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Daily intake of anthropogenic pollutants through yogurt consumption in the
Spanish population
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Luis Alberto Henríquez-Hernández, Manuel Zumbado and Octavio P. Luzardo*

Department of Clinical Sciences, University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain

(Received 29 January 2014; accepted 10 September 2014)

In the present study we have quantified the levels of organochlorine pesticides (OCPs), polychlorinated biphenyls
(PCBs) and polycyclic aromatic hydrocarbons (PAHs) in commercially available brands of yogurt (17 conventional and
15 organic) present in the Spanish market, with the goal of estimating the daily intake of these contaminants by the
Spanish population through the yogurt consumption. On the one hand, with respect to organochlorine contaminants
(OCPs and PCBs) our results showed that hexachlorobenzene, p,pʹ-DDE, and all the PCBs congeners that are considered
markers of environmental contamination were present in almost all the yogurt samples. The concentrations of these
pollutants were found to be very low [well below the toxicological standard limits established by the European Union
(http://ec.europa.eu/sanco_pesticides/public/?event=homepage)] in almost all the samples, but were even lower in
organic than in conventionally produced yogurts. It is remarkable that in some of the samples (six conventional and three
organic yogurts) the current maximum level for dioxin-like PCBs (2.5pg WHO-TEQ/g−1 fat) was exceeded. On the other
hand, with respect to PAHs, the mutagenic and carcinogenic compounds benzo[k]fluoranthene, benzo[b]fluoranthene
and chrysene were frequently detected in yogurt. From these results we have estimated that the daily intake of these
pollutants is in general low. However, it should be highlighted that if the consumer inadvertently choose certain yogurts
they could be exposed to high amounts of certain pollutants, that could be even higher than the tolerated daily intakes
established by the European Union.

Keywords: organochlorine pesticides; polychlorinated biphenyls; polycyclic aromatic hydrocarbons; yogurt; organic
yogurt; exposure assessment

1. Introduction

Anthropogenic contaminants include a high number of
chemicals that have been recognized as important toxic
environmental pollutants. Among them persistent organic
pollutants (POPs) are organic compounds characterized
by their stable structures and lipophilicity that are
resistant to the degradation in the environment and biota.
Over the last 30 years a number of these substances have
been highlighted as a cause for concern (Dorgan et al.
1999; Ribas-Fito et al. 2001; Samanta et al. 2002; Knerr &
Schrenk 2006; Valerón et al. 2009; Casals-Casas &
Desvergne 2011; Dickerson et al. 2011; Boada et al.
2012 ) and have been the subject of extensive study and
international regulation. Among them the halogenated
hydrocarbons such as organochlorine pesticides (OCPs)
and polychlorinated biphenyls (PCBs) are especially
relevant. Besides, although polycyclic aromatic hydro-
carbons (PAHs) cannot be strictly considered POPs
because they are efficiently metabolized, due to their
lipophilicity and continuous emission to the environment,
they are frequently classified as POPs and studied together
with other pollutants of this group.

These substances often accumulate and magnify up to
the food chain, particularly in fat sources, and it is well
accepted that food consumption is the main source of non-
occupational human exposures to these contaminants.
Thus, the ingestion of food contributes more than 90% of
total human exposure (Baars et al. 2004; Darnerud et al.
2006; Polder et al. 2010), and several studies have reported
that dairy products, because of their high-fat content, are a
dietary route of POPs and supply around 30% of the total
dietary intake of these contaminants inWestern populations
(Focant et al. 2002; Almeida-González et al. 2012; Luzardo
et al. 2012; Luzardo, Rodriguez-Hernandez, et al. 2013).

In the Spanish population, milk and dairy products
are the second group of food consumption after non-
alcoholic drinks (AECOSAN 2006, 2011). Thus, accord-
ing to the most recent nutritional survey in Spain, 79.1%
of the population consumes dairy products every day,
with an average consumption of 304 g/day, which is one
of the highest of the Western countries. In relation to
yogurt, the average consumption is estimated in 53 g/b.
w./day, representing 17.43% of the dairy products’ intake
(AECOSAN 2011).
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Because of the previous reasons the monitoring of
these anthropogenic pollutants in yogurt is justified.
Thus, in the present study, 32 brands of yogurt [17 con-
ventionally produced and 15 from organic production
(EC 2007)] from the Spanish market were purchased
during 2013 and screened for the presence of 57 anthro-
pogenic pollutants, including 23 OCPs, 18 PCBs and
16 PAHs. The double goal of this study was to determine
the possible differences in POPs’ concentrations between
the two types of production of yogurt (conventional vs.
organic), and to estimate the daily dietary exposure of
the Spanish population to these substances through the
yogurt consumption. To our knowledge, this is the first
study to compare the intake of contaminants depending
on the mode of production of yogurt. We believe that the
results of such studies are very useful for health
authorities and consumers, allowing the consumer to
choose those products containing a lower burden of
environmental pollutants.

2. Materials and methods

2.1. Sampling and collection

In this study, 32 commercial brands of yogurt (17 from
conventional production and 15 from organic produc-
tion) were randomly purchased between April and
November 2013 from supermarkets and also stores
specialized in organic food of the Canary Islands
(Spain). In the Canary Islands, in spite of the fact that
there some brands of yogurt which are locally produced,
the great majority of the available brands are also
marketed throughout the country, and therefore the
sampling of this study can be considered as representat-
ive of the Spanish market. Each of the 32 selected brands
was sampled by triplicate during this period of time. The
three samples of each brand were pooled to homogenize
the potential fluctuations in the concentrations of pollu-
tants. The fat contents given in the label by the manu-
facturer were used to obtain the final lipid-corrected
values (average fat content 4.63% for conventional
yogurt and 4.45% for organic yogurt). All the yogurt
samples were frozen at −80°C until analysis.

2.2. Chemicals and reagents

Dichloromethane, n-hexane, ethyl acetate and cyclohex-
ane were of the highest purity available (>99.9%) and
purchased from Fisher Scientific (Leicestershire, UK).
Ultrapure 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
and internal standards (ISs, PCB 202, p,pʹ-DDE-d8
phenanthrene-d10, tetrachloro-m-xylene, and heptachlor

epoxide cis) were purchased from Dr Ehrenstorfer,
Reference 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 prepared 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 57 analytes belonging to three relevant groups of
POPs were selected for this study. The 23 OCPs and
metabolites included were the diphenyl-aliphatics (p,pʹ-
DDT, p,pʹ-DDE, p,pʹ-DDD, o,pʹ-DDE, o,pʹ-DDT, o,pʹ-
DDD, dicofol and methoxychlor); the persistent and
bioaccumulative contaminant hexachlorobenzene (HCB);
the four isomers of hexachlorocyclohexane (α-, β-, δ- and
γ-HCH); the cyclodienes heptachlor, dieldrin, aldrin and
endrin, chlordane (cis- and trans-isomers) and mirex;
endosulfan (α- and β-isomers) and endosulfan sulphate.
With respect to PCBs we decided to include a total of 18
congeners: the dioxin-like congeners (DL-PCBs, IUPAC
numbers# 77, 81, 105, 114, 118,123, 126, 156, 157, 167,
169 and 189), and the six congeners that are considered
markers of environmental contamination (M-PCBs,
IUPAC numbers# 28, 52, 101, 138, 153 and 180). Finally,
we also included in the suite of analytes the list of
the 16 US-EPA priority PAHs that is often targeted for
measurement in environmental samples (naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benzo[a]anthracene,
benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]
pyrene, indeno[1,2,3-cd]pyrene, dibenz[a,h]anthracene
and benzo[ghi]perylene).

