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A typical EFSA approach to assess dietary exposure is to combine data from national consumption sur-
veys with chemical occurrence data that have been pooled across the EU Member States (pooled
approach). This approach was compared to the case where occurrence data were stratified by country
and used for food categories where national data were abundant (semi-pooled approach), using cadmium
as a case study. Some differences in estimated dietary exposure were observed between the pooled and
semi-pooled approach. They were explained by differences, between the national and the European
occurrence data, with respect to (1) contamination values and (2) sample proportions of food items clas-
sified in the food categories the assessment was based on. The latter aspect highlighted the sensitivity of
the approach of directly aggregating monitoring data into food categories. Both the pooled and semi-
pooled approach tended to be conservative relative to approaches used at national level. This appears
to be attributed to differences in the way the available occurrence data is aggregated. Refinement of
the studied methodologies would include a better separation of the food items with high concentration
from those with low concentration.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Assessment of dietary exposure is a central step in any risk
assessment of substances whose presence in food can lead to
adverse health effects. When performing dietary exposure assess-
ment, the European Food Safety Authority (EFSA) usually combines
country specific data on consumption with occurrence data (i.e.
data on the concentration of a chemical in food) that have been
pooled across the different European member states (e.g. EFSA,
2009, 2012). The assumption underlying this strategy is that con-
sumption patterns may differ across Europe while, due to the free
movement of goods throughout the European Union, the contami-
nation level is similar. This is a simplification of reality and the
validity of the assumption depends e.g. on the kind of substance
and food under investigation. Moreover, the occurrence data across
Europe provide, due to their high number, a larger basis for esti-
mating concentration levels for particular food items or food
groups. The EFSA approach differs in principle to that performed
by individual Member States, since the latter approaches use na-
tional specific occurrence data in dietary exposure assessments
and not the European pool of data. These different approaches
may lead to discrepancies in results, as recently discussed by Sand
and Becker (2012) using Cadmium as a case substance, which may
impact on the conclusion of a risk assessment. Also, Boon et al.
(2009) indicated that estimates of higher percentiles of exposure
(in a short-term exposure assessment) generally became more
conservative when sampling concentration data on captan and tol-
yfluanide from a pooled database compared to a national database.

In a comparable setting, this study investigates the consequence
using the European pool of occurrence data or national specific
occurrence data for dietary exposure assessments. In line with
the approach used by EFSA, the occurrence data are directly aggre-
gated into food categories, without applying any weighting factor.
Cadmium is used as a case substance. Occurrence data are rela-
tively abundant for this compound which enables a comparison
between using the complete European pool of data and national
specific data for several countries.

In 2012, EFSA refined their dietary exposure assessment for
Cadmium (EFSA, 2012). A first assessment was already conducted
in 2009, as part of the EFSA opinion on Cadmium in food which
established a tolerable weekly intake (TWI) of cadmium of 2.5 lg
per kg body weight (EFSA, 2009). While the exposure assessment
in 2009 was based on the Concise European Food Consumption
Database (EFSA, 2009), the refined assessment was based on the
more recent Comprehensive European Food Consumption Data-
base (the Comprehensive Database). The Comprehensive Database
contains consumption data of about 67,000 individuals from 22
European countries (EFSA, 2011a). The FoodEx classification
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system for categorizing foods has also been introduced to improve
the (accuracy) of matching the consumption and occurrence data
(EFSA, 2011a). Use of the Comprehensive Database and classifica-
tion system resulted in estimates of cadmium exposure that were
lower than those previously calculated. The refined assessment
still indicated, however, that children and adults at the 95th per-
centile of exposure could exceed the TWI (EFSA, 2012).

Besides investigating how results from exposure assessments
may differ according to whether occurrence data at the European
or national level are used, this study also provides an illustration
of the principle of how to use national specific occurrence data in
combination with data at the European level in exposure assess-
ments. Potential refinements of the current approach used by EFSA
are discussed, and the results obtained in theses analyses are con-
trasted to those that have been reported in national exposure
assessments.

