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Synopsis 

Dietary sources of exposure to Bisphenol A in the Netherlands 
 
Bisphenol A (BPA) is a chemical substance used to produce a 
transparent plastic (polycarbonate) that is used in food packaging 
materials. BPA is also used in coatings to protect the quality of canned 
food and drink (the white layer on the inside of the can). BPA can get 
into food via migration from this type of packaging. Products such as 
sales receipts, building materials (paint and coatings), and medical 
devices can also contain BPA. 
 
Calculations carried out by RIVM indicate that the total intake of BPA via 
food in the Netherlands is very limited. Even under the most 
unfavourable circumstances, the exposure would still be a factor of 30 
times less than the tolerable daily intake (TDI). The study also clearly 
indicates that no single food source contributes largely to the exposure, 
but that all food sources each make their own ‘small’ contribution. The 
RIVM study was focused on food sources, because food is the main 
source of exposure to BPA for the average consumer. 
 
This study is a follow-up of a previous study by RIVM (2016) which drew 
attention to new information about the TDI of BPA. The European Food 
Safety Authority (EFSA) is currently re-evaluating this health limit. 
Pending this study, the Ministry of Health, Welfare and Sport (VWS) 
asked RIVM to investigate which food sources contributed most to the 
exposure of BPA in the Netherlands, as well as the quantities involved. 
 
Keywords: BPA, Bisphenol A, young children, children, adults, 
concentration data, long-term intake, statistical modelling
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Publiekssamenvatting 

Bronnen van blootstelling aan bisfenol A via voedsel in 
Nederland 
 
Bisfenol A (BPA) is een chemische stof die wordt gebruikt om een 
transparant plastic te maken (polycarbonaat), dat onder andere wordt 
gebruikt in voedselverpakkingsmaterialen. Verder wordt BPA gebruikt in 
coatings om de kwaliteit van ingeblikt voedsel en dranken te 
beschermen (de witte laag aan de binnenkant van het blik). Onder 
andere via deze verpakkingen kan BPA in voedsel terechtkomen. 
Producten als kassabonnen, bouwmaterialen (verf en coatings) en 
medische hulpmiddelen kunnen ook BPA bevatten.  
 
Uit berekeningen van het RIVM blijkt dat de totale hoeveelheid BPA die 
mensen in Nederland via het voedsel binnenkrijgen zeer beperkt is. Zelfs 
onder de meest ongunstige omstandigheden ligt de blootstelling nog 30 
keer onder de huidige tolereerbare dagelijkse inname (TDI). Het 
onderzoek maakt ook duidelijk dat niet één voedselbron een grote 
bijdrage levert, maar alle voedselbronnen afzonderlijk hun eigen 
individuele ‘kleine’ bijdragen hebben. De focus in het RIVM-onderzoek is 
op voedselbronnen gelegd, omdat voedsel voor de gemiddelde 
consument de belangrijkste bron is van blootstelling aan BPA. 
 
Dit onderzoek volgt op eerder onderzoek van het RIVM (2016) waarin 
aandacht gevraagd werd voor nieuwe informatie over de TDI. De 
European Food Safety Authority (Europese voedselveiligheidsautoriteit, 
EFSA) is momenteel bezig met een nieuwe beoordeling van deze 
gezondheidsnorm. In afwachting van dit onderzoek vroeg het ministerie 
van Volksgezondheid, Welzijn en Sport (VWS) het RIVM om te 
onderzoeken via welke bronnen mensen in Nederland het meest worden 
blootgesteld aan BPA en om welke hoeveelheden het daarbij gaat.  
 
Kernwoorden: BPA, bisphenol A, jonge kinderen, kinderen, volwassenen, 
concentratiedata, langetermijninname, statistisch modelleren  
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1 Introduction 

Bisphenol A (BPA) is an industrial chemical that is widely used to 
manufacture polycarbonate, a rigid, transparent plastic, which is for 
example used in food and liquid containers. BPA is also found in epoxy 
resins, which act as protective linings for canned foods and beverages, 
and as a surface-coating on drinking water storage tanks. In addition, 
BPA is also used in non-food-related applications, such as toys, 
cosmetics, thermal paper (e.g. for cash receipts) or medical devices 
(Bakker et al., 2016; EFSA, 2015a; Hormann et al., 2014; SCENIHR, 
2015). Due to this broad application of BPA, exposure to this compound 
can occur continuously via a range of products (Bakker et al., 2016; 
EFSA, 2015a; Hormann et al., 2014).  
 
