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Numerous epidemiological studies have demonstrated a link between excessive meat consumption and the in-
cidence of various cancers, especially colorectal cancer, and it has been suggested that environmental carcinogens
present in meat might be related to the increased risk of cancer associated with this food. However, there are no
studies evaluating the carcinogenic potential ofmeat in relation to its content of carcinogens. Our purposewas to
emphasize the relevance of environmental carcinogens existing in meat as a determinant of the association be-
tween cancer and meat consumption. Because within Europe, Spain shows high consumption of meat and char-
cuterie, we performed this study focusing on Spanish population. Based on the preferences of consumers we
acquired 100 samples ofmeat and charcuterie that reflect the variety available in the Europeanmarket.Wequan-
tified in these samples the concentration of 33 chemicals with calculated carcinogenic potential (PAHs, organo-
chlorine pesticides, and dioxin-like PCBs). The carcinogenic risk of these contaminantswas assessed for each food
using a risk ratio based on the current consumption ofmeat and charcuterie and themaximum tolerable intake of
these foods depending on the level of contamination by the carcinogens they contain. Our results indicate that
the current consumption of beef, pork, lamb, chicken, and “chorizo”, represents a relevant carcinogenic risk for
o actual or potential conflicts of interest to declare for any author.
t of Clinical Sciences, Universidad de Las Palmas de Gran Canaria, Plaza Dr. Pasteur s/n, 35016, Las Palmas deGran Canaria, Spain.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2015.01.108&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2015.01.108
mailto:operez@dcc.ulpgc.es
http://dx.doi.org/10.1016/j.scitotenv.2015.01.108
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv


34 Á.R. Hernández et al. / Science of the Total Environment 514 (2015) 33–41
Charcuterie

PCB
Organochlorine pesticides
consumers (carcinogenic risk quotient between 1.33 and 13.98). In order to reduce carcinogenic risk, the study
population should halve the monthly consumption of these foods, and also not to surpass the number of 5 serv-
ings of beef/pork/chicken (considered together).

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

The consumption of certain foods of animal origin has been associat-
ed with the increased incidence of different types of cancer (Abid et al.,
2014). Among them, the most clear epidemiological associations have
been established with the consumption of red meat and processed
meats (Abid et al., 2014; Kim et al., 2013). Thus, the consumption of
red meat has been linked to an increase in total cancer mortality
(Larsson and Orsini, 2014) aswell as the increased incidence of colorec-
tal cancer (Kim et al., 2013) and cancers of the esophagus (Zhu et al.,
2014), liver (Freedman et al., 2010), pancreas (Pericleous et al., 2014),
kidney (Alexander and Cushing, 2009), prostate (Abid et al., 2014),
lung (Abid et al., 2014) and breast (Abid et al., 2014). The consumption
of processedmeat has also been strongly associatedwith an increased in-
cidence of colorectal cancer (Aune et al., 2013; Kim et al., 2013) as well as
kidney (Alexander and Cushing, 2009) and prostate (Alexander et al.,
2010) cancers. According to the European cancer registries, in Spain,
where this study is based, both the incidence and mortality of some of
these cancers are above the average of the European Union, especially
in men. This is the case for cancers of the colon and rectum, liver and
lungs (Ferlay et al., 2013).

Although the food culture of Spain is contextualized within the
framework of theMediterranean diet, which is considered to be a pattern
of consumption of healthy foods that protect against the development of
the most common chronic diseases, including cancer (Giacosa et al.,
2013), the most recent nutritional surveys show a decrease in adherence
to the traditional Mediterranean diet in this country (Varela-Moreiras
et al., 2013). Thus, overall meat consumption in Spain has steadily in-
creased over the last few decades (Kanerva, 2013; Leon-Munoz et al.,
2012), and currently, the meat industry is ranked in fifth position in the
industrial sector of the Spanish economy and is ranked first among the
agro-food industries (Chamorro et al., 2012). Thus, meat consumption
in Spain has gone from being one of the lowest in the EU to reaching an
average per capita consumption of 52.7 kg/year, which is even higher
than the European average (51.2 kg/year) (Chamorro et al., 2012). More
relevant is the consumption of charcuterie products, and Spain is at the
head of the production and consumption of such meat products in
Europe, behind Germany, France and Italy (Leon-Munoz et al., 2012).

Different studies have linked an increased risk of cancer from meat
consumption with the presence of carcinogenic chemical substances
in meat (Trafialek and Kolanowski, 2014), and according to the litera-
ture, the content of certain pollutants in meat is particularly relevant
(Gasull et al., 2011). This is the case of organochlorine pesticides
(OCPs) (Letta and Attah, 2013; Pardio et al., 2012; Schecter et al.,
2010; Wang et al., 2011), dioxin-like polychlorinated biphenyls (PCB)
(Costabeber et al., 2006; Malisch and Kotz, 2014; Schecter et al., 2010;
Schwarz et al., 2014), and especially polycyclic aromatic hydrocarbons
(PAHs) (Gilsing et al., 2012; Liao et al., 2014).

