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Publiekssamenvatting 

De inname van acrylamide, nitraat en ochratoxine A in de Nederlandse 
bevolking van 7 – 69 jaar 
 
De voeding van kinderen (7-15 jaar) en (jong) volwassenen (16-69 jaar) in 
Nederland is veilig wat betreft de inname van nitraat, dat vooral in groenten zit. 
De hoeveelheid acrylamide waaraan beide leeftijdsgroepen worden blootgesteld 
via de voeding zou mogelijk schadelijk kunnen zijn voor de gezondheid. 
Acrylamide zit in gebakken en gefrituurde producten. Voor ochratoxine A, dat 
wordt veroorzaakt door schimmels, kan niet worden beoordeeld of de voeding 
veilig is. Meer onderzoek is nodig om de innameberekening te verfijnen. 
 
Dit blijkt uit een studie van het RIVM waarin is berekend hoeveel de 
Nederlandse bevolking van de drie genoemde stoffen binnenkrijgt via de 
voeding. Voor alle drie de stoffen, maar vooral voor nitraat en ochratoxine A, 
zijn concentratiegegevens noodzakelijk die een goede afspiegeling zijn voor de 
gehalten aanwezig in voedselproducten. Voor acrylamide, een mogelijk 
kankerverwekkende stof, is aangetoond dat het schadelijk is in dieren, maar dit 
is (nog) niet overtuigend aangetoond in de mens. Meer kennis is nodig over de 
werking van deze stof bij de mens om te kunnen vaststellen of de berekende 
inname inderdaad onveilig is. 
 
Om de inname via de voeding te berekenen zijn voedselconsumptiegegevens 
van de Voedselconsumptiepeiling (VCP) gecombineerd met beschikbare 
concentratiegegevens van de stoffen in producten. Vervolgens is de berekende 
inname vergeleken met gezondheidslimieten die voor de stoffen gelden om per 
stof mogelijke gezondheidsrisico’s te bepalen. 
 
Trefwoorden: 
Acrylamide, nitraat, ochratoxine A, Nederlandse populatie, langetermijninname, 
statistisch modelleren
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Abstract 

The intake of acrylamide, nitrate and ochratoxin A in people aged 7 to 
69 living in the Netherlands. 
 
The diet of children (aged 7 to 15) and (young) adults (aged 16 to 69) in the 
Netherlands is safe with respect to the intake of nitrate, which is mainly present 
in vegetables. The amount of acrylamide (which is present in baked and fried 
foods) to which both age groups are exposed may have an adverse health 
effect. For ochratoxin A (which is produced by fungi), it was not feasible to 
determine whether the diet was safe. More research is required to refine the 
intake calculation. 
 
These are the results of a study performed by the National Institute for Public 
Health and the Environment (RIVM) into the dietary intake of acrylamide, nitrate 
and ochratoxin A in the Dutch population. Concentration data that reflect those 
present in food products are needed for all three compounds, but especially for 
nitrate and ochratoxin A. Acrylamide has been shown to be carcinogenic in 
animals, but (so far) this has not been convincingly shown in humans. A greater 
insight is required into the toxicological effect of this substance in humans to 
establish whether the calculated intake is adverse. 
 
To calculate the dietary exposure, food consumption data derived from the 
Dutch National Food Consumption Survey were linked to data on concentration 
levels in foods. The exposure estimates were compared with the compound-
specific health reference values to assess possible health risks. 
 
Keywords: 
Acrylamide, nitrate, ochratoxin A, Dutch population, long-term intake, statistical 
modelling 
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1 Introduction 

Recently, from 2007 to 2010, a food consumption survey was conducted among 
children and adults aged 7 to 69 years living in the Netherlands, the so-called 
Dutch National Food Consumption Survey (DNFCS) 2007-2010 (van Rossum et 
al., 2011). The main aim of the study was to gain insight into the diet of the 
population investigated to establish 1) the consumption of food groups, 2) the 
intake of energy and nutrients, and 3) the use of dietary supplements. The data 
are however also very well suitable to study research questions related to food 
safety. 
 
The last food consumption survey that covered the main part of the Dutch 
population was conducted in 1997/1998 (DNFCS-3), more than 10 years ago 
(Kistemaker et al., 1998). Since then two more recent DNFCSs have been 
performed, but only in a selected age group of the Dutch population: young 
adults (19-30 years) in 2003 (Ocké et al., 2005) and young children  
(2-6 years) in 2005/2006 (Ocké et al., 2008). The present data form therefore 
the first dataset with up-to-date information since a decade on the dietary habits 
of children aged 7 years and older, and adults living in the Netherlands. 
 
In this study we used the new food consumption data to conduct an exposure 
assessment to three compounds, namely acrylamide, nitrate and ochratoxin A 
(OTA). The long-term dietary intake of acrylamide, nitrate and OTA was 
previously evaluated in young children aged 2 to 6 years living in the 
Netherlands (Boon et al., 2009). For acrylamide there was a probability of an 
adverse health effect occurring in young children, but the extent to which this 
could happen was unclear. A possible health risk of OTA could not be 
determined, due to the use of (partly) targeted data (Boon et al., 2009). Nitrate 
is a compound which is presently being re-evaluated by the Netherlands Food 
and Consumer Product Authority (NVWA) together with the Netherlands 
Nutrition Centre. 
 
It was hypothesized based on the results from the young children’s study that 
the exposure (per kg bodyweight) for all substances would be reduced in older 
children and adults, resulting in an increased margin of exposure (MOE) or 
safety (MOS) for acrylamide and very likely in exposures below the acceptable 
daily intake (ADI) or tolerable weekly intake (TWI) for nitrate and OTA, 
respectively. 
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2 Methods 

2.1 DNFCS 2007-2010 

The target population of the DNFCS 2007-2010 consisted of people aged 7 to 
69 years living in the Netherlands (van Rossum et al., 2011). Pregnant and 
breast-feeding women, as well as institutionalised people were not included. 
Respondents were selected from representative consumer panels of the Market 
Research GfK Panel Services. A maximum of one person per household was 
included in the survey to avoid correlations in dietary consumption patterns 
between members of the same family. In addition, the panels only included 
people with sufficient knowledge of the Dutch language. In total 
5,502 individuals were invited to participate in the study, of which 3,819 
consented (net response of 69%). Children were overrepresented in the study 
population and adults underrepresented. 
 
The food consumption data were collected over a 3-year period from March 2007 
to April 2010 via two non-consecutive 24-hour dietary recalls. Children aged 7 to 
15 years were interviewed face to face during home visits in the presence of at 
least one of the child’s parents or carers. Participants aged 16 and over were 
interviewed by telephone, at dates and times unannounced to the participants. 
The interval between the two 24-hour recalls was about 4 weeks (2 to 6 weeks). 
 
Portion sizes of the foods consumed could be quantified in several ways: by 
means of quantities as shown on photos in a provided picture booklet, or in 
household measures, standard units, by weight and/or volume. The survey 
covered all days of the weeks and all four seasons. National and/or religious 
holidays or holidays of the participants were not included in the survey. 
 
For more details see van Rossum et al. (2011). 
 

2.2 Concentration data 

The concentration data used to assess the dietary exposure to acrylamide and 
OTA were the same data as used for the exposure assessment in the young 
children’s study conducted in 2008-2009 (Boon et al., 2009). For nitrate 
however new up-to-date data were used as analysed in 2007–2010 by the 
Netherlands Food and Product Safety Authority (NVWA), Dutch Product 
Association and Bakker Barendrecht B.V., except for tap water, potatoes, 
cereals, some specific fruits and vegetables for which no new up-to-date data 
were available. For these products, nitrate concentration data were used as in 
the young children’s study (for more details see Appendix A). The concentration 
data of acrylamide were collected in 2006 and 2007, and those of OTA in 2002–
2006. These data were derived from monitoring programmes performed in the 
Netherlands by the NVWA. All concentration data were present in the Quality 
Agricultural Products (KAP) database1. Concentrations of OTA in meat were not 
available in the Netherlands. Therefore, reported concentrations in pork from 
Germany (SCOOP, 2002) and in poultry from Denmark (Jørgensen, 1998) were 
used, as in the young children’s study. 
 

 
1 chemkap.rivm.nl/ 
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The non-detect samples were assumed to contain concentrations equal to half 
the limit of reporting (LOR), the middle bound scenario. The same procedure of 
assigning ½ LOR to non-detect samples was followed as described in Boon et al. 
(2009). 
 
Concentration data of OTA were a mixture of monitoring and survey 
concentration data. Survey concentration data are obtained from targeted 
sampling of batches suspected of containing (possible) higher concentrations of 
a compound. These data are not suitable to estimate a reliable exposure to 
contaminants. Based on indications of the NVWA survey samples of fig and 
peanut, as well as all samples of other foods that were analysed more than once 
on the same day (the so-called duplo and triplo samples) were removed from 
the OTA concentration database. Raisin samples were also identified as survey 
samples. These samples were, as in the young children’s study, however not 
removed from the database. The consumption of raisins is, as opposed to the 
consumption of figs, not negligible in the target population (on average 0.9 g/d). 
Not addressing this food in the assessment may therefore have resulted in an 
underestimation of the exposure. Since, no OTA concentrations in comparable 
foods were available, we used the average OTA concentration of the survey 
samples in the exposure assessment. Also the consumption of peanuts is not 
negligible in the study population (on average 0.1 g/d). For this food, the OTA 
concentrations in nuts (all nuts grouped together because of data scarcity) were 
used in the exposure assessment (Appendix A). The remaining OTA 
concentration dataset contained only the results of samples analysed as part of 
the monitoring programme. The remaining samples may also not be completely 
random, as they are sampled to ensure compliance with legal limits.  
 
For more details on the concentration data of acrylamide, nitrate and OTA used 
in the exposure assessments see Appendix A of this report and Boon et al. 
(2009). 
 

2.3 Linkage between food consumption and concentration data 

Nitrate and OTA are predominantly analysed in raw agricultural commodities 
(RACs), including peels and non-edible parts. To model the dietary exposure to 
chemicals using concentrations analysed at RAC level a link between 
concentration and food consumption data needs to be established. In that way, 
also prepared foods (like apple cake, salads, bread) containing RACs as 
ingredients will be included in the exposure assessment. To establish this a food 
conversion model has been developed in 1995 (van Dooren et al., 1995), which 
has been regularly updated since then to cover new foods as recorded in later 
Dutch food consumption surveys. In this database, food codes as used in the 
food consumption surveys have been converted to RAC level (including their 
weight fractions) using several sources of information, including recipes from 
cookbooks, food legislation and information from either literature, label of the 
product, internet or manufacturer, as well as recipes developed and used for the 
purpose of the Dutch Food Composition Database NEVO (NEVO-Foundation, 
1996; NEVO-Foundation, 2001; NEVO-Foundation, 2006). Furthermore, nutrient 
concentrations as listed in NEVO were used in the conversion or as check for the 
amounts deduced from other sources. When there is only little information of a 
food, ingredient levels of a similar food were used. The type of processing a RAC 
has undergone before consumption is also recorded. For example, apple juice 
may be converted to RAC ‘apple’ with processing type ‘juicing’, apple eaten 
peeled to RAC ‘apple’ and processing type ‘peeling’, and apple eaten with skin to 
RAC ‘apple’ with processing type ‘raw’. In this way, the effect of processing on 
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concentrations in RACs before consumption can be taken into account in an 
exposure assessment. For more details on the food conversion model, see van 
Dooren et al. (1995).  
 
To use the food conversion model to assess the dietary exposure to nitrate and 
OTA with the new food consumption data of DNFCS 2007-2010, the model was 
updated by also including the new food codes used in this survey. This was only 
done for the RAC ingredients that were relevant for the dietary exposure to 
nitrate and OTA, based on the RACs that were analysed for these two 
compounds (see Appendix A of this report). 
 
