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Analysis of 16 polycyclic aromatic hydrocarbons (PAHs), 20 organochlorine pesticides (OCPs) and 18
polychlorinated biphenyls (PCBs) were performed on eggs from three different production types (conven-
tional, free-run and organic) collected from the markets of the Canary Islands (Spain). Unlike other stud-
ies we did not found differences in the content of PCBs or OCPs of eggs in relation to its production type.
Median

P
OCPs content was 3.87 ng g�1 fat, being dieldrin, dicofol, hexachlorobenzene, p,p0-DDE and

p,p0-DDT the most frequently detected. Median
P

PCBs value was 3.93 ng g�1 fat, with 79.9% of this
amount coming from the marker PCBs. Two samples, one free-run and one organic, greatly exceeded
the current European Commission (EC) limit of 2.5 pg TEQPCDD/F g�1 lipid, but the rest were well below
of this limit. The concentrations of PAHs in conventionally produced eggs were almost 4 times higher
than in free-run or organic eggs. Mean dietary intake estimates of the organochlorine contaminants based
on consumption of eggs, regardless of the type chosen, is negligible for the Canary Islands’ population.
However, the median dietary intake estimates of PAHs greatly depend on the type of eggs chosen, being
much lower when free-run and organic eggs are consumed.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Persistent organic pollutants (POPs) are toxic chemicals that are
resistant to degradation in the environment and biota. Over the
last 30 years a number of these substances have been highlighted
as a cause for concern (Boada et al., 2012; Casals-Casas and Desver-
gne, 2011; Dickerson et al., 2011; Dorgan et al., 1999; Knerr and
Schrenk, 2006; Ribas-Fito et al., 2001; Samanta et al., 2002) and
have been the subject of extensive study and international regula-
tion. Due to their stable structure and lipophilic character POPs
such as organochlorine pesticides (OCPs), polychlorinated biphe-
nyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) tend to
concentrate and magnify in the food chain particularly associated
with fat. It is well accepted that food consumption is the main
way of non-occupational human exposure to these contaminants
compared to other ways such as inhalation and dermal contact.
The ingestion of contaminated food contributes more than 90% to
the total exposure and foodstuffs of animal origin are recognized
as one of the main contributors (Almeida-Gonzalez et al., 2012;
Luzardo et al., 2012; Marti-Cid et al., 2008; Mezzetta et al., 2011).
The laying hen eggs are one of the main sources of protein in
human food all over the world. During the last decades in most
of the countries the major production method of this food item
has been by means of the housing of the hens in battery cages,
without outdoor access. In parallel, in the last years the demand
of eggs from alternative production methods, such as free-run pro-
duction where animals have access to the barn floors, or organic
production with strict regulations regarding the feed and welfare
of the animals, have steadily increased in Europe (Hsu et al.,
2010). The eggs produced by these alternative methods are per-
ceived by many consumers as a better choice because of their
healthier nature, better nutritional qualities and also because these
production methods are more respectful with the animal wellness
(Van Overmeire et al., 2006). Independently of the production
method, the transfer of POPs into hen eggs, especially into yolk
bound to its lipidic fraction, has been widely documented for OCPs,
PCBs and PAHs (Bargar et al., 2001; Fournier et al., 2010, 2012). For
this reason securing the quality of hen eggs is an important issue
for human food safety, and specific studies are regularly performed
in different regions of the planet to determine concentrations of
POPs in this and other foods of primary interest.

Several studies have demonstrated that the production method
of the eggs could influence their content in organochlorine
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contaminants. Paradoxically, some of these studies point to the
possibility that organic and free-run eggs could accumulate higher
quantities of dioxins (Hsu et al., 2010; Pussemier et al., 2004), PCBs,
and OCPs (Van Overmeire et al., 2006; Windal et al., 2009) than
conventionally produced ones, mainly linked to a higher degree
of consumption of soil and worms or other insects by the hens that
have outdoor access (Kijlstra et al., 2007), whereas other studies do
not find such differences (Rawn et al., 2012). However, to our
knowledge, comparative studies have not been performed regard-
ing the PAHs content of eggs in relation to the production method,
and how this fact could influence the consumer’s intake of these
contaminants.

In the present study, 12 egg composites of each of three produc-
tion methods (conventionally caged laying hens, free-run, and or-
ganic) were collected in 2012 from supermarkets and stores in
the Canary Islands (Spain). The goal was to determine the concen-
trations of OCPs, PCBs and PAHs and to establish whether relative
differences in POPs concentrations occurred between the different
types of eggs marketed, with the objective of estimating the expo-
sure in humans to these contaminants through the consumption of
eggs depending on the production type chosen.
2. Materials and methods

2.1. Sampling

In this study, a total of 36 composites of egg samples were processed from the
same number of packages of 6 units of medium size eggs (53–63 g). The packages
were randomly acquired from supermarkets and also stores specialized in organic
food of the Canary Islands (Spain). We bought 12 packages of six different brands
of each of the three production methods included in this study: conventionally pro-
duced eggs (battery caged hens), free-run eggs, and organic eggs. All the samples
were acquired within the last week of November and the first of December 2012.
100% of the samples were locally produced. At the arrival to the laboratory the sam-
ples were immediately prepared. Yolks were separated from the whites and each
sample was made up by combining the yolks of the eggs of the same package in
a single composite. The whites were discarded since their fat content was unappre-
ciable. The 36 yolk composites were frozen at �18 �C until ready for analysis.