During the past 30 years, many of these substances have been
highlighted as a concern (Boada et al., 2007, 2012, 2014; Casals-Casas
and Desvergne, 2011; Dorgan et al., 1999; Knerr and Schrenk, 2006;
Valeron et al., 2009) and have been the subject of extensive study and
international regulation in part because of their carcinogenic potential
(Dorgan et al., 1999; Knerr and Schrenk, 2006; Liao et al., 2014). A vari-
ety of the most common pollutants in meat from the abovementioned
chemical groups have been classified in group B of carcinogenicity
(WHO, 2014). Although cancer slope factors (CSF) have been calculated
for all of these probable carcinogens (EPA, 2014) and this would allow
an estimate of the risk of cancer associated with continuous exposure
to them through foodstuff, very few studies have attempted to estimate
the carcinogenic risks that are associated with the current pattern of
consumption of the pollutants associated withmeat and meat products
(Trafialek and Kolanowski, 2014).

In this study, we first determined the concentrations of 7 PAHs, 18
PCBs and 8 OCPs for which the CSFs have been calculated in a total of
100 samples of meat and charcuterie products that are most commonly
consumed by the studied population. Because it is well known that con-
tinued exposure to carcinogens, even at very low doses, is not without
risk, the main objective of this study was to use these data to estimate
the carcinogenic risk associated with the current level of meat con-
sumption by these consumers. For this purpose, we used the data of
food consumption (AECOSAN, 2011) and applied the methodology
that has been recently used to estimate the carcinogenic risk associated
with food intake (Yu et al., 2014). Finally, we calculated the number of
monthly servings of meat and charcuterie products that would be
exempt from carcinogenic risk to provide a recommendation for
consumption.

2. Materials and methods

2.1. Sampling

From January to March 2014, we randomly acquired samples of
meat and charcuterie products from multinational retailers settled in
the Canary Islands (Spain). Therefore, all the products sampled came
from large suppliers who serve the entire European territory, and as a
consequence our results could be extrapolated to the entire European
population, only considering their differentiated dietary habits. Accord-
ing the most appreciated choices of Spanish consumers (AECOSAN,
2011) we bought meat samples: beef (n = 14), chicken (n = 16),
pork (n = 8), lamb (n = 8), goat (n = 6), and rabbit (n = 6); and
also traditional charcuterie products: Iberian cured ham (“serrano
ham”) (n = 8), ham (n = 7), Spanish chorizo (n = 8), Spanish dry-
cured sausage “salchichón” (n = 7), bacon (n = 6), and Italian morta-
della (n = 6).

The sampleswere processed immediately upon arrival at the labora-
tory. Each individual sample was finely chopped with a knife and was
then ground using a stainless steel domestic food processor. The lipid
content of the samples was determined in triplicate by the modified
Gerber method as previously described (de Langen, 1963), to obtain
the final lipid-corrected values. Then, all of the samples were frozen at
−18 °C until analysis.

2.2. Chemical analyses

Organic solvents (N99.9%) were purchased from Fisher Scientific
(Leicestershire, United Kingdom). Diatomaceous earth was purchased
from Sigma-Aldrich (St. Louis, USA). Bio-Beads SX-3 were purchased
from BioRad Laboratories (Hercules, USA). Standards of OCPs, PCBs,
and the internal standards (ISs, PCB 202, p,p′-DDE-d8, phenanthene-
d10, tetrachloro-m-xylene, and heptachloro epoxide cis) were pur-
chased from Dr. Ehrenstorfer (Augsburg, Germany). Standards of PAHs
were purchased from Absolute Standards, Inc. (Connecticut, USA). All
standards were neat compounds (purity ranged from 97% to 99.5%). So-
lutions diluted from 0.05 ng/mL to 100 ng/mL in cyclohexanewere used
for calibration curves.

We quantified the levels of 8 OCPs: p,p′-DDT, p,p′-DDE, p,p′-DDD,
hexachlorobencene (HCB), and the four isomers of hexachlorocyclohex-
ane (α-, β-, γ-, δ-HCH). We also determined 18 PCB congeners, includ-
ing marker-PCBs (M-PCBs) and dioxin-like PCBs (DL-PCBs): IUPAC
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numbers 28, 52, 77, 81, 101, 105, 114, 118, 123, 126, 138, 153, 156,
157, 167, 169, 180, and 189.We also included 7 PAHs listed as carcin-
ogens (EPA, 2001): benzo(a)anthracene, benzo(a)phenanthrene (chrys-
ene), benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

