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Iñaki Lacomba a, Cristina Socas-Hernández a,b, Antonio López a, Olga Pardo c,*, Vicent Yusà a, 
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A B S T R A C T   

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and dioxin like polychlorinated biphenyls (dl- 
PCBs) levels were measured in representative vegetable oils and animal origin foodstuffs collected in a Total Diet 
Study carried out in the Valencian Region (Spain). A total amount of 3,300 food samples were collected and 
grouped into 5 main food groups: vegetable oils, meat and meat products, eggs, milk and dairy products and fish 
and sea products. The samples were analysed using gas chromatography coupled to high-resolution mass 
spectrometry (GC-HRMS). The food group which presented the highest concentration in wet weight (ww) for the 
sum of PCDD/Fs and dl-PCBs was fish and sea products (0.5 pg TEQ g− 1 ww), whereas meat and meat products 
(0.6 pg TEQ g− 1 lipid) showed the highest levels expressed in lipid terms. Occurrence data of PCDD/F and dl- 
PCBs were combined with consumption data to estimate the dietary exposure of adults (>15 years) and chil
dren (6–15 years). Finally, the estimated weekly intake (EWI) was calculated using a deterministic approach and 
considering the food consumption of the population, with fish and sea products being the main food group 
contributor. Likewise, considering the worst-case scenario (Upper Bound, UB), average EWI were 1.8 and 3.4 pg 
TEQ kg− 1 body weight (bw) week− 1 for adults and children, respectively. For children, the average EWI was 
almost twice above the tolerable weekly intake (TWI) of 2 pg TEQ kg− 1 bw week− 1 set by EFSA in 2018. In terms 
of risk characterisation, the overall obtained results showed that 19 % of adults and 43 % of children may exceed 
the TWI when using UB.   

1. Introduction 

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated di
benzofurans (PCDFs), commonly known as dioxins, and polychlorinated 
biphenyls (PCBs) are harmful organic compounds, part of the so-called 
“dirty-dozen” and listed in the Stockholm Convention as persistent 
organic pollutants (POPs) for reduction or elimination (UNEP, 2009). 
PCDD/Fs are unintentionally by-products produced during waste com
bustion and incineration process, particularly when process implicates 
organic and inorganic chlorinated chemicals. PCBs have been employed 
in commercial products in the past as a dielectrics isolating fluids in 
capacitors and transformers, heat exchangers fluids, plasticizers and 

printing inks due to their exceptional properties (Grešner et al., 2021; 
Shen et al., 2017). 

An amount of 75 PCDDs and 135 PCDFs constituted the total con
geners of dioxins compounds but 17 congeners with chlorine substitu
tion in the 2, 3, 7 and 8 positions coated special importance by their 
toxicity for human health, being 2378-TCDD identified as the most toxic 
congener. Likewise, 209 PCBs compounds are distinguished but only 12 
are named dioxin-like PCBs (dl-PCBs) due to their similar structurally 
and toxicological properties to PCDD/Fs. Toxicological effects include 
dermal toxicity, damage to the immune system and adverse effects on 
reproduction, development, endocrine and neurologic functions (EFSA 
Panel on Contaminants in the Food Chain (CONTAM) et al., 2018; 
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Ssebugere et al., 2019). International Agency for Research on Cancer 
(IARC) also classified 2378-TCDD, 23478 PCDF and dl-PCBs as carci
nogenic to humans (IARC, 2012; IARC, 2016). 

PCDD/Fs and dl-PCBs are persistent in the environment since they 
can be transported over long distances in different pathways like air, 
sediment, soil, water and plants (Canlı et al., 2022; Güzel et al., 2022). 
Due to their lipophilicity, low water solubility and poor degradation, 
they can bioaccumulate in animal fat tissues thereby being present in the 
food chain (Güzel et al., 2020). As a consequence, ingestion is the main 
route of PCDD/Fs and dl-PCBs for humans, due to the fact that more than 
90 % of total exposure occurs from food, mainly by animal origin such as 
eggs, dairy products, meat, and fish (Kanan and Samara, 2018; Shen 
et al., 2017). In order to protect public health, a tolerable intake level of 
14 pg TEQ kg− 1 bw per week was set in the early 2000s (TWI2001), but 
after a reassessment of the toxicity of these compounds, the updated 
value was set by EFSA in 2018 (TWI2018) at 2 pg TEQ kg− 1 bw per week, 
seven times lower than the previously considered value (EFSA et al., 
2018). 