The lipid content of the samples was determined in triplicate by the Gerber
method with a butyrometer (with a graduation scale of 0–40%) to obtain the final
lipid-corrected values. There were no statistically significant differences in the fat
content of the composites being the average fat content of 11.6% (referred to the
whole egg, 58 g average weight).

2.2. Chemicals and reagents

Dichlorometane, hexane, ethyl acetate and cyclohexane were of the highest
purity available (>99.9%) and purchased from Fisher Scientific (Leicestershire, Uni-
ted Kingdom). Ultrapure (UP) water was produced from a Milli-Q Gradient A10
(Millipore, Molsheim, France). Diatomaceous earth was purchased from Sigma–
Aldrich (St. Louis, USA). Bio-Beads SX-3 were purchased from BioRad Laboratories
(Hercules, USA). Standards of OCPs, PCB congeners, the surrogates (PCB 202, p,
p0-DDE-d8 and phenanthrene-d10) and internal standards (ISs, tetrachloro-m-
xylene and heptachloro epoxide cis), were purchased from Dr Ehrenstorfer, Refer-
ence Materials (Augsburg, Germany). Standards of PAHs were purchased from
Absolute Standards, Inc. (Connecticut, USA). All standards were neat compounds
(purity from 97% to 99.5%). Stock solutions of each compound at 1 mg/mL were pre-
pared in cyclohexane and stored at �20 �C. Diluted solutions from 0.05 ng/mL to
100 ng/mL were used for calibration curves.

2.3. Analytes of interest

A total of 54 analytes belonging to three relevant groups of POPs were selected
for this study. The 20 OCPs and metabolites included were the diphenyl-aliphatics
(methoxychlor, p,p0-DDT, p,p0-DDE, p,p0-DDD and dicofol); the persistent and bioac-
cumulative contaminant hexachlorobenzene (HCB); the four isomers of hexachloro-
cyclohexane (a-, b-, d-, and c-HCH); the cyclodienes heptachlor, dieldrin, aldrin and
endrin, chlordane (cis- and trans-isomers) and mirex; endosulfan (a- and b-iso-
mers) and endosulfan sulfate. With respect to the PCBs we decided to include a total
of 18 congeners: the dioxin-like congeners (IUPAC numbers# 77, 81, 105, 114, 118,
123, 126, 156, 157, 167, 169 and 189), and the six marker congeners of non-dioxin-
like PCBs (IUPAC numbers# 28, 52, 101, 138, 153 and 180). Finally, we also
included in the suite of analytes the list of the 16 EPA priority PAHs that is often tar-
geted for measurement in environmental samples (naphthalene, acenaphtylene,
acenaphtene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benz[a]-
anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, inde-
no[1,2,3-c,d]pyrene, dibenz[a,h]anthracene and benzo[g,h,i]perylene).

2.4. Extraction and clean-up procedure

Because of the known fact that the contaminants included in this study are
totally lipid-soluble and therefore found in the lipid fraction of food items, we only
processed the yolks of the eggs since the lipid content of the whites is extremely
low, next to 0. 10 mL of the composite of yolks formed from the eggs of each pack-
age were spiked with the 10 ppm surrogates mix in acetone to yield a final concen-
tration of 100 ppb and mixed with 30 g of diatomaceous earth to absorb all the
humidity. The method of extraction and clean up followed that recommended by
the European Standard for the determination of pesticides and PCBs in fatty food
(EN, 1996a,b), and whose validity has been previously proven in our laboratory
for fatty foods (Almeida-Gonzalez et al., 2012; Luzardo et al., 2012). This method
combines an automated Soxhlet extraction method (FOSS Soxtec Avanti 2055) with
a purification step using gel permeation chromatography (GPC). This method gives
acceptable recoveries that ranged between 74.5% and 104.7%. There were no need of
additional clean-up steps and the 1 mL-extracts in cyclohexane obtained at the end
of the GPC were used for the gas chromatography/triple quadrupole mass
spectrometry (GC-MS/MS) analysis.

2.5. Procedure of chemical analysis

Gas chromatography analyses of 54 contaminants, 3 surrogates and 2 ISs were
performed in a single run on a Thermo Trace GC Ultra equipped with a TriPlus Auto-
sampler and coupled to a Triple Quadrupole Mass Spectrometer Quantum XLS
(Thermo Fisher Scientific Inc., Waltham, MA, USA), using appropriate internal stan-
dards (ISs) as previously described (Camacho et al., 2012, 2013). We have used as
ISs a mixture of tetrachloroxylene and heptachloro epoxide cis that was prepared
at 1 ppm in cyclohexane, and 20 lL were added to each 1 mL-extract, just before
the GC-MS/MS analysis.

2.6. Dietary intake estimates and calculations

The exposure assessment was calculated by multiplying the respective concen-
trations of contaminants in eggs (median values) by the amount of fat contained in
the average daily egg consumption by adults (18 years old and above, average
weight 70.1 kg, mean daily egg consumption 25.1 g), youngsters (11–17 years old,
average weight 54.5 kg, mean daily egg consumption 30.8 g), or children (6–
10 years old, average weight 30.4 kg, mean daily egg consumption 22.6 g) from
the Canary Islands. Exposures were assessed for all the contaminants, individually
considered and also grouped in different forms. For calculations, when the concen-
tration of a given contaminant was below the limit of detection (LOD), the value
was assumed to be that LOD (upper bound approach). Consumption data of eggs
by the population of the Canary Islands were obtained from the Canary Islands
Nutritional Survey (Serra Majem et al., 2000).