We first extracted the fat from themeat and charcuterie samples be-
cause all of the contaminants included in this study are completely
lipid-soluble and therefore are found in the lipid fraction of tissues.
Thus, the samples (5 g) were homogenized in 5 ml of ultrapure water
with a disperser (Ultra-turrax, IKA, China). This homogenatewas spiked
with a 10 ppm-ISs mix in acetone (100 ppb, final concentration) and
was mixed with 30 g of diatomaceous earth to absorb any moisture.
The extraction and clean-up method followed the procedures recom-
mended by the European Standard for the determination of pesticides
and PCBs in fatty foods (EN, 1996a,b), which had been previously
validated in our laboratory for different fatty samples of animal origin
(Luzardo et al., 2014). This method achieved acceptable recoveries
that ranged between 71.5% and 103.2%. All of the individual measure-
ments were corrected by the recovery efficiency for each analyte. Brief-
ly, for the fat extraction, we used a Soxtec™ 2055 Auto Fat Extraction
(Foss® Analytical, Hilleroed, Denmark) apparatus, which consisted of
an extraction unit, a control unit and a drive unit. The samples were
placed into the extraction unit, and 20 ml of dichloromethane were
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 40 °C to prevent analyte losses.
The results were calculated as the total amount of fat (g) per 100 g of
tissue. Using a precision balance, the fat obtained was carefully weight-
ed 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 (BioBeads SX-3) 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 lipids
(N98%), was discarded. The 25–85 min elution volume (120 ml),
which contained all of the analytes that were co-extracted with the
fat,was collected. The samplewas concentratedusing a rotary evaporator,
andfinally, the solventwas evaporated to dryness under a gentle nitrogen
stream. The residue was then reconstituted in 1 mL of cyclohexane and
the sample was transferred to a GC vial that was used for the chromato-
graphic analysis. The amount of pollutants per gram of fat was obtained
by multiplying by the corresponding correction factor.

Gas chromatography–mass spectrometry analyses of 33 carcinogen-
ic compounds, plus ISs, were performed in a single run on a Thermo
Trace GC Ultra coupled to a Triple Quadrupole Mass Spectrometer
Quantum XL (Thermo Fisher Scientific Inc., Waltham, MA, USA) as pre-
viously described (Camacho et al., 2013, 2014), and identificationswere
done using an electron ionization (EI)–MS/MS library that was specially
created for the target analytes under our experimental conditions. All of
themeasurementswere performed in triplicate, andwe used themeans
for the calculations. In each batch of samples, three controls were in-
cluded for every 18 vials (6 samples): a reagent blank consisting of a
vial containing only cyclohexane; a vial containing 2 ng/mL of each of
the pollutants in cyclohexane; and an internal laboratory quality control
(QC) consisting of melted meat fat spiked with a mixture of all of the
pesticides (20 μg/kg), and processed using the same method that was
used for the samples. The results were considered to be acceptable
when the quantification of the analytes in the QC was within 15% of
the deviation of the theoretical value.

2.3. Dietary intake estimates and calculations

The estimated total daily intake per body weight of each of the con-
taminants was calculated by multiplying the respective concentrations
of contaminants in each food type (median values expressed in ng/g
fresh product) by the average daily consumption of these foodstuffs
by the study population. Two groups were considered: adults (average
weight 70.1 kg) and children (average weight 30.4 kg). For the calcula-
tions, when the concentration of a given contaminant was below the
limit of quantification (LOQ) but above the limit of detection (LOD) of
the technique, the value was assumed to be ½ LOQ. Otherwise the
value was considered to be 0. Food consumption data were obtained
from the Spanish Agency for Consumer Food Safety and Nutrition
(AECOSAN) (AECOSAN, 2011).

We expressed the total value of OCP residues (∑OCPs) as the sum
of the 8 OCPs (and metabolites) measured; the total value of DDTs
(∑DDT) as the sum of the measured values of p,p′-DDT, p,p′-DDE
and p,p′-DDD; and the total value of HCH residues (∑HCH) as the
sum of the 4 HCH isomers measured. Similarly, we expressed the total
value of PCB residues (∑PCBs) as the sum of the 18 PCB congeners
measured. In addition, we expressed the total value of the marker PCB
residues (∑M-PCBs) as the sum of the congeners #28, 52, 101, 118,
138, 153 and 180, and the total value of dioxin-like PCBs (∑DL-PCBs)
as the sum of the measurements of the 12 individual congeners #77,
81, 105, 114, 118, 123, 126, 156, 157, 167, 169 and 189. For the risk es-
timation, we calculated the potential toxicity for the DL-PCBs (in terms
of toxic equivalence to dioxins; TEQs) using the toxic equivalency fac-
tors (Van den Berg et al., 2006). Finally, we also considered the total
content of carcinogenic PAHs (∑c-PAHs) following the EFSA recom-
mendations (EFSA, 2008). For the risk estimation, we additionally
used toxic equivalency factors (TEFs), which are established for the car-
cinogenic PAHs (Nisbet and LaGoy, 1992), to express the results in the
form of benzo[a]pyrene toxic equivalents (B[a]Peq).