2. Materials and methods

2.1. Cadmium occurrence and food consumption data

Cadmium occurrence data used in this study were previously described in EFSA
(2012) and Ferrari et al. (2013). They originated from competent authorities of
twenty two Member States, three European Economic Areas or other countries, as
well as from food business operators in Member States. These data mainly repre-
sent results from monitoring programmes. They covered the period 2003–2011.

Consumption data from the Comprehensive Database (EFSA, 2011a; Merten
et al., 2011) on seven countries were used in the present study: Germany, DE
(MRI, 2008); Denmark, DK (Lyhne et al., 2005); Spain, ES (Ortega et al., 2011);
France, FR (Dubuisson et al., 2010); United Kingdom, UK (Henderson et al., 2002);
Ireland, IE (Kiely et al., 2001; Harrington et al., 2001); and Sweden, SE (Becker
and Pearson, 2002). These countries were selected since they together reflect the
variation in the amount of occurrence data submitted to EFSA by individual Mem-
ber States, and the variation in the number of individuals covered in the consump-
tion surveys submitted to EFSA by the Member States (Table 1). Consumption data
at the individual (subject) level were used, and the analysis was restricted to cover
adults 18–65 years of age.

Foods in the two databases were coded according to the FoodEx classification
system, a four-level hierarchical system based on 20 main food categories that
are further divided into food sub-groups (EFSA, 2011b). Consumption and occur-
rence data were matched at the second hierarchical level of FoodEx (FoodEx level
2). Exceptions were Horse, asses, mules or hinnies meat, Goat milk, Bitter-sweet choc-
olate and Algae formula, which were matched at the third level, FoodEx level 3, since
they had much higher cadmium levels than the other foods classified in the associ-
ated FoodEx level 2 categories. In total, consumption and occurrence data were or-
ganized into 151 food categories. More food categories were used in EFSA (2012)
and Ferrari et al. (2013). This is because more surveys were considered in those
studies. All food categories for which consumption event were not reported in
any of the surveys considered in this study were excluded from the analysis.

2.2. Exposure assessment

Health effects of cadmium are considered to relate to long-term exposure (EFSA,
2009). Estimation of the long-term dietary exposure was performed by using a non-
parametric bootstrap approach. This method was implemented in Matlab (version
7.11) and accounts for the uncertainty around the input data (Sand and Becker, 2012):

I. For each food category n concentration values were randomly drawn with
replacement, where n is the total number of concentration values available
for that food category. The mean cadmium concentration was then esti-
mated for each food category. No weighting was performed when estimat-
ing the mean occurrence (concentration).

II. For a given consumption survey the data (over all food categories) for p
individuals were randomly drawn with replacement, where p is the total
number of individuals in that survey.

III. The dietary exposure was estimated for each individual by combining the
corresponding consumption data with estimates of the mean cadmium con-
centration for each food category. Observe that the consumption data used
for each individual, with respect to each food category, was an average
value over the number of survey days, i.e. consumption in g/kg b.w. per
day. The population mean and 95th percentile of exposure were then esti-
mated, as well as the percent of the population exceeding the EFSA cad-
mium TWI = 2.5 lg/kg b.w. per week.

IV. The procedure above (steps I - III) was repeated 500 times. For each quan-
tity (the mean, 95th percentile and proportion above the TWI) the mean of
500 iterations was calculated and the 90% confidence interval.
The approach described above was performed by considering two different sce-
narios for the chemical occurrence data:

Scenario 1 (pooled approach): The mean occurrence was based on the complete
pool of data for each food category and Member State.

