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Long-term dietary exposures to lead in young children were calculated by combining food consumption data of
11 European countries categorised using harmonised broad food categories with occurrence data on lead from
different Member States (pan-European approach). The results of the assessment in children living in the
Netherlands were compared with a long-term lead intake assessment in the same group using Dutch lead
concentration data and linking the consumption and concentration data at the highest possible level of detail.
Exposures obtained with the pan-European approach were higher than the national exposure calculations. For
both assessments cereals contributed most to the exposure. The lower dietary exposure in the national study was
due to the use of lower lead concentrations and a more optimal linkage of food consumption and concentration
data. When a pan-European approach, using a harmonised food categorisation system and ‘‘European’’
concentration data, results in a possible health risk related to the intake of an environmental chemical for a
certain country, it is advisable to refine this assessment, as part of a tiered approach, using national occurrence
data, including an optimised linkage between foods analysed and consumed for that country. In the case of lack
of occurrence data, these data can be supplemented with data from the ‘‘European’’ concentration database or by
generating additional concentration data at country level.
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Introduction

In a project financed by the European Food Safety

Authority (EFSA), with acronym EXPOCHI

(EXPOsure in CHIldren) and described in detail by

Huybrechts et al. (2011), the long-term dietary exposure

to several food contaminants (lead, chromium and

selenium) was calculated using national and regional

food consumption data of (young) children (1–14 years)

from 12 European countries in combination with

occurrence data obtained from European Union

Member States. Also the intake of 60 food colours

was estimated. The exposure results have been pub-

lished on EFSA’s website (Boon, Sioen, et al. 2010;

Boon, te Biesebeek, et al. 2010; Huybrechts et al. 2010;

Sioen et al. 2010), and have been partly incorporated in

EFSAOpinions (EFSA 2010a, 2010b). This project met

the need within Europe for harmonised approaches for

risk assessment. In this paper we will address in more

detail the exposure calculations to lead.
Within EXPOCHI the long-term dietary exposure

to lead was estimated by combining food consumption

data of 12 European countries using food categories

and a database containing occurrence data on lead

obtained from different Member States (‘‘European’’

occurrence database). For this, foods coded at the

national/regional level were assigned to 42 food
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groups, so that the food consumption data for all
countries were categorised in a uniform way. The
details of this categorisation are described by De Neve
et al. (2010). The same categorisation was performed
for the analysed commodities. Subsequently, the data
were combined to assess the long-term exposure using
one usual intake model. By doing all this, the exposure
to lead was estimated in a uniform way for all
countries.

The approach taken in EXPOCHI to assess the
exposure to lead is similar to that taken by EFSA in a
recent assessment of the cadmium exposure in Europe
(EFSA 2012), as well as in possible future contaminant
exposure assessments performed by this authority.
For the cadmium exposure assessment EFSA made
use of the EFSA Comprehensive European Food
Consumption Database (Comprehensive Database)
(EFSA 2011c). This database contains information on
national food consumption patterns of 32 different
dietary surveys carried out in 22 different Member
States in which the food consumption data have been
categorised according a harmonised system: the
FoodEx1 system (EFSA 2011a). This database also
includes the data of EXPOCHI. To assess the long-term
intake of cadmium in the European population, the
national food consumption data of the Comprehensive
Database were linked to European occurrence data
obtained from 22 Member States, three European
Economic Area or other countries and some food
business operators. This resulted in long-term exposure
estimates to cadmium per country. Such international
assessments performed by EFSAmay form the basis for
possible risk reduction measures at European Union
level for contaminants (e.g. decrease of maximum
limits) when the exposure results do not exclude that a
possible health risk may exist. When confronted with
such an international risk assessment, Member States
may need to address two questions: (1) how does the
international risk relate to that at Member State level?
and (2) if relevant, how can an appropriate risk
management strategy be justified at Member State
level? To answer these questions, a Member State may
decide to perform a national risk assessment using
national monitoring data to corroborate the signalled
international risk and the possible risk mitigation
measures. A good comparison between the input data
used and an appropriate exposure assessment model are
elementary for answering these questions.

This paper presents a summary of the calculations
performed as part of EXPOCHI, and it will compare
them with a national lead exposure assessment in
young children living in the Netherlands using lead
concentration data as analysed in the Netherlands. The
challenges and possibilities of the EXPOCHI approach
will be discussed, as well as its restrictions in relation to
national intake levels. This paper focuses on the
exposure calculations of lead. However, the issues

addressed are very likely applicable to exposure calcu-
lations of other contaminants that are performed
following the same approach as in EXPOCHI.

Methods

Food consumption data

In EXPOCHI children’s food consumption data from
14 dietary surveys originating from 12 European
countries, with an age range of 1–14 years, were
included. These data were considered representative at
either a national (Cyprus, Czech Republic, Denmark,
Italy, France, Netherlands, Poland, Spain (enKid
study), Sweden) or a regional (Belgium, Finland,
Germany, Greece, Spain Basque) level. This paper
presents and discusses the results for the age range of
1–10 years. The Cypriot study (11–14 years) was not
included. For a summary of the food consumption
data used, see Table 1. For more details, see Boon,
Sioen, et al. (2010). All surveys covered all days of the
week. Personal characteristics such as sex, age and
body weight were also available. For further details on
the EXPOCHI study design and methodology, see
Huybrechts et al. (2011).

In the national lead exposure assessment, the food
consumption data of young children living in the
Netherlands from the Dutch National Food
Consumption Survey – Young Children 2005/2006
(Ocké et al. 2008) were used. In this survey, food
consumption was recorded on 2 non-consecutive days
(separated by 8–13 days) of 1279 children aged 2–6
years using an estimated pre-structured dietary record.
Amounts consumed were estimated as accurately as
possible: using photographs, in household measures or,
if possible, in exact weight or volume (g or ml). Data
entry of the dietary records was performed in a
standardised way via the EPIC-soft program. These
food consumption data of Dutch young children were
also included in EXPOCHI (Table 1).