BPA is considered to be a liver and kidney toxicant (after prolonged 
exposure) and is classified in the European Union (EU) as a reproduction 
toxicant and endocrine disruptor. As an endocrine disruptor, BPA may 
interfere with the endocrine system and disturb the hormonal balance 
(Bakker et al., 2016). In 2015, based on data from multi-generation 
reproductive toxicity studies in mice, a temporary tolerable daily intake 
(t-TDI) of 4 μg/kg body weight (bw) per day was established by the 
European Food Safety Authority (EFSA, 2015b). This t-TDI was based on 
kidney toxicity at a BMDL10 of 8,960 μg/kg bw per day in mice translated 
to an oral Human Equivalent Dose (HED) of 609 μg/kg bw per day.  
 
The t-TDI was derived by the EFSA Panel on Food Contact Materials, 
Enzymes Flavourings and Processing Aids (CEF). This Panel also 
assessed the exposure to BPA via different possible sources, including 
food, dust, cosmetics and thermal paper (EFSA, 2015a). This 
assessment showed that food contributed most to the exposure at the 
mean exposure level in all examined age groups (60-100%). At a high 
level of exposure (95th percentile), the exposure via thermal paper was 
estimated to be higher than via food in persons aged 10 and higher. It 
should be noted that these high exposures via thermal paper were 
based on highly conservative assumptions for the frequency and number 
of fingers handling such paper. The EFSA CEF Panel judged therefore the 
uncertainty around these exposure estimates to be relatively high 
compared to the uncertainty around the estimates of BPA exposure via 
food. The Panel concluded that there was no health concern regarding 
the BPA exposure via the different sources, because the overall 
exposure levels in Europe were below the t-TDI. 
 
Since the EFSA CEF Panel identified that food contributed between 60-
100% to the total BPA exposure at the mean exposure level, the overall 
aim of this study was to determine the most important dietary sources 
contributing to BPA exposure in the Netherlands. Additionally, the 
exposure to BPA via the other sources, including thermal paper, is 
expected to decrease due to changes in legislation. To identify the 
relevant dietary sources of BPA exposure in the Netherlands, the 
exposure to BPA via food was calculated using Dutch food consumption 
data collected in 2005-2006 (children aged 2 to 6) and 2007-2010 
(persons aged 7 to 69), and the most up-to-date BPA concentration data 
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available from other European countries, in the absence of relevant 
Dutch data. The exposure was estimated in these two age groups as 
well as in women of child-bearing age (women aged 18-45) as a proxy 
for pregnant women. Exposure estimates for pregnant women were 
calculated separately, since fetuses are considered as a relatively 
sensitive group regarding BPA effects (Bakker et al., 2016; EFSA, 
2015b; Hessel et al., 2016). This also applies to newborn children (0 to 
one year). However, no exposure to BPA could be calculated for this age 
group, due to the absence of specific food consumption data for this age 
group in the Netherlands. BPA exposure for this sensitive group will be 
addressed in the discussion (section 4.4).  
 
In this report, the terms exposure and intake are used interchangeably, 
both referring to the ingestion of BPA via food. Furthermore, when 
referring to the exposure via food, the exposure via the consumption of 
beverages, as well as drinking water, is included.  
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2 Exposure calculations 

2.1 Food consumption data 
Exposure to BPA via food was calculated with food consumption data of 
the two most recently performed food consumption surveys in the 
Netherlands covering the general population from age 2 up to 69. These 
surveys include the Dutch National Food Consumption Survey (DNFCS)-
Young Children. This survey covers the dietary habits of young children 
aged 2 to 6 and was conducted in 2005-2006 (Ocké et al., 2008). The 
other food consumption survey was the one performed among persons 
aged 7 to 69; the DNFCS 2007-2010 (van Rossum et al., 2011). For a 
more detailed description of both surveys, see Appendix A. 
 