Scenario 2 (semi-pooled approach): The mean occurrence for each food cate-
gory was based on national specific data if a sufficient number of total and positive
analytical results were available according to the criteria for left censored data
(EFSA, 2010): [N samples P 50 OR N positive samples P 25] AND [N samples below
the limit of detection (LOD) or the limit of quantification (LOQ) 6 80%]. For food cat-
egories not satisfying the criteria the complete pool of data were used. The criteria
for left censored data was established by EFSA to decide whether or not a modelling
approach can be applied for describing the complete distribution of concentration
values, both above and below the LOQ/LOD (EFSA, 2010). In this work it is used
as data quality criteria. While the formulation of the criteria may not appear
straightforward, the main feature is that the proportion of censored results (i.e., re-
sult below the LOD/LOQ) is not allowed to be too large (680%) and at the same time
the number of quantified results are not allowed to be too low (P25).

As recommended by the WHO, the exposure was assessed with different sce-
narios regarding the censored results (GEMS/Food-Euro, 1995). As one case (lower
bound assumption) all the non-detected and non-quantified results were set equal
to zero. As another case (middle bound assumption) all the non-detected results
were set to half the LOD and all non-quantified result were set to half the LOQ.
3. Results

Exposure estimates associated with scenario 1 (pooled ap-
proach) and scenario 2 (semi-pooled approach) are presented in
Table 1 by survey, and the mean relative source contribution is
illustrated for each survey in Figs. 1A–G (for scenario 2).

The effect of using national specific data according to the semi-
pooled approach is most pronounced in three surveys. For DK, ES
and FR, an increase in the mean and the 95th percentile of expo-
sure can be observed, relative to scenario 1, for results based on
both middle and lower bound estimates (Table 1). The proportion
of individuals with exposures exceeding the TWI increases from
5%, 21%, and 15%, in scenario 1, to 9%, 42%, and 41%, in scenario
2, for DK, ES and FR, respectively (results based on middle bound
estimates). The observed changes in exposure are supported by
the uncertainty analysis; i.e. confidence intervals are not overlap-
ping between the scenarios (Table 1).

For other surveys (DE, UK, IE and SE) only minor differences in
the estimated exposure is observed between scenario 1 and 2 (Ta-
ble 1). Considering both middle and lower bound estimates the
mean and the 95th percentile of exposure changes by less than
0.2 lg/kg b.w./week between scenario 1 and 2 for DE, UK, IE and
SE. The proportion of individuals with exposures exceeding the
TWI generally differs by 1–2% between the two scenarios. These
changes appear not to be supported by the uncertainty analysis
since confidence intervals associated with estimates under sce-
nario 1 and 2 are generally overlapping (Table 1).

Among the countries investigated, Germany has submitted the
most occurrence data. Consequently, estimates based on the com-
plete pool of occurrence data (scenario 1) may to a high extent al-
ready reflect the German data. As is shown in Fig. 1A, even though
national occurrence data are used for several (61 out of 151) cate-
gories in the case of DE, only smaller changes are observed for indi-
vidual food categories between scenario 1 and 2. And for UK, IE,
and SE, the criteria for left-censored data (that dictated the extent
of using national specific data) was only satisfied for 5–6 food cat-
egories, and only a few (or none) of these selected categories were
among the most important ones (Figs. 1E–G). As a consequence,
only minor differences were observed between the pooled and
semi-pooled approach for UK, IE, and SE. The surveys (DK, FR, ES)
for which a more clear difference between the two scenarios is ob-
served correspond to countries that have submitted an intermedi-
ate level of occurrence data and for which national data were used
for at least four of the top ten food categories in the semi-pooled
approach (Fig. 1B–D).



Table 1
Estimated cadmium exposure (lg/kg b.w. per week) according to scenario 1 (pooled approach) and scenario 2 (semi-pooled approach).

