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a b s t r a c t

In the present work we have evaluated the levels of polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs) in 61 commercially available brands of cheese (54 conventional and 7 organic) to esti-
mate their relevance as a source of organochlorines. Our results showed that hexachlorobenzene, a-HCH,
dieldrin, p,p0-DDE, and PCBs 153 and 180 were present in most of the samples independent of the cheese
type. The concentration of OCPs was low for both types of cheese, although organic had lower concentra-
tions than conventional. The estimated daily intake (EDI) of OCPs was lower than the tolerable daily
intake (TDI). The levels of PCBs in cheese were also low; however, there were higher levels of PCBs in
organic than in conventional brands. Levels of dioxin- like PCBs (DL-PCBs) in both types of cheese reached
concentrations in the 75th percentile higher than 3 pg WHO–TEQ/g fat, and above 100% of the levels
established by the EU. People consuming the most contaminated brands could have an EDI well above
the recommended TDI (2 pg WHO–TEQ/kg bw/day). These results are of concern as the adverse health
effects exerted by dioxin-like compounds are well known.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Organochlorine contaminants include a large variety of toxic
substances, such as polychlorinated biphenyls (PCBs), organochlo-
rine pesticides (OCPs), and dioxins (PCDDs), and are characterized
by the presence of halogenated atoms in their structure and their
high lipophilicity which results in its ability to persist in the envi-
ronment, ultimately accumulating and biomagnifying up the food
chains.

Different sources of human exposure have been identified
(Linares et al., 2000); however more than 90% of the human expo-
sures to these environmental contaminants can be attributed to
the consumption of contaminated food, where animal and fish
products are the main sources of exposure (Liem et al., 2000). In
fact, it has been reported that residues of these chemicals are found
mainly in meat, fish, dairy products, and eggs (Domingo and Bocio,
2007; Llobet et al., 2003). Dairy products, because of the high fat
content, are a dietary route of exposure for organochlorine
ll rights reserved.
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and they must be considered
compounds (Focant et al., 2002) and they supply approximately
30% of the total dietary intake with chlorinated contaminants in
Western populations (Bordajandi et al., 2004; Focant et al., 2002).
To monitor the presence of these substances in food, international
agencies have developed food contaminant monitoring programs
and total diet studies. The control of contaminants in food identi-
fied for human consumption and in animal feed are regulated
through the EU Council Regulation 315/93/EEC, 1993 and Maxi-
mum Residue Levels (MRLs) have been established for the regula-
tion of pesticides and other toxic contaminants in food (Regulation
396/2005/EC). Additionally, a tolerable daily intake (TDI) has been
established by international agencies for these compounds.

The population of the Canary Islands has been studied in depth
regarding its levels of contamination by OCPs and PCBs; the results
show that this population has been exposed to a relatively high lev-
els as a result of the chronic exposure to OCPs contamination by
OCPs indicating the existence of a that persisted throughout the
1990’s (Luzardo et al., 2006, 2009; Zumbado et al., 2005); and has
been exposed to PCBs at low concentrations (Henriquez-Hernandez
et al., 2011), in spite of the fact that such substances were banned in
Spain in the late 1970’s. As mentioned previously, the main route of
exposure to organochlorines appears to be the intake of fish and
dairy products (Agudo et al., 2009), and the population of the Can-
ary Islands has been known to consume high quantities of dairy
products (Serra Majem et al., 2000a,b). Additionally, we have
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recently reported that, among the consumers of dairy products
from these islands, only milk consumption could account for expo-
sures greater than the TDI for dioxin-like compounds established by
the World Health Organization (WHO) (Luzardo et al., 2012). Under
this scenario, and to complete the evaluation of the significance of
dairy products as a source of organohalogenated contaminants
exposure, the objectives of this study were to investigate the con-
centration levels and the patterns of organochlorine contaminants
(OCPs and PCBs) in 54 of the top-selling, commercially available
brands of cheese conventionally produced and 7 commercially
available brands of cheese organically produced that are sold from
various supermarkets in the Canary Islands (Spain), and to estimate
the dietary exposure in humans of this archipelago.
2. Materials and methods

2.1. Study area

The Canary Islands are located in the Atlantic Ocean, near the African coast
(southwest of Morocco). Geographically, the Islands are part of the African conti-
nent; however, from an historical, economic, political and socio-cultural point of
view, the Canaries are entirely European. In the Canary Islands, as in the rest of
Spain, there is a long tradition of production and consumption of the local cheeses
(made from milk produced on the islands), but there is also wide distribution and
consumption of cheeses from mainland Spain and other European countries.

The Canary Islands’ economy relies primarily on a few economic sectors: tour-
ism and, to a lesser extent, fishing and agriculture (where, in recent decades, agri-
culture has become more aggressive with an increased use in greenhouses). Other
economic sectors, such as industries who contributed to pollutant emissions as tra-
ditional polluting have relatively limited presence in the Islands.
2.2. Sampling and collection

In this study, 54 commercial brands of conventionally produced cheeses were
randomly selected from high delivery rate supermarkets of the Canary Islands. To
investigate other possibilities, we also included 7 brands of organic cheese in the
study. Samples were collected between December 2006 and April 2008. Whereas
all the organic cheeses collected were produced in mainland Spain or in north Euro-
pean countries, 38 (70%) of the 54 conventionally produced cheeses, were locally
produced.

Each of the 61 selected brands (six samples for any brand) was sampled
monthly during this period of time to obtain a representative estimation for each
brand and to study potential fluctuations in concentrations between different
batches. The lipid content of the samples was determined in triplicate by the Gerber
method with a butyrometer (with a graduation scale of 0 to 40%) to obtain the final
lipid-corrected values. All samples were collected and frozen at �80 �C until analy-
sis. The average fat content the in conventional cheese was 21%, whereas the aver-
age fat content in organic cheese was 29%.
2.3. Sample preparation and analytical procedure

The cheese stored at �80 �C was acclimated to room temperature and homog-
enized with 5 ml of water (previously cleaned with hexane) per gram of cheese. A
total of 20 g of this homogenate was lyophilized for 72 h before removing 2 g of the
lyophilized cheese for the extraction of fat, OCPs, and PCBs according to a Soxlet
extraction method (FOSS Soxtec Avanti 2055) and EU recommendations (EN
1528-2, 1996). The extracts (extracted in 3 ml of dichloromethane; DCM) were
purified using gel permeation chromatography (GPC), as recommended by the
European Standard EN 1528-3:1996 for the determination of pesticides and poly-
chlorinated biphenyls in fatty foods. To achieve maximum sensitivity in our analy-
sis, two sequential cleanup steps were performed; the 3 ml fatty extract in DCM
obtained by Soxlet was divided into three 1 ml aliquots that were then individually
purified using GPC with a 100% Fluorinated divinylbenzene GPC column
(50 cm � 10 mm i.d. EPA 3640a Pesticide Cleanup GPC Jordi column, Sorbtech Tech-
nologies, Atlanta, USA), and using DCM as the eluting solvent at a flow rate of
1.6 ml/min. This GPC system was operated using an automated apparatus (GPC-
CL1, Cromlab S.L., Barcelona, Spain). The first fraction (22 ml) eluted, contained
the lipids and was discarded. The second fraction (14 ml), contained the organo-
chlorine compounds and was collected. The three organochlorines-containing frac-
tions per sample were combined and evaporated to near dryness leaving a small
amount of oily residue. The oily residue was dissolved in 1 ml DCM and subjected
to GPC purification, thereby obtaining a new 14 ml organochlorine-containing frac-
tion that was dried and diluted with cyclohexane up to a volume of 200 ll. This di-
luted sample was used for GC–MS analysis using the appropriate internal standards.
2.4. Analytes of interest

The following were the analytes of interest in this study: the diphenyl-aliphatic
pesticides and metabolites (methoxychlor, p,p0-DDT, o,p0-DDT p,p0-DDE, o,p0-DDE,
p,p0-DDD, and o,p0-DDD); the persistent and bioaccumulative contaminant hexa-
chlorobenzene (HCB); the four isomers of hexachlorocyclohexane (a-, b-, c-, and
d-HCH); the cyclodienes dieldrin, aldrin, endrin, heptachlor epoxide (cis- and
trans-isomers), chlordane (cis- and trans-isomers) and mirex; and endosulfan (a-
and b-isomers). In this study, we also included the measurement of the most rele-
vant PCB congeners (IUPAC numbers# 28, 52, 77, 81, 101, 105, 114, 118, 123, 126,
138, 153, 156, 157, 167, 169, 180, and 189).