2.2 Concentration data 
The most important source for concentration data of BPA in food were 
the data published by the EFSA CEF Panel (EFSA, 2015a). These data 
include concentrations published in the literature over the period 2006 – 
2012 relating to the presence of BPA in a wide range of foods divided in 
canned and non-canned foods. Canned foods are expected to contain 
higher BPA levels due to its presence in epoxy resins, which act as 
protective linings for metal cans. To update these data, a literature 
search was conducted to retrieve BPA concentration data in food 
published in studies from 2013 onwards. 
 
This search was performed in April 2017 using the MEDLINE database 
and focussed on bisphenols in combination with exposure and sources. 
This resulted in a total of 263 articles (Appendix B). After applying in- 
and exclusion criteria (Appendix C) to the titles and abstracts, 50 
studies focussing on BPA occurrence in food and non-food sources 
remained. The articles about non-food sources were stored in a separate 
database and used in the discussion of this report, if relevant 
(section 4.5). The main inclusion criterion was that the foods analysed 
for BPA had been purchased in the European region, as being most 
relevant for the Dutch situation. The EFSA CEF Panel applied the same 
criterion (EFSA, 2015a). A study reporting on BPA concentrations in 
composite food samples was not considered (Bemrah et al., 2014). 
These concentrations related to mixtures of foods combining among 
others canned and non-canned foods. These concentrations could 
therefore not be separated in concentrations of canned and non-canned 
foods in line with the concentrations of the EFSA CEF Panel. As a result, 
two studies remained, including 1) an Italian monitoring study of 
concentrations of bisphenols, including BPA, in canned tuna (Fattore et 
al., 2015), and 2) a study of BPA concentrations in Norwegian foods 
(Sakhi et al., 2014). As BPA concentrations in foods measured in the 
Norwegian study were based on very few samples, preference was given 
to the concentration data of the EFSA CEF Panel. These Norwegian BPA 
concentrations were therefore also not included in the intake 
calculations. 
 
In addition, the French Agency for Food, Environmental and 
Occupational Health & Safety (ANSES) published BPA concentrations in 



RIVM Letter report 2017-0187 

Page 12 of 46 

non-canned foodstuffs of animal origin (ANSES, 2017). This study 
provided more detailed BPA concentrations in non-canned meat and fish 
products than reported by the EFSA CEF Panel, enabling the 
differentiation between different meat and fish products in the intake 
assessment. 
 
The three sources of concentration data used in the exposure 
assessment are described in more detail below. 
 

2.2.1 BPA concentrations from 2015 BPA opinion of EFSA CEF Panel 
The data used by the EFSA CEF Panel in 2015 to estimate the exposure 
to BPA via food were retrieved from scientific papers as well as via a call 
for data (EFSA, 2015a). Data retrieved from scientific papers were only 
considered if they related to foods purchased in the European region (EU 
and non-EU). 
 
After data cleaning, the EFSA CEF Panel considered 2,516 concentration 
data on BPA in food sufficiently robust for use in its exposure 
assessment. The majority of these data (77%) were obtained via the 
call for data and were related to non-canned foods provided by France. 
The data covered the period of 2004 to 2012, with only 11 data points in 
2004 and 2005. 
 
To use the concentrations data in its exposure assessment, the EFSA 
CEF Panel categorised the concentration data according to the FoodEx1 
food classification system (EFSA, 2011). FoodEx1 is a hierarchical 
system based on 20 main food categories that are further divided into 
subgroups up to a maximum of four levels. Level 4 is the most refined 
(e.g. bread) and level 1 is the least refined (e.g. grains and grain-based 
products). The BPA concentrations were categorised at level 1 of the 
FoodEx1 food categorisation system. Per FoodEx1 level 1 food category, 
a canned and non-canned concentration was reported. For more details 
about the data used by the EFSA CEF Panel, see EFSA, 2015a. 
 
In the current exposure assessment of BPA, the mean medium-bound 
concentrations, as calculated by the EFSA CEF Panel, were used per 
canned and non-canned FoodEx1 level 1 food category. These medium 
bound concentrations were calculated by the Panel assuming that 
samples with a reported BPA concentration below the limit of detection 
(LOD) or quantification (LOQ) contain BPA at a concentration equal to 
half the relevant limit value. Appendix D contains an overview of the 
canned and non-canned medium-bound concentrations per FoodEx1 
Level 1 food category. 
 