Country Nivd/Noc
a Scenariob Ncat

c Middle bound estimatesd Lower bound estimatese

Mean P95 Proportion
exceeding TWI

Mean P95 Proportion
exceeding TWI

DE 10,491/48,700 1 151 1.50 (1.48–1.53) 2.61 (2.54–2.66) 0.06 (0.05–0.07) 1.22 (1.18–1.24) 2.21 (2.13–2.27) 0.03 (0.03–0.03)
2 61 1.57 (1.53–1.64) 2.71 (2.63–2.80) 0.08 (0.07–0.09) 1.33 (1.28–1.38) 2.38 (2.32–2.44) 0.04 (0.03–0.05)

DK 2822/5971 1 151 1.57 (1.54–1.61) 2.47 (2.40–2.56) 0.05 (0.04–0.06) 1.30 (1.27–1.34) 2.11 (2.04–2.18) 0.02 (0.02–0.03)
2 23 1.77 (1.71–1.83) 2.81 (2.69–2.95) 0.09 (0.08–0.12) 1.50 (1.45–1.57) 2.44 (2.33–2.58) 0.05 (0.04–0.06)

ES 410/8119 1 151 2.02 (1.92–2.13) 4.32 (3.74–5.04) 0.21 (0.18–0.25) 1.74 (1.64–1.84) 3.97 (3.36–4.74) 0.16 (0.13–0.19)
2 12 2.70 (2.48–2.92) 5.84 (5.13–6.38) 0.42 (0.36–0.49) 2.28 (2.06–2.54) 5.29 (4.57–5.90) 0.30 (0.23–0.39)

FR 2276/21,888 1 151 1.79 (1.76–1.83) 3.12 (3.03–3.23) 0.15 (0.13–0.16) 1.54 (1.50–1.57) 2.79 (2.69–2.88) 0.08 (0.07–0.09)
2 27 2.45 (2.32–2.57) 4.44 (4.16–4.69) 0.41 (0.36–0.46) 2.20 (2.09–2.34) 4.10 (3.83–4.37) 0.32 (0.27–0.37)

UK 1724/838 1 151 1.66 (1.62–1.69) 2.68 (2.60–2.77) 0.07 (0.06–0.09) 1.37 (1.34–1.40) 2.30 (2.21–2.40) 0.03 (0.02–0.04)
2 6 1.60 (1.55–1.67) 2.53 (2.39–2.73) 0.05 (0.04–0.08) 1.31 (1.26–1.38) 2.13 (2.00–2.37) 0.02 (0.01–0.04)

IE 958/3091 1 151 1.97 (1.92–2.02) 3.21 (3.09–3.32) 0.19 (0.16–0.21) 1.63 (1.59–1.68) 2.71 (2.61–2.81) 0.09 (0.07–0.10)
2 5 1.85 (1.80–1.91) 3.03 (2.93–3.14) 0.15 (0.12–0.17) 1.60 (1.56–1.65) 2.68 (2.58–2.77) 0.08 (0.06–0.09)

SE 1210/876 1 151 1.76 (1.72–1.81) 2.84 (2.74–2.98) 0.10 (0.08–0.12) 1.44 (1.39–1.49) 2.39 (2.29–2.53) 0.04 (0.03–0.05)
2 6 1.69 (1.63–1.75) 2.75 (2.62–2.89) 0.08 (0.07–0.10) 1.39 (1.33–1.44) 2.32 (2.18–2.47) 0.03 (0.02–0.05)

a Nivd and Noc is the number of individuals in the consumption survey and the number of samples on cadmium occurrence submitted to EFSA, respectively.
b Scenario 1: The occurrence means for all food categories used in the assessment are based on the complete pool of occurrence data from European data providers.

Scenario 2: For all food categories where national specific data satisfied the criteria for left censored data (see Section 2), this data were used for estimating the mean
occurrence. For remaining food categories, the complete pool of occurrence data was used as a basis.

c Ncat is the number of food categories used. For scenario 2 (semi-pooled approach), the value given is the number of categories that satisfy the criteria for left censored
data. For scenario 1 (pooled approach) 116 categories satisfied the criteria. All 151 categories were, however, used since this is the reference case corresponding to the most
recent EFSA cadmium exposure assessment (EFSA, 2012).

d In the calculations, concentration values below the LOQ/LOD has been set to 0.5 � LOQ/LOD. The mean of all 500 iterations and a 90% confidence interval is presented for
each quantity (population mean, 95th percentile, and the proportion exceeding the TWI = 2.5 lg/kg b.w./week).

