784
	52.5
	81.9
	1.561
	43.6
	2.45

	
	
	St. Err.
	49.9
	1.59
	2.52
	0.016
	2.45
	0.12


ADG: average daily gain; ADC: average daily consumption; FE: feed efficiency

* Concentration expressed as pg WHO-TEQ/ g.
Table 6. PCDDs/PCDFs concentrations expressed in pg/g lipid in the liver tissue analysed in the different treatments studied.

	
	Control liver
	Sepiolite liver
	Contaminated liver
	Kaolinitic clay liver

	PCDDs/PCDFs
	 (pg/g)
	(pg/g)
	(pg/g)
	(pg/g)

	
	
	
	
	

	2,3,7,8-TCDD
	< LOD
	0,19
	4,78
	6,11

	1,2,3,7,8-PeCDD
	0,49
	0,64
	16,44
	7,95

	1,2,3,4,7,8-HxCDD
	0,47
	0,43
	17,62
	6,42

	1,2,3,6,7,8-HxCDD
	0,78
	0,60
	16,90
	8,96

	1,2,3,7,8,9-HxCDD
	0,65
	0,92
	17,50
	24,51

	1,2,3,4,6,7,8-HpCDD
	4,69
	3,05
	16,85
	107,55

	OCDD
	38,51
	11,83
	29,72
	350,04

	2,3,7,8-TCDF
	0,52
	0,30
	3,98
	0,61

	1,2,3,7,8-PeCDF
	0,50
	0,38
	16,85
	0,43

	2,3,4,7,8-PeCDF
	0,66
	0,40
	14,33
	0,73

	1,2,3,4,7,8-HxCDF
	1,13
	0,96
	20,94
	1,80

	1,2,3,6,7,8-HxCDF
	0,70
	0,46
	18,68
	0,90

	2,3,4,6,7,8-HxCDF
	0,72
	0,45
	19,31
	0,75

	1,2,3,7,8,9-HxCDF
	< LOD
	< LOD
	16,00
	< LOD

	1,2,3,4,6,7,8-HpCDF
	1,44
	0,98
	8,95
	2,52

	1,2,3,4,7,8,9-HpCDF
	0,84
	< LOD
	11,87
	< LOD

	OCDF
	3,45
	1,28
	4,79
	2,65

	
	
	
	
	

	Total WHO-TEQ PCDD/F
	1.66
	1.57
	42.42
	20.05


<Limit of Detection
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Figure 1. Difractograms overlapped of the un-treated sepiolite and treated with hydrochloric acid at 0.3N as well as at 12N overnight and diffractogram of the non-treated kaolinitic clay.
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Figure 2. PCDDs/PCDFs (pg WHO-TEQ / g) in sepiolite analyzed by the extraction methodologies studied.
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Figure 3. Dioxin content of diets and their corresponding livers. 
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Figure 4a. Isomer-specific profiles expressed in concentration (pg/g). F1, 2,3,7,8-TCDF; F2, 1,2,3,7,8-PeCDF; F3, 2,3,4,7,8-PeCDF; F4, 1,2,3,4,7,8-HxCDF; F5, 1,2,3,5,7,8-HxCDF; F7, 1,2,3,7,8,9-HxCDF; F8, 1,2,3,4,6,7,8-HpCDF; F9, 1,2,3,4,7,8,9-HpCDF; F10, OCDF; D1, 2.3.7,8-TCDD; D2, 1,2,3,7,8-PCDD; D3, 1,2,3,4,7,8-HxCDD; D4, 1,2,3,6,7,8-HxCDD; D5, 1,2,3,7,8,9-HxCDD; D6, 1,2,3,4,7,8,9-HpCDD; D7, OCDD.
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Kaolinitic clay  

01 - 0527 (D)  -  Kaolinite  -  Al2Si2O5(OH)4  

01 - 0649 (D)  -  Quartz  -  SiO 2  
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SEPIOLITE (T2)