Acrylamide, and also partly OTA and nitrate, are analysed at the level of food as 
eaten. For example, acrylamide was analysed in biscuits, nitrate in frozen 
spinach, and OTA in toast. These foods were either linked directly to foods coded 
in the food consumption survey (e.g. frozen spinach, crisps) or by creating food 
groups. These food groups consisted of comparable foods as those analysed 
based on chemical concentrations and food characteristics. The grouping as 
established in the young children’s study was used (Appendix D of Boon et al., 
2009), and updated with relevant new food codes as recorded in the DNFCS 
2007-2010. 
 
For the details on linkage between food consumption and concentration data see 
Appendix B of this report. 
 

2.4 Method of dietary exposure assessment 

Long-term exposure modelling 
The dietary exposure was calculated using the Monte Carlo Risk Assessment 
programme (MCRA), Release 7.0, available for registered users at the RIVM 
website (de Boer & van der Voet, 2010). All daily consumption patterns (e.g., 
7,638 for the total population (2 days × 3,819 individuals)) were multiplied with 
the mean concentration of the substance per consumed food and summed over 
foods consumed per day per individual. The estimated exposures were adjusted 
for the individual’s body weight. This resulted in an exposure distribution. Since 
all three substances studied here are expected to be present at levels for which 
chronic effects are the relevant health effects, the mean concentration was used 
because fluctuations in daily concentrations are assumed to average out in the 
long run. 
 
A distribution of daily exposures, calculated as described above using mean 
concentrations, includes both the variation between individuals and between the 
two days of one individual. However, to assess the long-term intake within a 
population only the former type of variation is of interest, since in the long run 
the variation between different days of one individual will level out. Therefore, 
the within-person (between days) variation was first removed from the 
distribution of daily exposures using the beta-binomial-normal (BBN) model (de 
Boer & van der Voet, 2010; Slob, 2006). To remove the within-person variation 
from the daily exposures, the BBN models transform the daily exposure 
distribution into a normal distribution. After removal of the within-person 
variation, the normal distribution is back-transformed and is now considered a 
long-term exposure distribution. The reported percentiles of the long-term 
exposure distribution are P50, P95 and P99. For nitrate and OTA processing 
factors were included in the calculations to make the assessment more accurate. 
See Appendix C for the processing factors used, as well as for the methodology 
to include them in the exposure assessments. 
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Table 2-1. Number of children aged 7 to 15 years and (young) adults aged 16 to 
69 years in DNFCS 2007-2010. 

Subpopulation Age (years) Number of individuals 

Children 7-15 1296 
(Young) adults 16-69 2523 

 
In order to perform the dietary exposure assessment, the individuals from the 
DNFCS 2007-2010 were divided in two age groups, i.e. 7 to 15 years (described 
as ‘children’ in the present report) and 16 to 69 years (described as ‘(young) 
adults’ in the present report). Children are known to have higher exposure levels 
per kg body weight. The division at age 16 was based on the fact that the 
method of data collection in the DNFCS 2007-2010 differed between children 
aged 7 to 15 years and the (young) adults aged 16 to 69 years (see section 
2.1). Furthermore, the DNFCS 2007-2010 contained a relatively high number of 
children compared to adults (Table 2-1).  
 
The exposure assessment of nitrate in the young children’s study was calculated 
using season-specific nitrate concentrations, since nitrate levels in vegetables 
might be higher in the winter period due to different lighting conditions (Boon et 
al., 2009). As preliminary analyses in the present study indicated that the 
nitrate exposure did not differ between the summer and winter period (as was 
also evident from only small differences in summer and winter nitrate 
concentrations for specific vegetables with for some vegetables even higher 
nitrate concentrations in the summer), total nitrate concentrations were used in 
the present study. Subsequently, the nitrate exposure assessment was not 
divided in an exposure assessment for the summer and winter period. This 
choice was endorsed by the aim to assess the long-term exposure to nitrate. 
Potential season-specific differences average out in the long run. 
 
Uncertainty analyses 
With the use of the bootstrap method, we assessed the uncertainties due to the 
limited size of the dataset for both concentration and food consumption data. 
These uncertainties were quantified via a 95% uncertainty interval around the 
percentiles of exposure (Boon et al., 2009). Other sources of uncertainty, such 
as sampling uncertainty, under- or over-reporting of foods, and linkage of foods 
consumed to foods, can however not yet be quantified and will either result in a 
possible overestimation and/or underestimation of the exposure. This will be 
addressed shortly in the discussion. 
 

2.5 Risk assessment 

Though the main aim of this study was to conduct an exposure assessment, a 
risk assessment was included as well. For this, the exposures to nitrate and OTA 
were compared with their respective health-based reference values, and for 
acrylamide, margins of safety (MOS) for neurotoxicity and margins of exposure 
(MOE) for carcinogenicity were calculated. An update of the toxicity data of 
these three substances based on a review of the scientific literature and 
evaluations published since Boon et al. (2009) was outside the scope of this 
report. Therefore, the same substance-specific health-based reference values 
are used as described in Boon et al. (2009).  
 
For acrylamide, the no-observed-adverse effect level (NOAEL; 0.2 mg/kg bw/d) 
for neurotoxicity and the 2.5% lower confidence limit of the benchmark dose for 
a 10% increase in cancer incidence (BMDL10; 0.30 mg/kg bw/d) were divided by 
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the P50, P95 and P99 of exposure (Burek et al., 1980; FAO/WHO, 2006; 
Johnson et al., 1986). For nitrate, the acceptable daily intake (ADI) of 
3.7 mg/kg bw/d was used (FAO/WHO, 2003). The tolerable weekly intake (TWI) 
of 120 ng/kg bw/week was used for OTA (EFSA, 2006b). Because of this, the 
estimated long-term exposures per day were multiplied by a factor seven to 
obtain the long-term exposure per week. This approach is slightly different as 
compared to Boon et al. (2009) in which the long-term daily exposure was 
compared to a tolerable daily intake derived from the TWI. For both nitrate and 
OTA, the percentage of the children and (young) adults exceeding the ADI and 
TWI, respectively, was calculated. 
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3 Results 

3.1 Update food conversion model 

In total 577 new NEVO codes were used in DNFCS 2007-2010 to code the foods 
consumed by the target population. Of these codes, 563 were relevant for the 
exposure assessment to nitrate and OTA. The remaining 14 codes were not 
converted because they did not contain at least one relevant RAC ingredient. 
These were mainly codes related to meat products. 
 
For the relevant NEVO codes, the conversion was based on different sources of 
information. For 299 codes we used recipe data as developed and used for the 
purpose of the NEVO 2011 (RIVM, 2011). Of 106 codes the information was 
listed in this database (RIVM, 2011). For the remaining 193 codes the 
information was directly obtained from the RIVM. In all of these recipes NEVO 
codes are described in percentages of other NEVO codes. For example, new 
NEVO code ‘Nougat with chocolate’ consists of 53 g of NEVO code ‘Sugar’, 27 g 
of NEVO code ‘Almond nuts blanched, unsalted’ and 20 g of NEVO code 
‘Chocolate dark’. In all cases the underlying NEVO codes were already converted 
to RAC, including processing type information, within the conversion model. 
 
In total 247 new NEVO codes were converted by equating them to comparable 
existing NEVO codes. For example, new NEVO code ‘Low-fat margarine Becel 
light’ was deemed comparable to existing NEVO code ‘Low-fat margarine 35% 
fat <10 g saturated’. The remaining NEVO codes (17) were (partly) converted 
based on ingredient information obtained from the label of the food or nutrient 
information as listed in NEVO (e.g. carbohydrate concentration was equalled to 
sugar), or the related food consisted of only one RAC ingredient (e.g. sundried 
tomatoes, nuts macademia). 
 
When converting NEVO codes to RAC ingredients, three RACs were identified for 
which no code was yet present in the conversion model. For these RACs new 
codes were generated. During the conversion one processing type (e.g. peeling, 
drying, boiling in water, etc.) was identified per RAC ingredient. 
 

3.2 Exposure to acrylamide 

Exposure calculation 
The exposure to acrylamide was shown to be higher in children as compared to 
the (young) adult population (Table 3-1). The median long-term exposure to 
acrylamide in children was 0.6 μg/kg bw/d (P95 = 1.4 μg/kg bw/d). Of this 
subpopulation, 1% had an acrylamide exposure above 2.1 μg/kg bw/d. The 
median long-term exposure to acrylamide for the (young) adult population was 
0.3 μg/kg bw/d (P95 = 0.9 μg/kg bw/d; Table 3-1). Of this subpopulation, the 
P99 of exposure was 1.4 μg/kg bw/d. 
 
Contribution of the most important food groups 
The most important sources contributing to the average acrylamide intake in 
Dutch children were chips (French fries) (42%) and crisps (14%) (Figure 3-1A). 
Also biscuits (9%), cookies (8%) and Dutch spiced cake (7%) contributed 
considerably to the acrylamide intake.  
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Table 3-1. Percentiles of long-term dietary exposure of children aged 7 to 15 
years and (young) adults aged 16 to 69 years in the Netherlands to acrylamide 
assuming samples with a concentration below LOR1 to equal ½ LOR. 

Age (years) Percentiles of exposure (μg/kg bw/d) 
P50 P95 P99 

7-15 0.6 
[0.5-0.7]2 

1.4 
[1.2-1.8 ]2 

2.1 
[1.7-2.9]2 

16-69 0.3 
[0.3-0.3 ]2 

0.9 
[0.8-1.0]2 

1.4 
[1.2-1.6]2 

1 LOR = limit of reporting 
2 2.5% lower - 97.5% upper confidence limits 

 
For the Dutch (young) adult population, the most important source contributing 
to the average acrylamide intake was, similar to the younger individuals, chips 
(French fries) (32%) (Figure 3-1B). In addition, an important source of dietary 
acrylamide exposure for this subpopulation was coffee (26%). Furthermore, 
crisps (11%) and Dutch spiced cake (7%) contributed considerably to the 
acrylamide intake. 
 
 

 
Figure 3-1. Contribution of the most important food groups to the dietary 
exposure of children aged 7 to 15 years (A) and (young) adults aged 16 to 
69 years (B) in the Netherlands to acrylamide, assuming samples below the limit 
of reporting (LOR) to equal ½ LOR. Note that coffee is used here as the total of all 
three coffee-related food groups (Appendix B). 

 
 
Risk assessment 
MOS and MOE for the P50, P95 and P99 of exposure to acrylamide for both 
studied populations were calculated for neurotoxicity and carcinogenicity, 
respectively (Table 3-2). The MOS for neurotoxicity for the (young) adult 
population ranged from 667 for the P50 to 143 for the P99. For children, these 
numbers equalled 333 and 95, respectively (Table 3-2). For the MOE for 
carcinogenicity, the levels ranged from 1000 for the P50 to 214 for the P99 in 
(young) adults, and 500 to 143 for the children, respectively (Table 3-2). 
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Table 3-2. Percentiles of long-term dietary exposure to acrylamide of children 
aged 7 to 15 years and (young) adults aged 16 to 69 years in the Netherlands 
and corresponding margins of safety (MOS) for neurotoxicity and margins of 
exposure (MOE) for carcinogenicity. 