The CSF values of the carcinogens included in this study were
taken from the EPA's IRIS and Yu et al. (2014) and were as follows:
1 per mg/kg day−1 for marker PCBs (based on Aroclors 1260,
1254, 1242 and 1061); 1.1 × 105 per mg/kg day−1 for DL-PCBs
(based on 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8,-TCDD));
0.34 per mg/kg day−1 for DDTs; 1.8 per mg/kg day−1 for HCHs
(as there are no CSF values listed for total HCHs we used the
values listed for β- and γ-HCH); 1.6 per mg/kg day−1 for HCB;
and 7.3 per mg/kg day−1 for PAHs (based on benzo[a]pyrene).
2.4. Carcinogenic risk calculation

To estimate whether chemical contamination by carcinogens of
meat and charcuterie products endangers the Spanish population, we
applied the risk assessment index, known as the risk quotient (RQ),
using the methodology that has been used for other food groups, such
as fish (Yu et al., 2014). Thus, in this work, the RQ is defined as the
ratio between the current consumption of meat and charcuterie prod-
ucts (Rmeat) and themaximumtolerable consumption of these products,
which is calculated taking into account the concentrations of carcino-
gens in these foods (CRlim) as follows:

CRlim ¼ ARL � BWXX
m¼1

Cm � CSFm

where CRlim is themaximum allowable consumption rate (kg/day) for a
particular meat or charcuterie product; ARL is themaximum acceptable
individual lifetime risk level (dimensionless), and a value of 10−5 was
used in this study (Yu et al., 2014); BW is the body weight (kg); Cm is
the median concentration of contaminant m in a particular meat or
charcuterie product (mg/kg) as determined in this study; and CSFm is
the cancer slope factor of a contaminantmwith carcinogenic potential.
In the case of multiple contaminants with the same CSF, their concen-
trations in a particular meat or charcuterie product were summed
(from m = 1 tom = x).
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Then, the RQ for each food item and contaminant was calculated as
follows:

RQ ¼ Rmeat

CRlim
for a single contaminantð Þ

RQ ¼ Rmeat �
Xx

m¼1

1
CRlim

for multiple contaminantsð Þ:

Thus, if the value of RQ is equal to or less than 1, it is assumed that
there is no carcinogenic risk associated with the ingestion of contami-
nants through the consumption of a particular type ofmeat or charcuterie
product. Otherwise, the population is considered to be at carcinogenic risk
when RQ is greater than 1.

2.5. Calculation of the recommended consumption of meat and charcuterie
products

The current and recommended consumption patterns (expressed in
servings/month following EPA's recommendations (Yu et al., 2014))
were calculated according to the formulas:

Cmm ¼ Rmeat � TP
MS

RCmm ¼ RQ
Cmm

where Cmm is the current number of meals per month for each type of
meat or charcuterie product; MS is the meal size (0.15 kg meat/meal,
and 0.07 kg charcuterie product/meal); TP is the averaged time period
(month=30.44 days); and RCmm is the recommendedmaximumnum-
ber of servings of each food per month.

2.6. Statistical analysis

We used PASW Statistics v 19.0 (SPSS Inc., Chicago, IL, USA) toman-
age the database of the study and to perform the statistical analyses.
Normality was examined using the Kolmogorov–Smirnov test. The
Table 1
Concentrations of contaminants with carcinogenic potential (ng g−1 fat) in samples of meat an

∑DDTs ∑HCHs HCB

Median P25-75 Median P25-75 Median P25-75

Meat
Beef 87.5 33.1 6.4 1.8 13.2 3.7

320.1 75.9 52.8
Chicken 74.3 16.7 13.2 3.2 31.3 11.2

231.0 69.3 132.3
Pork 85.8 75.9 21.5 3.3 16.5 2.1

399.3 174.9 75.9
Lamb 603.9 85.8 31.4 6.3 985.1 287.1

3039.1 1168.8 1439.6
Goat 188.1 151.8 29.7 23.1 85.8 79.2

224.4 36.3 92.4
Rabbit 52.8 36.3 13.2 6.6 47.4 39.6

99.0 16.5 237.6
Meat products

Iberian cured ham 100.7 29.7 3.3 1.2 28.1 22.1
42.9 11.4 39.5

Ham 36.3 82.5 6.5 1.8 11.2 1.8
108.9 16.5 22.9

Spanish chorizo 54.4 29.7 5.4 2.1 18.2 5.3
85.8 18.3 19.8

Spanish salchichón 74.2 2.3 3.1 1.1 26.4 32.1
115.5 7.2 46.8

Bacon 42.9 36.3 2.8 0.8 46.2 29.3
49.5 4.3 52.8

Italian mortadella 92.4 36.3 4.9 2.8 26.4 13.2
191.4 7.4 51.9
distributions of carcinogens in themeat and charcuterie products lacked
normality and homoscedasticity; therefore, we used non-parametric
tests (the Mann–Whitney and Kruskal–Wallis tests). The results are re-
ported as themedians and interquartile ranges. Probability levels of less
than 0.05 (two tailed) were considered statistically significant.

3. Results and discussion

3.1. Occurrence of persistent organic pollutants with carcinogenic potential
in meat and charcuterie products

An average of 19 residues per sample were found (range 12–24), in-
dependent of the food item considered, varying only in the concentra-
tion and frequency of detection among the different food types. We
present a summary of the obtained results (median and percentiles
25th–75th; p25-75) for each contaminant (or group of contaminants)
in each food type in Table 1, either as individual compounds or as the
sum of individual compounds according to their carcinogenic potential.