Lead occurrence data

In EXPOCHI, lead concentration data as supplied to
EFSA as part of DATEX-2008-0002 call for concen-
tration data on lead covering the period 2003–2008
were used. In total, more than 100,000 lead concen-
trations in various food commodities were submitted,
predominantly derived from 14 European countries.
Germany was the major contributor providing 44% of
the data, followed by France (15%), Czech Republic
(9.7%) and Romania (9.6%). After the data cleaning
steps, 94,126 sample results were found suitable for use
in the exposure assessments. These sample results
covered all kinds of commodities that may contain
lead, including milk, vegetables, fruits, cereals, fish
and meat.
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To calculate the exposure to lead using national
lead concentrations, Dutch concentration data were
used from Dutch monitoring programmes performed
by the Netherlands Food and Consumer Product
Safety Authority (NVWA 2002–2008), the Institute
for Marine Resources & Ecosystem Studies (2003 and
2007) and the Dutch Dairy Association (2005–2008).
These data were stored in the Quality Agricultural
Products database (http://www.chemkap.rivm.nl). Lead
analyses were performed predominantly in raw agri-
cultural commodities (RACs), including milk, vegeta-
bles, fruit, cereals, fish and meat, as well as liver and
kidney. Since the lead concentrations in meat were
limited, we derived meat concentrations from these
two organ tissue concentrations, which are abundant.
When lead enters an animal, including cattle, via their
feed it is distributed throughout the body. When
repeated exposure to background lead concentrations
occurs, then the lead will distribute proportionally to
all tissues. Based on the study of Vreman et al. (1986)
the proportion of lead in meat:liver:kidney is 1:10:20.
Using these proportions meat concentrations were
derived from liver and kidney concentration data. In
total 52 RACs were analysed with at least one sample
containing lead at a concentration above the limit of
detection (LOD) or quantification (LOQ). Lead con-
centrations in 45 RACs and 38 samples of infant food
were reported to be below or at the LOD or LOQ.

It was observed that for wheat the Dutch occur-
rence database contained only analytical data from
samples sampled in 2002 and that all reported concen-
trations were below a rather high LOQ of 200 mg kg–1,
equalling the maximum level of lead in cereals
(European Commission 2006). Since the food group

cereals was one of the most important contributor to
lead exposure in EXPOCHI (Boon, Sioen, et al. 2010),
as well as in a recent EFSA Opinion on lead in food
(EFSA 2010b), we substituted the national cereal
concentrations for the mean lead concentrations of the
food category ‘‘Cereal grain except rice’’ as reported in
the EFSA Opinion. For rice, we used the mean
concentrations as reported for the food category
‘‘Rice’’ in this Opinion (EFSA 2010b). To avoid
possible further underestimation of the lead exposure,
also the reported mean lead concentrations of the food
category ‘‘Eggs’’ were included in the national lead
occurrence database. Eggs were not sampled as part of
the Dutch monitoring programme due to the absence of
a maximum level for lead in this food group (European
Commission 2006).

Concentrations of lead in drinking water were
obtained from the Dutch National Drinking Water
Database (http://www.os.amsterdam.nl/pdf/2010_ob_
cmilieu_3.pdf) and covered analyses performed in
2006–2008. This programme encompasses the results
of measuring programmes of drinking water con-
ducted by the Dutch drinking water companies, in
compliance with drinking water regulations as
enforced by the ‘‘Dutch Drinking Water Inspecto-
rate.’’ In total, 7667 drinking water samples were
analysed in this period.

Assignment concentration data to consumed foods

To link the food consumption and lead concentration
data within EXPOCHI, both the foods reported in the
different children’s food consumption databases and

Table 1. Information on the food consumption data per country used to model long-term dietary exposure to lead within the
EXPOCHI project as reported in this paper.

Country, year of survey
Ages

(years)a

Number
of

individuals

Number of
days/consecutive

(yes or no)

Dietary
survey
method Reference

Belgium, 2002–2003 2–6 661 3 days/yes Dietary record Huybrechts et al. (2008)
Czech Republic, 2003–2004 4–10 493 2 days/no 24-h recall Ruprich et al. (2006)
Denmark, 2000–2002 4–10 610 7 days/yes Dietary record Lyhne et al. (2005)
Finland-DIPP, 2005 1, 3, 6 1500 3 days/yes Dietary record Räsänen et al. (2006)
Finland-STRIP, 2000 7–8 250 4 days/yes Dietary record Simell et al. (2009)
France, 2005–2007 3–10 574 7 days/yes Dietary record Agence Française de Sécurité

Sanitaire des Aliments
(AFSSA) (2009)

Germany, 2006 1–10 303 3 days/yes Dietary record Kroke et al. (2004)
Germany, 2007 1–10 311 3 days/yes Dietary record Kroke et al. (2004)
Germany, 2008 1–10 307 3 days/yes Dietary record Kroke et al. (2004)
Greece, 2004–2005 4–6 795 3 days/yes Dietary record Linardakis et al. (2008)
Italy, 2005–2006 1–10 252 3 days/yes Dietary record Leclercq et al. (2009)
Netherlands, 2005–2006 2–6 1279 2 days/no Dietary record Ocké et al. (2008)
Spain-Basque, 2004–2005 4–10 462 2 days/no 24-h recall Larrañaga et al. (2006)
Spain-enKid, 1998–2000 1–10 195 2 days/no 24-h recall Serra-Majem et al. (2001)
Sweden, 2003 3–10 1379 4 days/yes Dietary record Enghardt-Barbieri et al. (2006)

Note: aUpper age of the range is included in the selection.
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those present in the occurrence database were
categorised in 42 food groups (see Table A1 in
Appendix 1). The grouping of analysed foods in the
42 food groups was performed by EFSA. No infor-
mation on lead concentrations of the individual
products constituting the food groups was available
within EXPOCHI. Further details of the categorisation
procedure used for the foods is reported in the food
consumption databases (e.g. De Neve et al. 2010).

The national lead analyses were performed pre-
dominantly in RACs. To link lead concentrations
analysed in these commodities, including drinking
water, to the foods recorded in the food consumption
survey, the consumption of foods was translated into
the consumption of RACs using the conversion model
for primary agricultural products (van Dooren et al.
1995; Boon et al. 2009). In this way, the lead
concentrations analysed in RACs (such as pork,
milk, cereals etc.) could be linked directly to consumed
foods and also composite foods were included in the
exposure assessment. Concentrations analysed in
infant food were linked directly to consumption
levels of these foods.