2.5. Procedure of chemical analyses

Chromatographic analysis was performed using 4a Thermo-Finnigan TRACE
DSQ GC/MS instrument as previously reported (Dmitrovic and Chan, 2002; Luzardo
et al., 2009). A fused silica capillary column BPX5 (Crosslinked 5% phenyl meth-
ylpolysiloxane, SGE Inc., USA) with a length of 30 m, an i.d. of 0.25 mm and a film
thickness of 0.25 lm was used as the stationary phase. Helium, at a flow rate of
1 ml/min, was used as the carrier gas. The oven temperature was programmed as
follows: an initial oven temperature of 80 �C held constant for 1 min, increased to
300 �C at 10 �C/min increments and then held at 300 �C for 9 min. The Injector
and transfer line temperatures were set at 200 �C and 310 �C, respectively. Stan-
dards and samples were injected (2 ll) in splitless mode. Two chromatographic
analyses were performed for each sample to obtain mass spectra in two different
ionization modes. For DDT and metabolites, methoxychlor, endrin, and PCB congen-
ers 28, 52, 101, and 118, mass spectra were obtained in electronic impact mode
(GC/EIMS) at 70 eV, with an ion source temperature of 200 �C. For the remaining
analytes included in this study, mass spectra were obtained in negative chemical
ionization mode (GC/NCIMS) using methane as the buffer gas at a flow rate of
2.5 ml/min. Both GC/EIMS and GC/NCIMS analyses were conducted using selected
ion monitoring (SIM). Tetrachloro-m-xylene was used as the nternal standard (IS)
in the GC/EIMS mode, and PCB 202 as the IS in the GC/NCIMS mode. We determined
the limit of quantification (LOQ) to be 10-fold the standard deviation of the blank
and the limit of detection (LOD) as half of the LOQ. Nevertheless, only LOQ has been
employed throughout this study (values below the LOQ have not been considered).

The MS system was routinely programmed in SIM using one target and two
qualifier ions. Confirmation of the organochlorine pollutants was determined by
the retention time of the target ion and the two qualifier-to-target ion ratios. The
abundance of the target and qualifier ions were determined by injecting individual
pollutant standards and using full scan mode (50–500 m/z) under the same chro-
matographic conditions. The qualifier-to-target ion ratio was then determined by
dividing the abundance of the selected qualifier ion by that of the target ion (almost
consistently the base peak) and multiplying by 100. Determination of the relative
percent of the theoretical relative abundance uncertainty of the qualifier ions was
conducted using the criteria described in the EU recommendations (SANCO/2007/
3131). Quantification was based on the pollutant target ion/IS peak area ratio and
was achieved by using linear regression: a six-point calibration curve was gener-
ated from the standard solutions ranging from LOQ of each pollutant to 10 ng/ml
and by using the GC–MS Xcalibur 2.0.7 software. The standard analytes were pur-
chased from Dr. Ehrenstorfer (Riedel-de Haën, Sigma–Aldrich Laborchemikalien
GmbH, Germany).

The daily variation in the method was evaluated over 5 days using duplicates of
these two different pools of spiked samples. The coefficient of variation was <20%
for every case and was therefore considered acceptable.

In this study, we expressed the total value of OCP residues as the sum of the
quantified 22 OCPs and its metabolites; the total value of HCH residues (

P
HCHs)

as the sum of the 4 HCH isomers quantified (a-, b-, c-, and d-HCH); and the total
value of cyclodienes quantified (

P
cyclodienes) as the sum of aldrin, dieldrin, end-

rin, cis-chlordane, trans-chlordane, and heptachlor epoxide (cis- and trans-
isomers). Because the cyclodiene endosulfan was banned recently (December
2005, 2005/864/EC), we have considered this pesticide separately, expressing the
total value of endosulfan residues (

P
endosulfan) as the sum of the 2 quantified

endosulfan isomers (a-, and b-endosulfan).
Similarly, we expressed the total value of PCB residues (

P
PCBs) as the sum of

the 18 PCBs quantified. Additionally, the congeners considered as markers of envi-
ronmental contamination for PCBs (IUPAC congeners #28, 52, 101, 118, 138, 153,
and 180) were considered as a group (

P
Marker-PCBs;

P
M-PCBs), and total value

of dioxin-like-PCB residues (DL-PCBs) were also expressed as the sum of the 12
DL-PCBs quantified (

P
DL-PCBs; IUPAC congeners #77, 81, 105, 114, 118, 123,

126, 156, 157, 167, 169 and 189).
We also estimated the potential toxicity (in terms of toxic equivalence to diox-

ins; TEQs) of the DL-PCBs quantified using the toxicity equivalent factors (TEF), as
revised by the World Health Organization (WHO) in 2005 (Van den Berg et al.,
2006). We also expressed the total TEQ (

P
TEQs) as the sum of the TEQs obtained

from the quantified DL-PCBs.

2.6. Exposure assessment

Dietary intake was calculated by multiplying the respective concentration
(median) by the amount of cheese consumed by an average adult from Canary
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Islands (18 years and above, average weight 70.1 kg) per day. Exposures for small
children (6–10 years; average weight, 30.4 kg) were also estimated.

Exposures were assessed for both OCPs and DL-PCBs. For calculations, when a
congener concentration was under the limit of quantification (LOQ), the value
was assumed to be 0 (lower bound approach).

Consumption data of cheese by the Islands population were obtained from the
Canary Islands Nutritional Survey (Serra Majem et al., 2000a,b).

The daily intake of dioxins (pg WHO–TEQ kg�1 b.w d�1) is equal to the occur-
rence (pg WHO–TEQ g�1 w.w.) multiplied by the consumption (g kg�1 b.w. d�1).

2.7. Statistical analyses

Database management and statistical analyses were performed using PASW
Statistics v 17.0 (SPSS Inc., Chicago, IL, USA). The OCP and PCB concentrations did
not follow a normal distribution; therefore, the results are expressed in terms of
the median, the 25th and 75th percentiles (p25 and p75, respectively), and range
(values maximum and minimum). Differences in the OCP and PCB levels between
three groups were tested with the non-parametric Mann–Whitney U-test and Krus-
kal Wallis test. The categorical variables are presented as percentages and were
compared between variables with the Chi-square test. A P value of less than 0.05
(two-tail) was considered to be statistically significant.
3. Results and discussion

The concentrations of OCPs and PCBs did not show significant
differences among the six collected samples from each cheese
brand during the period of collection (data not shown). As a conse-
quence, we have used the median, maximum and minimum values
(range), and 25th–75th percentiles of the distribution obtained for
each chemical in all samples analyzed (Tables 1a, 1b, 2a, and 2b).

3.1. Occurrence of selected OCP residues in cheese samples

The results showed that all analyzed samples (100% of the
cheeses) had a quantifiable amount of OCP residues, HCB and a-
HCH being the most frequently observed residues (Tables 1a and
1b). The number of OCP residues was similar in both types of
cheeses; therefore, an average of 10 OCP residues per sample
was measured in non-organic cheese samples (within a range of
3–14), whereas organic cheese samples had an average of 8 OCP
residues per sample (within a range of 6–11).

Only the cyclodiene trans-chlordane was observed more fre-
quently in conventional cheese brands than in the organically pro-
duced cheese brands (89% vs. 43%, respectively; p = 0.002).
Table 1a
Frequency of detection (%), and average concentrations (ng/g fat) of organochlorine pesticid
(Spain).