2.4. Sample preparation and analytical procedure

The yogurt samples, stored at −80°C, were defrozen at
room temperature and homogenized by brands. A total
of 50 g of this homogenate was lyophilized for 72 h. Six
grams of lyophilized yogurt were spiked with the ISs
mixture and used for the extraction OCPs, PCBs and
PAHs, following the method of extraction and clean-up
recommended by the European Standard for the deter-
mination of pesticides and PCBs in fatty foods (EN
1996a, 1996b). The validity of this method has been
previously proven in our laboratory for fatty samples
(Almeida-González et al. 2012; Luzardo et al. 2012;
Luzardo, Rodriguez-Hernandez, et al. 2013, 2014;
García-Álvarez et al. 2014). This method gives accept-
able recoveries that ranged between 78.5% and 103.2%.
Briefly, for the fat extraction we used a Soxtec™ 2055
Auto Fat Extraction (Foss® Analytical, Hillerød, Den-
mark) apparatus, which consisted of an extraction unit, a
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control unit and a drive unit. The samples were placed
into the extraction unit, 20 ml of dichloromethane was
added to each of the extraction cups in a closed system
and the cups were heated using an electric heating plate.
The three-step extraction consisted of boiling, rinsing
and solvent recovery. The solvent was evaporated in a
rotary evaporator (Hei-VAP Advantage™, Heidolph
Instruments®, Schwabach, Germany) at 40ºC to prevent
analyte losses. The results were calculated as the total
amount of fat (g) per 100 g yogurt. Using a precision
balance, the fat obtained was carefully weighted into a
zeroed glass tube. The weighted fat was dissolved in
2 ml of cyclohexane/ethyl acetate (1:1) and subjected to
purification by gel permeation chromatography (GPC;
Bio-Beads) using cyclohexane/ethyl acetate (1:1) at a
constant flow of 2 ml/min as the eluent. The first 25-
minute elution volume, which contained the great
majority of the lipids (>98%), was discarded. The 25–
85 minute elution volume (120 ml), which contained all
the analytes that were co-extracted with the fat, was
collected. The sample was concentrated using a rotary
evaporator, and finally, the solvent was evaporated to
dryness under a gentle nitrogen stream. The residue was
then reconstituted in 1 mL cyclohexane the sample
was transferred to a gas chromatography (GC) vial that
was used for the chromatographic analysis. The amount
of pollutants per gram of fat was obtained multiplying by
the correspondent correction factor. No additional clean-
up steps were needed, and thus the 1 mL-extracts in
cyclohexane obtained after the GPC were used for the
detection and quantification by GC/triple quadrupole
mass spectrometry analysis.

2.5. Procedure of chemical analysis

GC analyses of 57 compounds, plus ISs were performed
in a single run on a Thermo Trace GC Ultra equipped
with a TriPlus Autosampler and coupled to a Triple
Quadrupole Mass Spectrometer Quantum XL (Thermo
Fisher Scientific Inc., Waltham, MA, USA), using appro-
priate ISs as previously described (Camacho et al. 2012;
Luzardo, Rodriguez-Hernandez, et al. 2013, Luzardo,
Ruiz-Suarez, 2013, 2014; Luzardo, Ruiz-Suarez, et al.
2013). Briefly, for the chromatographic separation we
used a 30 m × 0.25-mm i.d., 0.25 μm film thickness
column (BPX5, SGE Inc., Austin, TX, USA) as the
stationary phase. Helium (99.999%) was used as the
carrier gas at a constant flow of 1 ml/min. The 61-min
oven temperature programme was: 60°C held for 1 min,
ramped to 210°C at 12°C/min and then to 320°C at 8°C/
min and held for 6 min. The injector temperature was set
at 270ºC and the transfer line was heated to 310°C. The
injection volume was 1 μl in the splitless mode.

The GC was tandem-coupled to a TSQ XLS QqQ
mass spectrometer, which was used for the detection and

quantification of the 57 pollutants plus ISs. An electron
ionization (EI)-MS/MS library was specially created for
the target analytes under our experimental conditions.
We calibrated the mass spectrometer scale with perfluor-
otributylamine on a weekly basis to ensure an optimal
response over time and proper mass assignments. The
instrument control, data acquisition and data analysis
was performed using the Thermo Fisher Xcalibur soft-
ware (Ver. 2.0.1). We constructed a timed SRM method
for the simultaneous analysis of 57 pollutants plus ISs in
a single run. Calibration curves contained all of the target
compounds except for the ISs at each level (0.5–500 ng/
mL). The operation conditions of the mass spectrometer
were: electron impact ionization (70 eV) in SRM;
emission current, 50 μA; ionization source temperature,
220°C; electron multiplier voltage, 1500 V; scan width,
0.15; scan time, 0.05 s; peak width, m/z 0.7 Da. Argon
(99.99%) was used as the collision gas at 0.2 Pa.

2.6. Dietary intake estimates and calculations
(exposure assessment)

The exposure assessment was calculated by multiplying
the respective concentrations of contaminants in yogurts
(mean values) by the amount of fat contained in the
average daily yogurt consumption by adults (17–70
years old, average weight 68.5 kg, mean daily yogurt
consumption 52.6 g) and children (7–12 years old,
average weight 34.5 kg, mean daily yogurt consumption
64.8 g). Consumption data of yogurt by the Spanish
population were obtained from the Spanish Diet Model
for the Determination of the Consumer’s Exposure to
Chemicals (AECOSAN 2006, 2011). Exposures were
assessed for all the contaminants, individually consid-
ered and also grouped in different forms. For calcula-
tions, we estimated on the one hand the lower bound
approach, which assigned the zero value to all those
results that were below the limit of detection (LOD) of
the method. On the other hand, as recommended by the
European Agency for Food Safety (EFSA), the upper
bound approach was also calculated. In this approach a
value equal to the LOD is assigned to all the non-
detected results.