e In the calculations, concentration values below the LOQ/LOD have been set zero. The mean of all 500 iterations and a 90% confidence interval is presented for each
quantity (population mean, 95th percentile, and the proportion exceeding the TWI = 2.5 lg/kg b.w./week).
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For DK, the net increase in the mean exposure in the semi-
pooled approach (�+8% of the TWI) is more or less a result of the
increased contribution from the most important category ‘‘bread
and rolls’’ only (Fig. 1B). For ES and FR, ‘‘fruiting vegetables’’ was
identified as the individual food category for which the mean expo-
sure changed the most in the semi-pooled approach (Fig. 1C and
D). The mean exposure from this category increases by 15 and
5.2% of the TWI for ES and FR, respectively. For ES the overall in-
crease in the mean exposure (�+27% of the TWI) depends to a high
extent on the change for ‘‘fruiting vegetables’’ (+15% of the TWI)
(Fig. 1C), while the overall increase in the mean exposure (�+27%
of the TWI) also depends on changes in several other food catego-
ries for FR (Fig. 1D).

In Tables 2–4, details behind the difference between scenario 1
and 2 for ‘‘fruiting vegetables’’ (FR and ES) and ‘‘bread and rolls’’
(DK) are given. As can be seen, the national (FR and ES) occurrence
means for FoodEx level 3 categories that are classified under ‘‘fruit-
ing vegetables’’ are generally higher than the means for the com-
plete pool (Tables 2 and 3). The weighted occurrence mean for
‘‘fruiting vegetables’’ (the sum of occurrence means for FoodEx level
3 categories that have been weighted by the percent of average con-
sumption of each respective FoodEx level 3 category) differ by
approximately a factor of 2–3 between the national and complete
pool of data (Tables 2 and 3). This can be contrasted to the difference
between the un-weighted means (that are used in the actual expo-
sure assessment) which is about a factor of five (Tables 2 and 3).
Thus, the difference in the un-weighted means (a factor of five)
for FR and ES can be divided into two approximately equally large
factors that describe (1) difference in contamination levels and (2)
differences in sample proportions. For DK, the weighted occurrence
means does not seem to differ much between the national data and
the complete pool of data (Table 4). This indicates that the differ-
ence observed between scenario 1 and 2 for DK is mainly a result
of differences in sample proportions of FoodEx level 3 categories be-
tween the national and complete pool of occurrence data (Table 4).
4. Discussion

This paper has investigated the effect of using occurrence data
pooled across European countries (scenario 1: pooled approach)
compared to national specific occurrence data (scenario 2: semi-
pooled approach) in dietary exposure assessments using cadmium
as a case study. The methodology used for exposure assessment in
this study, which estimates the mean exposure over the days in a
consumption survey, has been observed to provide more conserva-
tive estimates of upper tail percentiles compared to approaches
that correct the variation in long-term exposure for the within-per-
son variation (Boon et al., 2011). However, this is not considered to
influence the comparison of the results obtained from the pooled
and semi-pooled approach.

In the semi-pooled approach, national specific data were only
used for food categories presenting a sufficient number of total
and positive analytical results according to the criteria setup for
the management of left censored data. The criteria for left censored
data has been defined for the application of a modelling approach
aimed at describing the complete distribution of concentration val-
ues (EFSA, 2010), and it was used as data quality criteria in this
study. Indeed, average cadmium levels estimated from a limited
number of total and positive results may lack in robustness and
may increase the uncertainty around the exposure estimates. It
is, however, recognized that results are dependent on the specific
thresholds used in the statistical criteria. An addition or alternative
to statistical criteria may for example be to consider the use of na-
tional specific data for food items or food categories that are of par-
ticular concern or importance at the national level.