Concentration scenarios regarding lead
concentrations assigned to non-detect samples

When reporting contaminant concentrations analysed
in monitoring programmes, actual numeric values of
concentrations are only reported when the measure-
ments exceed the LOD or LOQ. In the exposure
assessments performed within EXPOCHI, these mea-
surements (the so-called non-detect samples) were
assigned either 0 mg kg–1 (lower bound, LB) or the
limit value itself (upper bound, UB). See Table A1 in
Appendix 1 for the resulting mean lead concentrations
per food group for both concentration scenarios. The
same approach was taken in the Dutch national
exposure assessment. However, for this assessment
also a medium bound (MB) concentration scenario
was applied in which all non-detect samples of com-
modities (including drinking water) with at least one
sample with a concentration at or above the LOD or
LOQ were assigned a concentration equal to half the
limit value. The remaining non-detect samples were
assumed to contain no lead. This scenario was chosen
as a more optimal approach to link the analysed
concentrations to the foods consumed as opposed to
assigning all non-detect samples a concentration equal
to 0 mg kg–1 or the relevant limit value. The resulting
national lead concentrations per concentration sce-
nario are listed in Table B1 in Appendix 2. Since in the
EFSA Opinion on lead in food no MB concentrations
are reported, we used for the MB concentration
scenario the mean UB concentrations for cereals, rice
and eggs.

Mean lead concentrations were used to estimate the
exposure, since lead is known to be toxic after a longer
period of ingestion (EFSA 2010b).

Modelling of the long-term exposure

In both studies, the long-term dietary exposure to lead
was estimated using the betabinomial-normal (BBN)
model, as implemented in the Monte Carlo Risk
Assessment program (MCRA), version 6.2 (de Boer
and van der Voet 2007). The BBN approach models
separately the contaminant intake frequency and
positive intake amounts as a function of age to
produce the long-term exposure distribution. For
this, the positive amounts distribution is logarithmi-
cally transformed into a normal distribution to remove
the within-person variation that is of no interest for
this type of exposure (Hoffmann et al. 2002; de Boer
et al. 2009). After removal of the within-person
variation, the logarithmically transformed positive
exposure distribution is back-transformed and com-
bined with the intake frequency to estimate the
long-term exposure distribution. This is achieved by
sampling a large number of times from both the
exposure frequency and the back-transformed positive
exposure distribution (Monte Carlo integration). The
long-term exposure estimates are adjusted for the
individual’s body weight.

The uncertainty in the exposure analyses due to the
limited size of the concentration and food consumption
dataset was quantified in the national Dutch exposure
calculation using the bootstrap approach. For more
details, see Boon et al. (2011). The uncertainty analyses
resulted in a 95% confidence interval around the
different percentiles of exposure.

Results

Table 2 lists the estimated percentiles of long-term
dietary lead exposure of children for the LB and UB
concentration scenarios as applied in EXPOCHI. The
percentiles listed represent the lowest and highest
exposure level as a function of age per country. Note
that the age ranges differ per country (Table 2). The
exposure to lead was highest in the youngest children.
The P95 of exposure of the LB concentration scenario
ranged from 1.0 mg lead kg–1 bwday–1 in Swedish and
Spanish kids aged 10 years to 3.1 mg lead kg–1 bwday–1

in 1-year-old children from Finland. The lowest P95 of
exposure, 1.9mg lead kg–1 bwday–1, in the UB concen-
tration scenario was calculated for Spanish-Basque
children aged 10 years. Finnish children aged 1 year
had, as in the LB concentration scenario, the highest
P95 of exposure in the UB concentration scenario,
i.e. 5.5mg lead kg–1 bwday–1. Overall, it is interesting to
observe that several percentile intervals did not overlap
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in both concentration scenarios (e.g. P50 of Belgium,
Czech Republic, Denmark and France), whereas
others did (e.g. P50 Belgium and Finland-DIPP)
(Figure 1). The same was true for the P95 and P99 of
exposures. Because a common concentration dataset
was used, these similarities and differences in exposure
were due to cross-country differences in food habits.
For a more detailed description of the exposure results,
see Boon, Sioen, et al. (2010).

In the EXPOCHI LB concentration scenario, food
groups that contributed most to the exposure were
‘‘cereals,’’ ‘‘vegetables,’’ ‘‘miscellaneous’’ and ‘‘fruit
(juices).’’ In the UB concentration scenario, also the
food groups ‘‘cereals,’’ ‘‘vegetables’’ and ‘‘miscella-
neous’’ contributed most to the exposure. However,
the food group ‘‘fruit juices’’ was replaced by the food
groups ‘‘soft drinks/edible ices.’’ As an example,
Table 3 lists the top three food groups contributing
most to the long-term lead exposure distribution of
children living in France, Italy, the Netherlands and
Spain, including the percentage of contribution. Note
that the age range was 2–6 years for the Dutch
children, whereas for France the range was 3–10 years
and for Italy and Spain 1–10 years.

Table 4 lists the national percentiles of long-term
exposure to lead as a function of age in young Dutch
children for the three concentration scenarios. The
exposures decreased with age and were lowest in the

LB and highest in the UB concentration scenario, as
expected (Table 4). In the LB concentration scenario
the P95 of exposure ranged from 0.33 mg kg–1 bwday–1

in 6-year-olds to 0.46 mg kg–1 bwday–1 in 2-year-olds.
Corresponding numbers for the MB concentration
scenario were 0.73 and 1.0mg kg–1 bwday–1 and for the
UB scenario 1.2 and 1.8 mg kg–1 bwday–1, respectively
(Table 4).

Figure 2 plots the most important sources of
exposure for the three concentration scenarios over
all ages (2–6 years). For the LB concentration scenario
cereals (56%) contributed most to the long-term
exposure to lead, followed by the food groups drinking
water (12%), fruit (11%) and vegetables (10%). In the
MB concentration scenario the food group cereals
contributed also most to the exposure (35%), followed
by milk (19%) and fruit (16%). In the UB concentra-
tion scenario, the same food groups contributed most
to the exposure as in the MB concentration scenario:
21% for cereals, 22% for milk and 23% for fruit.

Discussion

In Europe there is a need for harmonised approaches
for risk assessment, as well as harmonised procedures
to collect accurate input data in order to ensure their
quality and that exposures calculated for different

Table 2. Ranges of percentiles of dietary lead exposure estimates as a function of age (mg kg–1 bwday–1) of children (1–10 years)
living in 11 different European countries, following two scenarios of assigning lead concentrations to non-detect samples.