In this research we expressed the total value of OCPs
residues (ΣOCPs) as the sum of the 23 measured OCPs
and metabolites; the total value of DDTs (∑DDTs) as the
sum of the measured values of p,pʹ-DDT, p,pʹ-DDE, p,pʹ-
DDD, o,pʹ-DDE, o,pʹ-DDT, o,pʹ-DDD; the total value of
HCH residues (ƩHCH) as the sum of the four HCH
isomers (α-, β-, δ-, and γ-HCH); and the total value of
cyclodiene residues (∑cyclodienes) as the sum of aldrin,
dieldrin, endrin, cis-chlordane, trans-chlordane and hep-
tachlor. Similarly we expressed the total value of PCB
residues (∑PCBs) as the sum of the 18 PCB congeners
measured. In addition the six congeners considered as
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markers of environmental contamination by PCBs (#28,
52, 101, 138, 153 and 180) were also considered as a
group (∑M-PCBs), and total value of dioxin-like PCBs
(∑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). Additionally, we estimated the potential tox-
icity (in terms of toxic equivalence to dioxins; dioxin
toxic equivalents [TEQs]) for the DL-PCBs using the
toxic equivalency factors as revised by the World Health
Organization (WHO) in 2005 (Van den Berg et al. 2006).
We expressed the total TEQs (∑TEQs) as the sum of
TEQs individually obtained from the DL-PCBs. With
regard to PAHs we considered the sum of the values of
the 16 US-EPA compounds included in this study as the
total content of PAHs (∑PAHs). Finally, according to the
EFSA recommendations (EFSA 2008), we also consid-
ered as a group the sum of the eight compounds for
which there are evidences of carcinogenicity (∑PAH8):
benz[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[ghi]perylene, chrysene,
dibenz[a,h]anthracene and indeno[1,2,3-cd]pyrene.

2.7. Statistical analyses

Database management and statistical analyses were
performed using PASW Statistics v. 19.0 (SPSS Inc.,
Chicago, USA). The concentration of the contaminants
included in this study did not follow a normal distribu-
tion; therefore, the results are expressed in terms of the
median, and range (values minimum and maximum).
Differences of contaminants among groups were tested
with the non-parametric Mann–Whitney U-test and
Kruskal Wallis test. The categorical variables are pre-
sented as percentages and were compared between
variables with the Chi-square test. A P value of less
than 0.05 (two-tailed) was considered to be statistically
significant.

2.8. Quality control

The recoveries of the 57 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, which
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 yogurt samples

Our results showed that 100% of the samples presented
quantifiable amounts of OCP residues. The average
number of residues per sample from this group of
pollutants was four OCPs, regardless the production
method (within a range 2–7 residues in conventional and
2–6 residues in organic yogurts).

Fourteen of the analyzed OCPs (α-HCH, δ-HCH,
o,pʹ-DDE, methoxychlor, heptachlor, endrin, aldrin,
heptachlor epoxide, trans-chlordane, alpha endosulfan,
beta endosulfan, sulfate endosulfan and mirex) were
not detected in any of the samples.

The most frequently detected compound of this group
of pollutants was p,pʹ-DDE, which was found in 100% of
the samples (median = 6.17 ng g−1 fat in conventional
samples vs. 2.43 ng g−1 fat in organic yogurts, P < 0.05),
whereas its parent compound p,pʹ-DDT (banned in 1978)
was also frequently detected: six samples of conventional
yogurt (35.3%), and seven samples from organic produc-
tion (46.7%; Table 1). These results are in agreement with
other studies performed in dairy products and yogurt in
China, Jordan or USA, where also p,pʹ-DDE was the
most predominant OCP (Zhang et al. 2006; Salem et al.
2009; Schecter et al. 2010). The ∑DDTwas higher in the
group of conventional yogurts, although no statistical
significance difference was reached.

With regard to the rest of OCP residues that were
detected in yogurt samples it is remarkable that HCB
was also frequently detected in yogurt samples of both
methods of production (88.2% of conventional and
93.3% of organic yogurts). This is not a surprising result
since HCB is a known by-product of many industrial
processes (Nasir et al. 1998) that is frequently detected in
foodstuffs. The high frequency of this compound in
yogurt samples was also in accordance with our previous
studies in other dairy products (Almeida-González et al.
2012; Luzardo et al. 2012). Hexachlorocyclohexane
(β- and γ-HCH) isomers were also detected with a
similar distribution between organic and conventional
yogurts (median values of 0.59 vs. 0.74 ng g−1 fat,
respectively). These concentrations were lower than
those reported in other studies in dairy products, where
the average values ranged between 1.2 ng g−1 and 12.8
ng g−1 (Zhang et al. 2006; Salem et al. 2009; Polder
et al. 2010; Tornkvist et al. 2011; Gutiérrez et al. 2012;
Weiss et al. 2013). We also found residues of dicofol in
some of the samples (29.4% of conventional brands and
13.3% of organics), as also described for bovine or
human breast milk from Brazil, China, Korea and Japan
(Fujii et al. 2011; Avancini et al. 2013). Finally, with
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respect to cyclodienes, the only detected compound
was dieldrin. The presence of this contaminant in
dairy products has been also reported by other authors
(Darko & Acquaah 2008; Schecter et al. 2010; Almeida-
González et al. 2012; Luzardo et al. 2012). However it is
remarkable that both, dieldrin frequency and median
concentration were statistically different between con-
ventional and organic yogurts (Table 1). Finally, it
should be noted that, unlike other reports for dairy
products (Darko & Acquaah 2008; Weiss et al. 2013),
none of the isomers of endosulfan were detected.

From these results we can conclude that the total
burden of OCPs (∑OCPs) was higher in conventionally
produced yogurts than in organically produced yogurts
(median values 23.85 vs. 13.62 ng g−1 fat, respectively).
However, the median levels of the OCPs quantified in
this series of samples were relatively low and all the
quantified amounts were well below the maximum
residue levels (MRLs) established by the European
legislation (Table 2). However, our results indicate that,
although in recent years there has been an evident

decline in these residue levels, these pesticides remain
present in the environment and therefore present in the
food chain. It is a known fact that the levels of
contamination by POPs of the different areas may greatly
vary, depending on factors, such as the geographical and
regulatory variations in their use and restrictions. This
fact explains the differences of levels and patterns
between the different studies.

3.2. Occurrence of PCB residues in yogurt samples

We found that all the yogurt samples showed quantifi-
able levels of PCBs. The number of PCB residues in
both production methods was similar (conventional
yogurt, average = 9 PCB congeners per sample, range
8–12; organic yogurt, average = 8 PCB congeners per
sample, range 7–11). As shown in Table 3 the total
content of PCBs of these samples was also very similar
between both groups (organic vs. conventional), but
some differences were found when we studied the
content of M-PCBs and DL-PCBs separately.

Table 1. Levels of OCPs detected in conventional and organic yogurt samples (ng g−1 fat) from the Spanish market.