OC–compound Conventional cheese (n = 54)

Mean ± SD Median (p25–p75) Range %

HCB 6.95 ± 7.77 4.62 (1.39–10.01) n.d.–34.63 98.0

HCH
a-HCH 1.65 ± 2.64 1.00 (0.32–1.80) n.d.–17.35 98.0
b-HCH 21.07 ± 62.54 1.69 (0.43–5.82) n.d.–335.98 85.7
d-HCH 0.03 ± 0.23 0.00 (0.00–0.00) n.d.–1.73 1.9
Lindane (c-HCH) 8.46 ± 21.01 3.24 (1.01–6.26) n.d.–115.25 87.0
P

HCH 31.22 ± 78.99 6.64 (3.09–18.20) 0.25–349.79 100.0

Cyclodienes
Aldrin 1.19 ± 3.32 0.00 (0.00–0.97) n.d.–22.06 38.9
Dieldrin 10.47 ± 13.23 6.61 (2.83–11.96) n.d.–68.24 87.0
Endrin n.d. n.d. n.d. 0.0
cis-Chlordane 2.44 ± 5.26 0.99 (0.00–2.13) n.d.–32.41 70.4
trans-Chlordane 2.39 ± 2.02 2.08 (0.46–3.27) n.d.–7.47 88.9
P

Chlordanes 4.83 ± 6.72 2.89 (0.97–5.42) n.d.–39.88 88.9
Heptachlor 2.09 ± 2.97 0.18 (0.00–4.09) n.d.–12.31 57.4
P

Cyclodienes 13.75 ± 15.69 10.52 (3.35–16.61) n.d.–81.40 88.9

SD: standard deviation; p25: 25th percentile; p75: 75th percentile; %: percentage of dete
detectable.

a values result from the comparison between the medians (Mann–Whitney test).
b values result from the comparison between the frequencies of detection (Chi-square
Furthermore, all the analyzed samples (both, from conventional
and organic cheeses) showed, to some extent, the presence of
HCH-isomer residues, although the total HCH residue level
(
P

HCHs) was higher in conventional than in organic cheese sam-
ples (6.64 vs. 1.35 ng/g fat, respectively; p = 0.007) (Table 1a). This
result may be attributed to lindane’s (c-HCH, currently banned in
Spain) recent use as an ectoparasitic agent in livestock by non-
organic farmers (Botella et al., 2004) and, was, in fact found at
higher levels in conventional cheeses brands than in organic
cheese brands (median values of 3.24 vs. 0.51 ng/g fat, respec-
tively; p = 0.005). Similarly, the levels of a-HCH were also higher
in conventional cheeses than in samples from organically produced
brands of cheese (median values of 1 vs. 0.22 ng/g fat, respectively;
p = 0.008) and higher levels of cyclodiene pesticides (Rcyclodienes)
in conventional cheese brands than in organic cheese brands (med-
ian value of 10.52 and 2.73 ng/g fat, respectively; p = 0.014). Specif-
ically, the cyclodienes dieldrin and trans-chlordane were found at
higher levels in conventionally produced cheeses than in organic
cheeses (median values 6.61 vs. 2.64 ng/g fat, respectively;
p = 0.031 and 2.08 vs. 0.00 ng/g; p = 0.002, respectively); however,
the pesticide dieldrin was found in all the organic brands cheese
samples, and in 87% of the samples from conventionally produced
cheeses.

There were no differences in the levels of endosulfan residues
(Rendosulfan) between both types of cheeses. Similarly, the residue
levels of DDT-derivatives (RDDTs) in the organic cheese brands
were similar compared with the levels in the conventional brands
of cheese. Nevertheless, the most ubiquitous DDT-derivative, p,
p0-DDE, was quantified in most cheese samples (83% in conven-
tional and 100% in organic brands) and was the pesticide found in
the highest concentration in both types of cheese.

As a consequence of the aforementioned results, the total bur-
den of OCPs (

P
OCPs), was higher in conventional than in organic

brands of cheese (median values of 42.73 vs. 14.44 ng/g fat, respec-
tively; p = 0,001).

Nevertheless, as shown in Tables 1a, 1b, and 3, the median lev-
els of OCPs in both types of cheeses were found to be relatively low
and consistently below the maximum residue limit (MRL) estab-
lished by the European Legislation (OJEC, 1993 and 1994).

The results obtained for OCP residues in cheese are consistent
with those found for milk samples (Luzardo et al., 2012), and
es found in conventional and organic cheese samples from the Canary Islands market

Organic cheese (n = 7) pa pb

Mean ± SD Median (p25–p75) Range %

2.27 ± 1.46 1.77 (1.38–2.45) 1.13–5.38 100.0

0.23 ± 0.10 0.22 (0.19–0.23) 0.11–0.45 100.0 0.008
0.65 ± 0.58 0.35 (0.23–1.16) n.d.–1.60 85.7 0.054
n.d. n.d. n.d. 0.0
0.53 ± 0.51 0.51 (0.00–0.89) n.d.–1.39 71.4 0.005
1.41 ± 0.50 1.35 (1.08–1.78) 0.62–2.18 100.0 0.007

0.08 ± 0.14 0.00 (0.00–0.25) n.d.–0.31 28.6
3.01 ± 1.32 2.64 (2.06–4.02) 1.67–5.52 100 0.031
n.d. n.d. n.d. 0.0
0.62 ± 0.61 0.76 (0.00–1.12) n.d.–1.42 57.1
0.16 ± 0.21 0.00 (0.00–0.38) n.d.–0.47 42.9 0.002 0.002
0.77 ± 0.70 1.01 (0.00–1.24) n.d.–1.80 71.4 0.012
0.18 ± 0.23 0.00 (0.00–0.43) n.d.–0.53 42.9
3.27 ± 1.37 2.73 (2.26–4.56) 2.06–5.77 100.0 0.014

ctable samples; HCB: hexachlorobenzene; HCH: hexachlorocyclohexanes; n.d.: non-

test).



Table 1b
Frequency of detection (%), and average concentrations (ng/g fat) of organochlorine pesticides found in conventional and organic cheese samples from the Canary Islands market
(Spain).

OC-compound Conventional cheese (n = 54) Organic cheese (n = 7) pa pb

Mean ± SD Median (p25–p75) Range % Mean ± SD Median (p25–p75) Range %

Endosulfans
a-Endosulfan 1.18 ± 2.30 0.00 (0.00–1.94) n.d.–14.49 46.6 0.10 ± 0.16 0.00 (0.00–0.30) n.d.–0.37 28.6
b-Endosulfan 0.55 ± 1.15 0.00 (0.00–0.61) n.d.–5.19 33.3 n.d. n.d. n.d. 0.0
P

Endosulfans 1.73 ± 2.68 0.22 (0.00–3.00) n.d.–14.49 51.9 0.10 ± 0.16 0.00 (0.00–0.30) n.d.–0.37 28.6

Diphenyl-alyphatics
p,p0-DDE 26.21 ± 50.65 9.99 (2.28–21.38) n.d.–303.15 83.3 4.81 ± 3.59 5.80 (1.31–8.44) 0.81–9.05 100.0
p,p0-DDT 0.66 ± 1.26 0.04 (0.00–0.48) n.d.–4.80 51.9 0.10 ± 0.17 0.00 (0.00–0.33) n.d.–0.37 28.6
p,p0-DDD 0.04 ± 0.10 0.00 (0.00–0.00) n.d.–0.52 18.5 0.02 ± 0.04 0.00 (0.00–0.08) n.d.–0.09 28.6
P

DDTs 26.91 ± 51.35 10.05 (2.36–22.03) n.d.–306.48 83.3 4.93 ± 3.72 5.80 (1.31–8.44) 0.81–9.51 100.0
Methoxychlor 0.32 ± 1.20 0.00 (0.00–0.00) n.d.–7.66 11.1 0.13 ± 0.25 0.00 (0.00–0.27) n.d.–0.65 28.6
P

OCP residues 85.16 ± 111.7 42.73 (25.91–96.88) 3.31–502.30 100.0 12.88 ± 4.44 14.44 (6.89–15.81) 6.49–17.99 100.0 0.001

OCP: organochlorine pesticide; SD: standard deviation; p25: 25th percentile; p75: 75th percentile; %: percentage of detectable samples; HCB: hexachlorobenzene; HCH:
hexachlorocyclohexanes; n.d.: non-determined.

a values result from the comparison between the medians (Mann–Whitney test.
b values result from the comparison between the frequencies of detection (Chi-square test).

