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Abstract Polychlorinated dibenzo-p-dioxins (PCDD) and
polychlorinated dibenzofurans (PCDF) are widely recog-
nized by the scientific community as persistent organic
pollutants due to their toxicity and adverse effects on wild-
life and human health. The actual regulation dedicated to
the monitoring of dioxins in food is based on the mea-
surement of 17 congener concentrations. The final result is
reported as a toxic equivalent value that takes into account
the relative toxicity of each congener. This procedure can
minimize the qualitative information available from the
abundances of each PCDD/PCDF congener: the character-
istic contamination profile of the sample. Multivariate
statistical techniques, such as principal component analysis
(PCA) or linear discriminant analysis (LDA), represent an
interesting way to investigate this qualitative information.
Nevertheless, they have only been applied to the analysis
of contamination data from food products and biological
matrices infrequently. The objective of the present study
was to analyze a large data set from dioxin analyses per-

formed on various food products of animal origin. The
results demonstrate the existence of differences in conge-
ner-specific patterns between the analyzed samples. Vari-
ability was first demonstrated in terms of the food type
(fish, meat, milk, fatty products). Then a variability was
observed that was related to the specific animal species for
meat and milk samples (bovine, ovine, porcine, caprine and
poultry). Some practical applications of these results are
discussed. The origin(s) of the observed differences, as well
as their significance, now remain to be investigated, both in
terms of environmental factors and transfer through living
organisms. A better knowledge of the relation between a
contamination profile and its specific source and/or food
product should be of great interest to scientists working in
the fields of contaminant analysis, toxicology and metab-
olism, as well as to regulatory bodies and risk assessors in
charge of final decisions regarding the eventual hazards
associated with theses substances.

Keywords Dioxins . PCDD . PCDF . Contamination
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Introduction

Polychlorinated dibenzo-p-dioxins (PCDD) and poly-
chlorinated dibenzofurans (PCDF) are persistent organic
pollutants (POPs) widely recognized by the scientific com-
munity as being toxic and a risk to the health of wildlife and
humans. Thus, risk assessment programs have been orga-
nized all around the world to evaluate the presence of these
contaminants in various environmental compartments and
food products. In the field of food safety, specific inter-
national regulations have been put in place to establish
some rules and requirements for these monitoring plans.
One example of this is the definition of a toxic equivalent
value (TEQ) that can characterize the total dioxin content
of a sample. This approach is justified by the need for a
compliant/noncompliant decision for samples presenting
a concentration below or above this limit. However, this
quantitative procedure may minimize the qualitative in-
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formation given by the abundance of each PCDD/PCDF
congener: the specific characteristic contamination profile
of the sample.

The main difficulty linked to the interpretation of this
profile comes from the relative complexities of datasets
arising from a large number of samples. Indeed, the exis-
tence of similarities or differences between samples is not
easy to identify from these raw datatables. One possible
way to deal with this issue is provided by multivariate
statistical analysis, such as principal component analysis
(PCA) or linear discriminant analysis (LDA). These tech-
niques have been already used to investigate the main
factors that influence variations in dioxin congener profiles
in postcombustion chambers of waste incinerators. Non-
optimal conditions (for example reduced temperatures) were
found to result in increased contents of lower chlorinated
(mono- to tri-CDD) dibenzo-p-dioxins [1], while the chlo-
rine content in the waste was shown to be a major influence
on the relative amounts of PCDDs and PCDFs [2]. The
variability of the congener profile in relation to the envi-
ronmental compartment (air, soil, sediment) that the sample
originates from was also widely investigated using PCA
and/or cluster analysis [3–8], with results demonstrating
specific behaviors for the different congeners when trans-
ferred between these environmental media. This variability
led to a congener-specific bioaccumulation of PCDD/PCDF
in the environment [9, 10], which was suggested to provide
a signature that could be used to identify the source of
contamination [6, 11–15].