Gas chromatography coupled to high resolution mass spectrometry 
(GC-HRMS) is a confirmatory method that is considered the gold stan
dard for the analysis of these compounds analysis due to its high 
sensitivity and selectivity when a substantial number of analytes are 
analysed simultaneously. Hence, determination with GC-HRMS offers 
unambiguous identification and quantification of PCDD/Fs and dl-PCBs 
present in a sample. This technique enable to obtain the congener pro
files, and also allows to know which of those are the most abundant in 
each food group (EFSA et al., 2018; Reiner, 2016). In contrast, DR 
CALUX® (Chemical-Activated Luciferase gene expression) bioassay is a 
screening fast and inexpensive validated method for the determination 
of PCDD/Fs and dl-PCBs in a large number of samples but it does not 
quantify specific congeners and has no ability to discriminate between 
all compounds with AhR affinity. Thus, the results obtained employing 
this bioassay method could be overstated or underestimated on Upper 
Bound (UB) and Lower Bound (LB) scenarios, respectively (Quijano 
et al., 2018). 

Previously, PCDD/Fs and dl-PCBs dietary intake exposure and risk 
assessment have been assessed in the Valencian Region (Spain) by 
Quijano et al., 2018 using DR CALUX® bioassay to determine the levels 
of these compounds. 

The present work assesses the PCDD/Fs and dl-PCBs dietary exposure 
and risk assessment in a population living in the Valencia Region of 
Spain by GC-HRMS. The main objectives of this study are i) to determine 
by GC-HRMS the concentrations of PCDD/Fs and dl-PCBs in the food 
groups with the highest fat content, as these food items are the major 
contributors to the human dietary exposure to these contaminants., ii)To 
achieve more precise and accurate results using GC-HRMS which allows 
to obtain congener profiles enriching the results previously obtained by 
DR CALUX® in this region., iii) to assess temporal trends, iv) to improve 
the risk assessment from dietary exposure through more exhaustive re
sults and taking into account the updated guideline values proposed by 
EFSA. 

2. Materials and methods 

2.1. Food sampling 

The dietary study was distributed in 33 food items grouped into the 
five mainly fatty consumed food groups in the assessed Region, which 
were the following: milk and dairy products (22 %), meat and meat 
products (12 %), fish and sea products (4 %), vegetable oils (2 %) and 
eggs (2 %) (Fullana et al., 2010). 

In order to include seasonal foods, four sampling periods were 
defined: January-March, April-June, July-September and October- 
December. Thus, 100 samples were collected for each food item to 
reduce the variability, obtaining a total amount of 3300 samples. Like
wise, in order to reduce the number of analyses, composite samples were 

formed from 10 samples of each food item (collected in the same sea
sonal period), being 330 the total number of composite samples ana
lysed, 10 for each of the 33 food items included in this work (see 
Table SD-1). 

2.2. Consumption data 

The consumption data used to estimate PCDD/Fs + dl-PCBs intake 
were obtained from a dietary study conducted and validated by the 
Valencian Public Health Directorate. The food consumption survey was 
carried out in three different seasons which were June-July 2010, 
September-November 2010 and November-February 2010/2011. The 
survey included the consumption data of: a) 195 young people (6–15 
years of age, 43.5 kg body weight average) and b) 1281 adults (16–95 
years of age, 71.2 kg body weight average). Therefore, a total of 1476 
subjects from the Valencian Region were interviewed face-to-face to 
collect the details about the variety and amount of food and beverages 
consumed in the previous 24 h as well as body weight information. 

Data on food consumption for the two populations selected are 
shown in Table SD-2. 

2.3. Sample preparation and analysis 

Mass-labelled 13C12-PCDD/F and 13C12-dl-PCB working solutions as 
well as the commercial calibration standards and solvents used were 
previously described by Hernández et al., (2020). For the clean-up, three 
columns of CLDS-ABN-STD (silica), CLDA-BAS-011 (alumina), and 
CLDC-CCE-034 (carbon) were used and supplied by Fluid Management 
System (Watertown, Massachusetts, USA). On the other hand, sodium 
sulfate anhydrous was purchased from VWR (Radnor, Pennsylvania, 
USA) and diatomaceous Earth was supplied from PanReac AppliChem 
(Barcelona, Spain). 