2.2.2 BPA concentrations in non-canned foods of animal origin 
In 2017, ANSES published concentrations of BPA in non-canned foods of 
animal origin (ANSES, 2017). In this study, 322 samples of such foods 
were analysed for BPA belonging to the food groups meat, poultry & 
game, offal, delicatessen meats, fish and crustaceans & molluscs as 
classified by ANSES. Appendix E lists the BPA concentrations in non-
canned foods of animal origin as reported by ANSES. These 
concentrations are medium-bound concentrations. 
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2.2.3 BPA concentrations in canned tuna in Italy 
In an Italian monitoring study of bisphenols in canned tuna, different 
brands of tuna fish samples, canned in either oil (n=24) or aqueous 
medium (n=9), were purchased on the Italian market and analysed for 
bisphenols, including BPA (Fattore et al., 2015). Per brand, two products 
were purchased and mixed before analysis. The mean analysed 
concentrations of BPA in these samples ranged from below LOD of 
1.3 µg/kg (n=8) to 187.0 µg/kg. Appendix F lists the mean 
concentrations per samples as reported by Fattore et al. (2015). 
 

2.3 Food mapping 
Mapping is the process of matching analysed foods (foods for which 
concentration data are available) to the ones recorded in the food 
consumption databases. The majority of the concentrations of BPA 
available for this study were those reported by the EFSA CEF Panel 
(section 2.2.2). To map these concentrations, the foods recorded in the 
food consumption databases (n=2013) were assigned to the most 
representative FoodEx1 level 1 food category, selecting either the 
canned or non-canned variant. 
 
For the majority of the foods recorded in the two food consumption 
databases (n=1884), sufficient information was available to classify 
them as either consumed as canned or non-canned at the individual 
level. For 129 foods, the information in the food consumption databases 
was however not specific enough to determine if the food was consumed 
as canned or non-canned. These 129 foods related mainly to the 
FoodEx1 level 1 food categories non-alcoholic beverages (n=63), fruit 
and fruit products (n=20), and vegetables and vegetable products 
(n=15), including foods such as fruit and vegetable products coded 
consumed as glass/canned, and various syrups and soft drinks. These 
foods were mapped according to two scenarios. In scenario I, it was 
assumed that these foods were all consumed as non-canned, whereas in 
scenario II it was assumed that they were consumed as canned and 
non-canned with an even probability (50% canned and 50% non-
canned). For this, the corresponding BPA concentrations of canned and 
non-canned foods were averaged and mapped to the relevant food. 
Scenario II was assumed to result in an overestimation of the exposure 
to BPA, because it was estimated that at population level less than 50% 
of these foods will be consumed as canned. 
 
Non-canned foods (n=214) classified in the FoodEx1 food categories 
‘meat and meat products’ and ‘fish and fish products’ were mapped to 
the non-canned concentration obtained from ANSES (2017). For this, 
these non-canned foods were mapped at the most detailed level 
possible. For example, food ‘mutton <10 g fat average raw’ was mapped 
to the concentration analysed in mutton. For consumed meat and fish 
products that could not be mapped directly to an analysed product in 
the ANSES concentration database, a weighted mean BPA concentration 
was calculated combining relevant products. For example, the consumed 
food ‘bacon’ was mapped to the weighted mean concentration of chop 
and roast pork, and that of the food ‘ham’ to a weighted mean 
concentration of raw and cooked ham. For the food ‘horsemeat raw’, no 
specific BPA concentration was reported by ANSES (2017). In that case, 
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a weighted mean concentration in meat was calculated based on the 
concentrations analysed in the ANSES food groups meat, poultry & 
game, offal and delicatessen meats. 
 
Consumed canned salmon and canned tuna, coded as three foods in the 
food consumption databases1, were mapped to an overall mean 
concentration of BPA in canned tuna based on the concentrations of 
Fattori et al. (2015) (Appendix F). The calculated mean concentration 
was 55.4 µg/kg, assuming that the samples with a BPA concentration 
below LOD contained BPA at half of this limit value. No distinction was 
made between consumed tuna in oil or water, given the similarity in BPA 
concentrations. 
 

2.4 Long-term dietary exposure assessment 
The long-term dietary exposure to BPA was assessed, because for 
consumers repeated exposure to this compound is most relevant (EFSA, 
2015b). For this, the Monte Carlo Risk Assessment (MCRA) computation 
tool, release 8.2 was used (de Boer et al., 2016). This tool contains the 
observed individual means (OIM) model, which was used to calculate the 
long-term exposure. 
 