The semi-pooled approach describes in principal how exposure
assessments at national level can be performed at a more detailed
level (e.g. at a higher FoodEx level) by utilizing data at the Euro-
pean level for food categories where national data are lacking.
The pooled approach is, however, a more straightforward approach
compared to the semi-pooled approach. The assumption, or



Fig. 1. Illustrations of the mean source contribution for Germany (A), Denmark (B), Spain (C), France (D) United Kingdom (E), Ireland (F) and Sweden (G) under Scenario 2
(semi-pooled approach). All 151 food categories are ordered from right to left, along the x-axis, according to their contribution to the mean exposure. The outer y-axis
represents the cumulative source contribution, which has also been rescaled internally as percent of the TWI. For the ten most important food categories, the contribution to
the mean exposure, as well as the change (±; expressed as percent of the TWI) relative to scenario 1 (pooled approach), are given. Red circles indicate food categories for
which the exposure increases relative to scenario 1, and green circles indicate food categories for which the exposure decreases relative to scenario 1. The sum of exposures
(expressed as percent of the TWI) associated with red and green food categories are also indicated, as well as the corresponding changes (±; expressed as percent of the TWI)
relative to scenario 1. The values presented in the Figures are based on middle bound estimates. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 1 (continued)
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consideration, of constant contamination levels across Europe
introduces a standardisation where differences in results between
Member States will reflect differences in the consumption at the
level of the food categories the assessment is based on. It may,
however, be argued that if consumption differs between countries
and individuals, the mean occurrence associated with a particular
food category should also differ between the countries/individuals
(even if the contamination levels across Europe are similar) due to
differences in consumption of individual food items (e.g. FoodEx
level 3 items) classified in the food category. It may be of interest
to consider approaches that account for this aspect when evaluat-
ing the potential variability in exposure across Europe.

In principle, the semi-pooled approach introduces such a frame-
work at Member State level. While it may not yet perform



Fig. 1 (continued)
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optimally in the context of enabling a standardized comparison be-
tween countries and/or accommodating national specific concerns,
such endpoints may be better realized as the national specific
occurrence databases expand (and e.g. better reflect the consump-
tion in the different Member States). Also, the current semi-pooled
approach used the same food categories that were used in EFSA
(2012) for the pooled approach. This was decided after Cadmium
results at different levels of aggregation had been inspected for
homogeneity, and based on this analysis it was decided to use Foo-
dEx level 2 with the exception of horse meat, goat milk, chocolate
and algal formulations that were kept separate (see Section 2). If
such an analysis had been performed with respect to the national
occurrence data, instead of the complete pool of data, other or
additional exceptions may also have been done; e.g. ‘‘chilli pepper’’



Fig. 1 (continued)

Table 2
Occurrence (lg/kg) and consumption data from France (FR) associated with FoodEx level 3 categories that were classified under the FoodEx level 2 category ‘‘fruiting vegetables’’.
Results based on the complete pool of occurrence data from the European (pool) are also shown.

FoodEx level 3 Mean occurrence
(FR)

Mean occurrence
(pool)

Percent samplesa

(FR)
Percent samplesa

(pool)
Average consumption
in percentb (FR)

Tomatoes 7.47 4.74 19 29 33
Peppers, paprika 26.2 7.83 10 28 15
Chilli pepper 179 91.7 14 2 0
Aubergines (egg plants) 7.60 2.88 15 5 8
Okra. lady’s fingers – 12.6 0 0.2 0
Cucumbers 0.67 1.33 6 23 9
Gherkins – 0 0 0.04 5
Courgettes (Zucchini) 1.62 2.10 29 2 13
Melons 7.67 5.02 6 5 4
Pumpkins 1 3.66 1 0.8 6
Watermelons – 1.46 0 0.6 0.2
Sweet corn – 1.56 0 3 6
Unspecified – 6.88 0 0.3 0

Weighted mean for ‘‘fruiting vegetables’’c 7.79 3.93
Un-weighted mean for ‘‘fruiting vegetables’’ 31.2 6.02

a Percent of samples in relation to the total number of samples (n = 100 for FR, and n = 2694 for the pool) considering all level 3 categories that are classified under ‘‘fruiting
vegetables’’.

b The average consumption of each level 3 category in relation to the sum of the average consumption across all level 3 categories that are classified under ‘‘fruiting
vegetables’’.

c The weighted occurrence mean has been calculated as the sum of the products between the mean occurrence and the corresponding average consumption in percent for
level 3 categories.
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(Table 2) and ‘‘peppers, paprika’’ (Table 3). Thus, a future refine-
ment is to place more emphasis on the separation of foods with
high concentration level from those with low concentration level.