Country (age range in years)

Exposure (range in mg kg–1 bwday–1)

Lower bound (LB)a Upper bound (UB)b

P50 P95 P99 P50 P95 P99

Belgium (2–6) 1.7–1.2 2.7–1.9 3.2–2.3 3.1–2.2 4.7–3.4 5.7–4.0
Czech Republic (4–10) 1.1–0.7 1.8–1.1 2.1–1.4 2.2–1.5 3.5–2.5 4.3–3.0
Denmark (4–10)c 1.2–0.7 1.8–1.1 2.1–1.3 2.2–1.5 3.3–2.2 3.9–2.6
Finland-DIPP (1–6)c 1.6–1.3 3.1–2.4 4.1–3.2 2.9–2.4 5.5–4.7 7.2–6.1
Finland-STRIP (7–8)c,d 1.0–1.0 1.5–1.5 1.7–1.7 2.0–2.0 2.7–2.7 3.1–3.1
France (3–10) 1.3–0.8 2.2–1.4 2.7–1.7 2.4–1.5 3.9–2.4 4.8–2.9
Germany-2008 (1–10)c 1.4–0.7 2.8–1.4 3.7–1.9 2.6–1.4 5.2–2.8 7.1–3.7
Germany-2007 (1–10)c 1.3–0.7 2.9–1.4 4.0–2.0 2.5–1.4 5.4–3.0 7.5–4.1
Germany-2006 (1–10)c 1.3–0.7 2.6–1.3 3.5–1.8 2.4–1.4 4.9–2.8 6.6–3.7
Greece (4–6)c 0.9–0.8 1.3–1.3 1.8–1.6 1.5–1.5 2.7–2.4 3.3–2.9
Italy (1–10) 1.3–0.7 2.1–1.2 2.5–1.5 2.4–1.3 3.8–2.1 4.7–2.6
Netherlands (2–6)e 1.3–1.0 1.8–1.4 2.1–1.6 2.5–2.0 3.6–2.8 4.2–3.3
Spain-Basque (4–10) 1.3–0.5 1.8–0.8 2.5–1.0 2.3–1.1 3.1–1.5 3.5–1.8
Spain-enKid (1–10) 1.5–0.7 2.4–1.0 2.9–1.3 3.0–1.3 4.5–2.0 5.4–2.4
Sweden (3–10) 1.3–0.6 1.9–1.0 2.3–1.2 2.8–1.3 4.1–2.0 4.9–2.4

Notes: aLB¼ non-detect samples were assigned a concentration of 0mg kg–1.
bUB¼ non-detect samples were assigned a concentration equal to the limit of detection (LOD) or quantification (LOQ).
cPositive daily exposure distributions for both the LB and UB concentration scenario could not be transformed satisfactorily to
normality using a logarithmic transformation. Exposures may therefore not be correct.
dLead exposure was independent of age at p¼ 0.05.
ePositive daily exposure distribution for the LB concentration scenario could not be transformed satisfactorily to normality using
a logarithmic transformation. Exposures may therefore not be correct.
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countries within Europe are comparable. There are

continuous efforts within Europe to harmonise the

collection of food consumption data as, for example,

within the European Union projects EFCOSUM

(Brussaard et al. 2002) and EFCOVAL (de Boer

et al. 2011), and the preparations of EFSA to arrive at

a pan-European dietary survey (EFSA 2009), pilot

studies among children (PANCAKE) and adults

(PILOT-PANEU). These efforts have until now not

yet resulted in the collection of food consumption data
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B

Figure 1. Ranges of percentiles of dietary lead exposure estimates as a function of age (mg kg–1 bwday–1) of children (1–10 years)
living in 11 different European countries, following two scenarios of assigning lead concentrations to non-detect samples: lower
bound (A) and upper bound (B).

Table 3. Contribution (%) of the top three food groupsa contributing most to the dietary exposure to lead of children, aged 1–10
years (for the Netherlands 2–6 years), living in Germany (2007), Italy, the Netherlands and Spain, following two scenarios of
assigning lead concentrations to non-detect samples.

Country 1 2 3

Lower bound (LB)b

France Miscellaneous 24% Cereals 19% Vegetables 17%
Italy Cereals 25% Vegetables 23% Fruit 7%
Netherlandsd Miscellaneous 19% Cereals 18% Vegetables 14%
Spain-enKid Vegetables 19% Miscellaneous 17% Cereals 17%

Upper bound (UB)c

France Cereals 17% Miscellaneous 15% Vegetables 12%
Italy Cereals 24% Vegetables 18% Fruit 8%
Netherlands Soft drink/edible ices 17% Cereals 15% Miscellaneous 11%
Spain-enKid Cereals 15% Vegetables 14% Miscellaneous 10%

Notes: aFor a more elaborate description of (some of) the food groups, see Huybrechts et al. (2011).
bLB ¼ non-detect samples were assigned a concentration of 0mg kg–1.
cUB¼ non-detect samples were assigned a concentration equal to limit of detection (LOD) and quantification (LOQ).
dPositive daily exposure distribution for the LB concentration scenario could not be transformed satisfactorily to normality using
a logarithmic transformation. Exposures may therefore not be correct.
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at a pan-European level. Until that time, food
consumption data collected at a national/regional
level are used to assess the exposure within Europe,
acknowledging methodological differences, mainly
related to the dietary assessment methods used,
number of days included, and the study subjects
sampling criteria.