Age (years) Percentiles of exposure (μg/kg bw/d), MOS and MOE 
 P50 P95 P99 

Exp1 MOSn2 MOEc2 Exp1 MOSn2 MOEc2 Exp1 MOSn2 MOEc2 

7-15 0.6 333 500 1.4 143 214 2.1 
[2.9]3 

95 
[69]4 

143 
[103]4 

16-69 0.3 667 1000 0.9 222 333 1.4 
[1.6]3 

143 
[125]4 

214 
[188]4 

1 Exp = exposure 
2 Margin of safety for neurotoxicity (MOSn) was calculated by dividing the NOAEL 
(highest dose from subchronic rat study without morphological nerve changes) by 
the P50, P95 or P99 of exposure (NOAEL: 0.2 mg/kg bw/d); Margin of exposure for 
carcinogenicity (MOEc) was calculated by dividing the BMDL10 (2.5% lower 
confidence limit of the benchmark dose for a 10% increase in cancer incidence) by 
the P50, P95 or P99 of exposure (BMDL10: 0.3 mg/kg bw/d) 
3 97.5% upper confidence limits 
4 2.5% lower confidence limits 

 
 

3.3 Exposure to nitrate 

Exposure calculation 
The intake of nitrate was shown to be higher in children as compared to the 
(young) adult population (Table 3-3). The median long-term intake of nitrate in 
children was 1.2 mg/kg bw/d (P95 = 2.0 mg/kg bw/d). Of this subpopulation, 
1% had an exposure above 2.6 mg/kg bw/d. The median long-term intake of 
nitrate in (young) adults was 0.9 mg/kg bw/d (P95 = 1.8 mg/kg bw/d). Of the 
(young) adults, 1% had a nitrate intake above 2.4 mg/kg bw/d. 
 
Table 3-3. Percentiles of long-term dietary exposure of children aged 7 to 15 
years and (young) adults aged 16 to 69 years in the Netherlands to nitrate 
assuming samples with a concentration below LOR1 to equal ½ LOR. 

Age (years) Percentiles of exposure (mg/kg bw/d) 
P50 P95 P99 

7-15 1.2 
[1.1-1.2]2 

2.0 
[1.8-2.4]2 

2.6 
[2.2-3.2]2 

16-69 0.9 
[0.9-1.0]2 

1.8 
[1.6-2.0]2 

2.4 
[2.1-2.7]2 

1 LOR = limit of reporting 
2 2.5% lower - 97.5% upper confidence limits 

 
Contribution of the most important food groups 
Potatoes were for both age groups the most important source of dietary intake 
of nitrate in the Netherlands (Figure 3-2). Other sources were cabbage lettuce 
and tap water. These are all food products with relatively low nitrate 
concentrations but high dietary consumption. 
 
Risk assessment 
The percentage of the children and (young) adults exceeding the ADI of nitrate 
(3.7 mg/kg bw/d) was less than 1% for both subpopulations (Table 3-4). 
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Figure 3-2. Contribution (%) of the most important food groups to the dietary 
exposure of children aged 7 to 15 years (A) and (young) adults aged 16 to 
69 years (B) in the Netherlands to nitrate, assuming samples below the limit of 
reporting (LOR) to equal ½ LOR. 

 
 
 
Table 3-4. Percentage of children aged 7 to 15 years and (young) adults aged 
16 to 69 years in the Netherlands that exceeded the acceptable daily intake 
(ADI) of 3.7 mg/kg bw/d for nitrate, assuming samples below the LOR1 to equal 
½ LOR.  

Age (years) Percentage of population 
exceeding ADI 

7-15 0.04 
[0-0.37]2 

16-69 0.03 
[0-0.12]2 

1 LOR = limit of reporting  
2 2.5% lower - 97.5% upper confidence limits 

 
 

3.4 Exposure to OTA 

Exposure calculation 
The long-term intake to OTA per day as calculated by MCRA was converted into 
a long-term intake per week2 as the health-based reference value of OTA was a 
tolerable weekly intake (see below). The weekly dietary exposure to OTA was 
shown to be higher in the children population as compared to the (young) adult 
population (Table 3-5). The median long-term weekly exposure to OTA for 
children and (young) adults was 72 ng/kg bw/week (P95 = 166 ng/kg bw/week) 
and 54 ng/kg bw/week (P95 = 122 ng/kg bw/week), respectively. 
 
Contribution of the most important food groups 
The most important sources contributing to the average OTA intake in children 
were nuts (48%), wheat (30%) and rye (12%). Cookies (3%), raisins (2%) and 
sunflower kernel (2%) contributed only slightly to the OTA intake. All the other 
foods contributed for 3% to the intake (see Figure 3-3). 
 
 
2 We are aware that the ‘true’ long-term exposure per week may be different from a long-term exposure per 
week estimated by multiplying the daily long-term exposure by seven. In future exposure assessments dealing 
with health-based limit values expressed per week, this issue deserves further elaboration. 
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Table 3-5. Percentiles of long-term weekly dietary exposure of children aged 7 
to 15 and (young) adults aged 16-69 years to OTA in the Netherlands assuming 
samples with a concentration below LOR1 to equal ½ LOR. 

Age (years) Percentiles of exposure (ng/kg bw/week) 
 P50 P95 P99 
7-15 72 

[41-106]2 
166 

[81-281]2 
235 

[109-425]2 
16-69 54 

[34-77]2 
122 

[72-199]2 
171 

[95-293]2 
1 LOR = limit of reporting 
2 2.5% lower - 97.5% upper confidence limits 

 
The important sources contributing to the average OTA intake in Dutch (young) 
adults were nuts (44%), wheat (23%) and rye (14%). Wine (5%), coffee beans 
(4%) and sunflower kernel (3%) also contributed slightly to the OTA intake. All 
the other foods contributed for 8% to the intake (see Figure 3-3). 
 
 

 
Figure 3-3. Contribution (%) of the most important food groups to the dietary 
exposure of children aged 7 to15 years (A) and (young) adults aged 16 to 69 years (B) 
to OTA in the Netherlands, assuming samples below the limit of reporting (LOR) to 
equal ½ LOR. 

 
Risk assessment 
The percentage of the children and young adults exceeding the TWI for OTA was 
15.6% and 5.4%, respectively (Table 3-6). However, the confidence intervals 
around these two best estimates were very large. 
 
Table 3-6. Percentage of children aged 7 to 15 years and (young) adults aged 
16 to 69 years in the Netherlands that exceeded the tolerable weekly intake 
(TWI) (120 ng/kg bw/week) of OTA assuming samples with a concentration 
below LOR1 to equal ½ LOR. 

Age (years) Percentage of population 
exceeding TWI 

7-15 15.6 
[0.5-41]2 

16-69 5.4 
[0.2-22]2 

1 LOR = limit of reporting 
2 2.5% lower - 97.5% upper confidence limits 

rye 12 %

cookies 3 %
other 3 %

raisins 2 %
sunflower kernel 2 %

nut 48 %

wheat 30 % 

rye 14 %

other 8 %

sunflower kernel 3 %

nut 43 %

wine 5 %

wheat 23 %

coffee beans 4%

A B

rye 12 %

cookies 3 %
other 3 %

raisins 2 %
sunflower kernel 2 %

nut 48 %

wheat 30 % 

rye 14 %

other 8 %

sunflower kernel 3 %

nut 43 %

wine 5 %

wheat 23 %

coffee beans 4%

A B



RIVM Letter report 2014-0002 

 

 

Page 22 of 54 

 



 RIVM Letter report 2014-0002 

 

 Page 23 of 54

4 General discussion 

The present study describes the exposure assessment of acrylamide, nitrate and 
OTA in the Dutch population aged 7 to 69 years living in the Netherlands. For 
this, food consumption data from the recent DNFCS 2007-2010 were combined 
with concentration data derived from Dutch monitoring programmes and 
additional other sources using advanced statistical models. Below, the results 
will be discussed in relation to the methods and input data used. Furthermore, 
issues with respect to the risk assessment will be discussed and a comparison 
with the previous study in young children aged 2 to 6 years (Boon et al., 2009) 
is included. Finally, conclusions will be presented and recommendations are 
given. 
 

4.1 Methodological issues related to the exposure assessment 

 
4.1.1 Conversion model 

In this project the conversion model, in which all the NEVO codes present in the 
different food consumption surveys conducted since 1997/1998 are included, 
was updated to also include the new NEVO codes as used in DNFCS 2007-2010, 
as far as needed for the exposure assessment to nitrate and OTA, the two 
compounds that are analysed for a large part in RACs (section 2.1). A relatively 
large number of the codes (247) were converted to RAC level by equating them 
to a comparable, already existing NEVO code. Despite the fact that similarities 
between the codes could be large, this type of conversion is not optimal and 
may be subject to flawed conversions in those cases where recipes of foods have 
changed in time. Since recipes are known to change continuously, we 
recommend that these NEVO codes should be checked and, if needed, updated 
using recipe information derived from manufacturers and/or based on label 
information. Furthermore, when equating new NEVO codes to already existing 
NEVO codes the goal of the present study was leading, resulting in choices that 
may not be optimal for the use of the conversion model for other exposure 
assessment purposes. This should be kept in mind when using the conversion 
model for the exposure assessment to other contaminants. Only 14 new NEVO 
codes were not converted since they were not relevant for the exposure 
assessment of nitrate and OTA. 
 
A large part (> 50%) of the conversion of the new NEVO codes was based on 
recipe information obtained from the RIVM, underlying NEVO (RIVM, 2011). 
These codes were mainly codes that referred to general foods that could not be 
linked to specific foods of a certain brand (e.g. vegetables winter-average, 
boiled without salt; yoghurt whole with fruits; salad cucumber-). In these 
recipes new NEVO codes are described in percentages of already existing NEVO 
codes. Using this information, no longer optimal conversions of the already 
existing NEVOs due to changes in recipes in time may have propagated into the 
conversion of the new NEVO codes. This approach shows that a critical 
examination of the already existing codes as used in the DNFCS 2007-2010, as 
well as those part of the NEVO recipes, is needed to optimise the linkage 
between food consumption data and concentration data. If this is done, also the 
NEVO codes used in the food consumption survey in young children (Ocké et al., 
2008) should be included, since this age group is not covered in DNFCS 2007-
2010. Furthermore, the description of new NEVO codes in percentages of 
already existing NEVO codes was set up to efficiently calculate the nutrient 
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composition of these codes without the need of laboratory analyses. It is unclear 
whether choices made for this purpose are also optimal for the purpose of 
converting foods to RAC level. 
 
Foods consumed by the respondents taking part in DNFCS 2007-2010 were 
categorised according to the EPIC Soft food group classification, including facets 
and descriptors for further specification of the foods such as preparation method 
and fat content (van Rossum et al., 2011). To calculate the energy and nutrient 
intakes the categorised foods were subsequently linked to NEVO codes present 
in NEVO (RIVM, 2011). For this, more than 28,000 different food items were 
linked to 1,599 NEVO codes. It is clear that by using NEVO codes as a starting 
point of the conversion to RAC level, a lot of detailed information is not used. A 
2008 study therefore advised to improve the conversion by using this extra 
information stored in the food consumption data (Boon et al., 2008). 
Furthermore, this information can also be used to update the already existing 
NEVO codes used in DNFCS 2007-2010 and those part of the NEVO recipes (see 
above). 
 
When converting foods as consumed to RAC level, it is important to also record 
processing information regarding the RAC ingredient. For example, RAC ‘banana’ 
may be linked to processing types ‘peeling’ or ‘drying’ when it belongs to a food 
containing banana without peel or dried banana. The reason for this is that 
concentrations of many chemicals analysed in RACs are affected when they are 
processed before consumption (e.g. peeling of citrus fruits). To address this in 
an exposure assessment, processing factors quantifying the effect of processing 
on the chemical level should be linked to the right RAC – processing type 
combination. Many RAC ingredients undergo different processing steps before 
consumption. For example, an apple that is part of an apple pie is washed, 
peeled, and baked before consumption, and a boiled potato is peeled, washed 
and boiled. Which processing type should be linked in these cases? In the Dutch 
RAC conversion model only one processing type is identified per RAC ingredient, 
most often the one identifying the last processing step. So the apple in an apple 
pie is linked to processing type ‘baking’ and the boiled potato is linked to 
‘boiling’. When no processing information is available in the name of the NEVO 
code (e.g. pear), the most likely processing type or the processing type that 
results in a worst-case estimation of the exposure is assumed. For example, 
citrus fruits are very likely at least peeled before consumption, whereas pear can 
be consumed with or without peel, and carrots raw, peeled and / or boiled. The 
choice of the processing factor is at the moment rather arbitrary and subject to 
subjective choices of the person doing the conversion. It is therefore important 
that this process is further optimised and standardised in the future. Also the 
possibility of recording more than one processing type per food – RAC 
combination needs to be examined. 
 