Compared to these numerous applications in the envi-
ronmental sciences, the utilization of multivariate analysis
to assess the variations in the PCDD/PCDF contamination
profile in the field of food safety has been rather limited,
even if some data regarding the discrimination of egg sam-
ples from various locations [16], or the existence of dif-
ferent profiles for various dairy products [17] have been
published. However, important modifications of these pro-
files can occur during the transfer of the different congeners
from the environment to living organisms and their prod-
ucts. Some hypotheses proposed to explain these modifi-
cations of the dioxin profile from the source to the final
biological matrix by invoking the existence of specific phys-
icochemical properties (volatility, solubility,…), of the
different congeners [18], and/or different reactions (photo-
sensitivity, association with various environmental chemi-
cals,…). Last, but not least, one main source of variability
is provided by the metabolic biotransformations and bioac-
cumulation that occurs in living animals. In this context,
the objective of the present study was to use multivariate
statistical techniques and especially LDA in order to ana-
lyze a large dataset from dioxin analyses performed on
various food products of animal origin collected in France.
The aim was to demonstrate some differences between
these samples in term of their dioxin contamination pro-
files, the nature of which depended on the sample type
and/or origin. The final challenge of this study was to
investigate the causes and possible consequences of such
eventual differences, and to discuss some possible practical
applications of these findings.

Experimental

Samples

The present study is based on 501 food sample analyses,
including 176 fish, 112 milk, 54 muscle, 30 liver, 46 oil, 35
egg, 32 cheese, 14 fat and 2 butter samples. These samples
covered different animal species as well as different col-
lection locations. They were collected during a two year
period within the remit of an official French monitoring
survey.

Reagents and chemicals

Organic solvents such as pentane, hexane, cyclohexane,
isooctane, toluene, acetone, dichloromethane, diethylether,
ethanol and methanol were of picrograde quality and were
provided by Promochem (Molsheim, France). Acetic and
sulfuric acids were purchased from SDS (Peypin, France).
Sodium sulfate and potassium oxalate were from Merck
(Darmstad, Germany). Silica gel was from Fluka (Buchs,
Switzerland). Native 12C- and 13C-labeled PCDD/PCDF
congeners were provided by Promochem. Standard solu-
tions were prepared in toluene and stored in the dark at
<6 °C.

Sample preparation

For solid matrices, 10–20 g aliquots of fresh samples (cor-
responding to 0.5–1.5 g of the fat equivalent) were lyophi-
lized, powdered, and transferred into accelerated solvent
extraction (ASE) cells. The pressure and temperature were
set to 100 bar and 120 °C respectively. Four successive
extraction cycles (5 min each) were performed using a
mixture of toluene/acetone 70:30 (v/v) as the extraction
solvent. The extract was evaporated to dryness, permitting
gravimetric determination of the fat content. For liquid
samples, 2–10 mL aliquots (corresponding to 0.5–1.5 g of
fat equivalent) were mixed with 4 mL of a dipotassium
oxalate solution (35%), followed by 200 mL ethanol,
100 mL ether and 140 mL pentane. The upper organic layer
was treated with a sodium sulfate solution (3%) and evap-
orated to dryness. For all samples, extracts were dissolved
in hexane and a classical three-step purification process
was then performed, using activated silica, florisil and
celite/carbon stationary phases in that order. 13C-labeled
internal standards were introduced into all samples before
extraction.

GC-HRMS analysis

GC-HRMS detection was performed on a Hewlett-Packard
6890 gas chromatograph (Palo Alto, CA, USA), equipped
with a DB-5MS column (30 m×0.25 mm i.d., 0.25 μm film
thickness), and coupled to a Jeol (Peabody, MA, USA)
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JMS-700D high-resolution mass spectrometer. The GC
program was as follows: 120 °C (3 min), 20 °C/min until
170 °C (0 min), and then 3 °C/min until 275 °C (7 min).
The injector and the transfer line temperature were both set
to 280 °C. Acquisition was performed in the SIM mode
with a resolution better than 10,000 (10% valley). The
electron impact ionization energy was 38–40 eV and the
ion source temperature was set to 280 °C. The 17 mon-
itored PCDD/PCDF congeners were identified on the basis
of their molecular ions [M]+. and the corresponding 37Cl
isotopic contributions. Quantification was performed using
13C-labeled analogs as internal standards.