In this work we expressed the total value of OCPs residues (
P

OCPs) as the sum
of the 20 OCPs and metabolites measured; the total value of DDTs (

P
DDT) as the

sum of the measured values of p,p0-DDT, p,p0-DDE and p,p0-DDD; the total value
of HCH residues (

P
HCH) as the sum of the 4 HCH isomers measured (a-, b-,

d-, and c-HCH); and the total value of cyclodienes residues (
P

cyclodienes) as the
sum of aldrin, dieldrin, endrin, cis-chlordane, trans-chlordane, and heptachlor. Sim-
ilarly we expressed the total value of PCB residues (

P
PCBs) as the sum of the 18

PCB congeners measured; in addition the six congeners considered as markers of
environmental contamination by PCBs (#28, 52, 101, 138, 153 and 180) were also
considered as a group (

P
M-PCBs); and total value of dioxin-like PCBs (

P
DL-PCBs)

was also considered as the sum of the measurements of the 12 individual dioxin-
like congeners (#77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169 and 189). Addi-
tionally, we estimated the potential toxicity (in terms of toxic equivalence to diox-
ins; TEQs) for the DL-PCBs using the toxic equivalency factors (TEF) as revised by
the World Health Organization (WHO) in 2005 (Van den Berg et al., 2006). We ex-
pressed the total TEQs (

P
TEQs) as the sum of TEQs individually obtained from

the DL-PCBs. Finally we considered the total content of PAHs (
P

PAHs) as the
sum of the values of the 16 US-EPA compounds included in this study and also, fol-
lowing the EFSA recommendations (EFSA, 2008), the sum of the 8 compounds for
which there are evidences of carcinogenicity (

P
PAH8): benz[a]anthracene, ben-

zo[a]pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene,
chrysene; dibenz[a,h]anthracene; and indeno[1,2,3-c,d]pyrene.

2.7. Statistical analyses

Database management and statistical analyses were performed using PASW
Statistics v. 20.0 (SPSS Inc., Chicago, USA). The distribution of the variables included
in this study was evaluated through Kolmogorov–Smirnov test. The concentration
of the contaminants included in this study did not follow a normal distribution;
therefore, the results are expressed in terms of the median, and range (values
minimum and maximum). Differences of contaminants among groups were tested



O.P. Luzardo et al. / Food and Chemical Toxicology 60 (2013) 455–462 457
with the non-parametric Mann–Whitney U-test and Kruskal Wallis test. The cate-
gorical variables are presented as percentages and were compared between vari-
ables with the Chi-square test. A P value of less than 0.05 (two-tail) was
considered to be statistically significant.

2.8. Quality control

The recoveries of the 54 analytes and surrogates were acceptable with this
method since in all the cases were above of 72%. All the individual measurements
were corrected by the recovery efficiency for each analyte. All the measurements
were done in triplicate and the values used for calculations were the mean of the
three data. In each batch of samples two controls were included every 12 samples:
a reagent blank consisting on a vial containing only cyclohexane; and an internal
laboratory quality control (QC) consisting on melted butter spiked at 20 ng g�1 of
each of the analytes that was processed with the same method than the samples.
The batch analyses were considered valid when the values of the analytes in the
QC were within a 10% of deviation of the theoretical value.

3. Results and discussion

3.1. Occurrence of OCP residues in egg yolk samples

Researchers of other European countries have reported that the
eggs that are produced from hens that have outdoor access
(free-range, free-run, home-produced, and organic) usually exhibit
higher levels of OCPs than those produced from caged hens, (Van
Overmeire et al., 2006; Windal et al., 2009), and also reported a
high degree of contamination by these substances, surpassing in
many cases the maximum residue levels (MRLs) established for
these contaminants. This situation have not been confirmed in
our study, where we have found similar results on the number of
residues detected, frequency and concentrations of these
contaminants, with only small differences among groups. Besides,
the total amount of OCPs found in our samples is much lower than
those found recently in other countries in Europe (Polder et al.,
2010; Windal et al., 2009), being as low as 0.95 ng g�1 in
free-run eggs (median value, Table 1). Nevertheless, it should be
Table 1
Levels of organochlorine pesticides detected in composite samples of hen egg yolks from

Compound Conventional production Free-run production

Median
(ng g�1)

Frequency
(%)

Detection
range
(ng g�1)

Median
(ng g�1)

Frequency
(%)

Hexachlorobenzene 0.03 33.33 n.d. – 0.06 0.02 25.00
a-HCH n.d. n.d. n.d. n.d. n.d.
b-HCH 0.03 50.00 n.d. – 0.07 0.03 33.33
c-HCH 0.06 41.67 n.d. – 0.08 0.08 16.67
d-HCH n.d n.d. n.d. n.d. n.d.
P

HCH 0.03 66.67 n.d. – 0.13 0.04 50.00
Heptachlor n.d. n.d. n.d. n.d. n.d.
Aldrin n.d. n.d. n.d. n.d. n.d.
Dieldrin 2.46 91.67⁄ n.d. – 5.25 0.77⁄ 58.33
Endrin n.d. n.d. n.d. n.d. n.d.
Chlordane (trans) n.d. n.d. n.d. n.d. n.d.
Chlordane (cis) n.d. n.d. n.d. n.d. n.d.
P

cyclodienes 2.46 91.67⁄ n.d. – 5.25 0.77⁄ 58.33
a-Endosulfan n.d. n.d. n.d. n.d. n.d.
b-Endosulfan n.d. n.d. n.d. n.d. n.d.
Endosulfan sulfate n.d. n.d. n.d. 0.59
p.p0-DDE 0.31 25.00 n.d. – 0.38 0.38 8.33

p.p0-DDD n.d. n.d. n.d. 0.37 8.33
p.p0-DDT 0.26 25 n.d. – 0.26 0.21 25
P

DDT 0.38 25.00 n.d. – 0.54 0.22 25.00
Dicofol 0.93 75.00 n.d. – 8.42 0.57 41.67
Mirex n.d. n.d. n.d. n.d. n.d.
Metoxychlor n.d. n.d. n.d. n.d. n.d.
P