Food samples were prepared according to the sample treatment 
already described by our research group (Hernández et al., 2020, López 
et al., 2021). Briefly, volumes of 20 μL and 50 μL of the 1613EPA-LCS 
and WP-LCS working solutions (surrogate solutions) were added to the 
food samples. Depending on the units in which the results were expected 
to be expressed, the surrogates were added: a) before the extraction step 
for food samples, expressed as pg g− 1 wet weight (ww) or b) after 
extraction step for food samples, expressed as pg g− 1 lipid weight (lw). 
In the first case, after 30 min of interaction, the extraction was per
formed using a pressurised liquid extraction system (PLE) with 66 mL 
stainless steel cells (ASE 350, Dionex, Sunnyvale, CA, USA). Then, a 
clean-up was carried out on a multi-column system (Power-PrepTM, 
Fluid Management Systems, USA). 

GC-HRMS system was also previously described by López et al., 
2021. Briefly, the mass resolution was set at approximately 10,000 R 
using a TG-Dioxin capillary column (60 m × 0.25 mm × 0.25 μm) and 
coupled to a DFS High Resolution Mass Spectrometer (Thermo Scienti
fic, Bremen, Germany). 

2.4. Quality assurance/quality control (QA/QC) 

The present work has been carried out under ISO/IEC/EN 17025 
quality assurance system. Furthermore, this study followed the quality 
assurance requirements in Commission Regulation 2017/644 concern
ing sampling and analysis for the monitoring of PCDD/Fs levels, dioxin- 
like PCBs, and non-dioxin-like PCBs (European Commission, 2017). 
Moreover, a procedural reagent blank was employed every 8 batches in 
order to assess and correct any contamination from laboratory back
ground, where the sum of PCDD/Fs and dl-PCBs in pg TEQ/g had to be 
lower than 1/5 of the established maximum content (always taking as a 
reference the most restrictive value) and the content of each individual 
congener was lower than the calculated LOQ. A sample blank spiked to 
1/5 of the established maximum content was introduced every 6 
batches. 
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Spiked samples as internal quality control and certified reference 
material (CARP-2, Wellington Laboratories, Canada) were also analysed 
twice a year and the results obtained were satisfactory in all analysis. 
Spiked samples recovery was accepted when the total TEQ recoveries 
were between 80 and 120 %. Likewise, surrogate recoveries were only 
accepted if they were between 60 and 120 % or if being lower or higher, 
their contribution did not exceed the 10 % of the total PCDD/Fs + dl- 
PCBs in TEQ terms. 

2.5. Exposure and risk assessment 

PCDD/Fs and dl-PCBs exposure for adults and children has been 
estimated using the deterministic method for chronic exposure. The 
estimated weekly intake (EWI) was assessed as follows combining in
formation on food consumption for each individual (in g/week) and 
PCDD/Fs and dl-PCBs levels (in pg g− 1). 

EWI = C⋅A (1)where EWI is exposure weekly intake expressed as pg 
TEQ kg− 1 bw week− 1, C is a matrix of dimension 1476 × 33 containing 
information on the food consumption (g week− 1) for each individual 
(per kg bw) and A is a matrix of dimension 33x10 containing the PCDD/ 
Fs and dl-PCBs levels in the 10 samples of each of the analysed foods that 
were consumed (pg TEQ g− 1). Finally, the PCDD/Fs and dl-PCBs expo
sure for each individual was summarised by considering the average 
exposure in the 10 analysed samples. Thus, the effect of cooking or 
processing was not taken into account for the calculation of the PCDD/Fs 
and dl-PCBs levels in the different food groups assessed. 

Likewise, the risk characterization of PCDD/Fs and dl-PCBs was 
evaluated taking into account the tolerable weekly intake (TWI) pro
posed by the Scientific Committee on Food (SCF) in 2001 as 14 pg 
TEQ1998 kg− 1 bw week− 1 (TWI2001) (SCF, 2001) and the updated value 
suggested by European Food Safety Authority (EFSA) in 2018 as 2 pg 
TEQ2005 kg− 1 bw week− 1 (TWI2018) (EFSA et al., 2018). 