The conversion model is a very important part of the linkage of consumption and 
concentration data at RAC level, and thus in the dietary exposure assessment. 
Further optimization of this model by using the information presently recorded in 
the food consumption surveys as well as the use of processing info deserves 
further research. 
 

4.1.2 Food consumption data 

For the exposure assessment performed in the current study, consumption data 
of the DNFCS 2007-2010 were used (van Rossum et al., 2011). These are the 
first food consumption data for persons aged ≥ 7 years that have come available 
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within the Netherlands since 13 years. This dietary survey was conducted 
according to international guidelines as set by EFSA (EFSA, 2009) to obtain 
dietary consumption information suitable for both the purpose of nutrition and 
food safety. 
 
The population of this survey consisted of 3,819 individuals. The distribution of 
levels of education (or level of education of parents/carers), region, and 
urbanization in the study population was close to that of the general Dutch 
population (van Rossum et al., 2011). The food consumption data were 
therefore considered representative for the diet of the Dutch population, though 
the results are not fully representative for immigrants. In contrast to the 
DNFCS-3 (Kistemaker et al., 1998), pregnant and lactating women were not 
included in the current survey. As the consumption of pregnant and lactating 
women are considered not representative for the consumption of the general 
population, not including this subpopulation improves the representativeness of 
the consumption data for the general population.  
 
As a maximum of only one person per household was included, correlations in 
dietary consumption patterns between members of the same family were 
avoided. Furthermore, in the DNFCS 2007-2010, for each individual the two  
24-hour dietary recalls were conducted, in contrast to DNFCS-3, on two non-
consecutive days with an interval of 2 to 6 weeks. The two non-consecutive 
24-hour dietary recalls are considered less correlated and more independent, 
and therefore resulting in more accurate estimations of long-term exposure. 
 
Food consumption surveys are important tools to gain insight in food 
consumption patterns within a population. However, food consumption surveys 
have also some disadvantages that may have affected some of the exposure 
assessments reported here. A disadvantage of food consumption surveys is that 
eating patterns may be influenced or changed due to the recall process. Due to 
the use of the unannounced 24-h recall approach in the group of 16-69 years, 
this disadvantage was kept at a minimum for this age group. However, people 
may still omit reporting foods with an unhealthy image or over-report foods that 
are assumed healthy. A possible effect of this on the exposure assessment may 
differ. For example, due to the unhealthy image of crisps and chips the 
consumption of these foods may be underreported resulting in an 
underestimation of acrylamide intake. Conversely, foods that are known to be 
healthy like fruits and vegetables may be eaten more on recording days than in 
practice resulting in an overestimation of the intake of nitrate. For the children 
aged 7 to 15 years the home visits were not unannounced. 
 
Linked to this is the possible overall underestimation of consumption levels (Biro 
et al., 2002). Low reporting of energy intake was evaluated by means of the 
ratio of the reported energy intake and estimated energy requirements for basal 
metabolic rate by van Rossum et al. (2011). The mean expected ratio of the 
energy intake and energy requirements was 1.74, whereas the mean observed 
ratio was 1.46 (van Rossum et al., 2011). Based on age-specific cut offs, the 
proportion of low reporters was estimated to be 17%, while the proportion of 
high energy reporters was 1.5% (van Rossum et al., 2011). As the method of 
dietary recall varied between the children and the (young) adults subpopulations 
(see section 2.1), this dissimilarity might have affected the reported 
consumption in the two subpopulations differently. How this has affected the 
exposure assessment to the three substances is unclear. For this, information 
regarding over-or under-reporting at food level is needed. 
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However, despite these possible disadvantages the food consumption data of 
DNFCS 2007-2010 are the most optimal data that can be obtained for food 
safety purposes as argued in the guidance document about the general 
principles for the collection of national food consumption data for food safety 
purposes (EFSA, 2009). Furthermore, with the use of EPIC-Soft a lot of details 
have been recorded which can also be useful for food safety purposes. The full 
potential of this information deserves further attention (see section 4.1.1). 
 

4.1.3 Concentration and processing data 

Concentration data used for the exposure assessment of acrylamide, nitrate and 
OTA as described in the current report were derived from monitoring 
programmes performed in the Netherlands by the NVWA and some other parties 
(Appendix A). Additionally, survey and literature data for OTA were added to the 
database to make the exposure assessment more complete. The data used for 
the assessment of acrylamide and OTA were identical to those used in the young 
children’s study (Boon et al., 2009). For nitrate, concentrations of some 
products were replaced by more recent data (Appendix A). 
 
The non-detect samples were assumed to contain concentrations equal to ½ 
LOR, the middle bound scenario. This was based on the possibility that the food 
or RAC could be contaminated. For example, acrylamide concentrations in bread 
were below the LOR. However, bread can contain some acrylamide (FSA, 2005; 
Matthys et al., 2005) and is consumed regularly and in large quantities in the 
Netherlands. The middle bound scenario was assumed to result in a realistic 
estimate of exposure for all three substances. Additionally, based on Boon et al. 
(2009), varying the concentrations assigned to non-detect samples (i.e. 
0 mg/kg or a concentration equal to the LOR) had a negligible effect on the 
exposure levels of acrylamide and nitrate in young children, due to the relatively 
low number of non-detect samples for these two substances. For OTA, the 
number of non-detects was higher, resulting in a significant effect on the 
exposure depending on the concentration assigned to the non-detect samples. 
This will be addressed below. 
 
The acrylamide concentration data used for the current exposure assessments 
were collected by the NVWA in 2006 and 2007. Since the discovery of 
acrylamide in foods, food industry and national authorities of the European 
Union are cooperating to investigate pathways of acrylamide formation and 
intervention measures to reduce its exposure (CIAA, 2011). Due to the ongoing 
mitigation measures, as well as the potential adverse health effects of 
acrylamide exposure, it is important to use the most up-to-date acrylamide 
concentration data for an acrylamide exposure assessment. The lack of up-to-
date acrylamide concentration data might have led to an overestimation of the 
exposures as reported in this report, assuming that acrylamide concentrations in 
processed foods are still declining. Additionally, the number of foods analysed 
for the presence of acrylamide was small (particularly when compared to the 
large number of foods consumed), which might have led to an increase of the 
uncertainty of the exposure assessment.  
 
The nitrate exposure assessment was performed at least partially with up-to-
date nitrate concentration data. However, for potatoes, cereals, specific fruits 
and some vegetables no up-to-date concentration data were available and 
therefore data from previous years were used (see Appendix A). Especially the 
data on some fruits and wheat were very old. A comparison of the concentration 
data of the vegetables for which new data were available with the data as used 
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Table 4-1. Mean nitrate concentration of the five foods contributing most to the 
nitrate exposure for which new concentration data were available. 

Food Mean concentration (mg/kg) % reduction 
2002-20061 2007-2010 

Cabbage lettuce 2663 2442 8 
Iceberg lettuce 945 794 16 
Endive  1669 1604 4 
Green beans (fresh) 576 452 21 
Beetroot 1945 1246 36 
1 These concentration data were used in the young children study (Boon et al., 2009). 
 
in the young children’s study showed that for a large part of these vegetables 
the nitrate concentrations had decreased. This is evident from Table 4-1 that 
lists, as an example, the mean nitrate concentration of the five vegetables that 
contributed most to the exposure in children and (young) adults for which new 
concentration data were available in the present study. Nitrate concentrations in 
products are however mainly dependent on weather conditions (hours of 
sunshine). It is unclear whether this observed decrease is therefore a robust 
decrease or just an effect of overall better weather conditions for nitrate 
reduction by the plant in the second period. If these conditions deteriorate, 
nitrate concentration may increase again. 
 
Furthermore the number of samples of the majority of foods was very limited 
(Appendix A) and other dietary sources such as cured meat that can also 
contribute to the intake of nitrate were not taken into account in the current 
exposure assessment. The performed exposure assessment for nitrate was 
therefore far from optimal. The reported exposures may either under- or 
overestimate the true nitrate intake. For a more accurate assessment, up-to-
date concentration data of all sources of exposure should be made available in 
sufficient numbers to assure that the analysed concentrations represent the 
concentrations people are exposed to. 
 
In the present assessment, we used a mean nitrate concentration of 5.1 mg/L of 
nitrate in tap water, the mean concentration analysed in 2006 (Appendix A). 
However, there are areas in the Netherlands with higher concentrations in tap 
water. Using higher concentration (15 and 30 mg/L) in the young children study 
showed that the percentage of children exceeding the ADI increased 
considerable (Boon et al., 2009). It is therefore to be expected that a certain 
percentage of the children aged 7 and over and adults living in such areas may 
also be at risk, especially if they live there for longer periods. As recommended 
by Boon et al. (2009), further research is needed to establish the factors 
contributing to high nitrate concentrations in tap water. It should however be 
noted that it was assumed that different food groups (soft drinks, juices 
reconstituted or not) consisted for 100% of highly contaminated tap water, 
which might have led to an overestimate of the intake of nitrate via tap water 
for children living in highly contaminated areas. 
 
Monitoring concentration data of OTA collected by the NVWA (monitoring 
programmes 2002-2006) were used to assess the exposure. Because 
concentrations of OTA in meat were not available in the Netherlands, the 
reported concentrations in pork from Germany (SCOOP, 2002) and in poultry 
from Denmark (Jørgensen, 1998) were used. The pork and chicken 
concentration data were added in order not to underestimate the daily intake of 
OTA. Figure 3-3 however shows that the contribution of pork and chicken meat 
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to the OTA intake is very small, i.e. below 0.2% (data not shown). Thus, the 
lack of Dutch monitoring data for pork and chicken is considered not as relevant 
as anticipated. Furthermore, the use of targeted concentrations for raisins did 
not influence the OTA exposure levels largely, given the low contribution of this 
food to the total exposure (≤ 2%; Figure 3-3). As for peanuts only concentration 
data from targeted sampling were available, the mean OTA concentration in nuts 
was applied to peanuts and used in the exposure assessment (all nuts for which 
monitoring concentration data were available, excluding peanuts, were grouped 
because of data scarcity). As the contribution of peanuts to the OTA intake is 
high (31-38%; data not shown), availability of specific concentration data for 
this food is highly recommended. The overall monitoring data were obtained 
from (partly) targeted sampling, and therefore the OTA exposures as reported in 
this study are very likely overestimates of the real exposure (Boon et al., 2009). 
 
As explained in Boon et al. (2009), mycotoxins are analysed using screening 
methods with high LORs (2 mg/kg for OTA). Negative screening samples are 
regarded as zeros, while positive screening samples (level above the LOR) are 
further analysed with a more sensitive compound-specific analytical method (i.e. 
an analytical method with a lower LOR). To assess the influence of assigning 
½ LOR to the negative samples on the exposure results, sensitivity analyses 
where the non-detects are replaced by zero (lower bound) or LOR (upper bound) 
may be performed. In the young children’s study such analyses showed that the 
OTA exposure of the middle bound scenario was 20 to 50% higher than those of 
the lower bound scenario, and about 15 to 30% lower than those of the upper 
bound scenario. This was mainly due to the high fraction of non-detects for 
wheat and wheat products (60 to 90%). However, in Boon et al. (2009) it was 
argued that a possible slight overestimation of the exposure due to a high LOR 
used to calculate the mean OTA concentrations was very likely small in 
comparison to the overestimation due to (partly) targeted sampling. 
 