Table 2a
Frequency of detection (%) and average concentrations (ng/g fat) of PCBs residues found in conventional and organic cheese samples from the Canary Islands market (Spain).

Congeners Conventional cheese (n = 54) Organic cheese (n = 7) pa pb

Mean ± SD Median (p25–p75) Range % Mean ± SD Median (p25–p75) Range %

Marker PCBs
PCB 28 0.36 ± 1.42 0.00 (0.00–0.00) n.d.–8.74 11.1 n.d. n.d. n.d. 0.0
PCB 52 0.46 ± 1.96 0.00 (0.00–0.00) n.d.–11.69 18.5 n.d. n.d. n.d. 0.0
PCB 101 0.11 ± 0.43 0.00 (0.00–0.00) n.d.–2.53 9.3 n.d. n.d. n.d. 0.0
PCB 118 0.34 ± 1.23 0.00 (0.00–0.00) n.d.–6.73 9.3 n.d. n.d. n.d. 0.0
PCB 138 5.07 ± 8.23 0.00 (0.00–7.39) n.d.–33.24 46.3 4.94 ± 6.26 0.00 (0.00–11.21) n.d.–13.55 42.9
PCB 153 5.08 ± 6.89 1.98 (0.00–7.22) n.d.–27.16 66.7 11.15 ± 4.53 10.46 (8.81–13.01) 5.61–20.10 100.0 0.004
PCB 180 1.40 ± 1.53 1.00 (0.00–1.95) n.d.–7.39 74.1 2.25 ± 0.93 2.19 (1.68–2.58) 0.87–3.89 100.0 0.032

DL-PCB (Non-ortho)
PCB 77 0.03 ± 0.06 0.00 (0.00–0.00) n.d.–0.22 22.2 n.d. n.d. n.d. 0.0
PCB 81 0.71 ± 2.11 0.00 (0.00–0.00) n.d.–8.27 11.1 n.d. n.d. n.d. 0.0
PCB 126 0.16 ± 0.30 0.00 (0.00–0.24) n.d.–1.38 33.3 0.39 ± 0.68 0.00 (0.00–1.16) n.d.–1.57 28.6
PCB 169 0.02 ± 0.05 0.00 (0.00–0.00) n.d.–0.27 9.3 n.d. n.d. n.d. 0.0

DL-PCB (Mono-ortho)
PCB 105 n.d. n.d. n.d. 0.0 n.d. n.d. n.d. 0.0
PCB 114 n.d. n.d. n.d. 0.0 n.d. n.d. n.d. 0.0
PCB 118 0.34 ± 1.23 0.00 (0.00–0.00) n.d.–6.73 9.3 n.d. n.d. n.d. 0.0
PCB 123 n.d. n.d. n.d. 0.0 n.d. n.d. n.d. 0.0
PCB 156 0.44 ± 0.53 0.24 (0.00–0.82) n.d.–1.91 51.9 0.12 ± 0.13 0.11 (0.00–0.19) n.d.–0.37 57.1
PCB 157 n.d. n.d. n.d. 0.0 n.d. n.d. n.d. 0.0
PCB 167 0.24 ± 0.39 0.00 (0.00–0.34) n.d.–1.28 40.7 0.03 ± 0.07 0.00 (0.00–0.00) n.d.–0.18 14.3
PCB 189 n.d. n.d. n.d. 0.0 n.d. n.d. n.d. 0.0

SD: standard deviation; p25: represents the 25th percentile; p75: represents the 75th percentile; %: percentage of detectable samples; n.d.: non-detectable.
a values result from the comparison between the medians (Mann–Whitney test).
b values result from the comparison between frequencies of detection (Chi-square test).

Table 2b
Frequency of detection (%) and distribution of concentrations (ng/g fat) of PCBs residues, and TEQs (pg WHO–TEQ/g fat) found in conventional and organic cheese samples from
the Canary Islands market (Spain).

Congeners Conventional cheese (n = 54) Organic cheese (n = 7) pa pb

Mean ± SD Median (p25–p75) Range % Mean ± SD Median (p25–p75) Range %
P

PCBs 14.42 ± 16.90 9.57 (2.38–19.33) n.d.–77.70 98.1 18.87 ± 7.25 22.55 (13.23–24.42) 6.48–25.89 100.0 0.074
P

M-PCBs 12.81 ± 17.27 5.83 (0.64–19.11) n.d.–77.40 81.5 18.34 ± 7.33 20.84 (11.51–24.30) 6.48–25.70 100.0 0.049
P

DL-PCBs 1.94 ± 2.84 1.02 (0.18–2.26) n.d.–11.07 77.8 0.53 ± 0.81 0.11 (0.00–1.71) 0.00–1.72 57.1
P

TEQs 10.37 ± 28.45 0.91 (0.01–2.94) n.d.–137.68 23.33 ± 39.96 0.00 (0.00–76.19) 0.00–87.09

SD: standard deviation; p25: represents the 25th percentile; p75: represents the 75th percentile; %: percentage of detectable samples; RPCBs: Sum of all PCB congeners; RM-
PCB: Sum of Marker PCBs (IUPAC numbers 28, 52, 101, 118, 138, 153 and 180); RDL-PCB: Sum of Dioxin Like PCBs in pg/g fat (IUPAC numbers 77, 81, 105, 114, 118, 123, 126,
156, 157, 167, 169 and 189); RTEQs: Sum of TEQs for DL-PCBs in pg/g fat; n.d.: non-detectable.

a values result from the comparison between the medians (Mann–Whitney test).
b values result from the comparison between frequencies of detection (Chi-square test).
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indicate that although in recent years there has been an evident
decline in residue levels of these pollutants world-wide, these per-
sistent pesticides remain present in the environment and
are therefore present in the food chain; several decades may pass



Table 3
Tolerable daily intake (TDI) and maximum residue levels (MRL) of organochlorine
pesticides (OCPs) and dioxin-like PCBs (DL-PCBs) in dairy products established by the
European Authorities.

Contaminants TDI (mg/kg b.w.) MRL (mg/kg fat)

Aldrin and Dieldrin 0.0001 0.006
P

Chlordanes 0.0005 0.002
P

DDT 0.01 0.04
P

Endosulfans 0.006 0.05
Endrina 0.0002 0.0008
Heptachlor 0.0001 0.004
HCB NA 0.01
a-HCH NA 0.004
b-HCH NA 0.003
c-HCH (lindane) 0.005 0.001
Methoxychlor 0.1 0.01
P

DL-PCBs 2 � 10�9 3 � 10�6

TDI: Tolerable daily intake; MRL: maximum residue level; NA: not available; DL-
PCBs: dioxin-like PCBs; Data related to OCPs were obtained from Regulation (EC) No
299/2008 (EU), and data related to DL-PCBs were obtained from Regulation (EC) No
466/2001 (EU).
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before the residue levels are undetectable in food items. Nonethe-
less, geographical and regulatory variations in the use and restric-
tion of OCPs around the world may explain the differences in
residual levels of these chemicals, based on of different patterns
of use and exposure routes.