Statistical analysis

Each PCDD/PCDF congener was considered to be a
statistical variable and each analyzed sample to be an
observation. The value assigned to each variable was the
concentration measured for the corresponding congener,
reported in relation to the sum of the 17 congener concen-
trations. For each observation, additional informative vari-
ables were introduced, including the amount of extracted
fat, the calculated WHO-TEQ, the nature/species of the
sample, as well as its location of collection. The resulting
datatable contained 501 samples (rows) and 22 variables

Fig. 1 Representation of the 17
congener variables and gravity
centers (average points) of the
nine food product classes on the
axes extracted by means of PCA
(C1: 2,3,7,8-TCDD; C2:
1,2,3,7,8-PeCDD; C3:
1,2,3,4,7,8-HxCDD; C4:
1,2,3,6,7,8-HxCDD; C5:
1,2,3,7,8,9-HxCDD; C6:
1,2,3,4,6,7,8-HpCDD; C7:
OCDD; C8: 2,3,7,8-TCDF;
C9: 1,2,3,7,8-PeCDF; C10:
2,3,4,7,8-PeCDF; C11:
1,2,3,4,7,8-HxCDF; C12:
1,2,3,6,7,8-HxCDF; C13:
1,2,3,7,8,9-HxCDF; C14:
2,3,4,6,7,8-HxCDF; C15:
1,2,3,4,6,7,8-HpCDF;
C16: 1,2,3,4,7,8,9-HpCDF;
C17: OCDF)
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observed for each sample (columns). Multivariate statis-
tical analyses were performed on this dataset to reveal and
study the variability across the different samples in terms
of their global contamination profiles. These statistical
techniques were realized using Statistica software (v.5.5,
Statsoft, Inc., Tulsa, OK, USA), and they included prin-
cipal component analysis (PCA), hierarchical clustering,
and step-by-step incremental linear discriminant analysis
(LDA).

Results and discussion

Overview of the data set

Principal component analysis (PCA) was first performed
on the entire dataset constituted by the 17 congener con-
centrations measured in the 501 investigated food samples.
The three principal axes extracted by the PCA explained
69.47% of the total variance. The projections of the 17
variables onto these axes are shown in Fig. 1. The gravity
centers (average products) of the nine food product classes
(fish, milk, muscle, liver, fat, egg, cheese, oil, butter) were
also plotted. These results show the existence of a group
of highly correlated variables, corresponding to all hexa-
PCDD/F congeners except 1,2,3,7,8,9-HxCDF, which was
present particularly strongly in milk, butter and fat samples.
A second observation was a correlation between 2,3,7,8-
TCDF and 1,2,3,7,8-PeCDF; these two lower chlorinated
PCDFs were present at particularly high levels in fish

samples. Finally, the PCA revealed significantly different
PCDD/F profiles between fish, dairy products (milk, butter,
cheese) and meat (muscle, liver) samples. In term of re-
lationships between the congeners, some correlation was
clearly apparent but the majority of the observed projec-
tions were not found to be unambiguously interpretable.