When we consider the results obtained directly from the fat of the
meat or charcuterie product, measured in ng/g lipid weight (l.w.), it is
interesting to note that, in general, for each carcinogen or group of car-
cinogens, the results were very similar between the different types of
food, with little variation. Thus, for ∑DDTs no differences were found
between meat and charcuterie products. The median value for the
total sample was 80.1 ng/g l.w. (P25-75 = 53.2–98.6 ng/g l.w.). Only
the values in the fat of lamb and goat departed considerably and were
significantly higher than the rest (p b 0.001 for lamb fat, and p b 0.01
for goat fat). In the case of∑HCHs, we found significant differences be-
tween meat (median 17.4 ng/g l.w.; P25-75 = 11.5–30.1 ng/g l.w.) and
charcuterie products (4.1 ng/g l.w., P25-75 = 3.1–5.7 ng/g l.w.)
(p b 0.01). Again, in this case, the highest values were found in samples
of lamb fat (p b 0.005) and goat fat (p b 0.05). In the case of HCB it is in-
teresting to note that lamb meat fat values departed considerably from
themedian value, being as much as 35 times higher than themedian of
the whole group of samples (median 27.2 ng/g l.w.; P25-75 = 16.9–
47.1 ng/g l.w.), (p b 0.001). Additionally we found higher levels of this
pollutant in the fat of goat meat than in the rest of the foods (p b 0.05,
Table 1). The values of the total amount of PCBs (∑PCBs) were also
d charcuterie products most consumed by Spanish population.

∑M-PCBs ∑DL-PCBs ∑TEQDL-PCBs ∑B[a]Peq

Median P25-75 Median P25-75 Median P25-75 Median P25-75

102.3 56.1 8.9 2.3 0.4 0.1 1.4 1.2
240.9 23.1 1.3 6.7

155.1 23.1 2.4 0.5 0.2 0.1 3.9 0.7
300.3 10.3 0.8 35.8

173.3 128.7 3.3 1.1 0.4 0.1 4.9 1.2
330.2 11.3 0.8 9.6

153.5 102.3 7.0 0.8 0.5 0.2 1.5 0.1
247.5 26.4 1.3 5.1

283.8 198.1 4.9 0.4 1.2 0.5 16.8 0.7
369.6 9.9 1.9 32.9

137.0 59.4 0.6 0.9 0.2 0.1 0.5 0.1
148.5 6.2 0.3 1.3

82.5 61.2 1.7 1.1 0.1 0.1 0.7 0.2
92.4 5.4 0.3 1.2

133.7 53.2 4.9 2.3 0.3 0.1 1.3 0.4
204.6 7.6 0.4 2.6

110.6 29.5 2.7 0.8 0.4 0.2 38.8 12.8
151.8 9.6 0.7 96.7

105.6 12.1 0.8 0.2 0.2 0.1 0.2 0.1
145.6 3.4 0.7 2.3

123.8 75.1 0.6 0.3 0.1 0.1 0.4 0.1
232.4 1.3 0.6 1.7

145.2 97.6 2.5 0.4 0.2 0.1 0.5 0.1
214.7 7.6 0.6 1.5
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quite homogeneous among the different types of food (median
138.1 ng/g l.w.; P25-75 = 111.8–159.8 ng/g l.w.). Again, the values
found in the fat of meat of one of the small ruminant species considered
(goat) were above average (p b 0.01, Table 1). The PCB concentrations
were completely dominated by congeners 118, 138, 153 and 180, and
thus, the∑M-PCBs contributed 92.3%–99.7% to the∑PCBs. Therefore,
the TEQDL-PCBs levels were low (median from 0.1 to 1.2 pg/g l.w.)
(Table 1). Finally, with respect to the c-PAHs (expressed as B[a]Peq),
two types of fat samples had higher values than the rest (median
1.4 ng/g l.w.; IqQ = 0.5–4.7 ng/g l.w.), namely, goat meat fat (p b 0.01)
and Spanish chorizo fat (p b 0.001).

We have considered it also interesting to show our findings graphi-
cally by expressing the concentrations of the pollutants relative to the
food wet weight (as they are finally consumed), as this more clearly
shows the real differences in contamination among different products
(Fig. 1). In this figure it can be appreciated that enormous differences
exist among foods. The biggest burden of OCPs and PCBs is exhibited
Fig. 1. Levels of ∑OCPs,∑PCBs, and∑c-PAHs in meat (fresh products). Upper p
by lamb meat and bacon, and for c-PAHs the most contaminated foods
are lamb meat and Spanish chorizo.

3.2. Daily intake of carcinogenic pollutants through the consumption of
meat and charcuterie products in the Spanish population

In Table 2, we summarized the dietary intake of all of the contami-
nants by food item, calculated for children and adults on the basis of
their different consumption habits and average weights.