Presently when using the semi-pooled approach (as imple-
mented herein) differences in estimated exposure between coun-
tries can, besides differences in consumption, result due to 1)
differences in chemical concentration values, and 2) differences
in sample proportions of food items classified in the food catego-
ries (Tables 2–4). The impact of the latter aspect highlights the sen-
sitivity of the approach of directly aggregating monitoring data
into food categories in relation to the level of food aggregation
(i.e. the FoodEx level) the assessment is based on. It can be ex-
pected that the semi-pooled approach should indicate a greater
variability and/or uncertainty in the estimated European exposure



Table 3
Occurrence (lg/kg) and consumption data from Spain (ES) associated with FoodEx level 3 categories that were classified under the FoodEx level 2 category ‘‘fruiting vegetables’’.
Results based on the complete pool of occurrence data from the European (pool) are also shown.

FoodEx level 3 Mean occurrence
(ES)

Mean occurrence
(pool)

Percent samplesa

(ES)
Percent samplesa

(pool)
Average consumption in percentb

(ES)

Tomatoes 0.9 4.74 27 29 61
Peppers, paprika 63.6 7.83 44 28 20
Chilli pepper – 91.7 0 2 0
Aubergines (egg plants) 4.33 2.88 8 5 2
Okra. lady’s fingers – 12.6 0 0.2 0
Cucumbers 0 1.33 5 23 6
Gherkins 0 0 1 0.04 0
Courgettes (Zucchini) 0 2.10 4 2 3
Melons 0 5.02 4 5 2
Pumpkins – 3.66 0 0.8 1
Watermelons 0 1.46 5 0.6 3
Sweet corn – 1.56 0 3 0.5
Unspecified – 6.88 0 0.3 0

Weighted mean for ‘‘fruiting
vegetables’’c

13.5 4.93

Un-weighted mean for ‘‘fruiting
vegetables’’

28.5 6.02

a Percent of samples in relation to the total number of samples (n = 73 for FR, and n = 2694 for the pool) considering all level 3 categories that are classified under ‘‘fruiting
vegetables’’.

b The average consumption of each level 3 category in relation to the sum of the average consumption across all level 3 categories that are classified under ‘‘fruiting
vegetables’’.

c The weighted occurrence mean has been calculated as the sum of the products between the mean occurrence and the corresponding average consumption in percent for
level 3 categories.

Table 4
Occurrence (lg/kg) and consumption data from Denmark (DK) associated with FoodEx level 3 categories that were classified under the FoodEx level 2 category ‘‘bread and rolls’’.
Results based on the complete pool of occurrence data from the European (pool) are also shown.

FoodEx level 3 Mean
occurrence (DK)

Mean
occurrence (pool)

Percent
samplesa (DK)

Percent
samplesa (pool)

Average consumption
in percentb (DK)

Wheat bread and rolls 34.4 24.2 50 16 25
Rye bread and rolls 11.6 11.9 26 4 25
Mixed wheat and rye bread and rolls – 13.2 0 8 26
Multigrain bread and rolls – 25.0 0 2 0
Unleavened bread. crisp bread and rusk – 17.2 0 7 7
Other bread – 18.2 0 2 0
Bread products 32.2 28.6 24 2 17
Unspecified – 11.1 0 59 0

Weighted mean for ‘‘bread and rolls’’c 16.8 18.4
Un-weighted mean for ‘‘bread and rolls’’ 27.9 14.6

a Percent of samples in relation to the total number of samples (n = 168 for DK and n = 2078 for the pool) considering all level 3 categories that are classified under ‘‘bread
and rolls’’.