In a subsequent stage, a hierarchical clustering analysis
of the variables was performed on the same dataset in order
to highlight the relationships between the 17 congeners in
terms of correlations. For this purpose, a classical ag-
gregation procedure based on the Ward method and the
1-Pearson metric was used. The resulting hierarchical tree
is shown in Fig. 2. This analysis first confirmed the cor-
relations already observed with the PCA, but also revealed
additional links between the congeners. A first synthetic
cut-off for an aggregation distance of around 1.5 led to three
variable clusters corresponding to 2,3,7,8-TCDF 1,2,3,7,8-
PeCDF, Cl7 and Cl8 PCDD/F, 1,2,3,7,8,9-HxCDF, and Cl4
to Cl6 PCDD/F. More precisely, some strong correlations
appeared between some PCDD/F analogs (1,2,3,4,6,7,8-
HpCDD/F) or homologs (1,2,3,4,7,8-HxCDF/1,2,3,6,7,8-
HxCDF; 1,2,3,6,7,8-HxCDD/1,2,3,7,8,9-HxCDD).

Summing up, it can be stated that investigating the
dataset by means of nonsupervised (descriptive) analyses
such as PCA and hierarchical clustering permitted us to
confirm the existence of a significant amount of variability
between the PCDD/F profiles of various food products, and
revealed some questionable linear relationships between
the 17 congeners. The main purpose of the present study was
to focus on the first aspect: possible objective discrimina-
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Fig. 2 Result of the hierarchical clustering performed on the 17 congener variables
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Fig. 3 Representation of
various food samples on the two
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based on the matrix nature as
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tion between different samples on the basis of their con-
tamination profile. It was then decided to perform linear
discriminant analysis (LDA) using the sample nature or
animal species as discriminating factor. For the second
aspect (the relationships between the 17 congeners), some
additional work would be now necessary to explain the

reported findings. The nature of the contamination source
and the original emission profile, the influence of the
chlorination level of the emitted PCDD/F on its transfer
from the environment to living organisms, the possibility of
degradation from one congener to another by dechlorina-
tion reactions, and congener-specific bioaccumulation fac-