Although OCPs are currently banned in Spain for use on agricul-
tural practices, they have been used in vast quantities on vegetable
crops in this archipelago over the last decades (as the result of the
introduction of intensive agriculture in the Canary Islands) and
even they have been used as ectoparasitic agents on domestic ani-
mals and livestock (Botella et al., 2004). This misuse of OCPs and
the geological features of islands, may have caused heavy contam-
ination of the soil and water (Allen et al., 1997; Díaz-Díaz et al.,
1999). Additionally, a number of OCPs are currently used in the
neighboring State of Morocco; therefore, some deposition of OCPs
onto Archipelago soils via volatilization and atmospheric transport
from Morocco may occur (Rapaport et al., 1985; Fries, 1995). In this
context, milk producing livestock may be environmentally exposed
to OCPs. Because 70% of the conventionally produced cheeses ana-
lyzed throughout this study are locally produced, the existence of
active environmental sources of OCPs may explain the higher lev-
els of OCPs in conventional cheese compared with organic brands.
Further studies are required to evaluate this possibility.

3.2. Occurrence of selected PCB residues in cheese samples

We found that 100% of the cheese samples (both conventionally
and organically produced brands) showed quantifiable levels of
PCBs (Tables 2a and 2b). The number of PCB residues in both types
of cheese was similar thus, an average of 4 PCB congeners per sam-
ple (range 1–8) were found in conventional brands, while an aver-
age of 3 PCB congeners (range 2–6) were detected in organic
brands. Five congeners (105, 114, 123, 157 and 189) were not de-
tected in any brand of cheese, and the most frequently detected
congeners in our samples were PCBs 153 and 180. PCBs 28, 52,
101, and 118 were detected only in samples from conventional
brands of cheese. All analyzed cheeses showed residue concentra-
tions above the LOQ of some of the congeners which are considered
to be indicators of environmental contamination by PCBs, (marker
PCBs; M-PCBs) (Table 2a).

The total concentration of PCB residues (R-PCBs; Table 2b) was
higher in organic than in conventional cheeses (although such dif-
ferences were not statistically significant; 22.55 vs. 9.57 ng/g fat,
respectively; p = 0.07). This result appear to be a consequence of
M-PCB levels (RM-PCBs) being higher in organic than in conven-
tional cheeses (median values of 20.84 vs. 5.83 ng/g fat, respec-
tively; p = 0.049; Table 2b). The M-PCBs most frequently detected
were congeners 153 and 180, (detected in 100% of the analyzed or-
ganic cheese samples, and 67% in the case of PCB 153 and 74% in
the case of PCB 180 in conventional cheeses). Additionally, concen-
trations of congeners 153 and 180 were higher in organic than in
conventional brands of cheese (p values of 0.004 and 0.032
respectively).

There were not significant differences between the both types
of cheeses in the DL-PCB levels (Table 2a). Among the 12 DL-PCBs
analyzed for in the samples, only congeners 105, 114, 123, 157 and
189 were not detected in any sample. In contrast, the most fre-
quently DL-PCBs detected were the congeners 156 (52 and 57%
in conventional and organic cheese samples, respectively), 167
(14 and 41% in organic and conventional cheese samples, respec-
tively), and 126 (29 and 33% in organic and conventional cheese
samples, respectively). Nevertheless, as shown in Tables 2a, 2b,
and 3, the median levels of DL-PCBs in both types of cheeses were
observed to be relatively low and were consistently below the
maximum residue limit (MRL) established by the European Legis-
lation (OJEC, 1993 and 1994).

Our results demonstrate that commercially available brands of
cheese present in the Canary Islands market showed measurable
levels of various PCBs and the results are consistent with the pres-
ence of these organochlorine contaminants found in milk brands
available in the Canary Islands market (Luzardo et al., 2012) and
with those data published by other authors (Durand et al., 2008;
Focant et al., 2002; Marin et al., 2011; Windal et al., 2010) who de-
tected measurable levels of PCBs in milk and dairy samples
(including cheese) from France, Belgium, and mainland Spain.
We, however, found a different profile of contamination by PCBs
as compared with data describing dairy products from mainland
Spain (Marin et al., 2011). For example, Marin et al. (2011) reported
that PCB 118 was the most abundant congener followed by PCBs
105 and 156; however, in our study we found that PCBs 180 and
153 were the congeners most frequently measured (present in
100% of the organic brands and 67 and 74% of the conventional
brands), whereas that PCB 105 was not measured in any sample,
and PCB 118 was measured only in 9% of the conventional brands.
The congener 156, however, was measured in more than 50% of
both types of cheese (conventional and organic). Approximately
63% of the analyzed samples were from cheeses locally produced,
which may explain such differences in levels of PCB residues
among both studies. The environmental PCB contamination level
in these islands (where the presence of traditional pollution via
industries is scarce) is assumed to be relatively low.

As shown in Table 2b, median values of TEQ–PCBs in conven-
tionally and organically-produced cheeses were very low (0.9
and 0.0 pg WHO–TEQ/g fat, for conventional and organic cheeses,
respectively), and well below the levels established by Interna-
tional Agencies; therefore, a maximum concentration of 6 pg
WHO–TEQ/g fat has been defined for the sum of PCDDs, PCDFs
and DL-PCBs in food, and the action level for DL-PCBs is 3 pg
WHO–TEQ/g fat for milk and dairy products (Fattore et al., 2006;
Recommendation 2006/88/EC). Most contaminated cheeses (those
included in the 75th percentile), however, were observed to have
concentrations as high as 76 pg WHO–TEQ/g fat in organically pro-
duced cheese and 3 pg WHO–TEQ/g fat in conventionally produced
cheese.

Our data suggesting that cheese could be a significant source of
dioxin-like toxicants for the population under study (and to a
greater extent with those cheeses organically produced), agree
with the results described in commercially available brands milk
from the Canary Islands (Luzardo et al., 2012). The origin of the or-
ganic cheese may explain these results: most brands of organic
cheese available in the Canary Islands market are produced mainly
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in industrialized European countries (Holland, Belgium, Germany),
where the level of environmental contamination by PCBs is poten-
tially high (Covaci et al., 2002a,b); however, as cited previously,
most of the conventional brands of cheese analyzed throughout
this study were locally produced.

3.3. Assessment of cheese-related dietary exposure of the population of
the Canary Islands to OCP residues and dioxin-like PCBs

As previously published (Luzardo et al., 2012) the population of
the Canary Islands may have milk-related estimated daily intakes
(EDI) of certain organochlorine contaminants (specifically, DL-
PCBs) well above the recommended Tolerable Daily Intake (TDI)
established by European Union Authorities (2 pg WHO–TEQ kg�1 -
b.w. d�1). Additionally, this population shows the highest con-
sumption rates of milk and dairy products in Europe (ENCA,
1998; Serra Majem et al., 2000a,b) thus, a mean value of 26.1 g
and 20.6 g of cheese are consumed daily by the adult population
and children of the archipelago (respectively). Considering the
mean body weight of adults (18–75 years) as 70.1 kg, and that of
children (6–10 years) as 30.4 kg (ENCA, 1998), we have calculated
the cheese-related EDI for the organohalogenated contaminants
measured throughout this study using the deterministic method
for chronic exposure as previously published (Dorne, 2010).