In EXPOCHI national/regional food consumption
data on children were used to assess the exposure to
different chemicals, including lead. Despite the differ-
ences in methodologies used to collect these data, in
this project an effort was made to make the exposure
assessments performed with these data as comparable
as possible. This was achieved by the use of (1) a
common food classification system, (2) the same
lead concentration data (‘‘collected European data’’)
as input for all participating countries, and (3)
a harmonised approach to assess the long-term die-
tary exposure to lead. This paper reported on the
dietary exposure to lead for the Netherlands using
national concentration data. Comparing these expo-
sure results with the EXPOCHI exposure results for
the Netherlands shows that the EXPOCHI exposures
were higher for the LB and UB concentration scenar-
ios. For example, the P95 of the LB concentration
scenario ranged from 1.4 to 1.8mg lead kg–1 bwday–1 in
EXPOCHI compared with 0.33 to 0.46mg lead kg–
1 bwday–1 in the national exposure assessment.
Overall, the EXPOCHI exposure results for the
Netherlands were on average 75% higher in the LB
concentration scenario and 54% in the UB concentra-
tion scenario compared with the national exposure
results. The LB concentration scenario in EXPOCHI
for the Netherlands resulted also in higher exposures
than the national MB concentration scenario (on aver-
age about 40%), including the 97.5% upper confidence

limit, whereas the results of the national UB concen-
tration scenario were on average comparable with
those of the EXPOCHI LB concentration scenario for
the Netherlands. Explanations for these differences in
exposure are differences in the linkage between foods
consumed and analysed and the lead concentrations
used in the analyses. These two differences between the
two exposure studies will be discussed in more detail in
the next two sections.

Linkage between foods consumed and analysed

In EXPOCHI a common food classification system
was used to link the food consumption data as present
in the national/regional food consumption surveys to
the lead occurrence data. Such a common food
classification system is an important aspect of the
harmonisation of dietary exposure assessments. To
link the food consumption data with the lead occur-
rence data received from EFSA, foods were categorised
in 42 broad communal groups. During this process
certain details on the foods entered in the different
regional/national food consumption databases were
inevitably lost, resulting in an imperfect link between
the foods consumed and those analysed. Due to the use
of broad food groups, it is very likely that the exposure
was overestimated. This was even more likely given the
fact that in cases of doubt, in EXPOCHI foods were
categorised in the food group linked to the highest lead
concentration to avoid possible underestimation of the
exposure (De Neve et al. 2010).

For an optimal exposure result both the food
consumption and occurrence data should preferably be
categorised at the highest level of detail as possible.
This approach was applied in the national exposure
assessment in which we had information on the actual
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Meat, including offal
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Cereals
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Vegetables 10%
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Meat, including offal
9%

Drinking water
7%
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Figure 2. (Colour online). Contribution (%) of various food groups to the total dietary lead exposure of Dutch children (2–6
years) calculated in the national Dutch exposure calculation. Samples with concentrations below the limit of detection (LOD) or
quantification (LOQ) were assigned a concentration according to three scenarios: zero concentration (LB concentration
scenario), only 0.5 LOQ or 0.5 LOD for foods, including drinking water, with at least one sample with a concentration at or
above the LOQ or LOD (MB concentration scenario) and concentration equal to the LOD or the LOQ (UB concentration
scenario).
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foods analysed as opposed to EXPOCHI.
Furthermore, with the use of the conversion model in
which all foods recorded in the food consumption
survey were converted to their RAC ingredients (van
Dooren et al. 1995; Boon et al. 2009), the lead
concentrations analysed in raw commodities could be
linked directly to consumption levels of these com-
modities. In this way, also composite foods were
included in the assessment. Linking lead concentra-
tions analysed in specific foods/ingredients to their
specific consumption levels will in general result in a
more accurate estimation of the exposure than when a
food grouping approach of linkage is used. For
national assessments, optimal linkages between foods
consumed and analysed can be achieved if the data
allow this. At the European level compromises will
always be needed when selecting an approach that suits
the data of all Member States. For example, when
using input data collected via different methodologies,
the poorest data available will often determine at
which level harmonisation is possible, potentially
affecting negatively the representativity of the ensuing
exposure results at Member State level. For example,
in the EFSA Opinion on cadmium, concentration and
consumption data were mainly linked at the second
level of the FoodEx1 system (EFSA 2012). This was the
level at which all data providers were at least able to
classify correctly the large majority of their food items
(EFSA 2011a, 2011c). FoodEx1, however, contains in
total five hierarchical food levels with potentially more
accurate links between food consumption and concen-
tration data for a large part of the countries.

Lead concentration data

In EXPOCHI an ‘‘European’’ lead concentration
database was used to assess the lead exposure in the
different countries. These data were supplied by EFSA
that received them from the different Member States
under Regulation (EC) No. 178/2002 (European
Commission 2002). As in EXPOCHI, EFSA uses
these data, combined with country-specific consump-
tion data, to calculate the dietary exposure per
country. No country-specific concentration data are
used in these assessments (e.g. EFSA 2010b, 2010c,
2012). An important issue when evaluating country-
specific dietary exposures obtained with a ‘‘European’’
concentration database is the representativeness of the
concentration data in relation to the concentrations to
which consumers in different European countries are
exposed. In EXPOCHI, the lead concentration data
were predominantly supplied by 14 Member States, of
which 44% was by Germany and 15% by France. The
concentration data used in EXPOCHI did therefore
not cover equally all European countries involved in
the present study. Due to differences in food

consumption patterns between countries and the
diversity of foods on the market this representativeness
is not necessarily met. A comparison between the
Dutch concentrations used in the national assessment
and those of the ‘‘European’’ lead concentration data
showed that EXPOCHI concentrations were on aver-
age higher than those analysed in Dutch monitoring
programmes (Table 5), resulting very likely in higher
exposures in EXPOCHI. Especially lead concentra-
tions in potatoes, fruit and vegetables (three frequently
consumed food groups) were higher than those based
on the national Dutch concentration data (Table 5).
This approach of merging all the concentration data of
different countries within Europe may be very helpful
for countries that have no or only insufficient national
concentration data available. In those cases, the use of
a ‘‘European’’ database to replace or complement
national data may be preferable above no or only
limited data. A more advanced approach could be to
link the data present in European concentration
databases at country level if it is expected that
concentrations may differ per country and the national
data are of enough quality. Such an approach would
also give the flexibility to select the data of those
countries that most likely represent the situation in the
country of interest.

Another important factor affecting the representa-
tiveness of the concentration data is sampling strategy,
such as sampling randomly with the aim to analyse all
relevant foods that may contain the contaminant of
interest or with pre-knowledge of possible contamina-
tion by focusing only on a sub-selection of the highly
contaminated foods. No information on the sampling
method used was available within EXPOCHI, so that
it cannot be excluded that the database may contain
data from highly contaminated foods. For the national
Dutch occurrence data, the foods (including drinking
water) analysed by the majority of suppliers were
sampled as part of monitoring programmes in which
foods were sampled without prior knowledge of
possible contamination, and can thus be viewed as
representing lead concentrations that consumers may
encounter when consuming these foods. This is how-
ever not always true for foods sampled by the NVWA.
With help of the NVWA, we removed the samples
taken by this authority as part of their targeted
sampling programmes from the analyses. By this
approach we feel that the majority of the data used
in the national assessment can be viewed as being
obtained from monitoring activities without prior
knowledge of contamination.