3. Results and discussion 

3.1. PCDD/F and dl-PCB levels by congeners 

Table 1 and Table SD-3 describe the median, range and frequency of 
detection (FD) of the PCDD/F and dl-PCB individual congeners for the 
different assessed food groups. PCDD/Fs and dl-PCB levels in foodstuffs 
are shown both on a lipid and on ww sample basis depending on the 
study group concerned. Thus, results are expressed according to the EU 
2017/644 Regulation in Table 1. PCDD/Fs and dl-PCBs levels in eggs, 
meat and meat products, milk and dairy products and vegetable oils are 
expressed in pg g− 1 lipid. Otherwise, fish and sea products are only 
presented in pg g− 1 ww. Furthermore, several food groups (eggs, meat 
and meat products, milk and dairy products) were also expressed in pg 
g− 1 ww in order to compare with previous studies, as shown in Table SD- 
3. 

Overall, obtained concentrations for PCDD and PCDFs by congeners, 
expressed as lipid terms, ranged from 0.001 pg g− 1 lipid (234678- 
HxCDF, 1234789-HpCDF, OCDF, 2378-TCDD) to 318.6 (OCDD) pg g− 1 

lipid. Regarding to ww terms, the obtained results ranged from 5.8⋅10− 6 

pg g− 1 ww (2378-TCDD) to 28.5 pg g− 1 ww (OCDD). Median values for 
the highest detected congener (OCDD) ranged from 0.2 (Milk and dairy 
products) to 1.1 (Meat and meat products), expressed in lipid terms. 
Otherwise, obtained OCDD median in pg g− 1 ww oscillated from 0.04 
(Milk and dairy products) to 0.2 (Meat and meat products). The con
geners with the highest FD for PCDD/Fs in the assessed samples (n =
330) were OCDD, 12378-PCDF and 1234678-HpCDD with FD of 69 %, 
58 % and 57 %, respectively. These congeners were also the most pre
dominants in a similar previous study assessed in the same region (Marin 
et al., 2011). On the other hand, all HxCDF congeners and the majority 
of PCDD showed FD below than 30 %. 

Additionally, although OCDD was highly detected and concentrated 
in all food groups, in fish and sea products the most detected congener 

was 2378-TCDF and the most concentrated were 23478-PeCDF and 
2378-TCDF. 

For dl-PCBs, PCB-118 was the congener with the highest FD, being 
the only one detected in all the assessed samples. Furthermore, PCB-156 
and PCB-167 were detected in more than 90 % of them. Overall, con
cerning the levels of dl-PCBs, ranged from 0.007 pg g− 1 lipid in milk and 
dairy products to 1547.2 pg g− 1 lipid in meat and meat products in all 
food groups. In ww terms, dl-PCBs levels ranged from 2.3⋅10− 6 to 
5347.7 pg g− 1 ww both in fish and sea products. 

Likewise, the highest concentrations of PCB-118 were found in the 
different assessed food groups, with median values ranging from 7.9 
(vegetable oils) to 152.7 pg g− 1 lipid (eggs). Otherwise, median of PCB- 
118 in pg g− 1 ww ranged from 3.9 (milk and dairy products) to 177.7 
(fish and sea products). 

Comparing with other studies, the obtained results are similar to 
those presented by Barone et al. (2019) in meat samples in Italy, where 
OCDD and HpCDD were also the most detected PCDDs congeners. 
However, dl-PCBs profiles are different, being the PCB-189 the most 
abundant in Barone et al. (2019) whereas PCB-118 was the most pre
dominant in the present study. Likewise, the detected profiles in Cata
lonia (Spain) in 2008 (EDT Catalonia, 2008) were very similar to this 
research, showing the highest concentration for OCDD in meat and meat 
products and the highest levels for OCDD and 2378-TCDF in fish and sea 
products. 

3.2. Profiles for PCDD/F and dl-PCB 

The profile for each congener and food group was calculated 
considering the toxicity of each compound and the UB scenario. The 
obtained profiles for total pg-TEQ2005 g− 1 lipid levels and pg-TEQ2005 
g− 1 ww in all analysed samples are depicted in Fig. 1. In all cases, 12378- 
PeCDD presented the highest contribution to the total 

∑
PCDD/Fs and 

PCB-126 was the most contributed congener to 
∑

dl-PCBs levels, prob
ably since these two congeners have the highest toxic equivalency factor 
(TEF). The showed profiles were comparable to those obtained by Marin 
et al., 2011 in the same assessed region. 