CONVENTIONAL YOGURT ORGANIC YOGURT

Mean ± SD Mean ± SD P
No. of OCPs residues per sample 4.47 ± 1.46 4.13 ± 1.25 NS

Compound Median Detection range Frequency Median Detection range Frequency Pa/Pb

HCB 1.07 n.d.−4.01 88.2% 0.94 n.d−4.25 93.3% NS
p,pʹ-DDE 6.17 1.49–26.65 100% 2.43 1.27–20.05 100% 0.047/NS
p,pʹ-DDT 0 n.d.−33.19 35.3% 0 0.00–33.79 46.7 NS
p,pʹ-DDD 0 n.d.−1.18 11.8% n.d. n.d. n.d. NS
o,pʹ-DDE n.d. n.d. n.d. n.d. n.d. n.d. NS
o,pʹ-DDT 0 n.d.−0.8 11.8% 0 n.d.−0.65 20% NS
o,pʹ-DDD n.d. n.d. n.d. 0 n.d.−0.19 13.3% NS
∑DDTs 7.63 1.66–53.01 100% 5.65 1.33–38.66 100% NS
Dicofol 0 n.d.−5.11 29.4% 0 n.d.−4.65 13.3% NS
Mirex n.d. n.d. n.d. n.d. n.d. n.d. NS
Metoxychlor n.d. n.d. n.d. n.d. n.d. n.d. NS
α-HCH n.d. n.d. n.d. n.d. n.d. n.d. NS
Β + γ-HCH 0.59 n.d.−16.41 82.4% 0.74 n.d.−1.82 80% NS
δ-HCH n.d. n.d. n.d. n.d. n.d. n.d. NS
∑HCH 0.59 n.d.−16.41 82.4% 0.74 n.d.−1.82 80% NS
Aldrin n.d. n.d. n.d. n.d. n.d. n.d. NS
Dieldrin 7.98 n.d.−30.58 70.6% 0 n.d.−16.28 40% 0.083/0.079
Endrin n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Chlordane (trans) 0 0.00–4.32 17.6% 0 0.00–40.52 6.7% NS
Chlordane (cis) n.d. n.d. n.d. n.d. n.d. n.d. NS
Heptachlor n.d. n.d. n.d. n.d. n.d. n.d. NS
∑cyclodienes 7.98 n.d.−30.58 70.6% 0 n.d.−56.79 40% 0.083/0.079
∑endosulfan n.d. n.d. n.d. n.d. n.d. n.d. NS
∑OCPs 23.85 3.66–85.59 100% 13.62 2.16–69.70 100% 0.062/NS

aValues resulting from the comparison between the medians, referred to the figures with an asteric (Mann-Whitney test).
bValues resulting from the comparison between the frequencies, referred to the figures with an asteric (Chi-square test).
n.d., non-detectable.
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Firstly, in relation to the six M-PCBs, all the
congeners were detected in all the samples, with the
exception of PCB 101 that was below the LOD in two
samples. M_PCBs accounted for more than 90% of the
total content of PCBs in these samples. The similarity
between groups of yogurt was maintained in M-PCBs,
being the concentrations and frequencies similar in
conventional and organic yogurts (around 12 ng g−1,
Table 3). These values were also similar to those values
reported by EFSA and other authors in European dairy
products (EFSA 2008; Polder et al. 2010; Schecter
et al. 2010).

However, in relation to the more worrying conge-
ners, the dioxin-like PCBs, we found that the median
values of concentration were higher in conventional
yogurts than in organic ones (2.73 ng g−1 fat vs. 1.64
ng g−1 fat). When we used the TEQ approach as defined
by the WHO in 2006 (Van den Berg et al. 2006) the
median values obtained were 0.16 pg TEQ g−1 fat and
0.08 pg TEQ g−1 fat in conventional and organic brands,
respectively. These values can be considered as low, or at
least much lower that those described by EFSA (2012)
or other independent studies (Bordajandi et al. 2004;
Malisch & Dilara 2007; Esposito et al. 2009). Although
the median values of PCBs reported in our study are well
below the established limits (40 ng g−1 fat for M-PCBs
and 2.5 pg WHO-TEQ/g−1 fat for DL-PCBs, Table 2), it
should be highlighted that the DL-PCB content of
several samples widely overpassed these limits. Thus,
in six samples of conventional yogurt (35.3%) we found

a range from 6.7 to 116.40 pg WHO-TEQ/g−1 fat, and in
three samples of organic yogurt (20.1%) a range from
6.7 to 36.7 WHO-TEQ/g−1 fat, whereas in a previous
study on 1415 samples of dairy products it was reported
that only 0.5% of the samples overpassed the legal limits
(EFSA 2012). This is a worrisome result which suggests
that yogurt could be a significant source of dioxins
for the Spanish population if some of these brands are
unintentionally consumed, and are in agreement with
previous results of our research group in milk and cheese
samples (Almeida-González et al. 2012; Luzardo
et al. 2012).

3.3. Occurrence of PAH residues in yogurt samples

According to our results 100% of the yogurt samples
presented contamination by any of the PAHs included in
this research, without relevant differences in the number
of detected compounds between conventionally and
organically produced yogurts. The average number of
residues was seven (range 8–12 and 7–11, in conven-
tional and organic yogurts, respectively). Only three
PAHs were not detected in any of the samples: dibenzo-
[a,h]anthracene, anthracene and benzo[a]anthracene. At
the opposite end phenanthrene, fluoranthene and pyrene
were detected in 100% of the samples, and these
compounds were also found at the highest concentrations
in yogurts of both types of production, with similar
median values (Table 4). Our results were in agreement
with the scarce data that are currently available for PAHs

Table 2. Comparison between the median concentrations determined in the yogurt samples and the legal limits established by the
European Authorities.

Compound MRL (mg/kg fat) Conventional yogurt Organic yogurt

OCPsa

Aldrin and dieldrin 0.006 0.00037 0
∑Chlordanes 0.002 0 0
∑DDT 0.04 0.00035 0.00025
∑Endosulfans 0.05 n.d. n.d.
Endrin 0.0008 n.d. n.d.
Heptachlor 0.004 n.d. n.d.
HCB 0.01 0.000049 0.000042
α-HCH 0.004 n.d. n.d.
γ-HCH (lindane) 0.001 0.000027 0.000033
Methoxychlor 0.01 n.d. n.d.
PCBsb

EQT DL-PCBs-OMS 2.5 (pg/g fat) 0.16 0.08
∑M-PCBs 40 (ng/g fat) 1255 13.21
PAHsc

Benzo(a)pyrene 1.0 (μg/kg fresh product) 0 0
∑PAH4 1.0 (μg/kg fresh product) 0.05 0

aMaximum residue levels (MRL) related to OCPs were obtained from Commission Regulation (EC) No 299/2008 (EU).
bMaximum levels related to DL-PCBs and M-PCBs were obtained from Commission Regulation (EC) No 1259/2011 (EU).
cMaximum levels related PAHs: benzo[a]pyrene and PAH4 (sum of benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluoranthene and chrysene) were
obtained from Commission Regulation (EC) No 835/2011 (EU).
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content in dairy products (Bordajandi et al. 2004; Falco
et al. 2003; Kim et al. 2008; Çok et al. 2012; Veyrand
et al. 2013) or in similar matrices such as human breast
milk (Kim et al. 2008; Çok et al. 2012).