Also the coverage of the foods is an important
factor to address when evaluating exposure results.
The occurrence data used by EXPOCHI covered,
based on the 42 food groups, all relevant foods that
may contain lead. For the Dutch occurrence data it
was observed that for cereals only very limited data for
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wheat and rye were available, and that there were no
data for eggs. For these commodities the concentration
data as published by EFSA (2010b) were therefore
used to avoid possible under-estimation of the expo-
sure in young children. The analyses performed in
drinking water and meat, including offal can be
deemed to represent the Dutch situation, given the
large amount of samples analysed over time, 7667 and
3536, respectively, and the regularity in which analyses
were performed over the years. However, concerning
the analyses performed in the other food groups, this is
less clear, given the high level of non-detect samples
(e.g. milk (98%)), the diversity of individual foods
included in a food group and the low number of
analyses per food group (e.g. potatoes (19 samples),
infant food (35 samples)). The lead concentration data
used in EXPOCHI were obtained from different
Member States and therefore more data were available,
both more samples for a certain food group, as a better
coverage of all food groups. Supplementation of
national occurrence data with data of a ‘‘European’’
database could be helpful to improve food coverage,
provided this can be justified based on environmental
conditions at country level. In the case of the wheat
concentrations used in the national Dutch assessment,
this may be justifiable. The majority of the wheat
present in wheat meal is imported from Germany
(Statistics Netherlands; http://www.cbs.nl), the coun-
try that supplied most of the lead concentration data in

the ‘‘European’’ database. Another approach to

increase the coverage of foods is to perform additional

chemical analyses at country level in those foods for

which occurrence data are missing and no ‘‘European’’

alternative or country-specific data of another, com-

parable country are available. In case of financial

constraints, these additional analyses could be focused

on those missing foods that are expected to contribute

significantly to the exposure.

Use of a harmonised approach to assess the exposure

Apart from the input data, also the model used to

assess the long-term exposure determines the outcome

of the exposure assessment. In both EXPOCHI and the

national Dutch exposure calculation, the BBN model

was used to assess the long-term exposure. With this

model the long-term exposure is calculated by removal

of the within-person variation. For this the positive

daily exposure distribution was logarithmically trans-

formed in a normal distribution, an important prereq-

uisite to use the BBN model for estimating long-term

exposure which should always be checked. For this we

used the normal quantile–quantile (q–q) plot as pro-

posed by de Boer et al. (2009). In those cases in which

the transformed positive daily exposure distribution is

markedly non-normal, the results may be misleading.

Table 5. Mean lead concentrations (mg kg–1) per food group as used in EXPOCHI and in the national Dutch exposure
calculation.

Food group

Mean lead concentration (mg kg–1)

EXPOCHI Dutch exposure calculation

LBa UBb LBa MBc UBb

Drinking water 1.5 3 1.5 1.8 2.1
Milk 5 11.7 0.27 5.1 10.1
Cerealsd 25.9 44.4 36.0e 51.0f 51.0f

Rice 25.9 44.4 19.6e 50.8f 50.8f

Potatoes 35.5 45.7 1.9 9.3 16.8
Vegetables 35.5 45.7 18.2 26.7 33.7
Meat, including offal 25.3 27.3 9.3 26.8 44.1
Fruit 10.5 22.8 2.9 16.9 29.7
Fish 14.6 46.9 2.1–110 g 27–157 g 53–204
Eggs 5.2 25.2 5.2e 25.2f 25.2f

Infant food 5.1 12.5 0 0 78

Notes: aLB¼ lower bound; non-detect samples were assigned a concentration of 0 mg kg–1.
bUB¼ upper bound; non-detect samples were assigned a concentration equal to limit of detection (LOD) or quantification
(LOQ).
cAll non-detect samples of foods (including drinking water) with at least one sample with a concentration at or above the
LOD or the LOQ were assigned a concentration equal to 0.5 LOD or 0.5 LOQ. The remaining non-detect samples were assigned
0 mg kg–1.
dCereals include wheat, rye, maize, millet, oat, buckwheat and barley.
eMean LB concentration as reported by European Food Safety Authority (EFSA) (2010b).
fMean UB concentrations as reported by EFSA (2010b).
gRange of eel, herring, sardines, mackerel, tuna, salmon and trout.
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For seven surveys in EXPOCHI, the BBN model
could not be used in a satisfactory way due to this,
namely those from Denmark, Finland (both studies),
Germany (all three studies) and Greece, in both
concentration scenarios, and the Netherlands in the
LB concentration scenario. For these surveys and
scenarios, the long-term exposure estimates may be
wrong. As described in Boon, Sioen, et al. (2010) the
reason for this was a strong contribution from one
specific food group to the right tail of the logarithmi-
cally transformed positive exposure distribution,
except for Germany and Finland for which no food
groups could be identified. Removal of the relevant
food group from the respective databases resulted in a
satisfactory transformation of the positive daily expo-
sure distribution into a normal distribution using a
logarithmic transformation (Boon, Sioen, et al. 2010).
Given this observation, the linkage of the food
consumption data to the analysed foods using a
rather rough food categorisation system of 42 food
groups may have been the reason why some positive
daily exposure distributions could not be transformed
to normality satisfactorily using a logarithmic trans-
formation. The BBN assumption of normality of the
logarithmically transformed positive daily lead expo-
sure was met in both concentration scenarios in the
national Dutch exposure calculation.

When transformation to normality fails, a simpler
approach can be used to assess the long-term exposure:
the observed individual means (OIM; Boon et al.
2011). This is a simple method that averages the
individual intake over survey days. In this approach
the within-person variation is not corrected for,
resulting in more conservative estimates of long-term
exposure in the right tail of the exposure distribution
compared to models that do so, like BBN. This
approach is used by EFSA to assess the long-term
exposure to environmental contaminants via food
(EFSA 2011b). Applying the OIM approach to the
EXPOCHI LB concentration scenario for the
Netherlands resulted in a similar exposure at P50
(1.1 mg lead kg–1 bwday–1), but in higher exposures at
P95 and P99 compared with the BBN results (Table 2),
1.9 and 2.8mg lead kg–1 bwday–1, respectively. The
OIM approach as implemented in MCRA version 6.2
does not allow to assess the exposure as a function
of age.