As expected, the cheese-related EDI of OCPs for adults and chil-
dren living in the Canary Islands are low in comparison with the
TDI established by the European Food Safety Authority (EFSA)
(2002) (Tables 3, 4a, and 4b). Nevertheless we have to consider
that the population of the Canary Islands has been subjected to a
chronic exposure to OCPs that persisted in the late 1990’s
(Henriquez-Hernandez et al., 2011; Luzardo et al., 2006; Zumbado
et al., 2005) up to the early 2000’s current century (Luzardo et al.,
2009). It is well known that the main route of exposure to organo-
chorinated contaminants is through the dietary intake diet
(Bordajandi et al., 2004; Darnerud et al., 2006; Hanaoka et al.,
2002), and that milk and dairy products could be a relevant source
of these environmental contaminants in the general population
(Focant et al., 2002). Under this premise and considering the con-
centrations (and the intake) of OCPs present in cheese in addition
to those concentrations reported previously from milk (Luzardo
Table 4a
Cheese-related estimated daily intakes (EDI) of organochlorine pesticides in adults (26
percentage (%) that it means in relation to the tolerable daily intakes (TDI) established by

Adults (10–75 years)

Conventional cheese Organic cheese

Mean ng/g
fat

EDI ng/kg
bw

%TDIa Mean ng/g
fat

EDI ng/kg
bw

HCB 6.95 0.55 2.27 0.25
HCH
a-HCH 1.65 0.13 0.23 0.02
b-HCH 21.07 1.66 0.65 0.05
d-HCH 0.03 0.00 n.d. n.d.
Lindane 8.46 0.66 0.00 0.53 0.04
P

HCH 31.22 2.45 1.41 0.11

Cyclodienes
Aldrin 1.19 0.09 0.01 0.08 0.01
Dieldrin 10.47 0.82 0.95 3.01 0.24
Endrin n.d. n.d. n.d. n.d.
cis-Chlordane 2.44 0.19 0.62 0.05
trans-

Chlordane
2.39 0.19 0.06 0.16 0.01

P
Chlordanes 4.83 0.38 0.02 0.77 0.06

Heptachlor 2.09 0.16 0.16 0.18 0.01
P

Cyclodienes 13.75 1.08 0.27 3.27 0.26

n.d.: non-detectable.
a Percentage of TDI provided by the cheese-associated EDI for these populations.
et al., 2012), the possibility exists that this population may be
subject to a high dietary exposure of OCPs. Because many OCPs
have endocrine- and metabolic-disrupting properties (mainly,
DDT, aldrin or dieldrin, and its metabolites), they have been linked
to environmentally induced diseases, such as obesity, diabetes and
cancer (Everett et al., 2007; Soto et al., 1995; Snedeker, 2001; Wolff
et al., 2000; Holtcamp, 2012). Consequently, the existence of active
sources of OCPs for this population, especially children and preg-
nant women, should not be overlooked.

As shown in Table 2b, TEQ levels were similar in organic and in
conventional cheese samples. In any case it should be highlighted
the existence of huge differences in the Total TEQ levels among the
cheese samples analyzed, thus, while the lowest contaminated
samples showed low levels of DL-PCBs (nearly 0 or undetected
pg WHO–TEQ/g fat for organic and conventional cheeses), the most
contaminated brands of cheese (those included in the 75th percen-
tile) reached levels as high as 76 (organically produced brands of
cheese) or 3 pg WHO–TEQ/g fat (conventionally produced brands
of cheese), (Table 2b). Ultimately, only the daily consumption of
cheese could account for approximately half of the TDI established
by International Agencies (Table 5) for the adult population con-
suming the most contaminated brands of conventionally produced
cheese, while for adults consuming organically produced brands
the percentage could reach as high as 125% of the TDI. Children
who consume the most contaminated brands of cheese are in a
worse situation (Table 5).

These results are extremely worrisome and further studies re-
quired to clarify the origin of cheese contamination, especially if
we consider that the average contribution of DL-PCBs from dairy
products to the total TEQ, account for no more than 60% (Durand
et al., 2008), and that, fish and fishery products are the main con-
tributors of PCBs to the diet (Fattore et al., 2006; Llobet et al., 2008;
Marin et al., 2011). The toxicity of dioxins and dioxin-like com-
pounds is related to the amount accumulated in the body during
a lifetime. Toxicological properties of DL-PCBs are similar to those
characteristic of polychlorodibenzodioxins (PCDDs) and poly-
chlorodibenzofurans (PCDFs) (Van den Berg et al., 2006) and cer-
tain evidence suggests that even low doses of DL-PCBs, similar to
those found in the background contamination of food, can cause
subtle effects during prolonged exposure, especially in children’s
.10 g cheese/day) and children (20.60 g cheese/day) from the Canary Islands, and
International Agencies.

Children (>10 years)

Conventional cheese Organic cheese

%TDIa Mean ng/g
fat

EDI ng/kg
bw

%TDIa Mean ng/g
fat

EDI ng/kg
bw

%TDIa

6.95 0.99 2.27 0.45

1.65 0.23 0.23 0.05
21.07 3.00 0.65 0.13
0.03 0.00 n.d. n.d.

0.00 8.46 1.20 0.02 0.53 0.10 0.00
31.22 4.44 1.41 0.28

0.00 1.19 0.17 0.17 0.08 0.02 0.02
0.27 10.47 1.49 1.49 3.01 0.59 0.59

n.d. n.d. n.d. n.d.
2.44 0.35 0.62 0.12

0.00 2.39 0.34 0.07 0.16 0.03 0.01

0.00 4.83 0.69 0.14 0.77 0.15 0.03
0.01 2.09 0.30 0.30 0.18 0.04 0.04
0.06 13.75 1.96 0.39 3.27 0.64 0.13



Table 5
Cheese-associated estimated daily intakes (EDI) of TEQ–PCBs (pg WHO–TEQ/kg bw/day) in adults (26.10 g cheese/day) and children (20.60 g cheese/day) from the Canary Islands
and percentage (%) that it means in relation to the tolerable daily intakes (TDI) established by International Agencies.

Adults (10–75 years) Children (>10 years)

Conventional cheese Organic cheese Conventional cheese Organic cheese

Mean
pg/g fat

EDI
pg/kg bw

%TDIa Mean
pg/g fat

EDI
pg/kg bw

%TDIa Mean
pg/g fat

EDI
pg/kg bw

%TDIa Mean
pg/g fat

EDI
pg/kg bw

%TDIa

TEQ–PCB 77 0.03 0.00 0.12 n.d. 0.03 0.00 0.21 n.d.
TEQ–PCB 81 0.61 0.05 2.38 n.d. 0.61 0.09 4.34 n.d.
TEQ–PCB 105 n.d. n.d. n.d. n.d.
TEQ–PCB 114 n.d. n.d. n.d. n.d.
TEQ–PCB 118 0.12 0.01 0.47 n.d. 0.12 0.02 0.85 n.d.
TEQ–PCB 123 n.d. n.d. n.d. n.d.
TEQ–PCB 126 8.87 0.69 34.68 23.32 2.52 125.90 8.87 1.26 63.11 23.32 4.58 229.13
TEQ–PCB 156 0.38 0.03 1.49 0.00 0.00 0.02 0.38 0.05 2.70 0.0 0.00 0.00
TEQ–PCB 157 n.d. n.d. n.d. n.d. 0.00 0.00
TEQ–PCB 167 0.22 0.02 0.86 0.00 0.00 0.00 0.22 0.03 1.57 0.00 0.00 0.00
TEQ–PCB 169 0.13 0.01 0.51 n.d. 0.13 0.02 0.92 n.d.
TEQ–PCB 189 n.d. n.d. n.d. n.d.
P

TEQ–PCBs 10.37 0.81 40.54 23.33 2.52 125.95 10.37 1.48 73.78 23.33 4.58 229.23

n.d.: non-detectable.
a Percentage of TDI provided by the cheese-associated EDI for these populations.

Table 4b
Cheese-associated estimated daily intakes (EDI) of organochlorine pesticides in adults (26.10 g cheese/day) and children (20.60 g cheese/day) from the Canary Islands, and
percentage (%) that it means in relation to the tolerable daily intakes (TDI) established by International Agencies.