We considered very interesting to focus our study on
the group of eight PAHs that have been signalled by the
EFSA as the most worrying (PAH8; (benzo[a]pyrene,
benzo[a]anthracene, benzo[b]fluoranthene, benzo[k]
fluoranthene, benzo[g,h,i]perylene, chrysene, dibenzo[a,
h]anthracene and indeno[1,2,3-c,d]pyrene) due to their
mutagenic and carcinogenic properties (EFSA 2008).
Thus, we found that benzo[a]pyrene (a group I-carcino-
gen according the International Agency of Research of
Cancer) was detected in 5.9% of conventional yogurts
and in 13.3% of organic samples. Other contaminants
from this subgroup were also detected with a relatively
high frequency: benzo[k]fluoranthene, benzo[b]fluor-
anthene and chrysene (Table 4), which appeared with
similar frequencies between samples of both production
methods. High concentrations of chrysene and benzo[b]

fluoranthene were also detected in the foodstuffs that
were analyzed in the second French Total Diet Study
(Veyrand et al. 2013). However, the results that we report
in this study (Table 4) are higher than those from the
above-mentioned study (Veyrand et al. 2013), and also
than those reported by the EFSA (2008). Nevertheless, it
should be noted that the median levels of PAHs in yogurt
did not exceed the legal limits (Table 2), as also occurred
with the other groups of pollutants of this study.

3.4. Assessment of yogurt-related dietary intakes of
OCPs, PCBs and PAHs residues

Dietary exposure calculations are done by combining
data on consumption habits with the concentrations of
contaminants in food samples. In Table 5 we have
summarized the dietary intakes of all the substances
included in this study arranged by two groups of age:
children (6–10 years) and adults (18–64 years), and
considering two possible scenarios: (1) the consumers
choose yogurts from conventional production, and (2)

Table 3. Levels of PCBs (ng g−1 fat) and 2005 WHO TEQs (pg g−1 fat) detected in conventional and organic yogurt samples from the
Spanish market.

Compound CONVENTIONAL YOGURT ORGANIC YOGURT

Mean ± SD Mean ± SD p
9.35 ± 1.37 8.87 ± 1.25 NS

No. of PCBs residues per sample Median Detection range Frequency Median Detection range Frequency Pa/Pb

Marker PCBs
PCB 28 5.87 3.89–16.77 100% 5.48 2.55–12 100% NS
PCB 52 2.03 1.60–6.13 100% 1.92 0.7–4.1 100% NS
PCB 101 0.79 n.d.−2.82 94.1% 0.53 n.d−2.31 93.3% NS
PCB 138 2.58 1.07–8.92 100% 2.33 0.34–9.39 100% NS
PCB 153 1.3 0.70–4.94 100% 1.12 0.38–5.32 100% NS
PCB 180 0.65 0.11–4.42 100% 1.03 0.19–4.08 100% NS
∑M-PCBs 12.55 10.71–38.88 100% 13.21 4.99–36.99 100% NS
Dioxin-like PCBs
PCB 77 n.d. n.d. n.d. 0 n.d.−0.14 6.7% NS
PCB 81 0 n.d.−0.91 41.2% 0 n.d.−0.52 33.3% NS
PCB 105 0.76 n.d.−2.35 94.1% 0.41 n.d.−2.19 80% NS
PCB 114 n.d. n.d. n.d. 0 n.d.−0.24 6.7% NS
PCB 118 1.32 0.31−4.27 100% 0.97 0.18−4.52 100% NS
PCB 123 n.d. n.d. n.d. n.d. n.d. n.d. NS
PCB 126 0 n.d.−0.63 17.6% 0 n.d.−0.36 6.7% NS
PCB 156 0 n.d.−0.43 17.6% 0 n.d.−1.21 33.3% NS
PCB 157 n.d. n.d. n.d. n.d. n.d. n.d. NS
PCB 167 0 0.00–1.1 29.4% n.d. n.d. n.d. 0.030/0.022
PCB 169 0 n.d.−1.98 29.4% 0 n.d.−0.37 13.3% NS
PCB 189 0 n.d.−2.52 11.8% 0 n.d.−0.18 6.7% NS
∑DL-PCBs 2.73 0.66–11.12º 100% 1.64 0.24–7.13 100% 0.074/NS
∑TEQsDL-PCBs (pg/g) 0.16 0.19–116.38 100% 0.08 0.007–36.32 100% 0.074/NS
∑PCBs 14.72 11.43–47.38 100% 14.86 5.64–43.91 100% NS

aValues resulting from the comparison between the medians, referred to the figures with an asteric (Mann-Whitney test).
bValues resulting from the comparison between the frequencies, referred to the figures with an asteric (Chi-square test).
n.d., non-detectable.
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the consumers choose yogurts from organic production.
It is important to note that, to our knowledge, this is the
first study estimating the intake of pollutants through the
consumption of organic yogurt.

As regards to the intake of OCPs through yogurt, this
can be considered very low in both groups of age, but
there are relevant differences depending of the type of
yogurt chosen. Thus, those consumer that choose organic

Table 4. Levels of PAHs (ng g−1 fat) detected in conventional and organic yogurt samples from the Spanish market.

Compound CONVENTIONAL YOGURT ORGANIC YOGURT

Mean ± SD Mean ± SD p
7.12 ± 1.83 7.20 ± 2.01 NS

No. of PAHs residues per sample Median Detection range Frequency Median Detection range Frequency Pa/Pb

Naphthalene 0 n.d.−9.69 23.5% 0 n.d.−3.59 46.7% NS
Acenaphthylene 5.54 n.d.−85.28 52.9% 5.71 n.d.−40.42 53.3% NS
Acenaphthene 6.40 n.d.−55.05 94.1% 0.99 n.d.−14.72 66.7% NS/0.047
Fluorene 2.47 n.d.−14.25 70.6% 3.66 n.d.−7.40 93.3% NS
Phenanthrene 37.82 16.60–85.99 100% 35.65 13.47–88.87 100% NS
Anthracene n.d. n.d. n.d. n.d. n.d. n.d. NS
Fluoranthene 11.69 6.48–18.60 100% 9.65 3.52–35.15 100% NS
Pyrene 27.48 10.72–56.65 100% 30.78 8.11–144.70 100% NS
Benzo[a]anthracene n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Chrysene 0 n.d.−17.52 47% 0 n.d.−20.04 33.3% NS
Benzo[b]fluoranthene 0 n.d.−5.00 41.2% 0 n.d.−6.13 40% NS
Benzo[k]fluoranthene 0 n.d.−1.64 47% 0 n.d.−1.62 46.7% NS
Benzo[a]pyrene 0 n.d.−0.70 5.9% 0 n.d.−1.73 13.3% NS
Indeno[1,2,3-cd] pyrene 0 n.d.−0.26 11.8% 0 n.d.−0.39 6.7% NS
Dibenz[a,h]anthracene n.d. n.d. n.d. n.d. n.d. n.d. NS
Benzo[ghi]perylene 0 n.d.−1.46 17.6% 0 n.d.−1.67 20% NS
∑PAH8 1.03 n.d.−24.15 64.7% 0 n.d.−29.47 46.7% NS
∑PAHs 110.05 60.33–306.59 100% 102.21 38.28–294.69 100% NS

aValues resulting from the comparison between the medians, referred to the figures with an asteric (Mann-Whitney test).
bValues resulting from the comparison between the frequencies, referred to the figures with an asteric (Chi-square test).
n.d., non-detectable.