OCPs 3.87 100.00 0.03 – 11.75 0.95⁄ 100.00

n.d.: Non-detectable.
a Values resulting from the comparison between the medians, referred to the figures
b Values resulting from the comparison between the frequencies, referred to the figur
taken into account that the Canary Islands, still being part of Eur-
ope, are an archipelago that is geographically located very far from
the European continent, and that eggs consumed in this territory,
unlike other primary food supplies, are almost 100% locally pro-
duced. For this reason our results could be reflecting a lower de-
gree of environmental contamination by these organochlorine
contaminants of this region.

In any case, as expected, our results showed that all analyzed
samples (100% of the eggs) had small but quantifiable amounts
of OCP residues. In all the cases the concentrations found in our
study were well below the MRLs (EC, 2005) and also below of
the levels published in recent studies in Europe. The number of
OCP residues detected was almost the same in all three types of
eggs, with an average of 7 residues per composite, but the
frequency of detection was different depending on the production
type. As shown in Table 1 the more frequent OCP residues in
conventionally produced and free-run eggs were dieldrin, followed
by dicofol and the HCH isomers b and c, whereas in organic eggs
the most frequently detected residue was p,p0-DDE, that was
present in 83.33% of the composites of this form of producing eggs.
Also the concentrations of this contaminant and its parent product,
p,p0-DDT, were slightly higher in organic egg composites (median
P

DDT values = 0.62 ng g�1 fat vs. 0.38 ng g�1 fat and 0.22 ng g�1

fat), reaching in some of the samples values of around 10 ng g�1

fat. These higher concentrations of persistent contaminants in
organic eggs is not a surprising result since some authors have
pointed to the possibility that laying hens under organic production
system, that spend many hours a day ranging outdoors, eating soil
and soil’s creatures (worms and other insects), are more exposed to
environmental pollutants than those that are caged or in outdoor
facilities with barn floor, where the possibility of eating soil does
not exist (Van Overmeire et al., 2006; Windal et al., 2009). How-
ever, it should be highlighted that the highest values found in
our study are still very far from the maximum level of 500 ng g�1
three production methods (n = 12/each).

Organic production Pa Pb

Detection
range
(ng g�1)

Median
(ng g�1)

Frequency
(%)

Detection
range
(ng g�1)

n.d. – 0.02 0.02 33.33 n.d. – 0.03
n.d. n.d. n.d. n.d.
n.d. – 0.05 0.03 33.33 n.d. – 0.09
n.d. – 0.09 0.04 33.33 n.d. – 0.07
n.d. n.d. n.d. n.d.
n.d. – 0.09 0.05 50.00 n.d. – 0.12
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. – 1.64 2.95 58.33 n.d. – 6.39 0.0048
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. – 1.64 2.95 58.33 n.d. – 6.39 0.0048
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.

n.d. n.d. n.d.
n.d. – 0.38 0.55⁄ 83.33⁄ n.d. – 9.87 0.0008 0.0013/

0.0009
n.d. – 0.37 0.21 8.33 n.d. – 0.21
n.d. – 0.22 0.34⁄ 58.33⁄ n.d. – 0.56 0.0260 0.02
n.d. – 0.96 0.62⁄ 91.67⁄ n.d. – 10.22 0.0012 0.0013
n.d. – 1.08 1.07 58.33 n.d. – 2.31
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
0.02 – 3.29 4.97 100.00 0.28 – 10.76 0.0021 0.049

with an asterisc (Mann–Whitney test).
es with an asterisc (Chi-square test).



458 O.P. Luzardo et al. / Food and Chemical Toxicology 60 (2013) 455–462
fat established by the European authorities that has been sur-
passed in up to 17% of the samples analyzed in other recent studies
in Europe (Van Overmeire et al., 2006, 2009).

With respect to the rest of OCPs residues detected in our study,
dieldrin was the only cyclodiene found, being aldrin, endrin, hepta-
chlor and chlordanes below the detection level (LOD) of our meth-
od. Dieldrin was also the OCP residue that we found at the highest
concentrations, which could be explained because in the Canary Is-
lands this pesticide was extensively used in the past until it was
banned at the beginning of the 80s. Dieldrin has been also the pes-
ticide found at the highest concentrations in other studies per-
formed in this archipelago (Luzardo et al., 2012, 2006). We found
that the median values of this pesticide were lower in free-run
eggs than in conventionally or organically produced ones
(0.77 ng g�1 fat vs. 2.46 ng g�1 fat and 2.95 ng g�1 fat; p = 0.0048),
but its concentrations were much lower than those found in other
recent studies (Polder et al., 2010; Van Overmeire et al., 2006). A
similar situation was observed for HCB residues in egg yolk com-
posites and also the HCH isomers (Polder et al., 2010), but in these
cases there were no statistically significant differences regarding
the production type. Dicofol was also present in our set of samples
with high frequency, and at a concentration around 1 ng g�1 fat,
with no influence of the production mode on it. This is a residue
that is not usually included in the set of analytes measured in food,
at least in the studies in eggs, so we cannot compare our results
with previous studies, but this pesticide has been found in wild
bird eggs with similar frequency but at higher concentrations
(Malik et al., 2011). The presence of this residue with high fre-
quency maybe could be explained by the fact that it was thor-
oughly used in the cultivation of tropical fruits in the Canary
Islands in the past, and also because this pesticide, important since
it is a source of DTT, has been produced in Spain until late 2008.
Table 2
Levels of polychlorinated biphenyls (ng g�1 fat) and 2005 WHO dioxin toxic equivalents
methods (n = 12/each).