Conclusion

With EXPOCHI a great step forward has been set in
the harmonisation of risk assessment approaches
within Europe. The EXPOCHI data have been incor-
porated in the EFSA Comprehensive Database using
the FoodEx1 food classification system (EFSA 2011a,
2011c). With this Comprehensive Database, in

combination with European concentration data and a
simple approach to assess long-term exposure,
European long-term exposure assessments are per-
formed to contaminants (EFSA 2012). The national
Dutch exposure study resulted in lower estimates of
lead exposure compared with a ‘‘European’’ assess-
ment using the same Dutch food consumption data
due to the use of national lead concentration data
linked to food consumption data at a higher level of
detail. Given the way in which the EXPOCHI results
were obtained (linkage via broad food groups and use
of a ‘‘European’’ concentration database) we argued
that an overestimation of the exposure may be
expected. This approach can therefore be used as a
first-tier assessment. When such an assessment results
in a possible health risk related to the intake of a
chemical for a certain country, it is advisable to refine
this assessment by using national occurrence data,
including a more optimised linkage between foods
analysed and consumed for that country, and also, if
not used in the first tier, an intake model that
calculates the long-term exposure by removal of the
within-person variation. Such an assessment should
include an examination of the completeness of the
national concentration data regarding coverage of
potential food sources of exposure and of the under-
lying sampling strategy used to obtain the data. In case
of lack of national occurrence data, these can be
supplemented with concentration data from the
European database provided this can be justified
based on the environmental conditions at country
level or by generating additional national concentra-
tion data using, in the case of financial constraints, a
monitoring scheme focused on those missing foods that
are expected to contribute significantly to the exposure.
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estado de salud de la población vasca de 4 a 18 años.

Primeros resultados. Vitoria-Gasteiz: Servicio Central de

Publicaciones del Gobierno Vasco, DL. Available

1712 P.E. Boon et al.
D

ow
nl

oa
de

d 
by

 [
U

L
PG

C
. B

ib
lio

te
ca

] 
at

 0
6:

08
 1

5 
M

ar
ch

 2
01

6 



from: http://www.osakidetza.euskadi.net/r85-publ01/es/
contenidos/informacion/publicaciones_informes_estudio/

es_pub/adjuntos/EncuestaNutricion2005.pdf
Leclercq C, Arcella D, Piccinelli R, Sette S, Le Donne C,
Turrini A, INRAN-SCAI 2005–06 Study Group. 2009.
The Italian National Food Consumption Survey

INRAN-SCAI 2005–06: main results in terms of food
consumption. Publ Hlth Nutr. 12:2504–2532.

Linardakis M, Sarri K, Pateraki M, Sbokos M, Kafatos A.

2008. Sugar-added beverages consumption among kinder-
garten children of Crete: effects on nutritional status and
risk of obesity. BMCPublHlth. 8:279. Available from:http://

www.biomedcentral.com/content/pdf/1471-2458-8-279.pdf
Lyhne N, Christensen T, Groth MV, Fagt S, Biltoft-Jensen
A, Hartkopp H, Hinsch H-J, Matthiessen J, Møller A,
Saxholt E, et al. 2005. Dietary habits in Denmark 2000–

2002, main results. Copenhagen (Denmark): Danish
Institute for Food and Veterinary Research, Department
of Nutrition.
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Appendix 1

Table A1. Mean lead concentration per food groupa,b as used in the EXPOCHI project following two scenarios of assigning
lead concentrations to non-detect samples.

Mean lead concentration (mg kg–1)c

Food group LB UB

Composed foods – cereal-based mixed dishes and cereal-based desserts 4.5 28
Vegetables excluding dried vegetables 33 46
Nuts/seeds 39 63
Coffee/tea in concentrated and in powdered form 3.8 6.1
Chocolate (products) 31 41
Fruit excluding dried fruit 11 23
Dried fruit 35 45
Fresh and dried herbs, spices, seasonings and condiments 213 225
Food supplements 711 727
Waters 1.5 3.0
Sugar, sweeteners and sugar products (e.g. sugar-based confectionery,
chewing gum and decorations)

27 55

Fats, oils and fat emulsions (also, for example, rice milk (no soy milk)) 29 55
Composed foods: meat-based mixed dishes 16 47
Composed foods: fish-based mixed dishes 22 43
Dried vegetables 380 385
Pulses/legumes 16 42
Soy milk/soy-based dessert 4.0 7.5
Milk/dairy drinks 5.0 12
Cheese 18 44

(continued )

Food Additives & Contaminants: Part A 1713
D

ow
nl

oa
de

d 
by

 [
U

L
PG

C
. B

ib
lio

te
ca

] 
at

 0
6:

08
 1

5 
M

ar
ch

 2
01

6 



Table A1. Continued.

Mean lead concentration (mg kg–1)c

Food group LB UB

Dairy-based products 17 32
Salt 112 178
Fish 15 47
Molluscs 207 268
Cephalopods 22 82
Crustaceans 19 122
Other seafood (echinoderms) 79 184
Beer/malt beverages 13 32
Wine/substitutes 25 34
Other alcoholic beverages 9.3 14
Fruit juices/nectars 14 25
Vegetable juices/nectars 6.5 18
Soft drinks/edible ices 4.0 40
Cereals/cereal products (no cereal-based desserts or cereal-based mixed dishes) 26 44
Other food for special dietary uses 15 25
Infant formulae, follow-up formulae, food for young children and infant formulae
and follow-up formulae for medical purposes

5.1 13

Miscellaneous foods 104 118
Liver/kidney 78 101
Offal except liver/kidney 12 53
Types of vegetarian substitutes for meat/fish 13 16
Fresh meat 18 36
Processed meat 18 42
Eggs 5.2 25

Notes: aFor a more elaborate description of (some of) the food groups, see Huybrechts et al. (2011).
bNo information was available about the years in which the foods categorised in the food groups were sampled.
cSamples with a lead concentration below the LOD or the LOQ were assigned either a zero concentration (LB, lower bound) or a
concentration equal to the relevant limit value (UB, upper bound).