Table 5. Median values of dietary intakes of POPs (ng kg−1 b.w. day−1) in relation to yogurt consumption for children and adults living
in Spain and depending on the production method chosen.

CONVENTIONAL ORGANIC

Children Adults Children Adults

Lba Uba Lba Uba Lba Uba Lba Uba

OCPs
∑HCH 0.051 0.086 0.021 0.035 0.062 0.095 0.025 0.039
∑Cyclodienes 0.692 0.818 0.284 0.336 0 0.128 0 0.053
∑DDTs 0.662 0.681 0.272 0.280 0.490 0.510 0.201 0.209
∑OCPs 2.068 2.242 0.850 0.921 1.181 1.363 0.485 0.560
PCBs
∑M-PCBs 1.230 1.489 0.506 0.402 1.240 1.500 0.509 0.405
∑DL-PCBs 0.236 0.273 0.097 0.112 0.142 0.184 0.059 0.075
∑PCBs 1.277 1.316 0.525 0.541 1.288 1.329 0.529 0.546
∑TEQsPCBs

a 0.014 0.514 0.006 0.211 0.007 0.507 0.208 0.166
PAHs
∑PAH8 0.089 0.132 0.037 0.054 0 0.046 0 0.019
∑PAHs 9.544 9.594 3.921 3.942 8.863 8.922 3.642 3.666

aValues expressed in pg kg−1b.w. day.
Lba, lower bound approach; Uba, upper bound approach.
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yogurts are even less exposed to these contaminants
(especially to DDTs and cyclodienes). This also
occurred with the intake of equivalents of dioxins: the
consumers of organic yogurts would consume the half
of DL-PCBs than the consumers of conventionally
produced ones. However, it is interesting to note that
the results greatly vary depending on the approach
chosen for the calculations. Thus, if we had chosen the
lower bound approach we may say that the consumption
of yogurt do not represent an important source of these
contaminants, as our estimates of ∑TEQsPCBs indicate
that in the highest mean value of intake (children that
consume conventional yogurts= 0.017 ng kg−1 b.w.
day−1) the amount ingested would represent only 0.85%
of the tolerable daily intake (TDI) of dioxins (2 pg kg−1

b.w.d−1) recommended by the WHO (Fattore et al.
2008). However, according the recommendation of the
European Commission (EFSA 2012), it is necessary to
apply the upper bound approach in the calculations for
the comparison with the TDI. Using this approach the
intake of DL-PCBs through yogurt would represent as
much as 31% of the TDI in children. Moreover, it is
important to note that, independently of the approach
used for the calculations, if 5 out of 32 samples (15.6%,
four conventional and 1 organic yogurts) had been
consumed, the TDI would be greatly overpassed, because
of their high content of the most toxic congeners: PCB
126 and PCB 169 (Table 3). The intake of two of these
yogurts would represent in children as much as the 608%
and 503% of the TDI for dioxins. These findings are a
matter of concern and further studies are needed that
clarify which is the origin of this high contamination in
certain yogurt samples, because some consumers could
be highly exposed to dioxins through the intake of
this food.

Finally, as regards to the intake of PAHs through the
yogurt consumption, this can be considered as very low
in the Spanish population. However, again it is remark-
able that when consumers choose yogurts from organic
production the intake of these pollutants is two times
lower than if conventionally produced yogurts are
consumed (Table 4).

Although according our estimates the intake of these
anthropogenic pollutants through yogurt consumption is
below the TDIs, it is necessary to emphasize that the
daily intakes are based on ‘acceptable’ risk to human
health and does not mean zero risk. If we take into
account that many of these contaminants are endocrine
disruptors and/or carcinogens, a completely ‘safe’ level
cannot be established and therefore the efforts for
diminishing their presence in the environment should
continue until their complete elimination.

Funding
This study has been supported by Programme Innova Canarias
2020 from Fundación Universitaria de Las Palmas (FULP).

References

AECOSAN [Spanish Agency for Consumer Food Safety and
Nutrition]. 2006. Modelo de dieta española para la determi-
nación de la exposición del consumidor a sustancias
químicas; [cited 2014 Sep 11]. Available from: http://
www.aesan.msps.es/AESAN/docs/docs/notas_prensa/mod
elo_dieta_espanola.pdf

AECOSAN [Spanish Agency for Consumer Food Safety and
Nutrition]. 2011. ENIDE: National Survey of Dietary
Intake (2009–2010). Results on consumption data; [cited
2014 Sep 11]. Available from: http://www.aesan.msc.es/en/
AESAN/web/evaluacion_riesgos/subseccion/enide.shtml

Almeida-González M, Luzardo OP, Zumbado M, Rodríguez-
Hernández Á, Ruiz-Suárez N, Sangil M, Camacho M,
Henríquez-Hernández LA, Boada LD. 2012. Levels of
organochlorine contaminants in organic and conventional
cheeses and their impact on the health of consumers: an
independent study in the Canary Islands (Spain). Food
Chem Toxicol. 50:4325–4332.

Avancini RM, Silva IS, Rosa ACS, Sarcinelli Pde N, de
Mesquita SA. 2013. Organochlorine compounds in bovine
milk from the state of Mato Grosso do Sul-Brazil. Chemo-
sphere. 90:2408–2413. Epub 2012/11/28.

Baars AJ, Bakker MI, Baumann RA, Boon PE, Freijer JI,
Hoogenboom LAP, Hoogerbrugge R, van Klaveren JD,
Liem AKD, Traag WA, et al. 2004. Dioxins, dioxin-like
PCBs and non-dioxin-like PCBs in foodstuffs: occurrence
and dietary intake in The Netherlands. Toxicol Lett.
151:51–61. Epub 2004/06/05.

Boada LD, Zumbado M, Henriquez-Hernandez LA, Almeida-
Gonzalez M, Alvarez-Leon EE, Serra-Majem L, Luzardo
OP. 2012. Complex organochlorine pesticide mixtures as
determinant factor for breast cancer risk: a population-
based case-control study in the Canary Islands (Spain).
Environ Health.11:28. Epub 2012/04/27.