The processing data used in this study are those used in the children’s study 
(Boon et al., 2009). No effort was made to update these factors. Given the 
limited processing data on OTA and the rather old data for nitrate, an update of 
these factors could result in other, possibly lower, exposures than reported here. 
Given the high exposure to OTA, especially for this substance processing factors 
may be relevant to refine the assessment.  
 
As the results and quality of the dietary exposure assessment depend highly on 
the input data such as concentration data, preferably a concentration database 
should be available that includes up-to-date information of food-specific 
concentration data of all relevant foods in sufficient numbers per food. This is 
also true for processing information, especially for substances that pose a 
possible human health risk. 
 

4.1.4 Linkage of food consumption data to concentration data 

Linking of foods consumed to foods analysed is an important step in dietary 
exposure assessment (Appendix B). As acrylamide was analysed in foods as 
they are consumed and not in RACs, foods as consumed were directly linked to 
acrylamide concentrations in foods analysed. For OTA, this linking was also 
partly applied due to limited concentration data (e.g. food group ‘nut’ consists of 
almonds, cashew nuts, coconut, hazelnut etc). 
 
Due to the large number of foods consumed and the small number of foods 
sampled for acrylamide or OTA, the consumed foods were classified into groups 
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which corresponded best with the analysed foods. For this the same approach 
was taken as in the young children’s study (Boon et al., 2009) and was mainly 
based on similar ingredients and characteristics of foods as those analysed, and 
included expert judgement. New NEVO used in the DNFCS 2007-2010 were 
assigned to the relevant groups based on these criteria. As a result, an equal 
(mean) acrylamide or OTA concentration was assigned to all consumed food 
products in a specific food group (e.g. different types of crisps such as oven 
baked crisp, tortilla crisps for the food group crisps). The uncertainty in the 
exposure assessment associated with this will depend on the homogeneity of the 
different groups. The range in acrylamide or OTA concentration in foods could 
however be large. Recently, Konings et al. (2010) calculated the 24-h 
acrylamide intake based on mean acrylamide concentrations per food group 
(e.g. food groups chips, crisps, Dutch spiced cake) and compared this calculated 
acrylamide intake with the actual acrylamide intake measured in a total number 
of 39 duplicate diets. Results showed a good correlation between the analytically 
determined acrylamide content and the calculated acrylamide content 
(Spearman’s correlation coefficient 0.82; P<0.001) (Konings et al., 2010). 
Furthermore, fluctuations in daily concentrations are assumed to average out in 
the long run. As in our study a chronic exposure assessment was performed, the 
mean concentration of the substances (e.g. acrylamide) in a specific food 
(group), in stead of the individually measured concentrations, was used. 
 
In addition to classifying the consumed foods in similar food groups, OTA 
concentration data were further linked to the food consumption data using the 
conversion model, as OTA was mainly measured in RACs. Also the nitrate 
concentration data can not be linked directly to the consumption data and 
subsequently the conversion model was also applied for the exposure 
assessment of this compound. The conversion model converts foods as eaten in 
RACs resulting in consumption patterns at RAC level. These consumptions can 
subsequently be linked to concentrations analysed at this level. The conversion 
model is therefore an essential tool to use monitoring concentration data of 
RACs for risk assessment purposes. Presently foods as eaten are converted to a 
fixed (weight) fraction of a certain RAC per food. It should however be realized 
that food conversion percentages very likely vary. For example, the percentage 
of nuts in different ‘Bread nuts whole meal’ will vary between bread recipes. 
Apart from this variability, there is and always will be uncertainty regarding food 
conversion. Currently neither the variability nor the uncertainty of the food 
conversion is quantitatively addressed in exposure assessments. 
 
Current knowledge on the uncertainty concerning the linking of consumption and 
concentration data is limited. Hence characterization and quantification of the 
uncertainty associated with this step is important to examine in future research. 
 

4.1.5 Exposure assessment 

For modelling of the long-term exposure of acrylamide, nitrate and OTA, the 
statistical BBN model was used (de Boer et al., 2009). Statistical models that 
estimate the long-term exposure by correcting for the within-person variation, 
such as BBN, can however only be applied when the condition of normality of 
the logarithmic transformed positive daily exposure distribution is approximately 
met (de Boer et al., 2009). This assumption should therefore always be checked 
by using, for example, the normal quantile–quantile (q–q) plot, a graphical 
display of residuals. This graphical method was found preferable to the use of 
formal lack-of-normality significance tests (de Boer et al., 2009). 
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Using the q-q plot, it was ascertained that the conversion for acrylamide, in 
contrast to that for nitrate and OTA, was not optimal for both populations 
(Figure 4-1AB). Because of this the acrylamide intakes at the higher percentiles 
were very likely slightly overestimated, given the deviation from normality of the 
logarithmically transformed positive exposure distribution (difference between 
the black line and blue graphs in Figure 4-1). However, to which extent is 
unclear. Presently, no models are available to estimate the long-term exposure 
based on transformed positive daily exposure distributions that are not 
approximately normally distributed. In those situations, a simpler approach can 
be used, like the OIM (Observed Individual Mean) approach in which all daily 
exposures are averaged per individual. The OIM model however produces a 
distribution of individual exposures which is more variable than the true long- 
term exposure. Consequently, high percentiles in the OIM distribution are 
expected to be even more conservative (Boon et al., 2011). We therefore used 
the BBN model.  
 

AA

BB

Figure 4-1. Distribution of the daily exposures in children aged 7 to 15 years 
(A) and (young) adults aged 16 to 69 years (B) to acrylamide in the 
Netherlands after a logarithmic transformation performed with the long-term 
exposure model BBN, including the best fitting normal distribution indicated 
in black (left) and the corresponding q–q plot (right) of residuals. 
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For the current exposure assessments, the individuals of the DNFCS 2007-2010 
were divided into two groups dependent on the age, i.e. 7 to 15 years or 16 to 
69 years. Due to the overrepresentation of children in the food consumption 
database the data are not directly suitable to assess the exposure for the total 
target population living in the Netherlands. For this weighing factors for age are 
needed. Since no statistical tool for this is presently available for food safety 
purposes, we performed a separate assessment for children and adults. Also 
children are known to have a higher exposure after correction for body weight. 
However, for compounds that are toxic on the long-run the interest may 
ultimately be an estimate of the life-long exposure. Development of a model 
that allows the use of weighing factors (for age, but also for other possible 
variables like socio-demographic factors and season) to extrapolate the 
exposures to the general population is therefore recommended. 
 
As the (young) adult group covers a wide age class, possible age-dependent 
differences in intake as a result of age-specific consumption patterns average 
out within this large group. An alternative approach to assess the exposure 
would be to model the exposure using age as a co-variable. In this way, age-
dependent differences in exposure could be studied more precisely. However, 
the interest in this study was the long-term exposure. The relevance of 
somewhat higher exposure levels during a certain period of time will depend on 
the toxicity of the substance. This was outside the scope of this project.  
 
In the assessment we quantified, by the use of 95% confidence intervals around 
the percentiles of exposure, the uncertainty due to the limited size of the 
dataset for both the concentration and food consumption data via a bootstrap 
analysis. However, the other sources of uncertainty as discussed above (e.g. 
linkage concentration and consumption, over- or underreporting of food 
consumption, etc) cannot yet be quantified in this way and are not included in 
this confidence interval. EFSA has proposed a semi-quantitative way of 
assessing the overall direction of the uncertainty in the overall exposure 
estimate due to these ‘unquantifiable’ sources of uncertainty (EFSA, 2006a). 
Such a qualitative analysis of different uncertainty sources was performed in the 
young children’s study (Table 8-2 in Boon et al., 2009). The results reported are 
(partly) also applicable to this study. For OTA, the same results are applicable. 
The exposure to OTA will be most likely conservative due to the use of (partly) 
targeted monitoring data to assess the exposure, the use of screening methods 
with high LORs, the (subsequent) high number of non-detects and the use of 
this high LOR to calculate the mean OTA concentrations. For acrylamide the 
concentration data used were not updated in this study. Due to continuing 
mitigation measures resulting in lower acrylamide concentrations in foods, the 
exposure may have been overestimated in this study. The nitrate concentrations 
were also for a large part not updated. Furthermore, the data was rather scarce 
for the majority of foods. The effect of this on the exposure could either be over- 
or underestimation.  
 

4.2 Risk assessment 

As an update of the toxicity data based on an extensive review of the scientific 
literature was outside the scope of this report, the risk assessment for 
acrylamide, nitrate and OTA was performed by comparing the calculated human 
dietary exposure from the present study with the established substance-specific 
toxicological points of departures as described in Boon et al. (2009). 
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To assess whether there is a possible health risk related to the three substances 
or not the steps of the risk assessment procedure as applied in the young 
children’s study was used (Figure 2-2 of Boon et al. 2009). The exposure level 
used for the risk assessment of nitrate and OTA was the P99 level of exposure, 
as in the young children’s study. For acrylamide, the MOS for neurotoxicity was 
compared to a value of 100 and the MOE for carcinogenicity to a value of 10,000 
(EFSA, 2005). 
 
Based on the point of departure for neurotoxicity, the MOS for the estimated 
P99 of exposure to acrylamide in the children population was slightly below but 
close to 100 (i.e. 95; Table 3-2). As a NOAEL is highly dependent on the design 
of a toxicity study, a different experimental design would result in a different 
NOAEL3. For the genotoxicity and carcinogenicity, the calculated MOEs were 
again far below 10,000, endorsing the high priority for risk management of this 
substance.  
 
As described in Boon et al. (2009), results from epidemiological studies did not 
show that acrylamide is a strong carcinogen in humans. Also information was 
lacking on the mechanism responsible for the carcinogenic effect. Therefore, it 
was not possible to draw firm conclusions on possible health risks in that study. 
A review of the scientific literature is needed to establish whether there have 
been new developments regarding the toxicity of acrylamide since the 
publication of Boon et al. (2009) that would make firmer conclusions about 
health risks possible.  
 
For nitrate, the P99 of exposure did not exceed the ADI (Table 3-3), including 
the 97.5% upper confidence limit. The ADI of nitrate used in the young children 
study was based on growth depression observed during subchronic dog and 
chronic rat studies. It can be questioned whether this particular toxicological 
endpoint is relevant for the adults in the study population, and whether an 
alternative ADI (based on the second most sensitive endpoint) should be used 
for this age group. As the nitrate exposure was below the ADI for both 
subpopulations, this issue can be left aside. 
 
Apart from growth retardation, nitrate intake, via nitrite formation, may result in 
the formation of methaemoglobin. This effect of nitrate intake was however not 
considered here, since this effect is only relevant for infants up to the age of 
3 months (Boon et al., 2009). 
 
Another relevant effect of nitrate is the endogenous formation of nitrosamines 
upon dietary exposure to nitrate. Recently, Zeilmaker et al. (2010) described an 
in vitro model in which the formation of the nitrosamine NDMA was observed 
after gradually adding nitrite to food samples. Human health based limit values 
(i.e. virtual safe dose, VSD) for both chronic as well as short-term exposure 
were estimated using dose-response modelling (Zeilmaker et al., 2010). EFSA 
(2008) indicated that when nitrate is consumed in a normal diet containing 
vegetables, other bioactive substances concomitantly consumed, such as the 
antioxidant vitamin C, may inhibit the endogenous formation of nitrosamines 
(EFSA, 2008). As in the present study the intake of concomitantly consumed 

 
3 Using dose response modelling, Bokkers et al. (2009) derived a BMDL05 of 0.05 mg/kg bw/d based on a 2-
generation mice study in which a NOAEL for neurotoxicity of 3.1 mg/kg bw/d was established by JECFA 
(Bokkers et al., 2009; Chapin et al., 1995; FAO/WHO, 2006). Based on this BMDL05, the calculated MOS for 
neurotoxicity could have been below 100 for all percentiles in both populations. 
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food (fish) was not analysed, the extent of the nitrosamine-formation and the 
potential subsequent risk was not quantified.  
 