Compound Conventional production Free-run production

Median
(ng g�1)

Frequency
(%)

Detection
range (ng g�1)

Median
(ng g�1)

Frequency
(%)

Marker PCBs
PCB 28 1.04 83.33 n.d. – 1.72 0.59⁄ 33.33⁄

PCB 52 n.d. n.d. n.d. n.d. n.d.
PCB 101 n.d. n.d. n.d. n.d. n.d.
PCB 138 0.87 33.33 n.d. – 1.04 0.90 16.67
PCB 153 0.75 58.33 0.12 – 1.40 0.89 41.67
PCB 180 0.72 41.67 0.14 – 1.46 0.62 33.33
P

M-PCBs 1.85 100.00 0.18 – 5.87 0.56 91.67

Dioxin-like PCBs
PCB 77 n.d. n.d. n.d. n.d. n.d.
PCB 81 n.d. n.d. n.d. n.d. n.d.
PCB 105 1.51 58.33 n.d. – 3.51 1.05 33.33
PCB 114 n.d. n.d. n.d. n.d. n.d.
PCB 118 1.65 83.33 n.d. – 5.02 1.25 66.67
PCB 123 n.d. n.d. n.d. n.d. n.d.
PCB 126 n.d. n.d. n.d. 0.56 8.33
PCB 156 0.74 33.33 n.d. – 1.08 n.d. n.d.
PCB 157 0.73 16.67 n.d. – 0.80 n.d. n.d.
PCB 167 n.d. n.d. n.d. n.d. n.d.
PCB 169 n.d. n.d. n.d. n.d. n.d.
PCB 180 n.d. n.d. n.d. n.d. n.d.
P

DL-PCBs 2.45 83.33 n.d. – 9.62 1.40⁄ 75.00
P

PCBs 4.26 100.00 0.18 – 14.23 2.07⁄ 91.67
P

TEQDIOXIN-

LIKE PCBs

0.07 83.33 n.d. – 0.29 0.04 75.00

n.d.: Non-detectable.
a Values resulting from the comparison between the medians, referred to the figures
b Values resulting from the comparison between the frequencies, referred to the figur
3.2. Occurrence of PCB residues in egg yolk samples

Our results demonstrate that commercially available brands of
eggs in the markets of the Canary Islands showed quantifiable lev-
els of various PCBs (mean = 8), independently of the form of pro-
duction employed. Total PCBs (

P
18 congeners) concentrations

ranged from 0.18 to 14.23 ng g�1 fat (median 4.26 ng g�1 fat) in
eggs from conventional production. Unlike other studies, we did
not found higher values of these contaminants in eggs from hens
with outdoor access, and thus the values found in convention-
ally-produced eggs were similar to those found in eggs from organ-
ic production (range from 0.21 to 21.39 ng g�1 fat, median
3.93 ng g�1 fat), or even higher than those found in eggs from
free-run production (range from 0.0 to 7.91 ng g�1 fat, median
2.07 ng g�1 fat) (Table 2). As also shown in Table 2, a similar pat-
tern of contamination was observed with the

P
M-PCBs: the

free-run produced eggs had the lowest levels, and no differences
were found between organic and conventional production. But
when we observed the individual congeners by type of production
we found that the organically produced had a higher frequency of
PCB congeners 52 and 101, which were not detected in none of the
composites of conventionally produced or free-run eggs. This dif-
ference could be in relation with the consumption by free ranging
hens with access to soil of additional feed sources, such as non-
commercial feeds, worms and other insects, and soil (Rawn et al.,
2012). In none of the samples levels surpassed the EC level of
40 ng g�1 fat for M-PCBs (EC, 2011).

It is difficult to compare the results of
P

PCBs with other studies
because a different number of congeners have been measured in
each of them. More comparable are the results of M-PCBs that have
been homogeneously determined in different studies all over the
world. When compared with the most recent series, our results
(pg g�1 fat) detected in composite samples of hen egg yolks from three production

Organic production Pa Pb

Detection
range (ng g�1)

Median
(ng g�1)

Frequency
(%)

Detection
range (ng g�1)

n.d. – 0.80 0.78 66.67 n.d. – 1.75 0.0012 0.038
n.d. 0.64 8.33 n.d. – 0.64
n.d. 0.96 16.67 n.d. – 1.17
n.d. – 0.93 0.91 25.00 n.d. – 1.12
n.d. – 2.35 0.64 66.67 0.16 – 2.67
n.d. – 2.19 1.16 33.33 0.11 – 1.16
n.d. – 6.01 1.22 100.00 0.21 – 6.50 0.0009

n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. – 1.36 1.31 50.00 n.d. – 4.05
n.d. n.d. n.d. n.d.
n.d. – 2.28 2.01 83.33 n.d. – 10.39
n.d. n.d. n.d. n.d.
n.d. – 0.56 0.67 8.33 n.d. – 0.67
n.d. 0.53 25.00 n.d. - 0.53
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. n.d. n.d. n.d.
n.d. – 3.50 2.40 91.67 n.d. – 14.89 0.032
n.d. – 7.91 3.93 100.00 0.21 – 21.39 0.045
n.d. – 56.58 0.09 91.67 n.d. – 67.94