Appendix 2

Table B1. Overview of Dutch lead concentrations (2002–2008) per fooda as used in national Dutch exposure calculation to lead.

Mean concentration (mg kg–1)

Food LBb MBc UBd Range (mg kg–1)e
Number of

samples (% positives)

Apple 2.4 10 18 5–70 51 (6)
Bean, green (fresh) 4.2 15 26 6–40 11 (18)
Bean, French 1.3 10 19 5–9f 7 (14)
Beef 5.3 9.9 15 0.6–70 686 (82)
Beetroot 8.9 17 25 30–150 27 (15)
Blue berry 17 17 17 17 1 (100)
Brussels sprouts 11 22 33 90 8 (13)
Cabbage, oxheart/conical 0.9 6.2 12 7f 8 (13)
Cabbage, Savoy 3.6 7.7 12 6–13 8 (38)
Cabbage, white 0.7 7.8 15 9 13 (8)
Carrot 21 27 33 13–113 49 (45)
Celeriac 10 12 13 12–18 3 (67)
Celery leaves 30 33 35 60 2 (50)
Cerealsg,h 36 51.0 51 – –
Chicken 0.9 24 47 1.4–54 545 (7)
Crab 103 137 170 290–330 6 (33)
Currant (red, white, black) 22 22 22 22 1 (100)
Date 40 40 40 40 1 (100)
Eel 2.1 28 53 11–110 85 (4)
Eggg 5.2 25.2 25.2 – –

(continued )
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Table B1. Continued.

Mean concentration (mg kg–1)

Food LBb MBc UBd Range (mg kg–1)e
Number of

samples (% positives)

Endive 22 29 36 20–100 49 (49)
Fennel 22 22 22 22 1 (100)
Herring 25 47 70 110–190 12 (17)
Kale (including curly kale) 98 103 107 25–210 10 (70)
Leek 26 40 54 5–200 46 (26)
Lettuce, cabbage 7.8 15 23 20–30 18 (33)
Lettuce, iceberg 0.7 25 49 7f 10 (10)
Liver, pig 5.8 28 51 25–290 1251 (10)
Liver, young bovine 54 58 63 5.5–700 686 (82)
Mackerel 56 92 128 730 13 (8)
Meat, horse 3.6 23 43 2.5–110 47 (21)
Meat, veal calf 3.2 16 28 2.5–50 309 (50)
Milk 0.3 5.2 10 14–15 161 (2)
Mussel 178 184 190 180–260 12 (83)
Mutton 5.8 10 15 2.5–21 51 (82)
Nectarine 4 13 22 20f 5 (20)
Onion, including pearl/cocktail 2.7 11 20 30–50 30 (7)
Parsley 121 121 121 121 1 (100)
Plum, including damson 7.7 16 24 6–40 6 (33)
Pork/piglet 0.6 23 46 2.5–29f 1251 (10)
Potatoes 1.9 9.3 17 10–40 63 (8)
Raspberry 78 78 78 78 1 (100)
Riceg 19.6 50.8 50.8 – –
Salmon 20 54 87 58–220 17 (18)
Sardines 110 157 204 860–1010 17 (12)
Shrimps 19 39 60 41–70 9 (33)
Spinach 2 31 39 20–100 48 (44)
Strawberry 14 16 29 6–40 42 (10)
Sweet cherry 12 12 12 12 1 (100)
Table grape 0.4 24 48 20f 48 (2)
Trout 7 33 59 51–55f 23 (13)
Tuna 3.7 54 104 73 20 (5)
Turkey 1.6 23 45 5.8–18f 79 (14)
Turnip tops/greens 45 45 45 40–50 2 (100)
Water, drinking 1.5 1.8 2.1 0.1–30 7667 (46)

Notes: aThe foods listed contain those foods with at least one sample analysed with a lead concentration at or above the LOD or
the LOQ. The foods analysed without detectable/quantifiable concentrations of lead included – with, in parentheses, the number
of samples analysed and the concentration (mg kg–1) assigned in the UB concentration scenario, respectively – anchovy (9; 100),
apricot (1; 30), asparagus (3; 8), avocado (1; 10), banana (1; 18), blackberry (1; 10), bleach celery (3; 20), broad bean (2; 30),
broccoli (6; 22), brown bean (dry harvested) (1; 30), cauliflower (12; 12), chicory (1; 10), Chinese cabbage (5; 72), coconut
(2; 300), cod (7; 55), courgette (3; 23), cucumber (31; 20), egg plant (3; 23), green/(garden)peas (fresh) (5; 30), honey (6; 50), infant
food (38; 78), kiwi (1; 30), lambs lettuce (1; 30), legume (fresh) (4; 12), lentils (dry harvested) (1; 30), mango (2; 155), melon
(3; 27), olive (3; 15), orange (5; 18), papaya (2; 10), pear (13; 14), peach (5; 20), pineapple (1; 10), plaice (6; 56), pollack (2; 68),
radish (5; 26), red cabbage (20; 20), rhubarb (1; 30), sole (7; 56), string bean (1; 10), sweet corn (1; 30), sweet pepper (11; 14), and
tomato (16; 21).
bLB¼ lower bound; non-detect samples were assigned 0mg kg–1.
cMB¼medium bound; non-detect samples of foods (except drinking water) with at least one sample with a concentration at or
above the LOD or the LOQ were assigned a concentration equal to 0.5 LOD or 0.5 LOQ. The remaining non-detect
samples were assigned 0 mg kg–1.
dUB¼ upper bound; non-detect samples were assigned a concentration equal to the LOD or the LOQ.
eRange of concentrations analysed above the LOD or the LOQ.
fThe range of analysed concentrations does not include the UB concentration (and for some commodities also not the MB
concentration) due to a reported LOD/LOQ that exceeded the analysed concentrations.
gFor cereals, eggs and rice the listed concentrations were obtained from European Food Safety Authority (EFSA) (2010b). The
mean MB concentration refers to the UB concentrations as used by EFSA (2010b) to assess the UB exposure to lead. No MB
concentrations were reported.
hCereals include wheat, rye, maize, millet, oat, buckwheat and barley.
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