For OTA the TWI is based on renal toxicity which is relevant for both children 
and adults. The results showed that the P99 of exposure exceeded the TWI 
(Table 3-5). It was estimated that this was true for 15.6% of the children and 
5.4% of the (young) adults (Table 3-6). However, whether there is a health risk 
is unclear due to the (partly) targeted nature of the concentration data used, the 
high LOR of the used screening method and the (subsequent) high number of 
non-detects. In a duplicate diet study performed at the RIVM in 2006, OTA was 
analysed in 123 duplicate diet samples of children aged 2 to 6 years 
(van Egmond, 2007). The resulting intakes were a factor 10 lower than the 
calculated intake levels in the young children’s study (Boon et al., 2009). There 
is no reason to assume that the same may not apply to the population studied 
here. 
 
Furthermore, in 2010 the exposure data of the young children’s study were used 
to conduct an integrated probabilistic risk assessment (IPRA) to refine the risk 
assessment (Bokkers & Boon, 2010). In such an assessment the exposure 
distribution is combined with a distribution of individual critical effect doses. This 
last distribution describes the possible doses within a population at which 
individuals will exhibit a certain predefined adverse effect, considering the 
variation in sensitivity within a population as well as the uncertainty therein 
(van der Voet & Slob, 2007). In the assessment as described by Bokkers and 
Boon (2010), a 5% decrease in kidney function due to OTA exposure was 
considered as the toxic effect. This more refined assessment showed that the 
percentage of children with an exposure exceeding the dose at which renal 
toxicity will occur was 0.001% (with an upper 95% confidence limit of 0.17%). 
The exposure to OTA may therefore not be a problem in children and thus also 
not in the present population. However, internationally the comparison of the 
exposure with the TWI is the approach taken to asses the safety of the diet. 
 

4.3 Comparison with the children’s study 

The long-term dietary intake of acrylamide, nitrate and OTA was previously 
evaluated in young children aged 2 to 6 years living in the Netherlands (Boon et 
al., 2009). For acrylamide, a possible negative health effects could not be 
excluded in this age group, and for OTA a health risk could not be determined. It 
was hypothesized that the exposure (per kg bodyweight) for all substances 
would be reduced in older children and adults. As the calculated MOE for the 
carcinogenic effects of acrylamide in the young children’s study was very low, it 
was not expected that the exposure in older children or (young) adults would 
decrease to such an extent that this would result in a largely increased MOE. 
The results of the present acrylamide exposure assessment confirmed this 
hypothesis and more information on the toxicology of acrylamide is therefore 
still considered necessary to quantify the health risk related to acrylamide 
intake.  
 
The nitrate exposure as calculated for the children aged 7 to 15 years was, 
particularly for the higher percentiles, reduced as compared to the exposure in 
the young children aged 2 to 6 years. A further reduction of the nitrate exposure 
was observed in (young) adults aged 16 to 69 years, thus resulting in an 
exposure below the ADI for both populations in the present study.  
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In the young children’s study the P99 of the long-term daily exposure exceeded 
the TDI of OTA by a factor 2. In the present study the P99 of the long-term 
weekly exposure exceeded the TWI of OTA by a factor 2. The (young) adult 
group exceeded the TWI however by a factor 1.4, showing that the exposure 
indeed decreased with increasing age. However, the exposure still exceeded the 
TWI. Boon et al. (2009) recommended to refine the assessment by conducting a 
study into OTA concentration data in foods as bought in the supermarket and by 
the generation of processing factors for OTA in consumed foods. The results of 
the present study show that these recommendations also apply to the present 
target population. 
 

4.4 Conclusions and recommendations 

The exposure assessment to acrylamide resulted very likely in overestimates of 
the exposure due to the use of acrylamide concentrations analysed in 
2005/2006 and the continuing mitigations measures taken to reduce the 
concentration of acrylamide in foods. More up-to-date concentration data are 
needed to refine the exposure assessment. However, the exposures resulted in 
very low MOEs. We do not expect that the MOE of acrylamide will increase 
considerably with the use of more up-to-date concentration data. The results 
show clearly that acrylamide continues to be a high priority for risk management 
given the low MOE. The conclusions of Boon et al. (2009) remain therefore 
relevant, especially the elucidation of the toxicological effect of acrylamide in 
humans. A research in the present state of the art concerning the toxicity of 
acrylamide is recommended, including neurotoxicity.  
 
Based on the percentage of the population for which the ADI for nitrate was 
exceeded, it was concluded that the health risk for the Dutch population aged 7 
to 15 and 16 to 69 years related to the dietary nitrate exposure is negligible. 
However, the nitrate concentration data of some relevant foods were very old 
and the number of samples was very limited for the majority of foods (Appendix 
A). We therefore recommend that up-to-date concentration data of all relevant 
sources of exposure should be made available in sufficient numbers to assure 
that the analysed concentrations represent the actual concentrations people are 
exposed to. 
 
Although the TWI of OTA was exceeded by both age groups, it is not possible to 
determine whether there is a health risk. The quality of the used concentration 
dataset for calculating the intake of OTA does not allow for this, as was also 
observed in Boon et al. (2009). Only when the exposures had been several 
orders of magnitude below the TWI the probability of a possible health risk 
would have been negligible. This was however not the case. It is recommended, 
as by Boon et al. (2009), to refine the assessment by conducting a study into 
OTA concentration data in foods as bought in the supermarket and by 
generation of processing factors for OTA in consumed foods. 
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Appendix A. List of concentrations in food groups or 
RACs used in the dietary exposure assessment  

Acrylamide 
Acrylamide concentrations were obtained from (NVWA, 2007) as described by 
Boon et al. (2009). All foods analysed were collected in 2006 from 
supermarkets, except for (prepared) French fries, which were sampled from 
snack bars in 2007. The LOR is 8 μg/kg.  
 
For an overview of the concentrations used in the acrylamide exposure 
calculations, see Table A-1. 
 
Table A-1. Total number of samples analysed, number of samples with 
concentration above LOR and the mean concentration (with samples with a 
concentration below LOR assigned ½ LOR) per food group for acrylamide. 

Food group Total n 
samples 

n samples 
> LOR 

Mean concentration 
(μg/kg) 

Biscuits 10 10 325  

Bread a 36 0 4  

Breakfast cereals 6 6 98  

Children’s biscuits 10 10 143  

Chips (French fries) 12 12 373  

Chocolate (milk) a 2 2 26  

Chocolate (plain) a 2 2 96  

Chocolate containing products (milk) a 2 2 26  

Chocolate containing products (plain) a 2 2 96  

Chocolate drink and pudding a 4 1 7  

Coffee 18 18 15  

Coffee powder 20 20 285  

Coffee product a 2 2 21  

Cookies 14 14 115  

Cornflakes 3 3 81  

Crackers/toast 13 13 65  

Crisp bread 12 12 304  

Crisps 7 7 343  

Dutch spiced cake 15 15 353  

Mixed nuts a 4 1 20  

Peanut butter a 2 2 113  

Peanuts a 4 4 46  

Rusk 3 3 21  
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Food group Total n 
samples 

n samples 
> LOR 

Mean concentration 
(μg/kg) 

Rye bread 4 4 45  

Snacks 15 15 155  

Spiced biscuits 15 15 284  
a Not reported in NVWA (2007). Foods were however sampled in the same period 
and analysed by the same method (Erik Konings (NVWA), personal 
communication). 
 
Nitrate 
For all vegetables, except celery leaves, gherkin/pickle, green garden peas 
(fresh), kohlrabi, maize, pumpkin, string bean (fresh) and sweet corn, the most 
recent analyses of 2007-2010 were used. Also for buckwheat, maize and 
potatoes no recent data were available. For the missing products (except 
spinach and buckwheat) NVWA data of 2006, as used in Boon et al. (2009), 
were used. Nitrate concentration of buckwheat was analyzed in 2004. Because 
spinach is often consumed as frozen spinach, nitrate concentrations of also 
frozen spinach (NVWA, 2005) analyzed in 2004 were added to the database. 
These data were linked to the consumption of frozen spinach as indicated in the 
food consumption database. For the fruits mango, melon, watermelon, apricot, 
nectarine, recent analyses of 2007-2010 were available and used. For avocado 
and papaya concentration data of 2006 were used. For the other fruits (including 
apples, grapes, strawberry, orange, plum (including damson), lemon, pear, 
banana) concentration data of 1990-1998 were used as in Boon et al. (2009). 
Very limited information was available on nitrate concentrations in wheat (1978-
1988; 3 samples with an average concentration of 5 mg/kg). The LOR for 
vegetables is 50 mg/kg. For fruits, the lowest level reported (LOR = 1 mg/kg) 
was assumed to be the LOR for fruit. For cereals and potatoes all samples were 
positive. 
 
For tap water and drinks based on tap water (like tea), the average nitrate 
concentration (5.13 mg/L) was used as analysed in 2006 and provided by the 
Centre of ‘Inspectieonderzoek, Milieucalamiteiten en Drinkwater’. This average 
nitrate concentration was also applied to the water part of drinks (lemonades, 
fruit juices) and soups. Mineral and source water were assumed to contain 
4 mg/L (information derived from Nestlé as reported in Boon et al. 2009). 
 
For an overview of the concentrations used in the nitrate exposure calculations, 
see Table A-2. 
 
Table A-2. Total number of samples analysed, number of samples with 
concentration above LOR and the mean concentration (with samples with a 
concentration below LOR assigned ½ LOR) per food group for nitrate. 

Food groups 

Total n 
samples 

n samples 
> LOR 

Mean 
concentration 
(mg/kg) 

Time period 
of nitrate 
analysis 

Apple 91 74 28 1990-1998 

Apricot 1 1 30 2009 

Asparagus 2 0 25 2009 

Aubergine/egg plant 11 8 202 2009-2010 
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Food groups 

Total n 
samples 

n samples 
> LOR 

Mean 
concentration 
(mg/kg) 

Time period 
of nitrate 
analysis 

Avocado 6 6 132 2006 

Banana 11 9 142 1993-1998 

Bean sprouts 1 1 10 2009 

Bean, (scarlet/string/french) 4 4 385 2008-2010 

Beetroot 159 159 1246 2007-2010 

Bleach-celery 6 6 1651 2009-2010 

Broccoli 14 14 423 2008-2010 

Brussels sprouts 6 2 27 2008-2010 

Buckwheat 123 123 45 2004 

Cabbage lettuce 467 467 2442 2007-2010 

Carrot 10 6 62 2008-2010 

Cauliflower 24 13 98 2009-2010 

Celeriac 3 2 198 2009-2010 

Celery leaves 3 3 2510 2006 

Chard 1 1 2070 2007 

Chicory 4 4 218 2009-2010 

Chinese cabbage 19 19 1465 2008-2010 

Courgette 4 4 1379 2009 

Cucumber 13 11 185 2008-2010 

Endive 536 532 1604 2007-2010 

Fennel 1 1 2290 2009 

Garden cress 1 1 410 2010 

Garlic 2 0 25 2010 

Gherkin/pickle 1 1 100 2006 

Green beans (fresh) 7 7 452 2008-2009 

Green/garden peas (fresh) 2 2 100 2006 

Iceberg lettuce 426 423 794 2007-2010 

Kale (including curly kale) 3 3 888 2009-2010 

Kohlrabi 1 1 2140 2006 

Lambs lettuce 27 27 2687 2007-2010 

Leek 6 6 550 2007-2010 

Legume (fresh) 4 4 362.5 2009 

Lemon 1 0 0.5 1994 

Maize 1 1 100 2006 

Mango 1 1 40 2009 
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Food groups 

Total n 
samples 

n samples 
> LOR 

Mean 
concentration 
(mg/kg) 