Bordajandi LR, Gómez G, Abad E, Rivera J, Del Mar
Fernandez-Baston M, Blasco J, González MJ. 2004. Survey
of persistent organochlorine contaminants (PCBs, PCDD/
Fs, and PAHs), heavy metals (Cu, Cd, Zn, Pb, and Hg), and
arsenic in food samples from Huelva (Spain): levels and
health implications. J Agric Food Chem. 52:992–1001.
Epub 2004/02/19.

Camacho M, Boada LD, Orós J, Calabuig P, Zumbado M,
Luzardo OP. 2012. Comparative study of polycyclic aro-
matic hydrocarbons (PAHs) in plasma of Eastern Atlantic
juvenile and adult nesting loggerhead sea turtles (Caretta
caretta). Mar Pollut Bull. 64:1974–1980. Epub 2012/07/04.

Camacho M, Boada LD, Oros J, Lopez P, Zumbado M,
Almeida-Gonzalez M, Luzardo OP. 2013a. Comparative
study of organohalogen contamination between two popu-
lations of eastern Atlantic loggerhead sea turtles (Caretta
caretta). Bull Environ Contam Toxicol. 64:1974–1980.

Camacho M, Boada LD, Orós J, López P, Zumbado M,
Almeida-González M, Luzardo OP. 2014. Monitoring
organic and inorganic pollutants in juvenile live sea turtles:
results from a study of Chelonia mydas and Eretmochelys
imbricata in Cape Verde. Sci Total Environ. 481:303–310.
Epub 2014/03/08.

Camacho M, Luzardo OP, Boada LD, López Jurado LF,
Medina M, Zumbado M, Orós J. 2013b. Potential adverse

Journal of Applied Animal Research 381

http://www.aesan.msps.es/AESAN/docs/docs/notas_prensa/modelo_dieta_espanola.pdf
http://www.aesan.msps.es/AESAN/docs/docs/notas_prensa/modelo_dieta_espanola.pdf
http://www.aesan.msps.es/AESAN/docs/docs/notas_prensa/modelo_dieta_espanola.pdf
http://www.aesan.msc.es/en/AESAN/web/evaluacion_riesgos/subseccion/enide.shtml
http://www.aesan.msc.es/en/AESAN/web/evaluacion_riesgos/subseccion/enide.shtml


health effects of persistent organic pollutants on sea turtles:
evidences from a cross-sectional study on Cape Verde
loggerhead sea turtles. Sci Total Environ. 458–460:283–
289. Epub 2013/05/15.

Casals-Casas C, Desvergne B. 2011. Endocrine disruptors:
from endocrine to metabolic disruption. Annu Rev Physiol.
73:135–162. Epub 2010/11/09.

Çok I, Mazmanci B, Mazmanci MA, Turgut C, Henkelmann B,
Schramm K-W. 2012. Analysis of human milk to assess
exposure to PAHs, PCBs and organochlorine pesticides in
the vicinity Mediterranean city Mersin, Turkey. Environ
Int. 40:63–69. Epub 2012/01/28.

Darko G, Acquaah SO. 2008. Levels of organochlorine
pesticides residues in dairy products in Kumasi, Ghana.
Chemosphere. 71:294–298. Epub 2007/10/19.

Darnerud PO, Atuma S, Aune M, Bjerselius R, Glynn A,
Grawé KP, Becker W. 2006. Dietary intake estimations of
organohalogen contaminants (dioxins, PCB, PBDE and chlori-
nated pesticides, e.g. DDT) based on Swedish market basket
data. Food Chem Toxicol. 44:1597–1606. Epub 2006/05/30.

Dickerson SM, Cunningham SL, Patisaul HB, Woller MJ, Gore
AC. 2011. Endocrine disruption of brain sexual differenti-
ation by developmental PCB exposure. Endocrinology.
152:581–594. Epub 2010/12/31.

Dorgan JF, Brock JW, Rothman N, Needham LL, Miller R,
Stephenson Jr. HE, Schussler N, Taylor PR. 1999. Serum
organochlorine pesticides and PCBs and breast cancer risk:
results from a prospective analysis (USA). Cancer Causes
Control. 10:1–11. Epub 1999/05/20.

EC. 2007. Council regulation (EC) No 834/2077 on organic
production and labelling of organic products and repealing
regulation (EEC) No 2092/91.

EN. 1996a. European Norm 1528-2. Fatty food. Determination
of pesticides and polychlorinated biphenyls (PCBs) – Part
2: Extraction of fat, pesticides and PCBs, and determination
of fat content. European Commitee for Standardization.

EN. 1996b. European Norm 1528-3. Fatty food. Determination
of pesticides and polychlorinated biphenyls (PCBs). Clean-
up methods. European Commitee for Standardization.

EFSA. 2008. Polycyclic aromatic hydrocarbons in food.
Scientific opinion of the panel on contaminants in the
food chain. EFSA J.724:1–114.

EFSA. 2012. Update of the monitoring of levels of dioxins and
PCBs in food and feed. EFSA J.10:2832–2914.

Esposito M, Cavallo S, Serpe FP, D’Ambrosio R, Gallo P,
Colarusso G, Pellicanò R, Baldi L, Guarino A, Serpe L.
2009. Levels and congener profiles of polychlorinated
dibenzo-p-dioxins, polychlorinated dibenzofurans and
dioxin-like polychlorinated biphenyls in cow’s milk col-
lected in Campania, Italy. Chemosphere. 77:1212–1216.
Epub 2009/10/20.

Falco G, Domingo JL, Llobet JM, Teixido A, Casas C, Muller
L. 2003. Polycyclic aromatic hydrocarbons in foods:
human exposure through the diet in Catalonia, Spain. J
Food Prot. 66:2325–2331. Epub 2003/12/16.

Fattore E, Fanelli R, Dellatte E, Turrini A, di Domenico A.
2008. Assessment of the dietary exposure to non-dioxin-
like PCBs of the Italian general population. Chemosphere.
73:S278–S283. Epub 2008/04/29.

Focant JF, Eppe G, Pirard C, Massart AC, Andre JE, De Pauw
E. 2002. Levels and congener distributions of PCDDs,
PCDFs and non-ortho PCBs in Belgian foodstuffs –
assessment of dietary intake. Chemosphere. 48:167–179.
Epub 2002/07/16.

Fujii Y, Haraguchi K, Harada KH, Hitomi T, Inoue K, Itoh Y,
Watanabe T, Takenaka K, Uehara S, Yang HR, et al. 2011.

Detection of dicofol and related pesticides in human breast
milk from China, Korea and Japan. Chemosphere. 82:25–
31. Epub 2010/11/06.

García-Álvarez N, Martin V, Fernández A, Almunia J, Xuriach
A, Arbelo M, Tejedor M, Boada LD, Zumbado M, Luzardo
OP. 2014. Levels and profiles of POPs (organochlorine
pesticides, PCBs, and PAHs) in free-ranging common
bottlenose dolphins of the Canary Islands, Spain. Sci Total
Environ. 493:22–31.