SEPIOLITE LIVER (T2)
CONTAMINED FEED (T3)



CONTAMINED LIVER (T3)

KAOLINITIC CLAY (T4)



LIVER WITH 2% KAOLINITIC CLAY (T4)
Figure 4b. Isomer-specific profiles expressed in TEQ units. F1, 2,3,7,8-TCDF; F2, 1,2,3,7,8-PeCDF; F3, 2,3,4,7,8-PeCDF; F4, 1,2,3,4,7,8-HxCDF; F5, 1,2,3,5,7,8-HxCDF; F7, 1,2,3,7,8,9-HxCDF; F8, 1,2,3,4,6,7,8-HpCDF; F9, 1,2,3,4,7,8,9-HpCDF; F10, OCDF; D1, 2.3.7,8-TCDD; D2, 1,2,3,7,8-PCDD; D3, 1,2,3,4,7,8-HxCDD; D4, 1,2,3,6,7,8-HxCDD; D5, 1,2,3,7,8,9-HxCDD; D6, 1,2,3,4,7,8,9-HpCDD; D7, OCDD.
Figure captions

Table 1. Composition of basal diet. 

Table 2. Estimated nutritive value. 

Table 3. PCDD/PCDF concentrations in sepiolite analyzed by the extraction methodologies studied.

Table 4. Concentration of the PCDDs/PCDFs congeners present in control and spiked feed, Sepiolite used for the T2 treatment and kaolinitic clay used for the T4 treatment.
 Table 5. Productive parameters of broilers (8-39 d) and liver weights of broilers, collected to be analyzed for PCDDs/PCDFs and dl-PCBs levels. Values are evaluated using body weight at 7 days as a covariable.

Table 6. PCDDs/PCDFs concentrations expressed in pg/g lipid in the liver tissue analysed in the different treatments studied. 

Figure 1. Difractograms of the un-treated sepiolite and treated with hydrochloric acid at 0.3N as well as at 12N overnight.
Figure 2. pg WHO-TEQ / g of PCDDs/PCDFs in sepiolite analyzed with the Soxhlet and the acid treatment at three concentrations: 1M, 6M and 12 M.
Figure 3. Dioxin content of diets and their corresponding livers

Figure 4a. Isomer-specific profiles expressed in concentration (pg/g). F1, 2,3,7,8-TCDF; F2, 1,2,3,7,8-PeCDF; F3, 2,3,4,7,8-PeCDF; F4, 1,2,3,4,7,8-HxCDF; F5, 1,2,3,5,7,8-HxCDF; F7, 1,2,3,7,8,9-HxCDF; F8, 1,2,3,4,6,7,8-HpCDF; F9, 1,2,3,4,7,8,9-HpCDF; F10, OCDF; D1, 2.3.7,8-TCDD; D2, 1,2,3,7,8-PCDD; D3, 1,2,3,4,7,8-HxCDD; D4, 1,2,3,6,7,8-HxCDD; D5, 1,2,3,7,8,9-HxCDD; D6, 1,2,3,4,7,8,9-HpCDD; D7, OCDD.
Figure 4b. Isomer-specific profiles expressed in TEQ units. F1, 2,3,7,8-TCDF; F2, 1,2,3,7,8-PeCDF; F3, 2,3,4,7,8-PeCDF; F4, 1,2,3,4,7,8-HxCDF; F5, 1,2,3,5,7,8-HxCDF; F7, 1,2,3,7,8,9-HxCDF; F8, 1,2,3,4,6,7,8-HpCDF; F9, 1,2,3,4,7,8,9-HpCDF; F10, OCDF; D1, 2.3.7,8-TCDD; D2, 1,2,3,7,8-PCDD; D3, 1,2,3,4,7,8-HxCDD; D4, 1,2,3,6,7,8-HxCDD; D5, 1,2,3,7,8,9-HxCDD; D6, 1,2,3,4,7,8,9-HpCDD; D7, OCDD.
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