Time period 
of nitrate 
analysis 

Melon 27 20 360 2009-2010 

Mushroom 2 0 25 2010 

Nectarine 2 2 30 2009 
Onion, including pearl/cocktail 
onion 16 4 35 2009-2010 

Orange 1 0 0.5 1992 

Oxheart/conical cabbage 5 5 504 2008-2010 

Papaya 3 3 400 2006 

Parsley 4 3 1546 2009-2010 

Pear 24 14 18 1996-1998 

Plum, including damson 1 1 30 2009 

Potatoes 27 27 257 2006 

Pumpkin 3 3 110 2006 

Purslane 2 2 4255 2007-2009 

Radish 1 1 1995 2009 

Red cabbage 6 4 114 2008-2010 

Rhubarb 1 1 1700 2009 

Savoy cabbage 2 2 120 2009-2010 

Spinach 320 318 1713 2007-2010 

Spinach canned 1 1 898 2002 

Spinach creamed frozen 1 1 898 2002 

Spinach frozen 1 1 898 2002 

Strawberry 30 25 135 1990-1994 

String bean (fresh) 17 16 453 2006 

Swede 2 1 363 2009 

Sweet corn 1 1 100 2006 

Sweet pepper 31 12 42 2008-2010 

Table grape 83 58 41 1990-1998 

Tap water 1118 1118 5.1 2006 

Tomato 60 2 31 2008-2010 

Turnip tops/greens 4 4 3020 2007-2010 

Water lemonade 1118 1118 5.1 2006 

Water mineral 1 1 4 2006 

Watermelon 7 7 412 2009-2010 

Wheat 3 3 5 2006 



 RIVM Letter report 2014-0002 

 

 Page 45 of 54

Food groups 

Total n 
samples 

n samples 
> LOR 

Mean 
concentration 
(mg/kg) 

Time period 
of nitrate 
analysis 

White cabbage 5 2 157 2008-2010 
 
OTA 
The concentration data for OTA were derived from monitoring programmes 
performed in the Netherlands in 2002-2006 by the NVWA, except for the 
concentration in raisins, which originated from targeted samples analysed by the 
NVWA (section 2.2). Concentrations of OTA in meat originated from Germany 
(SCOOP, 2002) and for poultry from Denmark (Jørgensen, 1998). The 
concentration of OTA was also determined in barley, maize and pulses. As 
analyses showed that the concentrations in all samples were below the LOR, 
concentrations in these foods were assumed to be zero in Boon et al. (2009). As 
barley is the main ingredient of beer, OTA concentrations in beer were assumed 
to be zero as well. Therefore, these foods were not included in the exposure 
assessment. 
 
The LOR of OTA is 2 μg/kg, with the exception of children’s food for which LOR 
equals 0.02 μg/kg (Boon et al., 2009). 
 
For an overview of the concentrations used in the exposure calculations, see 
Table A-3. 
 
Table A-3. Total number of samples analysed, number of samples with 
concentration above LORa and the mean concentration (with samples with a 
concentration below LOR assigned ½ LOR) per food (group) for OTA. 

Food (group) 
Total n 
samples 

n samples 
>LOR 

Mean 
concentration 
 (μg/kg) 

Biscuits  57 33 0.5 

Buckwheat 1 1 20.7 

Chicken 65 36 0.036 

Children’s food 56 20 0.09 

Cocoa beans 20 8 0.16 

Coffee beans 408 129 1.3 

Date 6 2 0.7 

Dried apricot 6 3 10.7 

Ginger 5 4 4.4 

Grape juice 7 5 0.5 

Liquorice salt 1 1 1.0 

Liver of pig 120 37 0.8 

Luncheon meatb 125 45 0.025 

Nutsc 11 10 28.1 

Plum 6 1 0.05 

Pork 58 8 0.006 

Raisins 7 7 5.3 
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Food (group) 
Total n 
samples 

n samples 
>LOR 

Mean 
concentration 
 (μg/kg) 

Rice 19 3 0.94 

Rye 6 2 22.7 

Sunflower seed 7 7 7.4 

Tea 89 6 6.6 

Turkey 17 10 0.025 

Wheat 91 12 1.4 

Wine red 41 24 0.68 
a LOR = Limit of reporting 
b Pork based 
c Including hazelnut, peanut, walnut, coconut, Brazil nut, cashew nut, almond, pistachio, 
chestnut. 
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Appendix B. Details on linkage of analysed foods, food 
groups or raw agricultural commodities to relevant 
new food codes entered in DNFCS 2007-2010 

Acrylamide 
Acrylamide concentration data were linked to food consumption data by creating 
food groups as described in Boon et al. (2009). Table B-1 presents the grouping 
of the relevant new food codes entered in DNFCS 2007-2010 as compared to 
DNFCS-Young Children 2005/2006. An overview of the grouping of the relevant 
food codes for DNFCS-Young Children 2005/2006 can be found in Appendix D of 
Boon et al. (2009). Compared to Boon et al. (2009), an additional food group 
was added (i.e. coffee powder), as in DNFCS 2007-2010 the consumption of 
coffee was, in addition to prepared coffee, also reported as coffee powder. 
 
Table B-1. Linking of foods or food groups analysed for acrylamide to foods 
entered in DNFCS 2007-2010. 

Food (group) name Foods as entered in DNFCS 2007-2010 
 Food  Food in Dutch % 
Biscuits Biscuits fruits and grains Bridge Voedingsbiscuit fruit en granen Bridge 100 
 Biscuit savoury Sultana Biscuit hartig Sultana 100 
 Biscuit Evergreen crunchy Voedingsbiscuit Evergreen crunchy 100 
 Wheat biscuit with chocolate Biscuit tarwe- m chocolade 100 
Bread Bread wholemeal with pumpkin 

seeds 
Brood volkoren- m pompoenpitten 100 

 Bread linseed Brood lijnzaad- 100 
 Bread multigrain Brood meergranen- m div zaden gem 100 
 Bread white Brood wit- gem van melk- en waterwit 100 
 Bread raisin with almond paste Brood krenten- m spijs 100 
 Muesli bread- (whole)meal Brood muesli- obv meel/volkorenmeel 100 
 Wholemeal bread with nuts Brood noten- volkoren 100 
 Bread sugar Brood suiker- wit 100 
 Baguette cheese-onion Brood stok- kaas-uien 100 
 Wholemeal bread with sunflower 

seeds 
Brood volkoren- m zonnebloempitten 100 

 Bread white with sunflower 
seeds 

Brood wit- m zonnebloempitten 100 

 Wrap/Tortilla Wrap/Tortilla 100 
 Bread wheat with sunflower 

seeds 
Brood tarwe- m zonnebloempitten 100 

 Croissant chocolate Croissant chocolade- 100 
 Bread Blue Band Good Start 

Light Brown 
Brood Blue Band Goede Start Lichtbruin 100 

 Croissant ham and cheese Croissant m ham en kaas 100 
  Broodje kaas- bladerdeeg 100 
 Cheese bread roll Broodje wit- belegd m kaas 100 
 Soft bread roll filled with bapao Broodje bapao vlees 100 
 Soft bread roll filled with Broodje bapao vegetarisch gehakt 100 
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Food (group) name Foods as entered in DNFCS 2007-2010 
 Food  Food in Dutch % 

vegetarian bapao 
 Bread C1000 Kids white Brood C1000 Kids Wit 100 
 Wholemeal bread with various 

seeds 
Brood volkoren- m diverse zaden 100 

 Bread wheat with various seeds Brood tarwe- m diverse zaden 100 
 Corn bread with sunflower seeds Brood mais- m zonnebloempitten 100 
 Corn bread Brood mais- 100 
 Bread leaven, wholemeal Brood zuurdesem- volkoren 100 
 Bread white ciabatta Brood wit- ciabatta ongevuld 100 
 Pita bread Broodje wit pita 100 
 Baguette-white Brood stok- wit 100 
 Baguette-wheat Brood stok- bruin 100 
 Bread roll-white hard Broodje wit hard 100 
 Bread roll wheat hard Broodje tarwe- hard 100 
 Soft wheat bread roll Broodje tarwe- zacht 100 
 Soft wholemeal bread roll Broodje volkoren- zacht 100 
 Croissant, butter Croissant roomboter- 100 
 Croissant Croissant z roomboter 100 
 Soft white bread roll with raisins Bol krenten- 100 
 Soft muesli bread roll - 

wholemeal 
Bol muesli- meel/volkorenmeel 100 

 Bread with raisin Brood rozijnen-krenten gem 100 
 White bread Brood tijger- wit 100 
 Loaf with almond paste Stol m spijs gem m en z noten 100 
 Croissant Croissant gem 100 
 Bread wheat with pumpkin seeds Brood tarwe- m pompoenpitten 100 
 Croissant with cheese Croissant met kaas 100 
 Bread ragout puff pastry Broodje ragout- bladerdeegbasis 100 
 Bread omega Brood omega- 100 
 Bread brioche Brood brioche 100 
 Bread – with less carbohydrates Brood koolhydraatarm 100 
Breakfast cereals Breakfast cereals Albona 7 grain 

energy  
Ontbijtproduct Albona 7-granen-energie 
ontbijt 

100 

 Muesli crunchy natural/with 
fruits 

Muesli krokante naturel/m fruit 100 

 Muesli crunchy with nuts Muesli krokante m noten 100 
 Muesli crunchy with chocolate Muesli krokante m chocolade 100 
 Muesli crunchy with nuts and 

chocolate 
Muesli krokante m noten en chocolade 100 

 Breakfast cereals choco Kellogg’s Ontbijtproduct Chocos Kellogg's 100 
 Breakfast cereals Special K 

chocolate Kellogg’s 
Ontbijtproduct Special K chocolade 
Kellogg's 

100 

 Breakfast cereals All-Bran flakes 
Kellogg’s 

Ontbijtproduct All-Bran flakes Kellogg's 100 

 Muesli with fruits Muesli vruchten- 100 
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Food (group) name Foods as entered in DNFCS 2007-2010 
 Food  Food in Dutch % 
Children’s biscuit Children’s biscuit Koekje kinder- gem 100 
 Children’s biscuit fruit - Smoeltje Koekje kinder- Smoeltje fruit 100 
Chips Potato croquettes frozen 

unprepared 
Aardappelkroketten diepvries onbereid 100 

 Potato waffles/balls unprepared Aardappelbolletjes/-wafeltjes ed dv 
onbereid 

100 

Chocolate 
containing 
products (milk) 

Raisins in milk chocolate wrap Rozijnen omhuld m chocolade melk- 50 

 After eight (chocolate filled with 
mint paste) 

After eight 50 

 Chocolate milk with raisins Chocolade melk- m rozijnen 50 
 Chocolate milk with puffed rice Chocolade melk- m gepofte rijst 50 
 Toffee with chocolate Toffee m chocolade 50 
 Nougat with chocolate Nougat m chocolade 25 
 Stracciatella ice cream IJs stracciatella- 10 
 Vanilla pudding with chocolate 

flakes 
Vla Efteling knibbel knabbel Friesche Vlag 2 

 Maltesers Maltesers 50 
 Chocolate flakes Vlokken chocolade- gem 50 
 Kitkat Candybar KitKat 50 
 Chocolate pasta Pasta duo- m chocolade 25 
 Pasta chocolate hazelnut Pasta Duo Penotti chocolade- hazelnoot 25 
 Stracciatella yoghurt full cream Yoghurt volle stracciatella 2 
 Chocolate Candy bar ‘Kinder’ Chocoladereep gevuld Kinder 50 
 Lion Candybar Lion 50 
Chocolate 
containing 
products (plain) 