Table 1 Details for the LDA based on the matrix nature as discriminating factor

Congeners Raw coefficients Axis/Variable correlations

Racin1 Racin2 Racin1 Racin2

A. LDA results for fish, milk, meat and egg samples
1,2,3,6,7,8-HxCDF –0.3499 0.2742 –0.5706 0.2115
2,3,7,8-TCDF –0.0033 0.0100 0.4899 0.6070
1,2,3,7,8,9-HxCDD –0.5349 0.3846 –0.4928 0.2630
1,2,3,7,8-PeCDF 0.2569 –0.1212 0.3822 0.3369
1,2,3,4,6,7,8-HpCDD –0.0239 –0.0925 –0.0425 –0.5237
1,2,3,4,6,7,8-HpCDF 0.1370 0.0616 –0.1647 –0.2997
1,2,3,4,7,8-HxCDD 0.1400 –0.2982 –0.4376 0.0746
OCDD –0.0299 –0.0418 0.1249 –0.6359
1,2,3,4,7,8-HxCDF –0.1787 –0.4368 –0.5728 0.0948
OCDF –0.2361 0.0845 0.0082 –0.2521
2,3,7,8-TCDD –0.3019 –0.0072 –0.0395 0.4615
2,3,4,7,8-PeCDF –0.0570 0.0270 –0.1498 0.5899
1,2,3,6,7,8-HxCDD –0.0989 0.0892 –0.3683 0.1691
2,3,4,6,7,8-HxCDF 0.0900 –0.0488 –0.5184 0.2454
1,2,3,7,8-PeCDD 0.0496 0.0286 –0.2652 0.4190
1,2,3,7,8,9-HxCDF –0.2628 –0.1443 –0.0046 –0.1051
Constant 3.9877 1.7337 – –
B. LDA results for meat, fat and liver samples
1,2,3,6,7,8-HxCDD –0.3362 –0.0828 –0.5587 0.3572
1,2,3,4,6,7,8-HxCDF –0.5001 –0.1583 –0.3330 –0.4559
2,3,7,8-TCDF –0.2191 0.0049 –0.2371 0.0940
1,2,3,7,8,9-HxCDF –1.2047 0.2103 –0.1756 –0.1680
1,2,3,7,8,9-HxCDD 0.1364 2.0258 –0.5193 0.4107
1,2,3,4,7,8-HxCDD 0.2857 –0.2055 –0.3339 0.1056
1,2,3,6,7,8-HxCDF –0.3436 –0.8841 –0.3886 0.0645
2,3,7,8-TCDD –0.7036 0.1762 0.5630 0.3266
1,2,3,4,7,8-HxCDF 0.1033 0.5414 0.3150 0.0912
OCDD –0.0289 0.0475 0.5208 –0.1126
1,2,3,4,7,8,9-HpCDF 0.5019 –0.9395 –0.0928 –0.2871
2,3,4,6,7,8-HxCDF –0.0052 0.2934 –0.4318 0.2076
OCDF –0.1091 –0.1758 0.0432 –0.3969
Constant 5.9487 –3.7045 – –
C. LDA results for fat, fish oil, butter and vegetable oil samples
2,3,4,7,8-PeCDF –0.0927 –0.4769 –0.3574 –0.4395
2,3,7,8-TCDF 0.0862 0.0049 0.0037 –0.4126
1,2,3,7,8,9-HxCDF 0.8692 1.5450 0.0628 0.1210
1,2,3,4,7,8-HxCDD –0.5849 1.0330 –0.1500 0.0997
2,3,7,8-TCDD 1.9934 –3.0725 –0.0463 –0.0850
1,2,3,6,7,8-HxCDF –1.3232 0.9551 –0.2487 0.0159
1,2,3,6,7,8-HxCDD –0.7290 0.1837 –0.3085 –0.0499
1,2,3,7,8-PeCDF –0.3586 –0.3312 –0.0185 –0.1695
1,2,3,7,8-PeCDD –0.2086 –0.5459 –0.2489 –0.1482
1,2,3,7,8,9-HxCDD –0.3846 –0.7335 –0.1086 0.0471
1,2,3,4,7,8,9-HpCDF 0.6015 0.3575 0.0634 0.1210
Constant 5.3402 0.6205 – –
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tors in different tissues are example of studies that may help
interpret these observations.

Variation in the contamination profile across
different food matrices

Figure 3 shows the projections of various food samples
onto the two first axes extracted by the LDA using the
matrix nature as discriminating factor. The first obvious
discrimination was between milk and fish samples, with
meat and egg samples being located in a third area. The
details of this LDA analysis are displayed in Table 1. These
results revealed that the main congeners correlated with the
first axis, involved in the differentiation of milk and fish
samples, are globally the Cl6 compounds (except 1,2,3,7,8,9-
HxCDF) and 2.3.7.8-TCDF, in accordance with the results
of the PCA. The Cl6 congeners appeared to be more abun-
dant in milk, while 2,3,7,8-TCDF was found to be present
at higher levels in fish. The main congeners correlated with
the second axis, responsible for a slight separation between

meat/egg samples and the others, are more specifically
1,2,3,4,6,7,8-HpCDD and OCDD (lower in meat/egg than
in milk/fish), as well as Cl4 compounds (2,3,7,8-TCDF/D)
and 2,3,4,7,8-PeCDF (higher in meat/egg than in milk/
fish). A clear difference also appeared between meat, fat
and liver samples, mainly based on the congeners OCDD
and 2,3,7,8-TCDD. Three Cl5 compounds (1,2,3,6,7,8-
HxCDD, 1,2,3,7,8,9-HxCDD, 2,3,4,6,7,8-HxCDF) also showed
this discrimination. Globally, the heavier congeners (OCDD)
seems to be more abundant in liver than in fat, while
2,3,7,8-TCDD was found to be less abundant in liver. This
observation may be linked to the existence of different
accumulation factors for PCDD/F; not only strong lipo-
philic properties leading to high contents in fat, but also for
instance specific protein binding, which explains their high
content in other organs and tissues such liver. Finally, a
strong discrimination was observed between the different
fatty products. Indeed, fat and butter samples are clearly
distinguished from oil samples on the basis of the congeners
2,3,4,7,8-PeCDF and 1,2,3,6,7,8-HxCDD (less abundant in
oil). Moreover, fish oil samples are separated from all of the
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others by their lower contents of 2,3,4,7,8-PeCDF and
2,3,7,8-TCDF.