with an asterisc (Mann–Whitney test).
es with an asterisc (Chi-square test).
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were slightly higher than those found in Canada in 2012 (Rawn
et al., 2012), but slightly lower than those found in other studies
done in Spanish regions: Catalonia in 2002 and 2003 (Eljarrat
et al., 2002; Llobet et al., 2003), and Andalusia in 2004 (Bordajandi
et al., 2004). Much more important were the differences found
with studies from Central and East Europe, where the values found
for these contaminants were 30-fold or higher than in our samples
(Polder et al., 2010; Van Overmeire et al., 2006; Windal et al.,
2009). It is a known fact that the levels of contamination by POPs
of the different territories can be enormously different depending
on many factors, and we have to take into account that the Canary
Islands, where this study was performed, is a relatively non-indus-
trialized region were a low level of contamination for these com-
pounds is expected.

According to literature, background toxic equivalent quantity
(TEQ) levels for dioxin-like PCBs in commercially available eggs
calculated using the toxic equivalency factors (TEFs) determined
in 2005 (Van den Berg et al., 2006), ranged from 0.089 to
12.8 pg TEQ g�1 fat (Bordajandi et al., 2004; Darnerud et al.,
2006; Eljarrat et al., 2002; Llobet et al., 2003; Polder et al., 2010;
Rawn et al., 2012). In our study, the results have been found to
be in the lower bound of this range, being the median values of
0.07 pg TEQ g�1 fat, 0.04 pg TEQ g�1 fat and 0.09 pg TEQ g�1 fat for
conventionally-produced, free-run and organic eggs, respectively.
Nevertheless, we have to remark the worrying result that two yolk
composites, one free-run and one organic, greatly exceeded the
current European Commission limit of 5 pg TEQPCDD/F+DL-PCB g�1

fat (EC, 2011) because of their high content in PCB 126, being the
rest well below of this limit. This represents about a 5% of the ana-
lyzed samples in our study, which is in agreement with the reports
of European researchers who have found that between 5% and 25%
of the eggs produced under free-range or other alternative produc-
tion types have PCDD/F and DL-PCBs that exceed the EC limits
(Darnerud et al., 2006; De Vries et al., 2006).

3.3. Occurrence of PAH residues in egg yolk samples

In spite of the fact that the recent evaluation of the European
Food Safety Agency (EFSA) of PAHs presence in food commodities
did not included eggs (EFSA, 2008), we decided to investigate their
Table 3
Levels of polycyclic aromatic hydrocarbons (ng g�1 fat) detected in composite samples of

Compound Conventional production Free-run produ

Median
(ng g�1)

Frequency
(%)

Detection
range (ng g�1)

Median
(ng g�1)

Fr
(%

Naphtalene 147.49⁄ 100.00 50.01 – 286.31 23.69 33
Acenaphtylene n.d. n.d. n.d. n.d. n.
Acenaphthene n.d. n.d. n.d. 15.95⁄ 66
Fluorene 12.64⁄ 50.00 n.d. – 23.87 7.96 8.
Phenanthrene 200.80⁄ 100.00 71.78 – 549.00 63.02 10
Anthracene n.d. n.d. n.d. n.d. n.
Fluoranthene 79.16⁄ 100.00 33.26 – 195.96 28.54 83
Pyrene 82.05⁄ 100.00 25.74 – 141.49 42.24 91
Benz[a]anthracene 36.75⁄ 41.67 n.d. – 127.23 8.68 8.
Chrysene 21.81 50.00 n.d. – 154.34 19.41 25
Benzo[b]fluoranthene 12.51 75.00 n.d. – 32.30 9.67⁄ 33
Benzo[k]fluoranthene 12.86 58.33 n.d. – 30.08 8.42 33
Benzo[a]pyrene n.d n.d. n.d. 11.03⁄ 66
Indeno[1.2.3-

c.d]pyrene
n.d. n.d. n.d. n.d. n.

Dibenzo[a.h]anthracene n.d. n.d. n.d. n.d. n.
Benzo[g.h.i]perylene 24.91 8.33 n.d. – 24.91 n.d. n.
P

PAHs 496.29 100.00 88.91–1521.69 172.14 10
P

PAH8 65.95 75.00 n.d. – 368.86 18.47 75

n.d.: Non-detectable.
a Values resulting from the comparison between the medians, referred to the figures w

left ro right.
presence in this important food supply since it has been proven
that cereals, the main ingredient of the feed of laying hens, can
be contaminated with important levels of these hydrocarbons
(EFSA, 2008), and that an efficient transfer exist of these com-
pounds from the food to the lipidic fraction of the eggs (Fournier
et al., 2010). The same than other previous studies (Falco et al.,
2003), we have included those 16 PAHs initially considered by
the Environmental Protection Agency (EPA) as priority contami-
nants due to their potential toxicity.

Our results show that in conventionally produced egg compos-
ites 10 of 16 PAHs were present, being naphthalene, phenanthrene,
fluoranthene and pyrene detectable in 100% of the samples
(Table 3), reaching these compounds also the highest concentra-
tions. In free-run and organic eggs these were also the most fre-
quently detected compounds and also found at the highest levels,
but regarding the concentrations it is interesting to note that in
general the levels found in organic eggs were approximately the
half or the third part than those found for the same contaminants
in conventionally produced eggs, and that these levels were even
lower for most of them in free-run eggs (Table 3). Nevertheless,
as also can be seen in Table 3, in a high percentage of samples from
these two alternative methods of producing eggs the contaminants
acenaphthene and the highly carcinogenic benzo[a]pyrene were
detected, whereas none of these two were found in conventionally
produced eggs. We did not detect acenaphtylene, anthracene, inde-
no[1,2,3-c,d]pyrene and dibenzo[a,h]anthracene in none of the
samples. In other studies these compounds have been found in
egg samples but with low frequency and at the lowest concentra-
tions of all the 16 compounds measured (Falco et al., 2003; Vey-
rand et al., 2013). Differences in extraction and/or analytical
methods may explain such differences.