3.3. Total TEQ in food groups 

Table 2 shows the levels associated to the presence of 
∑

PCDD/Fs, 
∑

dl-PCBs and 
∑

PCDD/Fs + dl-PCBs both in pg-TEQ g− 1 lipid and in pg- 
TEQ g− 1 ww in each food group, based on UB approach. Concentrations 
for PCDD/Fs ranged from 0.003 to 4.5 pg-TEQ2005 g− 1 lipid, levels for dl- 
PCBs ranged from 0.002 to 2.4 pg-TEQ g− 1 lipid and concentrations of 
the sum of PCDD/Fs + dl-PCBs oscillated from 0.005 to 6.8 pg-TEQ g− 1 

lipid. Likewise, in ww terms, 
∑

PCDD/Fs, 
∑

dl-PCBs and 
∑

PCDD/Fs +
dl-PCBs concentrations ranged from 3.1⋅10− 5 to 1.6 pg-TEQ g− 1 ww, 
from 2.7⋅10− 6 to 4.8 pg-TEQ g− 1 ww and from 6.8⋅10− 5 to 4.9 pg-TEQ 
g− 1 ww, respectively. 

Regarding the obtained concentrations in each food group, meat and 
meat products and eggs presented the highest median concentration in 
pg-TEQ g− 1 lipid of 

∑
PCDD/Fs, whereas the values for vegetable oils 

presented the minimum median observed for 
∑

dl-PCBs. The highest 
concentration for 

∑
dl-PCBs corresponded to milk and dairy products. In 

pg-TEQ2005 g− 1 ww terms, the highest concentrations were associated to 
fish and sea products with a large difference with the other groups in 
∑

dl-PCBs and 
∑

PCDD/Fs + dl-PCBs. For 
∑

PCDD/Fs levels, the highest 
concentrations were found in meat and meat products. 

Overall, the estimated levels for all assessed groups in this study are 
significantly lower than the limits set by Regulation 2023/915 setting 
maximum levels in foodstuffs. 

Moreover, the obtained concentrations in fish products were five 
times lower than the levels obtained by Marin et al. (2011) in the same 
assessed region and two times lower than the concentrations detected in 
Catalonia in 2008 (EDT Catalonia, 2008). Furthermore, the levels 
detected were significantly lower than the PCDD/Fs and dl-PCBs levels 
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Table 1 
PCDD/Fs and dl-PCBs concentrations in the different studied foods.  

Congeners Meat and meat products (N = 120)a Milk and dairy products (N = 60)a Vegetable oils (N = 20)a Eggs (N = 10)a Fish and sea products (N = 120)b Overall FDc 

FDc Median min–max FDc Median min–max FDc Median min–max FDc Median min–max FDc Median min–max 