These results confirmed the existence of specific profiles
in different food products, which differed independent of
their total dioxin content. Some of these differences may
have been noticed directly from several isolated sample
profiles, without any statistical analysis. Nevertheless, the
LDA enables us to validate these observations for a large
number of samples, and to provide a diagnostic model that
is based on more than the more obvious sources of var-
iability, including all of the congeners, permitting us to
improve the discrimination. This observation has to be
validated on a larger scale before it can be applied to any
practical applications. For instance, finely characterizing
typical contamination profiles for a variety of food pro-
ducts available for consumers could be useful from a
toxicological point of view, providing valuable information
for risk assessors. From an analytical point of view, exam-
ining the overall contamination profile of a sample would
allow us to discard a hypothesis of external cross-contami-
nation between samples as an additional quality criterion.
Another application could be as a supporting technique for
the interpretation of interlaboratory studies and proficiency

tests: the final WHO-TEQ value could be moderated on the
basis of the obtained profiles. Indeed, although the present
regulation is only based on the WHO-TEQ value, being
able to efficiently monitor all of the congeners remains
important, because the final result may be highly dependent
on only one or two of the congeners. In other words, a good
analytical method for dioxin analysis is expected to have a
good repeatability not only in terms of the TEQ value, but
also for each separated congener.

Variability in the contamination profile according
to different animal species

Figure 4 shows the projections of various food samples
onto the two principal axes extracted by the LDA based on
the animal species as discriminating factor. For compliant
meat samples, characterized by a WHO-TEQ value lower
than the maximal authorized level, the first axis appeared
to be discriminant with respect to the different ruminant
species, while the second axis permitted differentiation
between ruminants and poultry samples. The details of this
LDA are presented in Table 2. These results permit us to

Table 2 Details of the LDA based on animal species as discriminating factor

Congeners Raw coefficients Axis/Variable correlations

Racin1 Racin2 Racin1 Racin2

D. LDA results for bovine, ovine, porcine and poultry meat samples
1,2,3,7,8-PeCDD 0.1285 –2.8734 –0.3405 –0.1992
1,2,3,7,8-PeCDF 2.3281 1.6542 –0.0372 0.1979
2,3,7,8-TCDF –2.2138 0.8807 –0.0761 0.3676
2,3,4,7,8-PeCDF –1.4035 1.2159 –0.3183 –0.1934
1,2,3,6,7,8-HxCDF 0.5641 –0.5374 –0.2001 –0.1627
1,2,3,4,7,8-HxCDD –2.9266 –2.1692 –0.2908 –0.2552
1,2,3,4,7,8-HxCDF 3.0248 1.2987 –0.2173 –0.1506
OCDF –0.2296 0.4406 0.0402 0.1231
1,2,3,6,7,8-HxCDD –0.5634 –0.0357 –0.2886 –0.0402
1,2,3,4,6,7,8-HpCDF –0.2576 –0.3718 0.0189 –0.0642
1,2,3,7,8,9-HxCDF 2.5681 –4.1471 0.0263 –0.1042
1,2,3,7,8,9-HxCDD –5.2605 1.7243 –0.2028 –0.0831
2,3,7,8-TCDD 2.2693 3.8596 –0.1896 –0.0894
OCDD –0.0709 0.0077 0.1819 0.0502
Constant 11.7712 –0.6702 – –
E. LDA results for bovine, ovine and caprine milk samples
1,2,3,7,8-PeCDF –1.7988 1.6003 –0.3966 0.3805
1,2,3,4,7,8-HxCDD –0.7260 –0.8780 –0.2991 –0.1373
1,2,3,7,8,9-HxCDF 2.2840 –1.7673 –0.0837 –0.5810
1,2,3,7,8,9-HxCDD 0.5810 0.0609 0.0952 –0.1522
2,3,4,7,8-PeCDF 0.2473 –0.0185 0.0517 0.1479
1,2,3,4,7,8-HxCDF –0.2671 0.1132 –0.1020 0.3753
1,2,3,7,8-PeCDD –0.3528 0.2844 –0.2966 0.1042
2,3,7,8-TCDD 0.3731 –0.2993 0.0218 –0.2299
2,3,4,6,7,8-HxCDF 0.1500 0.2919 0.0934 0.3385
1,2,3,7,8-HpCDD 0.0506 0.1533 0.0576 –0.1649
Constant 11.7712 –0.6702 – –
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suggest that the contamination profile variability observed
between the different ruminant species is mainly due to the
congeners 1,2,3,7,8-PeCDD, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-
HxCDD and 1,2,3,6,7,8-HxCDD, which were found to be
less abundant in porcine meat than in bovine and ovine
meat. The poultry group was separated using the same
congeners except for the last one, but this group also had a
higher content of 2,3,7,8-TCDF.