Gutiérrez R, Ruíz JL, Ortiz R, Vega S, Schettino B, Yamazaki
A, de Lourdes Ramírez M. 2012. Organochlorine pesticide
residues in bovine milk from organic farms in Chiapas,
Mexico. Bull Environ Contam Toxicol. 89:882–887. Epub
2012/08/07.

Kim SR, Halden RU, Buckley TJ. 2008. Polycyclic aromatic
hydrocarbons in human milk of nonsmoking U.S. women.
Environ Sci Technol. 42:2663–2667. Epub 2008/05/29.

Knerr S, Schrenk D. 2006. Carcinogenicity of “non-dioxinlike”
polychlorinated biphenyls. Crit Rev Toxicol. 36:663–694.
Epub 2006/10/20.

Luzardo OP, Almeida-González M, Henríquez-Hernández LA,
Zumbado M, Álvarez-León EE, Boada LD. 2012. Poly-
chlorobiphenyls and organochlorine pesticides in conven-
tional and organic brands of milk: occurrence and dietary
intake in the population of the Canary Islands (Spain).
Chemosphere. 88:307–315. Epub 2012/04/05.

Luzardo OP, Rodriguez-Hernandez A, Quesada-Tacoronte Y,
Ruiz-Suarez N, Almeida-Gonzalez M, Henriquez-Hernan-
dez LA, Zumbado M, Boada LD. 2013a. Influence of the
method of production of eggs on the daily intake of
polycyclic aromatic hydrocarbons and organochlorine con-
taminants: an independent study in the Canary Islands
(Spain). Food Chem Toxicol. 60:455–462.

Luzardo OP, Ruiz-Suarez N, Almeida-Gonzalez M, Henriquez-
Hernandez LA, Zumbado M, Boada LD. 2013b. Multi-
residue method for the determination of 57 Persistent
Organic Pollutants in human milk and colostrum using a
QuEChERS-based extraction procedure. Anal Bioanal
Chem. 405:9523–9536.

Luzardo OP, Ruiz-Suárez N, Henríquez-Hernández LA,
Valerón PF, Camacho M, Zumbado M, Boada LD. 2014.
Assessment of the exposure to organochlorine pesticides,
PCBs and PAHs in six species of predatory birds of the
Canary Islands, Spain. Sci Total Environ. 472:146–153.
Epub 2013/12/03.

Malisch R, Dilara P. 2007. PCDD/Fs and PCBs in butter
samples from new European Union member states and a
candidate country: analytical quality control, results and
certain PCB-specific aspects. Chemosphere. 67:S79–S89.
Epub 2007/02/20.

Nasir K, Bilto YY, Al-Shuraiki Y. 1998. Residues of
chlorinated hydrocarbon insecticides in human milk of
Jordanian women. Environ Pollut. 99:141–148. Epub 2004/
04/20.

Polder A, Savinova TN, Tkachev A, Løken KB, Odland JO,
Skaare JU. 2010. Levels and patterns of Persistent Organic
Pollutants (POPS) in selected food items from Northwest
Russia (1998–2002) and implications for dietary exposure.
Sci Total Environ. 408:5352–5361. Epub 2010/08/20.

Ribas-Fito N, Sala M, Kogevinas M, Sunyer J. 2001.
Polychlorinated biphenyls (PCBs) and neurological devel-
opment in children: a systematic review. J Epidemiol
Community Health. 55:537–546. Epub 2001/07/13.

Salem NM, Ahmad R, Estaitieh H. 2009. Organochlorine
pesticide residues in dairy products in Jordan. Chemo-
sphere. 77:673–678. Epub 2009/08/22.

382 Á. Rodríguez-Hernández et al.



Samanta SK, Singh OV, Jain RK. 2002. Polycyclic aromatic
hydrocarbons: environmental pollution and bioremediation.
Trends Biotechnol. 20:243–248. Epub 2002/05/15.

Schecter A, Colacino J, Haffner D, Patel K, Opel M, Päpke O,
Birnbaum L. 2010. Perfluorinated compounds, polychlori-
nated biphenyls, and organochlorine pesticide contamina-
tion in composite food samples from Dallas, Texas, USA.
Environ Health Perspect. 118:796–802. Epub 2010/02/12.

Tornkvist A, Glynn A, Aune M, Darnerud PO, Ankarberg EH.
2011. PCDD/F, PCB, PBDE, HBCD and chlorinated
pesticides in a Swedish market basket from 2005 – levels
and dietary intake estimations. Chemosphere. 83:193–199.
Epub 2011/01/29.

Valerón PF, Pestano JJ, Luzardo OP, Zumbado ML, Almeida
M, Boada LD. 2009. Differential effects exerted on human
mammary epithelial cells by environmentally relevant
organochlorine pesticides either individually or in com-
bination. Chem Biol Interact. 180:485–491. Epub 2009/
05/09.

Van den Berg M, Birnbaum LS, Denison M, De Vito M,
Farland W, Feeley M, Fiedler H, Hakansson H, Hanberg A,
Haws L, et al. 2006. The 2005 World Health Organization
reevaluation of human and Mammalian toxic equivalency
factors for dioxins and dioxin-like compounds. Toxicol Sci.
93:223–241. Epub 2006/07/11.

Veyrand B, Sirot V, Durand S, Pollono C, Marchand P,
Dervilly-Pinel G, Tard A, Leblanc J.-C., Le Bizec B.
2013. Human dietary exposure to polycyclic aromatic
hydrocarbons: results of the second French Total Diet
Study. Environ Int. 54:11–17. Epub 2013/02/05.

Weiss J, Muller A, Vives I, Mariani G, Umlauf G. 2013. Spatial
gradients of OCPs in European butter-integrating environ-
mental and exposure information. Environ Sci Pollut Res
Int. 20:2948–2962. Epub 2012/10/12.

Zhang H, Chai ZF, Sun HB, Zhang JL. 2006. A survey of
extractable persistent organochlorine pollutants in Chinese
commercial yogurt. J Dairy Sci. 89:1413–1419. Epub
2006/04/12.

Journal of Applied Animal Research 383


	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Sampling and collection
	2.2. Chemicals and reagents
	2.3. Analytes of interest
	2.4. Sample preparation and analytical procedure
	2.5. Procedure of chemical analysis
	2.6. Dietary intake estimates and calculations (exposure assessment)
	2.7. Statistical analyses
	2.8. Quality control

	3. Results and discussion
	3.1. Occurrence of OCP residues in yogurt samples
	3.2. Occurrence of PCB residues in yogurt samples
	3.3. Occurrence of PAH residues in yogurt samples
	3.4. Assessment of yogurt-related dietary intakes of OCPs, PCBs and PAHs residues

	Funding
	References