In this model, daily food consumption patterns of individuals were 
multiplied with the mean BPA concentration per consumed food, and 
summed over foods per day per individual. All daily estimated exposures 
to BPA were adjusted for individual body weight. Subsequently, the daily 
individual exposures were averaged over the two consumption days per 
individual (Appendix A), resulting in a distribution of two-day-average 
exposure levels per individual. 
 
Calculated exposures to BPA using this model were expressed in µg/kg 
bw per day, and weighted for small deviances in socio-demographic 
factors and season. The exposure distribution of persons aged 7 to 69 
was also corrected for day of the week. Weights were those used by 
Ocké et al. (2008) and van Rossum et al. (2011). No weights for day of 
the week were available within the DNFCS-Young Children database. 
The exposure was calculated for three age groups: children aged 2 to 6, 
persons aged 7 to 69 and women of childbearing age aged 18 to 45. The 
food consumption data of this last population group were used as a 
proxy for pregnant women, because no food consumption data were 
available for pregnant women. The age limits of this population group 
were those used by the EFSA CEF Panel (EFSA, 2015a). The reported 
percentiles of the long-term exposure distribution were the 50th 
(median, P50) and 95th (P95). 
 
The uncertainty around the exposure percentiles due to the sample size 
of the food consumption database was quantified using the bootstrap 
approach (Efron, 1979; Efron & Tibshirani, 1993). As the calculation was 
performed with one mean concentration value per food, the uncertainty 
due to the sample size of the concentration database could not be 
quantified in this way. A description of the bootstrap is given in 
Appendix G. 
 
1 This included the foods ‘ salmon canned’, ‘ tuna in oil, canned’ and ‘ tuna in water, canned’. 
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2.5 Intake versus health-based guidance value 
In 2015, the EFSA CEF Panel derived a temporary tolerable daily intake 
(t-TDI) of 4 µg/kg bw per day (EFSA, 2015b). To assess if there is a 
possible health risk related to the calculated exposure to BPA in the 
Netherlands, the P95 of long-term exposure was compared with this 
health-based guidance value (HBGV), the same percentile as used for 
the risk characterisation of the exposure to BPA via food by the EFSA 
CEF Panel (2015b). 
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3 Results 

3.1 Exposure to BPA via food 
Table 1 lists the calculated median (P50) and high (P95) level of long-
term exposure to BPA via food in children aged 2 to 6, in persons aged 7 
to 69 and women of childbearing age (18-45 years) in the Netherlands. 
 
Scenario I 
In 2- to 6-year olds, the median (P50) dietary exposure was around 2-
fold higher than in the age group 7-69 and women of childbearing age 
(Table 1). At the P95 of exposure, the difference was around 1.6-fold. 
Considering the uncertainty around the exposure estimates due to the 
sample size of the food consumption database (section 2.4), the high 
(P95) level of exposure to BPA could be as high as 0.082 µg/kg bw per 
day in 2- to 6-year olds. 
 
In scenario I, food sources that contributed at least 10% to the total 
exposure distribution of BPA in all population groups were the food 
categories ‘meat and meat products’, ‘grains and grain based products’, 
and ‘non-alcoholic beverages’ (Figure 1). In children aged 2 to 6, this 
was also true for the food category ‘milk and dairy products’, whereas in 
the two other populations, also the food categories ‘vegetables and 
vegetable products’ and ‘composite foods’ contributed at least 10% to 
the exposure to BPA. 
 
Scenario II 
Also in scenario II, exposure to BPA was highest in 2- to 6-year olds: 
0.059 and 0.133 µg/kg bw per day for the median and P95 level of 
exposure, respectively (Table 1). Compared to scenario I, the median 
and P95 exposure estimates were on average a factor 1.2 and 1.6 
higher, respectively. Considering the uncertainty around the exposure 
estimates due to the sample size of the consumption database 
(section 2.4), the high (P95) level of BPA exposure could be as high as 
0.142 µg/kg bw per day in 2- to 6-year olds. 
 
In scenario II, food sources that contributed at least 10% to the 
exposure to BPA in all population groups were the food categories ‘meat 
and meat products’, ‘grains and grain-based products’, ‘vegetables and 
vegetable products’ and ‘non-alcoholic beverages’ (Figure 1). In children 
aged 2 to 6, this was again also true for the food category ‘milk and 
dairy products’, whereas in the two other populations also the food 
category ‘composite foods’ contributed at least 10% to the exposure to 
BPA. 
 