We compared the median values of
P

16PAHs obtained for the
three groups and the differences found for individual compounds
as regards to the production type were maintained, being more
than double in conventionally produced eggs than in free-run
and organic eggs (496.26 ng g�1 fat vs. 172.14 ng g�1 fat and
238.98 ng g�1 fat, respectively). Following the EFSA recommenda-
tions we also compared the median values of the sum of those 8
compounds for which there are evidences of carcinogenicity and
genotoxicity (EFSA, 2008) and the pattern was repeated, being
hen egg yolks from three production methods (n = 12/each).

ction Organic production Pa

equency
)

Detection
range (ng g�1)

Median
(ng g�1)

Frequency
(%)

Detection
range (ng g�1)

.33 n.d. – 23.69 59.24 50.00 n.d. – 132.76 0.0008
d. n.d. n.d. n.d. n.d.
.67 n.d. – 24.32 20.82⁄ 16.67 n.d. – 21.79 0.0012

33 n.d. – 7.96 6.54 8.33 n.d. – 6.54 0.018
0.00 28.71 – 121.65 115.26 100.00 68.96 – 319.20 0.0009

d. n.d. n.d. n.d. n.d.
.33 n.d. – 46.29 34.09 83.33 n.d. – 108.67 0.0022
.67 n.d. – 80.30 59.92 100.00 15.30 – 152.18 0.050

33 n.d. – 8.68 7.70 25.00 n.d. – 21.27 0.036
.00 n.d. – 25.89 17.97 25.00 n.d. – 30.57
.33 n.d. – 14.61 13.29 16.67 n.d. – 15.55
.33 n.d. – 11.87 12.19 16.67 n.d. – 13.42
.67 n.d. – 13.33 10.51⁄ 58.33 n.d. – 58.33 0.0011

d. n.d. n.d. n.d. n.d.

d. n.d. n.d. n.d. n.d.
d. n.d. n.d. n.d. n.d.
0.00 50.70–315.80 238.98 100.00 95.66–620.22 0.0009
.00 n.d. – 65.71 31.29 66.67 n.d. – 65.63 0.0007

ith an asterisc (Mann–Whitney test), in comparison with the other two groups, from
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the conventionally produced eggs those with the highest levels
(65.95 ng g�1 fat vs. 18.47 ng g�1 fat and 31.29 ng g�1 fat for conven-
tional, free-run and organic eggs respectively). It is necessary to take
into account that in high egg consumers these estimates would be
doubled. Our results are similar to others recently found (Veyrand
et al., 2013) but we have to say that we can only compare our results
obtained for conventionally produced eggs since no studies have
been done in eggs from other alternative production methods. To
our knowledge this is the first time in which the incidence of the
production method of the eggs on the PAHs content is described.
The factors that could explain why the conventionally produced eggs
have a significantly higher level of PAHs are not known, but probably
have to do with the content of the contaminants in the feed used in
this production type as compared to that used in the alternative
ones. Anyway, we can only speculate with this and more research
should be done in order to clarify this aspect.

3.4. Dietary intakes

Dietary exposure calculations are done by combining data on
consumption habits with the concentrations of contaminants
found in food samples. In this study the consumption habits data
used were from the Canary Islands Nutrition Survey 1998–1999
(Serra Majem et al., 2000) and the dietary intake was calculated
by multiplying the concentration value of each contaminant in
each of the three classes of eggs by the daily consumption of this
food (in g egg fat/day), and dividing by the average weight of the
people in each segment of age. In Table 4 we have summarized
the dietary intakes of all the contaminants included in this study
arranged by groups, for children (6–10 years), youngsters (11–
17 years), and adults (>18 years), and considering three potential
scenarios: (a) consumers that choose conventionally produced
eggs; (b) consumers that choose eggs from free-run eggs; and (c)
consumers that choose organic eggs.

Our results show that the egg-related estimated daily intake
(EDI) of OCPs for people living in the Canary Islands is extremely
low in all the segments of age, representing in all the cases less
than 0.01% of the tolerable daily intakes (TDIs) established by the
World Health Organization for these contaminants (JMPR, 2000),
and the level of exposure of this population through this food is
lower than estimates recently published for other European
populations (Darnerud et al., 2006; Polder et al., 2010; Van Over-
meire et al., 2006). Except for the case of

P
DDT no relevant differ-
Table 4
Median values of dietary intakes of POPs (ng kg�1 b.w. day�1) by means of egg consumption
the egg’s production method chosen.