Interpreting these results would require more informa-
tion, especially regarding the source of contamination, the
sample collection location and other sample details, because
one main source of variability should be the source of ex-
posure, with its qualitative and quantitative aspects. Never-
theless, other factors influencing the final dioxin content in
biological samples should be linked to physical and chemi-
cal parameters (congener properties) and metabolic pa-
rameters (organism physiology, enzymatic material). These
parameters can lead to differential transfer, distribution,
biotransformation and storage of the different PCDD/F con-
geners in the organism, which consequently affect the ob-
served contamination profile. In this way, the proposed
statistical approach may be a useful tool for biologists and
toxicologists that can help to reveal hidden patterns that
need to be investigated and confirmed by conventional
experimental protocols.

Conclusion

The goal of this study was to investigate the variability of
the PCDD/PCDF contamination profile across a wide array
of food products of animal origin using multivariate sta-
tistical analysis. The results demonstrated the existence
of differences between the analyzed samples in term of
congener-specific patterns. A variability that depends upon
the sample nature (fish, meat, milk, fatty products) was first
demonstrated. A variability that depends upon the animal
species for meat and milk samples (bovine, ovine, porcine,
caprine and poultry) was then observed. While some of
these discriminations can be identified via a monodimen-
sional approach (observation of the 17 congener profiles
for several isolated samples), the utilization of LDA per-
mitted us to confirm and depict these results on the basis
of a large data set. Moreover, the power of the statistical
techniques we used permitted us to reveal other differences
not accessible with a unidimensional approach. The origin
(s) of the observed differences as well as their significance
remain to be investigated, both in terms of environmental
factors and transfer to living organisms.

Obviously, such findings are only possible if the applied
method is proved to be highly repeatable for all of the 17
congeners, whatever the biological matrices. Indeed, a dif-

ference observed between two samples in terms of the
dioxin content must be clearly explained by a factor ex-
ternal to the analytical process. The analytical method used
for this study was fully validated according to current
European criteria, and the quantification process was based
upon the use of a 13C-labeled internal standard for each
monitored congener.

The results from this study may have potential practical
applications. Therefore, preliminary work regarding the
occurrence and transfer of PCDD/PCDF throughout the
food chain is needed in order to obtain a better understand-
ing of these observations. Precise characterization of the
contamination profiles from specific sources and/or food
products should be of great interest to scientists in the fields
of contaminant analysis, toxicology and metabolism, as well
as to regulatorybodies and risk assessors in charge of final
decisions regarding the eventual risks associated with these
substances.
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