3.2 Exposure versus health-based guidance value 
The P95 of exposures to BPA were compared to the t-TDI of 4 µg/kg bw 
per day to assess if there is a possible health risk related to the 
calculated long-term exposure to BPA via food. The P95s were below the 
t-TDI for all population groups (Table 1; Figure 2). Given the uncertainty 
due to the sample size of the food consumption database (section 2.4),  
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Table 1. Long-term dietary exposure to BPA of children aged 2 to 6, 
persons aged 7 to 69 and women of childbearing age 

Percentiles of 
exposure 

Exposure (µg/kg bw per day) 

2-6 years 7-69 years 
Women of 

childbearing agea 

Scenario Ib 

P50 0.046 
(0.045-0.047) 

0.024 
(0.023-0.024) 

0.022 
(0.021-0.023) 

P95 0.079 
(0.075-0.082) 

0.052 
(0.050-0.053) 

0.047 
(0.041-0.053) 

Scenario IIc 

P50 
0.059 

(0.057-0.060) 
0.028 

(0.028-0.029) 
0.027 

(0.026-0.028) 

P95 
0.133 

(0.125-0.142) 
0.078 

(0.073-0.082) 
0.069 

(0.063-0.079) 
Note: 2.5% lower – 97.5% upper confidence limits of the percentiles of exposure are 
reported considering the uncertainty due to the sample size of the food consumption 
database. 
a Women of childbearing age covered food consumption data of women aged 18 to 45. 
b In scenario I, 129 foods for which it was not clear if they were consumed as canned or 
non-canned were assumed to have been consumed as non-canned. 
c In scenario II, 129 foods for which it was not clear if they were consumed as canned or 
non-canned were assumed to have been consumed as non-canned or canned with equal 
probability. 
 
the intake was at least 30-fold lower than the t-TDI in children aged 2 to 
6 at the P95 in scenario II. 
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Figure 1. Contribution (%) of food categories to the total exposure 
distribution of BPA via food of children aged 2 to 6, persons aged 7 to 69 
and women of childbearing age (18-45 years). Food categories with a 
contribution of at least 5% are shown. For an explanation of the two 
scenarios, see section 2.3. 
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Figure 2. The high (P95) dietary exposure to BPA of children aged 2 to 
6, persons aged 7 to 69 and women of childbearing age (18-45 years) 
for scenarios I and II compared to the t-TDI. Whiskers represent the 
2.5% lower and 97.5% upper confidence limits. For an explanation of 
the two scenarios, see section 2.3. t-TDI: temporary tolerable daily 
intake; yrs: years. 
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4 Discussion 

4.1 Comparison with BPA intake reported by EFSA and ANSES 
In 2015, the EFSA CEF Panel reported on the exposure to BPA via food 
in several European countries, including the Netherlands (EFSA, 2015a). 
Exposure estimates for the Netherlands were based on food 
consumption data from the DNFCS 2003 (Ocké et al., 2005) and the 
DNFCS-Young Children of 2005-2006 (Ocké et al., 2008). The BPA 
concentrations used were those described in section 2.2.1. The exposure 
results of the Netherlands as calculated by the Panel are listed in 
Table 2, including the estimates of the current study for reasons of 
comparison. 
 
ANSES (2017) calculated the exposure to BPA based on the BPA 
concentrations in non-canned meat and fish products as described in 
section 2.2.2 (ANSES, 2017). For the other potential food sources of 
exposure, the contamination data of the second Total Diet Study (TDS2) 
were used. In this TDS, BPA was analysed in food samples collected 
between June 2007 and January 2009. BPA concentrations in water and 
different bottled waters (still, sparkling, spring and natural mineral 
water) were derived from a study carried out by ANSES's Nancy 
Hydrology Laboratory. The resulting exposure estimates are also listed 
in Table 2. 
 