First, with regard to the intake of OCPs, our results show that the
meat-related estimated daily intake (EDI) of ∑DDTs for people living
in Spain is 88.8 ng/kg b.w. day in adults and 142.1 ng/kg b.w. day in chil-
dren, and the consumption of meat is themain contributor of this expo-
sure (mainly lamb, followed by beef, pork, and chicken). The contribution
of charcuterie products to this exposure can be considered comparatively
minimal (5.95% in adults and 9.62% in children). The EDI of ∑HCHs
through meat and charcuterie products is 24.3 ng/kg b.w. day in adults
anel, meats. Lower panel, processed meats (traditional charcuterie products).
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and 36.9 ng/kg b.w. day in children. As for∑DDTs, themain contributors
of these pollutants are lamb, pork and beef meats, among the foods stud-
ied (approximately 92%).With regard to the intake of HCB, it is important
to note that the highest contribution of this contaminant is related to the
consumption of lambmeat (83% of the total). In this case, as in the above,
the contribution of the consumption of charcuterie products to the intake
of this pesticide is relatively low, with the exception of Iberian ham
(Table 2). With regard to exposure to PCBs, charcuterie products pose a
relevant contribution, particularly Iberian ham and Spanish chorizo, al-
though it is considerably less than the contribution of meats. Thus, the
main dietary intake of these contaminants within this food group con-
sumption is from beef, followed by pork. The contribution of charcuterie
product to PCB intake is relatively low, especially for DL-PCBs. Finally,
the daily intake of ∑c-PAHs, in terms of B[a]Peq, greatly depended on
the type of meat or charcuterie product consumed. In our study the
highest exposure to these carcinogens is through the consumption of cho-
rizo, which contributes over 55% of the total.

3.3. The carcinogenicity RQ of the current consumption ofmeat and charcu-
terie products

TheCRlim values, calculated for each one of the food items studied are
presented in Table 3. As it can be observed the current pattern of
consumption of this population implies that some of these limits are
exceeded through the consumption of meat and charcuterie products.
Thus, the CRlim of ∑M-PCBs is clearly exceeded by the consumption
of beef and pork in adults and children, and in the latter, also by the con-
sumption of chicken meat. The pork consumption also appears to ex-
ceed the∑HCHs CRlim in children. Finally, the current consumption of
lamb exceeds the CRlim for ∑DDTs, ∑HCHs and ∑HCB in both chil-
dren and adults.

In Fig. 2, we present the calculated RQ for all of the carcinogens and
foods for both, adults and children. Thus, the RQ for the carcinogenic ef-
fects of multiple pollutants ranges between 0.02 and 13.98 for adults
and between 0.01 and 10.98 for children. The lowest risk is associated
with the consumption of goat meat and the highest is associated with
the consumption of lamb meat. As noted in Fig. 2, in both age groups,
the current consumption of beef, chicken, pork, lamb, and Spanish cho-
rizo has a RQ N 1.

3.4. Meal suggestions for the consumption of meat and meat products

On the light of the above results we calculated the recommended
monthly maximum number of servings of each food (RCmm) as defined
by the USEPA (USEPA, 2000) (Table 4). Thus, in adults the total con-
sumption of meat could be maintained with a slight decrease (from
27.1 to 22.4 servings/month) but a significant reduction in the con-
sumption of monthly rations of beef and pork meat (approximately
one third), and chickenmeat (approximately the half) should be recom-
mended. The consumption of lamb meat should be limited to one serv-
ing every 4 or 5 months. In children, however, it would be advisable to
reduce the total meat consumption (from 24.2 to 14.1 servings/month),
and also to limit consumption of beef, pork and chicken so that children
should consume at most five servings of these meats each month (con-
sidered together). Lamb consumption in children should be severely
limited.

The current consumption of charcuterie products does not seem to
be a problem in general and in almost all cases can be maintained and
even increased if desired. The only exception within this group would
be Spanish chorizo, forwhich consumption should be limited, especially
in children.

4. Discussion

As expected, the pollutant values found in our sample of foods were
similar to, but not fully comparable with, those described in the literature



Table 3
Maximumallowablemeat ormeat product consumption rate (CRlim) expressed in kg/day. As a reference also current values of consumption of these products by the study population (kg/day)
are included.

Current food
consumption
(kg/day)

CRlim adults (kg/day) Current food
consumption
(kg/day)

CRlim children (kg/day)

∑DDT ∑HCH HCB ∑M-PCB ∑DL-PCB ∑B[a]
Peq

∑DDT ∑HCH HCB ∑M-PCB ∑DL-PCB ∑B[a]
Peq

Meat
Beef 0.0504 0.0953 0.0839 0.1034 0.0260⁎ 0.5475 0.3327 0.0479 0.0490 0.0432⁎ 0.1034 0.0134⁎ 0.5475 0.1712
Chicken 0.0427 0.2499 0.1650 0.1212 0.0484 2.6306 0.2451 0.0431 0.1286 0.0849 0.1212 0.0249⁎ 2.6306 0.1262
Pork 0.0241 0.0602 0.0369 0.0711 0.0158⁎ 0.7436 0.0835 0.0195 0.0310 0.0190⁎ 0.0711 0.0081⁎ 0.7436 0.0430
Lamb 0.0115 0.0063⁎ 0.0040⁎ 0.0014⁎ 0.0120 0.3434 0.2008 0.0060 0.0033⁎ 0.0021⁎ 0.0014⁎ 0.0062 0.3434 0.1033
Goat 0.0004 0.2658 0.3180 0.1238 0.0599 1.3014 0.1386 0.00007 0.1368 0.1637 0.1238 0.0308 1.3014 0.0713
Rabbit 0.0044 0.6642 0.6105 0.0752 0.1459 8.2424 0.9315 0.0025 0.3419 0.3142 0.0752 0.0751 8.2424 1.8440