b The average consumption of each level 3 category in relation to the sum of the average consumption across all level 3 categories that are classified under ‘‘bread and
rolls’’.

c The weighted occurrence mean has been calculated as the sum of the products between the mean occurrence and the corresponding average consumption in percent for
level 3 categories.
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compared to the pooled approach; the mean and 95th percentile of
exposure was 1.57–2.70 lg/kg b.w./week and 2.53–5.84 lg/
kg b.w./week, respectively, for the semi-pooled approach, while
the corresponding values were 1.50–2.02 lg/kg b.w./week and
2.47–4.32 lg/kg b.w./week for the pooled approach (Table 1). The
lower number of food items (FoodEX level 3 items) covered by
the national data may increase the risk of a poor match between
the concentration sample proportions and the average consump-
tion of those food items, i.e. for FR, ES, and DK the un-weighted
and weighted means are more different for the semi-pooled ap-
proach compared to the pooled approach (Tables 2–4).

Recent exposure assessments at national level, which have uti-
lized national specific occurrence data, have indicated differences
compared to the results obtained by EFSA. This has for example
been discussed in Sand and Becker (2012), where the median
and 95th percentile of the cadmium exposure for the Swedish
adult population was estimated to 0.91–1.02 lg/kg b.w./week
and 1.59–1.73 lg/kg b.w./week, respectively. In Arnich et al
(2012) the mean and 95th percentile of exposure for adults in
France was estimated to 1.12 lg/kg b.w./week and 1.89 lg/
kg b.w./week, respectively (Arnich et al., 2012). And in Rose et al
(2010) the mean and 97.5th percentile of exposure for adults in
United Kingdom was estimated to 0.98–1.19 lg/kg b.w./week and
1.75–2.03 lg/kg b.w./week, respectively.

It can be noted that the national assessments for Sweden, France
and United Kingdom presented above have used data from the
same consumption surveys that are used in this study. The national
exposure estimates are quite similar across the three countries, e.g.
a mean/median exposure of around 1 lg/kg b.w./week, and they
are also lower than those resulting in this study under both scenario
1 and 2 (Table 1). A discrepancy between the results from the na-
tional assessments and those based on occurrence data (mainly
monitoring data) submitted by the Member States to EFSA is thus
apparent even in the case when the occurrence data submitted to
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EFSA are stratified by country (for food categories that satisfied the
selection criteria used in this study) (Table 1; scenario 2).

The reason for this discrepancy may be explained by several
factors. For example, Arnich et al. (2012) and Rose et al. (2010)
used occurrence data from total diet studies. Such studies are de-
signed to assess the dietary exposure of the population, and in
these studies Cadmium levels are measured in composite food
samples combining individual samples taken according to market
shares and/or purchase statistics. In Sand and Becker (2012), rarely
consumed products, with high cadmium concentration, were ex-
cluded, and concentration values used for different food categories
were also based on consideration of the most consumed foods (on
average). The present study was based on occurrence data from
monitoring programmes, which are in general designed to check
compliance to maximum limits. When directly aggregating such
data (without weighting), food items with relatively high concen-
tration (that may be rarely consumed) can have a high impact on
the mean occurrence for a particular food category (proportional
to the number of samples). Moreover, the European pool of data in-
cludes a wide range of food items, some of which may be missing
in the national datasets.

In summary, the pooled and semi-pooled approaches tend to be
conservative relative to the approaches used at national level. This
is a practical observation that in principle could change depending
on the level of food aggregation used and the type of occurrence
data (risk oriented sampling vs. the data on the most consumed
food items) that is submitted to EFSA by the Member States.
Matching of consumption and occurrence data was to a large ex-
tent performed at FoodEx level 2 in this assessment. Results sug-
gest that refinement of the exposure assessment methodologies
investigated, where monitoring data is directly aggregated into
food categories, includes better separation of food items with high
concentration from those with low concentration. This would im-
ply more variation in the FoodEx level used for matching consump-
tion and occurrence data across foods.
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