Adults (10–75 years) Children (>10 years)

Conventional cheese Organic cheese Conventional cheese Organic cheese

Mean ng/g
fat

EDI ng/kg
bw

%TDIa Mean ng/g
fat

EDI ng/kg
bw

%TDIa Mean ng/g
fat

EDI ng/kg
bw

%TDIa Mean ng/g
fat

EDI ng/kg
bw

%TDIa

Endosulfans
a-Endosulfan 1.18 0.09 0.01 0.10 0.01 0.00 1.18 0.17 0.00 0.10 0.02 0.00
b-Endosulfan 0.55 0.04 n.d. n.d. 0.55 0.08 n.d. n.d.
P

Endosulfans 1.73 0.14 0.03 0.10 0.01 0.00 1.73 0.25 0.00 0.10 0.02 0.00

Diphenyl-alyphatics
4,4-DDE 26.21 2.06 2.10 4.81 0.38 0.39 26.21 3.73 0.04 4.81 0.95 0.01
4,4-DDT 0.66 0.05 0.10 0.01 0.66 0.09 0.10 0.02
4,4-DDD 0.04 0.00 0.02 0.00 0.04 0.01 0.02 0.00
Methoxychlor 0.32 0.03 0.01 0.13 0.01 0.00 0.32 0.05 0.00 0.13 0.03 0.00
P

DDTs 26.91 2.11 2.11 4.93 0.39 0.39 26.91 3.83 0.04 4.93 0.97 0.01
P

OC-
compounds

85.16 6.69 12.88 1.01 85.16 12.12 12.88 2.53

n.d.: non-detectable.
a Percentage of TDI provided by the cheese-associated EDI for these populations.
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neurological development (Park et al., 2010). For these reasons, the
European Commission’s Scientific Committee on Food (2001),
established a TDI of 2 pg WHO–TEQ/kg bw/day for WHO–TEQ,
including all food items containing PCDDs, PCDFs, and DL-PCBs
(Fattore et al., 2006). The European Union, through the Scientific
Committee on Food (SCF), has implemented a strategy (SCF,
2001) to reduce human exposure to toxicants (mainly dioxin-like
compounds) present in food items of animal origin.

In conclusion, we have developed an independent survey in the
Spanish archipelago of the Canary Islands to analyze the relevance
of cheese (a dairy product frequently consumed by the population
of these islands) as an active source of organochlorine contami-
nants and to evaluate its impact on consumers. We observed that
cheese consumption could be a major exposure route for DL-PCBs
and also, on a much smaller scale, for OCPs. Our results are worri-
some because to the deleterious health effects have been attrib-
uted to organochlorine contaminants exposure (ATSDR, 2001;
Bilau et al., 2008; Park et al., 2010; Holtcamp, 2012; Everett
et al., 2007; Wolff et al., 2000); however, our results should be ta-
ken with caution because, (a) as showed in Table 1a, 1b, and 3,
there are cheese brands that are highly contaminated by organo-
chlorine contaminants, but there were a number of cheese brands
that showed undetectable levels of these toxicants; and (b) in the
Nutritional Survey of the Canary Islands the consumption of organ-
ic cheese was not specifically recorded, and it cannot be assumed a
high consumption of cheese among consumers of organic products.
Nevertheless, because all organically produced cheeses are from
European countries and approximately 30% of the conventionally
produced cheeses are from mainland Spain or for other European
countries, our results can be extrapolated to the rest of the Spanish
population, and consequently, should be considered by the Spanish
Public Health Authorities.
Conflict of Interest

The authors declare that there are no conflicts of interest.
References

Agudo, A., Goni, F., Etxeandia, A., Vives, A., Millan, E., Lopez, R., Amiano, P., Ardanaz,
E., Barricarte, A., Chirlaque, M.D., Dorronsoro, M., Jakszyn, P., Larranaga, N.,
Martinez, C., Navarro, C., Rodriguez, L., Sanchez, M.J., Tormo, M.J., Gonzalez, C.A.,



4332 M. Almeida-González et al. / Food and Chemical Toxicology 50 (2012) 4325–4332
2009. Polychlorinated biphenyls in Spanish adults: determinants of serum
concentrations. Environ. Res. 109, 620–628.

Allen, R.H., Gottlieb, M., Clute, E., Pongsiri, M.J., Sherman, J., Obrams, G.I., 1997.
Breast cancer and pesticides in Hawaii: the need for further study. Environ.
Health Perspect. 105 (Suppl 3), 679–683.

ATSDR, (2001). Polychlorinated biphenyls. Disponible en: <http://
www.atsdr.cdc.gov/tfacts17.pdf>.

Bilau, M., Matthys, C., Baeyens, W., Bruckers, L., De Backer, G., Den Hond, E., Keune,
H., Koppen, G., Nelen, V., Schoeters, G., Van Larebeke, N., Willems, J.L., De
Henauw, S., 2008. Dietary exposure to dioxin-like compounds in three age
groups: results from the Flemish environment and health study. Chemosphere
70, 584–592.

Bordajandi, L.R., Gomez, G., Abad, E., Rivera, J., Del Mar Fernandez-Baston, M.,
Blasco, J., Gonzalez, M.J., 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.

Botella, B., Crespo, J., Rivas, A., Cerrillo, I., Olea-Serrano, M.F., Olea, N., 2004.
Exposure of women to organochlorine pesticides in Southern Spain. Environ.
Res. 96, 34–40.

Covaci, A., de Boer, J., Ryan, J.J., Voorspoels, S., Schepens, P., 2002a. Distribution of
organobrominated and organochlorinated contaminants in Belgian human
adipose tissue. Environ. Res. 88, 210–218.

Covaci, A., Koppen, G., Van Cleuvenbergen, R., Schepens, P., Winneke, G., van
Larebeke, N., Nelen, V., Vlietinck, R., Schoeters, G., 2002b. Persistent
organochlorine pollutants in human serum of 50–65 years old women in the
Flanders Environmental and Health Study (FLEHS). Part 2: correlations among
PCBs, PCDD/PCDFs and the use of predictive markers. Chemosphere 48, 827–
832.

Díaz-Díaz, R., Loague, K., Notario, J.S., 1999. An assessment of agrochemical leaching
potentials for Tenerife. J. Contam. Hydrol. 36, 1–30.

Darnerud, P.O., Atuma, S., Aune, M., Bjerselius, R., Glynn, A., Grawe, K.P., Becker, W.,
2006. Dietary intake estimations of organohalogen contaminants (dioxins, PCB,
PBDE and chlorinated pesticides, e.g. DDT) based on Swedish market basket
data. Food Chem. Toxicol. 44, 1597–1606.

Dmitrovic, J., Chan, S.C., 2002. Determination of polychlorinated biphenyl congeners
in human milk by gas chromatography-negative chemical ionization mass
spectrometry after sample clean-up by solid-phase extraction. J. Chromatogr.,
B: Anal. Technol. Biomed. Life Sci. 778, 147–155.

Domingo, J.L., Bocio, A., 2007. Levels of PCDD/PCDFs and PCBs in edible
marine species and human intake: a literature review. Environ. Int. 33, 397–
405.

Dorne, J.L., 2010. Metabolism, variability and risk assessment. Toxicology 268, 156–
164.

Durand, B., Dufour, B., Fraisse, D., Defour, S., Duhem, K., Le-Barillec, K., 2008. Levels
of PCDDs, PCDFs and dioxin-like PCBs in raw cow’s milk collected in France in
2006. Chemosphere 70, 689–693.

ENCA – Canary Islands Nutritional Survey, 1997–1998. Disponible en: <http://
www.gobiernodecanarias.org/sanidad/scs/1/plansalud/enca/ppal_enca.htm>.

EU Council Regulation 315/93/EEC, 1993. Disponible en: <http://ec.europa.eu/food/
food/chemicalsafety/contaminants/legisl_en.print.htm>.

Everett, C.J., Frithsen, I.L., Diaz, V.A., Koopman, R.J., Simpson Jr., W.M., Mainous 3rd,
A.G., 2007. Association of a polychlorinated dibenzo-p-dioxin, a polychlorinated
biphenyl, and DDT with diabetes in the 1999–2002 National Health and
Nutrition Examination Survey. Environ. Res. 103, 413–418.

Fattore, E., Fanelli, R., Turrini, A., di Domenico, A., 2006. Current dietary exposure to
polychlorodibenzo-p-dioxins, polychlorodibenzofurans, and dioxin-like
polychlorobiphenyls in Italy. Mol. Nutr. Food Res. 50, 915–921.