PCDD/Fs 
2378-TCDF 35  0.1 0.005–0.8 22  0.03 0.006–0.2 55 0.04 0.02–0.1 100 0.2 0.1–0.2 71  0.1 0.002–0.8 49 
12378-PeCDF 58  0.2 0.008–1.4 65  0.1 0.005–0.6 45 0.09 0.1–0.1 100 0.2 0.2–0.2 55  0.05 0.008–0.3 59 
23478-PeCDF 27  0.2 0.005–8.6 33  0.1 0.002–0.3 10 0.07 0.04–0.1 30 0.1 0.1–0.1 42  0.1 0.007–0.4 33 
123478-HxCDF 25  0.2 0.006–3.3 23  0.1 0.004–0.2 10 0.07 0.03–0.1 10 0.1 0.1 16  0.03 0.004–0.2 20 
123678-HxCDF 14  0.5 0.005 – 4.0 20  0.1 0.01–0.2 0 – – 10 0.1 0.1 20  0.02 0.005–0.2 16 
234678-HxCDF 19  0.3 0.01–4.3 28  0.1 0.001–0.1 0 – – 0 – – 15  0.02 0.006–0.1 18 
123789-HxCDF 14  0.2 0.02–1.3 8  0.02 0.006–0.05 15 0.03 0.03–0.1 0 – – 54  0.04 0.01–0.2 27 
1234678-HpCDF 49  0.1 0.006–7.0 37  0.1 0.003–0.5 10 0.12 0.1–0.2 10 0.1 0.1 28  0.02 0.003–0.2 36 
1234789-HpCDF 12  0.2 0.007–0.7 10  0.02 0.001–0.2 25 0.04 0.01–0.1 0 – – 18  0.01 0.002–0.2 14 
OCDF 33  0.3 0.009–3.6 17  0.1 0.001–1.0 20 0.10 0.03–0.6 0 – – 33  0.04 0.008–0.4 27 
2378-TCDD 13  0.03 0.002–0.2 13  0.001 0.001–0.05 10 0.02 0.02–0.02 0 – – 22  0.02 0.005–0.06 16 
12378-PeCDD 9  0.2 0.04–1.1 10  0.1 0.004–0.1 5 0.02 0.02 0 – – 19  0.04 0.004–0.2 13 
123478-HxCDD 12  0.1 0.005–0.7 17  0.05 0.005–0.2 10 0.05 0.02–0.1 0 – – 12  0.02 0.006–0.1 12 
123678-HxCDD 23  0.3 0.01–1.6 25  0.1 0.007–0.2 10 0.06 0.02–0.1 0 – – 24  0.02 0.004–0.1 22 
123789-HxCDD 20  0.1 0.02–1.1 23  0.1 0.003 – 0.2 5 0.1 0.1 0 – – 16  0.02 0.005–0.2 18 
1234678-HpCDD 62  0.3 0.008–10.6 53  0.3 0.005–1.0 70 0.09 0.1–0.3 80 0.2 0.2–0.3 50  0.03 0.01–0.3 57 
OCDD 80  1.1 0.02–318.6 70  0.2 0.01–4.7 90 0.3 0.1–1.1 100 1.0 0.4–1.4 52  0.08 0.005–1.1 69 
PCBs non-ortho 
PCB-77 93  2.2 0.2–30.3 87  0.5 0.05–17.0 85 0.9 0.3–1.2 100 9.1 7.4–11.0 97  3.3 2.3⋅10− 6 − 93.3 77 
PCB-81 67  0.5 0.03–14.2 42  0.2 0.007–11.7 55 0.2 0.2–0.3 100 1.1 0.9–1.4 84  1.4 0.03–21.4 69 
PCB-126 41  0.9 0.05–21.7 47  1.4 0.02–2.5 15 0.1 0.1–0.2 70 0.7 0.4–0.9 91  2.6 0.05–37.1 60 
PCB-169 42  0.4 0.04–5.6 27  0.6 0.3 – 1.0 10 0.2 0.1–0.2 30 1.0 1.0–1.1 86  1.0 0.05–25.1 53 
PCBs mono-ortho 
PCB-105 98  17.5 1.4–374.8 100  31.2 0.3–74.7 100 3.0 1.9–6.6 100 55.3 30.4–65.4 100  53.9 0.8–1354.4 99 
PCB-114 66  1.9 0.1–53.1 60  2.3 0.02–7.1 55 0.3 0.1–0.4 50 3.5 3.0–3.7 86  5.7 0.07–75.5 71 
PCB-118 100  75.1 4.3–1547.2 100  97.9 1.1–263.9 100 7.9 4.3–17.9 100 152.7 76.7–178.6 100  177.7 2.4–5347.7 100 
PCB-123 82  3.1 0.3–174.5 88  4.0 0.1–17.9 85 1.0 0.5–1.6 100 12.5 8.3–13.6 98  37.8 0.5–722.7 90 
PCB-156 99  17.4 1.0–107.4 100  13.2 0.04 – 30.0 95 1.0 0.7–3.7 100 28.1 13.8–40.8 100  34.7 0.2–1247.1 99 
PCB-157 89  3.5 0.2–28.3 58  3.2 0.02–6.6 50 0.3 0.1 – 1.0 100 3.6 1.9–4.4 94  12.4 0.06–359.1 83 
PCB-167 95  5.6 0.2–78.6 85  7.4 0.03–18.2 85 0.9 0.5–2.1 100 16.3 7.5–25.2 99  32.4 0.2–1056.4 94 
PCB-189 84  2.4 0.2–14.2 58  2.3 0.01–6.5 15 3.2 1.6–12.1 100 5.84 2.2–10.3 87  6.9 0.7–257.7 77  

a (pg⋅g− 1 lipid). 
b (pg⋅g− 1 ww). 
c FD (Percentage samples > LOD). 
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Fig. 1. Profiles of total pg-TEQ2005 g− 1 lipid (eggs, milk and dairy products, vegetable oils, meat and meat products) and pg-TEQ2005 g− 1 ww (fish and sea products) 
levels for each congener in all food groups. 
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found in the European Survey carried out by EFSA in 2012. On the other 
hand, PCDD/Fs and dl-PCBs levels obtained in this study were two times 
above than the levels detected in Chinese markets (Sun et al., 2021). 