Plain chocolate with nuts Chocolade puur m noten 50 

 Marshmallow & biscuit wrapped 
in chocolate 

Schuimzoenen 50 

 Sprinkles white and plain 
chocolate 

Hagelslag chocolade mix wit en puur 50 

Chocolate drink 
and pudding 

Cacao powder sweetened Cacaoproduct poeder gezoet Nestle Hot 
Chocolate 

100 

 Chocolate drink- semi skimmed 
and sweetened 

Melk chocolade- m hv melk en cacao 
gezoet 

100 

 Chocolate drink- semi skimmed Melk chocolade- van hv melk en Nesquik 
plus choc 

100 

 Vlaflip- pudding with chocolate 
and vanilla 

Vlaflip dubbel- Campina 50 

 Cacao powder sweetened for 
chocolate drink 

Cacaopoeder gezoet Nesquik plus 100 

 Chocolate drink instant ready to 
drink 

Melk chocolade- automaat 100 

 Chocolate drink with sweetener Melk chocolade- m zoetstof Optimel 100 
Coffee Cappuccino Cappuccino vers bereid 100 
 Iced coffee IJskoffie 100 
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Food (group) name Foods as entered in DNFCS 2007-2010 
 Food  Food in Dutch % 
Coffee powder Cappuccino –powder Cappuccino oplos- poeder 100 
 Coffee – powder Koffie oplos- poeder 100 
 Coffee Wiener Melange - powder Koffie wiener melange oplos poeder 100 
Coffee product Cappuccino, instant ready to 

drink 
Koffie cappuccino oplos- bereid 100 

 Coffee, instant ready to drink 
with sugar and milk 

Koffie automaat- m suiker en melk 100 

 Coffee, instant ready to drink 
with milk 

Koffie automaat- m melk 100 

 Wiener melange coffee ready to 
drink 

Koffie wiener melange oplos bereid 100 

Cookies Cookie filled with apple jelly Koek met gelei/appelvulling 100 
 Fondant cake Koek Glace- 100 
 Chocolate chip cookie Koekje chocolate chip cookie 100 
 Biscuit Provita, milk Voedingsbiscuit melkbiscuit Provita 100 
 Dutch short bread with chocolate Spritsstukken m chocolade 100 
 Gingersnap Kletskop 100 
 Cake wrapped in marzipan and 

chocolate 
Mergpijpje 100 

 Biscuit Bridge, milk Voedingsbiscuit melkbiscuit Bridge 100 
 Fondant cake orange Koek oranje- 100 
 Waffle galette Wafel galette- 100 
 Waffle, Knoppers Wafel Knoppers 100 
 Biscuit LU Timeout Voedingsbiscuit LU Time Out 100 
 Biscuit Perfekt/Plus, milk Voedingsbiscuit melkbiscuit Perfekt/Plus 

div smaken 
100 

 Peanut cookie Koek pinda- 100 
 Cookie with nuts and chocolate Koekje m noten en chocolade 100 
 Cookie with chocolate Koekje m noten 100 
 Bitter macaroon Koekje bitter- 100 
 Frou frou Frou frou 100 
 Biscuit Sultana Yofruit Biscuit Sultana Yofruit 100 
 Schuimbaton Schuimbaton 100 
 Cookies cereal Bridge ommetjes Koekjes granen- Bridge ommetjes 100 
 Marzipan filed flat cake butter Koek gevulde m roomboter 100 
 Wafer syrup without butter Wafel stroop- z roomboter 100 
 Wafer syrup with butter Wafel stroop- m roomboter 100 
 Biscuit syrup with chocolate Koek stroop- met chocola 100 
Crackers/toast Crouton Croutons 100 
 Melba toast Toast Melba naturel 100 
 Melba toast Toast Melba overige soorten 100 
Corn flakes Cornflakes Cornflakes Golden Bridge 100 
Crisps Crisps baked in oven Chips oven- 100 
 Crisp soy base Chips op sojabasis Socrispy 100 
 Shrimp crackers/ Cassava Chips/Kroepoek Cassave 100 
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Food (group) name Foods as entered in DNFCS 2007-2010 
 Food  Food in Dutch % 
 Crisps salted Chips naturel 100 
 Crisps sweet pepper and other 

flavours 
Chips paprika ea smaken 100 

 Crisp light sweet pepper and 
other flavours 

Chips light paprika ea smaken 100 

 Potato crisps straws – salted Fritessticks naturel 100 
 Potato crisps straws – sweet 

pepper 
Fritessticks paprika 100 

 Crisp Lays Sensation several 
flavours 

Chips Lays Sensations div smaken 100 

Crisp Bread Weetabix Ontbijtproduct Weetabix original 100 
Dutch spiced cake Dutch spiced cake – less sugar Koek ontbijt- minder suiker 100 
 Dutch spiced cake – with nuts Koek ontbijt- m noten 100 
 Dutch spiced cake with candy Koek ontbijt- m kandij 100 
 Dutch spiced cake bar with 

sunflower seeds 
Ontbijtkoekreep zonnebloempitten 
Bammetje 

100 

 Dutch spiced cake with nuts and 
fruit 

Koek ontbijt- m noten en vruchten 100 

Mixed nuts Pecan nuts without salt Noten pecan- ongezouten 100 
 Mixed nuts with salt Noten gemengd gezouten 100 
 Macadamia nuts Noten macadamia 100 
Peanut butter Peanut butter light Pindakaas light 100 
Peanuts Sweetened peanuts Noten pinda's suiker- 100 
Snacks Breadstick Soepstengel 100 
 Salty biscuit maize/wheat based Zoutje luchtig mais/tarwebasis 100 
Spiced biscuits Spiced biscuit flakes Schuddebuikjes Bolletje 100 
 Spiced biscuit paste Pasta speculoos- 100 
 Spiced biscuit with chocolate 

plain 
Kruidnoten m chocolade puur 100 

 Spiced biscuits with chocolate 
milk 

Kruidnoten m chocolade melk- 100 

 Spiced biscuits with chocolate 
white 

Kruidnoten m chocolade witte 100 

 Spiced biscuit with butter Speculaas m roomboter 100 
 Spiced biscuit without butter Speculaas z roomboter 100 

 
OTA 
OTA data analysed in composite foods, such as toast/crackers, bread, dried 
apricots, children’s food (porridge and jars), couscous, pasta, peanut butter, 
nuts and biscuits were directly linked to consumption levels of these foods. The 
data on blancmange powder, which is the only product in sampled less than five 
times while finding concentration(s) above LOR, were omitted.  
 
For some foods NVWA only provided limited concentration data. To preserve the 
data the food groups as listed in Table B-2 were created consisting of similar 
foods.
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Table B-2. Grouping of analysed foods with limited concentration data in food 
groups for the dietary exposure to OTA. 

Food group name Food name Food name in Dutch 
Buckwheat Buckwheat flour Boekweitmeel 
 Buckwheat Boekweit 
Children’s food Children’s food Kindervoeding 
 Children’s food (porridge) Kindervoeding (pap) 
 Children’s food (jar) Kindervoeding (potje) 
Nuts Almond Amandel 
 Cashew Cashewnoot 
 Coconut Kokosnoot 
 Hazelnut Hazelnoot 
 Macadamia nut Macadamianoot 
 Brazil nut Paranoot 
 Pecan Pecannoot 
 Peanut Pinda 
 Pistachio nut Pistache noot 
 Walnut Walnoot 
Rice Rice flour Rijstmeel 
 Rice Rijst 
Seed Pine nut Pijnboompit 
 Pumpkinseed Pompoenpit 
 Sunflower, seed Zonnebloempit 
 Linseed Lijnzaad 
 Mustard, seed Mosterdzaad 
 Sesame, seed Sesamzaad 
Tea Tea Thee 
 Tea with supplements Thee met toevoegingen 
Toast Toast Toast 
 Crackers Crackers 
Wheat Self-raising flour Bakmeel 
 Gluten Gluten 
 Wheat  Tarwe 
 Wheat flour Tarwebloem 
 Wheat germs Tarwekiemen 
 Wheat meal Tarwemeel 
 Wheat bran Tarwezemelen 
 Wheat starch Tarwezetmeel 
 Wheat bread, wholemeal Tarwebrood(jes), volkoren 
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Appendix C. Modelling of processing 

Processing factors as used in the exposure calculations of nitrate and OTA were 
those used in Boon et al. (2009). An update of these factors based on, for 
example, a literature search was outside the scope of this report. Also the way 
in which the processing factors were applied in the calculations is similar to the 
approach taken in Boon et al. (2009). 
 
A. Processing factors used. 
 
For nitrate, the limited information on the effects of cooking in water on nitrate 
concentrations in vegetables and the effect of peeling of banana as reported by 
(Dejonckheere et al., 1994; Meah et al., 1994) was used (Table C-1). For 
cooked vegetables, including potatoes, for which no processing factors were 
reported, an average processing factor of 0.49 was assumed for cooking in 
water. 
 
Table C-1. Processing factors used to assess the long-term dietary exposure of 
children aged 7 to 15 years and (young) adults aged 16 to 69 years to nitrate in 
the Netherlands. 

Food  Processinga Nominal value 

Asparagus Cooking in water 0 

Banana Peeling 0.38 

Beetroot Cooking in water 0.73 

Blanched celery Cooking in water 0.83 

Broccoli Cooking in water 0.4 

Brussels sprout Cooking in water 0.59 

Bunched carrot Cooking in water 0.55 

Cantharelle Cooking in water 0.64 

Carrot Cooking in water 0.55 

Cauliflower Cooking in water 0.02 

Celeriac Cooking in water 0.41 

Celery leaves Cooking in water 0.83 

Chicory Cooking in water 0.42 

Chinese cabbage Cooking in water 0.2 

Courgette Cooking in water 1.11 

Endive Cooking in water 0.16 

Fennel Cooking in water 0.6 

Kohlrabi Cooking in water 0.55 

Leek Cooking in water 0.54 

Mushroom Cooking in water 0.64 

Onion, including pearl/cocktail onion Cooking in water 0 
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Food  Processinga Nominal value 

Pumpkin Cooking in water 0.73 

Red cabbage Cooking in water 0.43 

Rhubarb Cooking in water 0.6 

Savoy cabbage Cooking in water 0.28 

Slicing beans Cooking in water 0.64 

Spinach Cooking in water 0.31 

Sweet pepper Cooking in water 0.11 

Tomato Cooking in water 0.86 

White cabbage Cooking in water 0.2 
a All processing factors were obtained from Meah et al. (1994), except for the 
processing factor for peeling banana (Dejonckheere et al., 1994). 
 
For OTA only limited information was available on the effect of processing on 
OTA concentrations in boiled wheat (estimate based on rice data) and boiled rice 
(Dejonckheere et al., 1994; Meah et al., 1994; Park et al., 2005). The reported 
processing factors (Table C-2) were applied to calculate OTA content of cooked 
rice and wheat. For cooked rice the nominal and upper value were set to 0.72 
and 0.75, respectively. For boiled wheat the nominal value and upper value were 
set to 0.7 and 0.8, respectively. 
 
Table C-2. Processing factors used to assess the long-term dietary exposure of 
children aged 7 to 15 years and (young) adults aged 16 to 69 years to OTA in 
the Netherlands. 

Food 
Type of 
Processing 

Processing factor 

Source 
Nominal 

value 
Upper 
value 

Uncertainty 
about mean 

(P95 of mean) 

Uncertainty 
about variance 
(df of variance) 

Uncooked rice 
Cooking in 
water 0.72 0.75 0.999 20 

Park et al. 
(2005) 

Uncooked 
wheat1 

Cooking in 
water 0.7 0.8 0.999 20 

Estimate 
based on rice 
data 

1 Wheat as part of pasta / noodles. 
 
B. Modelling of processing 
 
Processing factors for nitrate were considered to be fixed due to the limited 
information. For OTA all factors are reported as a (logistic) distribution. The 
mean and variance of this distribution are described by its P50 and P95 
respectively. The uncertainty about the mean and variance are described by the 
P95 of the mean and the number of degrees of freedom of the variance. For 
details about this approach, see MCRA manual 7 (de Boer & van der Voet, 
2010), as well as Boon et al. (2009). 
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