Focant, J.F., Eppe, G., Pirard, C., Massart, A.C., Andre, J.E., 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.

Fries, G.F., 1995. Transport of organic environmental contaminants to animal
products. Rev. Environ. Contam. Toxicol. 141, 71–109.

Hanaoka, T., Takahashi, Y., Kobayashi, M., Sasaki, S., Usuda, M., Okubo, S., Hayashi,
M., Tsugane, S., 2002. Residuals of beta-hexachlorocyclohexane,
dichlorodiphenyltrichloroethane, and hexachlorobenzene in serum, and
relations with consumption of dietary components in rural residents in Japan.
Sci. Total Environ. 286, 119–127.

Henriquez-Hernandez, L.A., Luzardo, O.P., Almeida-Gonzalez, M., Alvarez-Leon, E.E.,
Serra-Majem, L., Zumbado, M., Boada, L.D., 2011. Background levels of
polychlorinated biphenyls in the population of the Canary Islands (Spain).
Environ. Res. 111, 10–16.

Holtcamp, W., 2012. Obesogens: an environmental link to obesity. Environ. Health
Perspect. 120, a62–a68.

Liem, A.K., Furst, P., Rappe, C., 2000. Exposure of populations to dioxins and related
compounds. Food Addit. Contam. 17, 241–259.

Linares, V., Perello, G., Nadal, M., Gomez-Catalan, J., Llobet, J.M., Domingo, J.L., 2000.
Environmental versus dietary exposure to POPs and metals: a probabilistic
assessment of human health risks. J. Environ. Monit. 12, 681–688.

Luzardo, O.P., Almeida-Gonzalez, M., Henriquez-Hernandez, L.A., Zumbado, M.,
Alvarez-Leon, E.E., Boada, L.D., 2012. Polychlorobiphenyls and organochlorine
pesticides in conventional and organic brands of milk: occurrence and dietary
intake in the population of the Canary Islands (Spain). Chemosphere 88, 307–
315.

Luzardo, O.P., Goethals, M., Zumbado, M., Alvarez-Leon, E.E., Cabrera, F., Serra-
Majem, L., Boada, L.D., 2006. Increasing serum levels of non-DDT-derivative
organochlorine pesticides in the younger population of the Canary Islands
(Spain). Sci. Total Environ. 367, 129–138.

Luzardo, O.P., Mahtani, V., Troyano, J.M., Alvarez de la Rosa, M., Padilla-Perez, A.I.,
Zumbado, M., Almeida, M., Burillo-Putze, G., Boada, C., Boada, L.D., 2009.
Determinants of organochlorine levels detectable in the amniotic fluid of
women from Tenerife Island (Canary Islands, Spain). Environ. Res. 109, 607–
613.

Llobet, J.M., Bocio, A., Domingo, J.L., Teixido, A., Casas, C., Muller, L., 2003. Levels of
polychlorinated biphenyls in foods from Catalonia, Spain: estimated dietary
intake. J. Food Prot. 66, 479–484.

Llobet, J.M., Marti-Cid, R., Castell, V., Domingo, J.L., 2008. Significant decreasing
trend in human dietary exposure to PCDD/PCDFs and PCBs in Catalonia, Spain.
Toxicol. Lett. 178, 117–126.

Marin, S., Villalba, P., Diaz-Ferrero, J., Font, G., Yusa, V., 2011. Congener profile,
occurrence and estimated dietary intake of dioxins and dioxin-like PCBs in
foods marketed in the Region of Valencia (Spain). Chemosphere 82, 1253–1261.

Park, H.Y., Hertz-Picciotto, I., Sovcikova, E., Kocan, A., Drobna, B., Trnovec, T., 2010.
Neurodevelopmental toxicity of prenatal polychlorinated biphenyls (PCBs) by
chemical structure and activity: a birth cohort study. Environ. Health 9, 51.

Rapaport, R.A., Urban, N.R., Capel, P.D., Baker, J.E., Looney, B.B., Eisenreich, S.J.,
Gorham, E., 1985. ‘‘New’’ DDT inputs to North America: atmospheric deposition.
Chemosphere 14, 1167–1173.

SCF (Scientific Committee on Food), (2001). Opinion on the risk assessment of
dioxins and dioxins-like PCB in food (update based on the new scientific
information available since the adoption of the SCF opinion of 22 November
2000) Disponible en: <http://europa.eu.int/comm/food/fs/sc/scf/out90_en.pdf>.

Serra Majem, L., Armas Navarro, A., Ribas Barba, L., 2000a. Food consumption and
food sources of energy and nutrients in Canary Islands (1997–98). Arch.
Latinoam. Nutr. 50, 23–33.

Serra Majem, L., Ribas Barba, L., Armas Navarro, A., Alvarez Leon, E., Sierra, A., 2000b.
Energy and nutrient intake and risk of inadequate intakes in Canary Islands
(1997–98). Arch. Latinoam. Nutr. 50, 7–22.

Snedeker, S.M., 2001. Pesticides and breast cancer risk: a review of DDT, DDE, and
dieldrin. Environ. Health Perspect. 109 (Suppl 1), 35–47.

Soto, A.M., Sonnenschein, C., Chung, K.L., Fernandez, M.F., Olea, N., Serrano, F.O.,
1995. The E-SCREEN assay as a tool to identify estrogens: an update on
estrogenic environmental pollutants. Environ. Health Perspect. 103 (Suppl 7),
113–122.

Van den Berg, M., Birnbaum, L.S., Denison, M., De Vito, M., Farland, W., Feeley, M.,
Fiedler, H., Hakansson, H., Hanberg, A., Haws, L., Rose, M., Safe, S., Schrenk, D.,
Tohyama, C., Tritscher, A., Tuomisto, J., Tysklind, M., Walker, N., Peterson, R.E.,
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.

Windal, I., Vandevijvere, S., Maleki, M., Goscinny, S., Vinkx, C., Focant, J.F., Eppe, G.,
Hanot, V., Van Loco, J., 2010. Dietary intake of PCDD/Fs and dioxin-like PCBs of
the Belgian population. Chemosphere 79, 334–340.

Wolff, M.S., Zeleniuch-Jacquotte, A., Dubin, N., Toniolo, P., 2000. Risk of breast
cancer and organochlorine exposure. Cancer Epidemiol. Biomarkers Prev. 9,
271–277.

Zumbado, M., Goethals, M., Alvarez-Leon, E.E., Luzardo, O.P., Cabrera, F., Serra-
Majem, L., Dominguez-Boada, L., 2005. Inadvertent exposure to organochlorine
pesticides DDT and derivatives in people from the Canary Islands (Spain). Sci.
Total Environ. 339, 49–62.

http://www.atsdr.cdc.gov/tfacts17.pdf
http://www.atsdr.cdc.gov/tfacts17.pdf
http://www.gobiernodecanarias.org/sanidad/scs/1/plansalud/enca/ppal_enca.htm
http://www.gobiernodecanarias.org/sanidad/scs/1/plansalud/enca/ppal_enca.htm
http://ec.europa.eu/food/food/chemicalsafety/contaminants/legisl_en.print.htm
http://ec.europa.eu/food/food/chemicalsafety/contaminants/legisl_en.print.htm
http://www.europa.eu.int/comm/food/fs/sc/scf/out90_en.pdf

	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)
	1 Introduction
	2 Materials and methods
	2.1 Study area
	2.2 Sampling and collection
	2.3 Sample preparation and analytical procedure
	2.4 Analytes of interest
	2.5 Procedure of chemical analyses
	2.6 Exposure assessment
	2.7 Statistical analyses

	3 Results and discussion
	3.1 Occurrence of selected OCP residues in cheese samples
	3.2 Occurrence of selected PCB residues in cheese samples
	3.3 Assessment of cheese-related dietary exposure of the population of the Canary Islands to OCP residues and dioxin-like PCBs

	Conflict of Interest
	References