Meat and meat products PCDD/Fs and dl-PCBs concentrations were 
40 % lower than levels showed by Marin et al. (2011) in the same 
assessed region, four times lower than the obtained levels in the survey 
of dietary exposure for PCDD/Fs and dl-PCBs carried out by EFSA in 
2012 around Europe, and two times lower than concentrations reported 
by Sun et al. (2021) in China. Additionally, levels in this study were five 
times higher than the study of dietary exposure carried out in Catalonia 
in 2008. 

Looking at the study by Xu and Cai (2015), in the sum of PCDD/Fs 
and dl-PCBs, similar levels were found for fish and vegetable oils but the 
mean values for meat are higher than in this work. However, the biggest 
differences are found for eggs and dairy products, with concentrations 
10 and 3 times higher than in this study, respectively. 

Sirot et al. (2012) showed results for fish and eggs very similar to this 
study. For meat, however, the value was almost 3 times smaller than this 
work. In addition, a different pattern regarding to fish was found in the 
article published by Stadion et al. (2022) with concentrations twice 
higher as in this study. 

It should be noted that when comparing the results described by 
Quijano et al. (2018) using the CALUX bioassay and this study through 
GC-HRMS system for the same analysed samples, the obtained levels are 
2 or 3 times lower for fish and sea products, milk and dairy products and 
eggs using the latter technique. Therefore, this general decrease of the 
concentrations in the studied matrices could be due to the over
estimation of the CALUX analytical method. 

3.4. Estimate of dietary exposure to PCDD/Fs and dl-PCBs 

The estimated weekly intake (EWI) among adults and young people 
in the LB and UB scenarios are presented in Table 3. Using the worst-case 
scenario (UB), average EWI of 

∑
PCDD/Fs + dl-PCBs was 1.8 pg TEQ 

kg− 1 bw week− 1 and 3.4 pg TEQ kg− 1 bw week− 1 for adults and 

children, respectively. 
On the other hand, the contribution of the different foodstuffs for 

adults and children can be found in Fig. 2 and Table SD-4. As can be 
seen, the consumption of fish and sea products accounted for half of the 
dietary exposure in adults, while the other food groups together (meat 
and meat products (24 %), fats and oils (13 %), milk and dairy products 
(9 %) and eggs (3 %)) contributed the other half. In contrast, children 
exposure was mainly caused by fish and sea products (37 %) and meat 
and meat products (35 %), contributing more than 70 % of the total 
dietary exposure. Fats and oils, milk and dairy products and eggs 
contributed with 13, 12 and 3 % of the total dietary exposure, 
respectively. 

The EWI for adults in this study was ten times lower than those re
ported by Marin et al. (2011) in the same assessed population. 
Furthermore, the EWI was significantly lower than the obtained by EFSA 
around Europe (EFSA, 2012), four times lower than the obtained 
exposure in other Mediterranean territory like Catalonia in 2008 and 
Hong-Kong (EDT Catalunya, 2008; Xu and Cai, 2015) and almost three 
times lower than the obtained in France by Sirot et al. (2012). On the 
other hand, the estimated dietary intake in our study was slightly higher 
than the calculated in Italy by Barone et al. (2019) (only for meet food) 
and China by Sun et al. (2021). 

Regarding children intake, the estimated intake was two times lower 
than the calculated in Europe (EFSA, 2012) and in France by Sirot et al. 
(2012). Furthermore, the calculated exposure was ten times lower than 
the calculated exposure for the same assessed population by Marin et al. 
(2011) (see Table SD-5). 

Comparing the exposure in this study using GC-HRMS with the ob
tained exposure in the analysis of the same assessed samples by Quijano 
et al. (2018) using CALUX, the calculated EWI was 6 times lower than 
the previously reported, showing the overestimation of the CALUX 
procedure. 

3.5. Risk assessment 

Table 4 shows the percentage of the population exceeding the guide 
value in two cases, considering as reference values: a) 14 pg kg− 1 bw per 
week (established value by SCF during sampling campaign) and b) 2 pg 
kg− 1 bw per week (updated value in 2018 by EFSA), respectively. A clear 
difference can be observed between the two cases, where the percentage 
of population exceeding the most restrictive guideline value (EFSA et al., 
2018) is noticeably higher, being 19 % in adults and 43 % in children in 
the UB approach. The percentage of the population exceeding the value 
of 14 pg kg− 1 bw per week in the study by Quijano et al. (2018) was 22 % 
and 59 % in adults and young people, respectively. These values are 
much higher than those reported in the present study, considering that 
the same samples were analysed. This raises doubts about the reliability 
of the CALUX method for the quantitative analysis of PCDD/Fs and dl- 
PCBs and its overestimation of the results, probably caused by the po
tential detection of other compounds with aryl hydrocarbon receptor 

Table 2 
PCDD/Fs, dl-PCBs and PCDD/Fs + dl-PCBs concentrations (pg-TEQ2005 g− 1) corresponding to food groups (UB).   