Compound Conventional production Free-run pro

Adults Youngsters Children Adults

OCPs
P

HCH 0.001 0.002 0.002 0.002
P

Cyclodienes 0.105 0.177 0.233 0.036
P

DDTs 0.017 0.027 0.036 0.011
P

OCPs 0.180 0.284 0.364 0.044

PCBs
P

M-PCBs 0.127 0.200 0.262 0.037
P

DL-PCBs 0.160 0.252 0.332 0.092
P

PCBs 0.211 0.357 0.451 0.138
P

TEQsPCBs
a,b 0.003 0.005 0.006 0.002

PAHs
P

PAH8 2.418 4.539 5.971 0.757
P

PAHs 22.672 34.81 47.074 7.506

a Values expressed in pg kg�1 b.w. day�1.
b For the calculation of TEQs we have used the lower bound approach, because due

introduce an overestimation higher than 60X.
ences were found as regards to the production method. Unlike
other studies we have not found higher levels of exposure for most
OCPs in those consumers that choose free-range eggs, and even
these types of egg showed a tendency of lower intake levels in
our study. In the case of DDT and its metabolites a higher level
of exposure from organic eggs consumption was observed, but
the highest level of exposure calculated (children = 0.054 ng kg�1

b.w. d�1) was very far from the TDI of 1000 ng kg�1 b.w. d�1 estab-
lished for this pesticide (JMPR, 2000; Lu, 1995).

As shown in Table 4, PCBs intake estimates were very similar in
conventionally produced, free-run, and organic eggs. Unlike the
rest of the contaminants included in this study, when we consider
the intake of the most toxic compounds, the DL-PCBs, expressed in
terms of equivalency to dioxin toxicity, our estimations would vary
dramatically depending on the approach chosen for the calcula-
tions. If we had chosen the lower bound approach we may say that
the eggs do not represent an important source for these contami-
nants, independently of the type of production nor the age seg-
ment. Using this approach, our estimates of

P
TEQsPCBs in the

highest mean value of intake (children that consume organic
eggs = 0.008 pg kg�1 b.w. d�1) would represent only 0.4% of the
TDI of 2 pg kg�1 b.w. d�1 (SCF, 2000). Nevertheless, as recom-
mended by the European Commission, in the dietary intake calcu-
lations it is necessary to apply the upper bound method in order to
compare with the established TDIs. In this case our estimates
would be 60 times higher, and therefore the exposure through
egg consumption would represent as much as 24% of TDI. This
enormous difference depending on the upper/lower bound ap-
proaches represents an important limitation of this methodology
in this case, and the interpretation of these estimates should be ta-
ken with caution. Therefore we have not introduced intake estima-
tion of

P
TEQsDL-PCBs in Table 4. In any case, regardless of the

approach used, we would like to highlight the fact that about a
5% of the samples (2 out 36 composites analyzed), if were inadver-
tently consumed, would have represented an important intake of
dioxin-like compounds, because of their high content in PCB 126,
which is in accordance to other studies where authors have esti-
mated that eggs are an important source of dioxins and dioxin-like
compounds in more of 10% of the samples analyzed (Van Overme-
ire et al., 2009). These results are extremely worrisome and further
studies are required to clarify the origin of egg contamination, be-
cause the possibility exists that certain consumers may be sub-
jected to a high dietary exposure to dioxins.
for adults. youngsters and children living in the Canary Islands (Spain) depending on

duction Organic production

Youngsters Children Adults Youngsters Children

0.003 0.003 0.002 0.004 0.005
0.055 0.068 0.139 0.219 0.288
0.017 0.021 0.028 0.046 0.060
0.068 0.092 0.201 0.309 0.407

0.060 0.081 0.083 0.130 0.173
0.139 0.188 0.123 0.188 0.258
0.214 0.275 0.195 0.303 0.389
0.003 0.004 0.004 0.006 0.008

1.371 1.842 1.223 2.312 2.832
12.073 15.734 10.719 17.075 22.255

to the high TEF values for PCB126 and PCB169, the upper bound approach would
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Finally, as also shown in Table 4, the daily intake of PAHs
greatly depended on the type of eggs chosen. When the consumers
choose eggs from free-run hens their intake of

P
PAHs is near three

times lower than if conventionally produced eggs are consumed.
Also the consumption of organic eggs implies an evident lower in-
take of these contaminants. These differences are even greater
when only the carcinogenic PAHs (

P
PAH8) are considered. When

compared with the most recently published data, the second
French total diet study (Veyrand et al., 2013), our estimations of in-
take for PAHs from conventional eggs were very similar to that
study in adults (

P
PAH8 = 2.739 vs. 2.281 ng kg�1 b.w. d�1) but al-

most double in children (
P

PAH8 = 5.687 vs. 3.493 ng kg�1

b.w. d�1). This is due to the different pattern of consumption of
eggs of children from both populations. Nevertheless, until this
moment no estimates have been done regarding the intake of PAHs
coming from eggs of alternative production methods. Therefore,
this study represents the first evidence that consumption of organ-
ic eggs or eggs from hens with outdoor access can be a way to re-
duce the daily intake of these carcinogenic contaminants of food.

4. Conclusion

Unlike the observations in European studies and in accordance
to the measurements done in Canada, OCPs and PCBs residues were
not significantly higher in free-range eggs yolks. The levels of con-
tamination by these organochlorine compounds in the 100% of the
eggs of this study, all of them locally produced, were extremely low
and none of the samples surpassed the MRLs established in the EU.
Therefore the level of exposure of the inhabitants of the archipel-
ago is well below the established TDIs and we could consider that
the contribution of eggs to the total daily intake is negligible. How-
ever, it is possible that consumers are unwittingly exposed to high
levels of dioxin-like compounds through consumption of eggs,
since our results show that the TDI had been largely overcome if
5% of the samples, with high concentrations PCB 126, had been
consumed. Finally, it is very interesting the finding that the con-
sumers that choose eggs from free-ranging hens have a signifi-
cantly lower intake of carcinogenic PAHs, what is very relevant,
especially in children. Therefore, the consumption of organic or
free-run eggs can be a good option for reducing the exposure to
these carcinogenic contaminants.
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