Meat
products
Iberian
cured ham

0.0112 0.2296 0.4770 0.0631 0.0343 0.7359 0.5680 0.0076 0.1182 0.2455 0.0631 0.0177 0.7359 0.2923

Ham 0.0117 0.7949 1.3874 3.0292 0.1594 7.2727 0.9315 0.0129 0.4091 0.7141 3.0292 0.0821 7.2727 3.1963
Spanish
chorizo

0.0089 0.1550 0.2212 0.1723 0.0280 0.8270 0.0104 0.0115 0.0798 0.1138 0.1723 0.0144 0.8270 0.0054⁎

Spanish
salchichón

0.0029 0.0797 0.3013 0.0484 0.0199 1.3014 1.8630 0.0034 0.0410 0.1551 0.0484 0.0102 1.3014 0.9589

Bacon 0.0016 0.0804 0.1974 0.0159 0.0095 2.1317 0.4273 0.0011 0.0414 0.1016 0.0159 0.0049 2.1317 0.2199
Italian
mortadella

0.0013 0.1569 0.4625 0.0770 0.0295 0.9366 0.9315 0.0044 0.0807 0.2381 0.0770 0.0152 0.9366 1.0654

⁎ The CRlim for these carcinogens is exceeded with the current pattern of food consumption.
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in other regions of theworld,which is logical because it is common tofind
regional variations (sometimes very significant) in the reported pollutant
concentrations (Costabeber et al., 2006; Letta and Attah, 2013; Malisch
and Kotz, 2014; Pardio et al., 2012; Polder et al., 2010; Schecter et al.,
2010; Tornkvist et al., 2011; Wang et al., 2011). It is also important to
note that for some of the foods included in this study, we found no refer-
ence data in the literature. Therefore, to make a realistic estimate, in this
studywe preferred to directly quantify the contaminants in a representa-
tive sample of the main types of meat and charcuterie products in the
consumers' market basket, as the main goal of this study was not to per-
form a monitoring study and establish comparisons with other available
studies but to provide an estimate of carcinogenic risk associated to rele-
vant carcinogens through meat consumption in the Spanish population.

Although our results showed that 100% of the food samples investi-
gated had quantifiable amounts of the majority of the carcinogens in-
cluded in the study, and that we found very similar concentrations in
the extracted fats among type of meats and charcuterie products, the
quantification referred to fresh products was fairly different among
food items. Thus, in relation to the types of meats, we observed that,
by far, lamb meat was the most contaminated by all types of pollutants
(∑OCPs,∑PCBs, and∑c-PAHs), followed by pork and beef, and that
the less contaminated meats were rabbit and goat meats. This is mainly
in relation to the percentage of fat presented by each type of meat. The
case of the traditional charcuterie products ismost striking, as thediffer-
ences in contaminant levels in fat were in general minimal; however, in
the fresh product, the differences became very relevant. Thus, the char-
cuterie product most contaminated by∑PCBs and∑OCPs was bacon,
and the more contaminated by ∑c-PAHS was by far Spanish chorizo.
The least contaminated of the charcuterie products (by all contami-
nants) was ham in its two varieties.

Dietary exposure calculations are performed by combining data on
consumption habits with the concentrations of contaminants found in
food samples. The estimation of food contaminant exposure is a topic
of growing interest in the field of public health as a means to inform
and guide the actions on Food Security and Nutrition as a predictive
method for determining the state of health of populations. For this rea-
son, the European Food Safety Authority (EFSA) performs a collection of
food consumption data from the different Member States, which must
develop nutritional surveys in their territories. For this study we have
used the data provided by theAECOSAN (AECOSAN, 2011). Fromour es-
timates, the meat-driven EDIs of some of the carcinogens considered
were well below the tolerable daily intakes (TDIs) established by the
World Health Organization for these contaminants (JECFA, 2000).
Thus, the intake of ∑DDTs and ∑HCHs represented less that 1.2% of
those TDIs. However for other pollutants the exposure is considerably
higher. Thus, for HCB the EDI reaches 16% of its TDI (mainly related
to lamb consumption). This was also the case for the exposure to
∑TEQDL-PCBs since the estimated EDI would represent 9% or 19% (in
adults and children, respectively) of the TDI of 2 pg/kg b.w. day (SCF,
2000). Moreover if we used the upper bound approach for calculations
(as recommended by the European Commission (SCF, 2000)) our esti-
mates would be almost triple, and therefore, the exposure through the
consumption of meat and charcuterie products would represent as
much as 44% of the TDI in children. These results areworrisome because
the possibility exists that certain consumers may be subject to high di-
etary exposures to dioxins, having into consideration that it has been
established that intake of DL-PCBs would represent almost 70% of total
dioxin dietary exposure (SCF, 2000; Tornkvist et al., 2011). Finally,
with respect to exposure to∑c-PAHs, theWHOhas not yet established
TDI values for c-PAHs. However other references may be used and thus,
using the Contaminated Land Exposure Assessmentmodel of UK, which
has established a TDI for B[a]Peq of 20 ng/kg b.w. day (CLEA-UK, 2008),
the current meat consumption in the evaluated population would rep-
resent between 113 and 284% of these values, particularly due to the
consumption of Spanish chorizo (a smoke cured type of sausage) and
lamb. It is logical that Spanish chorizo is one of the major contributors
to PAHs exposure because themanufacturing of Spanish chorizo implies
the smokingof thepieces during thefirst 5 days of ripening using smoke
fromwood (Lorenzo et al., 2011), and among themore than 400 volatile
components recorded in biomass smoke composition, the PAHs are
present at high concentrations (Lorenzo et al., 2011). One should also
keep in mind that dietary exposure to these contaminants could be
even higher than those reported in this study, since it is well known
that the way in which food is cooked, processed, and packaged may in-
troduce chemicals (such as bisphenol A, phthalates, acrylamide) that
are not present in the raw food, or increase their content in those natu-
rally occurring pollutants (such as PAHs) (Pieters and Focant, 2014;
Vogt et al., 2012).