∑
PCDD/Fs  

∑
dl-PCBs  

∑
PCDD/Fs + dl-PCBs 

Median AMa min - max  Median AMa min - max  Median AMa min - max 

Concentrations expressed on fat basis 
Meat and meat products  0.2  0.4 0.008–4.5   0.06  0.1 0.004–2.4   0.3  0.6 0.02–6.8 
Milk and dairy products  0.1  0.2 0.003–1.0   0.2  0.1 0.002–0.5   0.3  0.3 0.005–1.2 
Vegetable oils  0.1  0.1 0.06–0.4   0.02  0.02 0.01–0.03   0.1  0.1 0.08–0.4 
Eggs  0.2  0.2 0.09–0.2   0.1  0.1 0.06–0.1   0.2  0.3 0.2–0.3 
Concentrations expressed on wet weight 
Fish and sea products  0.04  0.1 0.009–0.4   0.3  0.4 0.003–4.8   0.3  0.5 0.02–4.9 
Meat and meat products  0.04  0.1 2.7⋅10− 4 − 1.6   0.01  0.02 0.001–0.08   0.05  0.1 0.004–1.6 
Milk and dairy products  0.01  0.1 3.1⋅10− 5 − 0.2   0.006  0.05 2.7⋅10− 6 − 0.2   0.02  0.1 6.8⋅10− 5 − 0.4 
Eggs  0.02  0.02 0.008–0.02   0.008  0.008 0.005–0.01   0.02  0.02 0.02–0.03  

a Arithmetic Mean. 

Table 3 
Estimation of the PCDD/Fs + dl-PCBs dietary intake (pg TEQ kg− 1 bw week− 1).   

UB LB  

Adults Young people Adults Young people 

Minimum  0.0  0.1  0.0  0.03 
P25  0.5  1.0  0.1  0.3 
Median  0.9  1.7  0.3  0.5 
Mean  1.8  3.4  1.1  1.7 
P75  1.6  3.4  0.6  1.0 
Maximum  30.4  32.5  29.1  28.0 
P90  3.2  7.4  1.8  3.5 
P95  6.7  11.4  4.8  8.7 
P99  16.2  27.2  14.7  23.8 
SD  3.1  4.9  2.9  4.1  
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(AhR) affinity. 

4. Conclusions 

The use of the GC-HRMS has allowed to obtain the most abundant 
congeners in each group of food samples and to obtain precise levels of 
PCDD/Fs and dl-PCBs comparing to the previous results reported in the 
same assessed samples and to observe the congener profiles for PCDD/Fs 
and dl-PCBs in each type of food. Additionally, this study provides in
formation about a possible overestimation of the results when CALUX 
bioassay is employed. 

In the present study, meat and meat products and fish and sea 
products presented the highest content of 

∑
PCDD/Fs + dl-PCBs (mean 

values 0.6 pg TEQ g− 1 lipid and 0.5 pg TEQ g− 1 ww, respectively), been 
12378-PeCDD and PCB-126 the largest contributors. 

Fish and sea products were the main contributors to adults’ intake, 
taking into account that half of the PCDD/Fs and dl-PCBs exposure is 
related to the intake of this group of food. However, meat and meat 
products and fish and sea products contributed more than 70 % of the 
PCDD/Fs and dl-PCBs exposure in children. 

Likewise, the mean of the EWI for children (3.4 pg TEQ kg− 1 bw w− 1) 
was higher than the guideline value set by EFSA in 2018 (2 pg TEQ kg− 1 

bw w− 1), in view of these results it is possible that the 43 % of the 
assessed children population may exceed the guideline value. In the case 
of adults, 19 % could be exceeding the guideline value. 

Taking into account the reported results and considering risk char
acterisation, it would be interesting to continue investigating the tem
poral trends of PCDD/Fs and dl-PCBs exposure in the studied population 
considering the updates of the health-based guideline values. 
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