It has been established that the RQ evaluation is a good method to
estimate the risk of a population and to establish exposure limits to
chemicals (USEPA, 2000). It is well known that chemical contaminants
in foods, which are usually present in mixtures of various compounds
belonging to different chemical classes, may exert their adverse effects
on consumers interacting with each other in synergistic, additive or



Fig. 2. Hazard ratios of the contaminants for carcinogenic effects in adults (upper panel)
and children (lower panel) via consumption of meat and charcuterie products. The red
line indicates the threshold for carcinogenic risk (RQ = 1).

Table 4
Recommended maximum number of meals per month of each food item.

Adults Children

Current
pattern of
consumption a

(meals/month)
Cmm

Maximum
recommended
consumption
(meals/month)
RCmm

Current
pattern of
consumption a

(meals/month)
Cmm

Maximum
recommended
consumption
(meals/month)
RCmm

Beef 10.2 2.7 9.7 1.5
Pork 4.9 1.5 4.0 0,8
Chicken 8.7 4.7 8.7 2.7
Lamb 2.3 0.2 1.2 0.1
Goat 0.1 5.1 0.0 3.0
Rabbit 0.9 8.3 0.5 6.1
Total meat 27.1 22.4 24.2 14.1
Iberian ham 4.9 8.0 3.3 4.8
Ham 5.1 44.4 5.6 25.9
Spanish chorizo 3.9 2.9 5.0 1.5
Spanish
salchichón

1.3 4.9 1.5 2.9

Bacon 0.7 2.3 0.5 1.4
Italian
mortadella

0.6 7.6 1.9 4.5

Total
charcuterie
products

16.4 70.1 17.8 41.0

a Data obtained from AECOSAN, 2011.
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even in antagonisticmanners. However, the calculationmodel of the RQ
implies the assumption that all pollutants cause similar toxicological ef-
fects and that the combined effect is the sum of the individual effects
(USEPA, 2000). As recommended by the USEPA for calculating the RQ
of some other food items (such as fish) (USEPA, 2000), we have consid-
ered that all carcinogens studied are similar and thereforewe have used
the additive model. To calculate RQ first it is necessary to calculate the
CRlim, which is based on the load of each pollutant for each one of the
food items. According to our results the maximum allowable consump-
tion rates are currently being exceeded in Spanish population for various
carcinogens. According theUSEPA (USEPA, 2000) it can be assumed that a
RQ≦ 1means that there is not an appreciable risk of carcinogenicity asso-
ciated to the consumption of a particular food. Thus, in this study we
found that the current consumption rate of several meat and charcuterie
products by the Spanish population (considering all carcinogens togeth-
er), has a RQ N 1 for pork, chicken, Spanish chorizo, and especially high
for lamb (RQ N 10), and for beef in children (RQ N 6), and therefore the
consumption of these foods is associated to carcinogenic risk.
Based on the levels of contaminants found in the foods of this study,
on the calculations done, and also assuming that consumers want to
maintain their monthly intake of protein from meat and charcuterie
products (i.e., the number of servings permonthwould not change sub-
stantially), we calculated the maximum number of meals of each food
item that would not pose a carcinogenic risk to make consumption rec-
ommendations (this is, consumption which that would allow a RQ ≦ 1
for all products). In general, if the adult consumer wants to maintain a
high intake of meat, it would be advisable to increment the consump-
tion of rabbit and goatmeat, and considerably reduce (50–80%) the con-
sumption of the rest. The recommendation for children would be a
reduction in both, the total intake of servings per month of meat to al-
most 50%, and also not to surpass the number of 5 servings of beef/
pork/chicken (considered together). With respect to charcuterie prod-
ucts, the current consumption could be maintained or even incremented
for both, adults and children, except for Spanish chorizo,whose consump-
tion should be reduced in adults and especially in children.

We conclude that the consumption of beef, pork, chicken, Spanish
chorizo, and lamb all have a high carcinogenic risk for consumers. To
diminish the continued exposure at very low doses of carcinogens,
the monthly consumption of these products should be considerably
reduced.
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