In general, the exposure estimates of the current study were in the 
same order of magnitude as those reported by ANSES (Table 2). The 
exposure estimates reported by the EFSA CEF Panel for scenario 12 were 
however about a factor two higher than those for the comparable 
scenario I of our study (EFSA, 2015a). The reasons for these lower 
exposure estimates were a more precise mapping of foods consumed to 
those analysed and the lower BPA concentrations in non-canned meat 
used in our study: 2.8 vs. 9.4 µg/kg. Furthermore, to assess the 
exposure to BPA in Dutch adults, the EFSA CEF Panel used data from a 
survey among only adults aged 18 to 30 (DNFCS 2003) (Ocké et al., 
2005). The BPA exposure results of the EFSA CEF Panel for the age 
groups 2 and 3-10 years were based on the same food consumption as 
used in the present study to assess the exposure in 2- to 6-year olds. 
Given the above observations, we estimate that the exposure calculated 
in the present study will be closer to the true intake of BPA in the 
Netherlands than those reported by the EFSA CEF Panel. Comparing the 
exposure estimates of the EFSA CEF Panel’s scenario 2 with those of 
scenario II showed that the Panel’s exposure was even a factor 2-4 
higher. This was due to the more conservative assumptions of this 
scenario compared to our scenario II.  
 
The exposure estimates were roughly 2-fold higher in young children 
compared to the older population groups in all studies (Table 2). This 
difference can be (totally) explained by the fact that children consume 
more food per kg bodyweight, and not because they consume specific   
 
2 For an explanation of the exposure scenarios 1 and 2 used by the EFSA CEF Panel, see footnote a of Table 2. 
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Table 2. Mean, median (P50) and high (P95) exposure to BPA via food in 
children and adults as estimated by EFSA CEF Panel (2015a) and ANSES 
(2017), and in the current study 

Population and age 
(years) 

Na Exposure (µg/kg bw per day) 

Dutch population, EFSA CEF Panel (2015a) 
 Scenario 1b Scenario 2b 

Mean P95 Mean P95 
2 322 0.097 0.178 0.375 0.857 
3-10 957 0.097 0.160 0.290 0.635 
Adults (Female, 18-45) 398 0.041 0.080 0.142 0.286 
Adults (Male, 18-45) 352 0.049 0.089 0.175 0.335 
ANSES (2017)c 

 P50 P95 
Children (3-17) 1455 0.041 0.123 
Adults (≥ 18) 2624 0.031 0.074 
Pregnant women 1775 0.040 0.119 
Current study 
 Scenario Id Scenario IId 

P50 P95 P50 P95 
2-6 1279 0.046 0.079 0.059 0.133 
7-69 3819 0.024 0.052 0.028 0.077 
Adults (Female, 18-45) 501 0.022 0.047 0.027 0.069 

a N = number of individuals 
b Scenario 1: Only foods specifically coded as canned in the dietary survey were assigned 
the corresponding occurrence level for BPA; Scenario 2: Any food which has been coded as 
canned in at least one survey was always considered to be consumed as canned in all 
surveys present in the EFSA Comprehensive database. 
c Equal to scenario 1 of EFSA and scenario I of the current study (see footnote b and d) 
d Scenario I: 129 foods for which it was not clear if they were consumed as canned or non-
canned were assumed to have been consumed as non-canned, rest of the foods equal to 
scenario 1 of the EFSA CEF Panel (see footnote b); Scenario II: 129 foods for which it was 
not clear if they were consumed as canned or non-canned were assumed to be consumed 
as canned in 50% of cases, rest of the foods equal to scenario 1 of the EFSA CEF Panel 
(see footnote b). 
 
foods that contain higher levels of BPA. 
 

4.2 Dietary sources of exposure 
Important sources of exposure in the current assessment in scenario I 
were the food categories ‘meat and meat products’ and ‘grains and 
grain-based products’ in all populations (Figure 1). The contribution of 
grains and grain-based products was fully due to the presence of BPA in 
non-canned foods. The contribution of this food category to the BPA 
exposure was therefore due to high consumption levels, and not 
because of high BPA levels (1 µg/kg). This was also largely true for the 
food category ‘meat and meat products’. In scenario I, more than 95% 
of the contribution of this food category to the overall exposure 
distribution was due to the consumption of non-canned meat products. 
 
In children aged 2 to 6, also the food category ‘milk and dairy products’ 
contributed significantly to the exposure in scenario I: 14% (Figure 1). 
Also here, the exposure was completely due to the consumption of non-
canned milk and dairy products (BPA concentration of 0.3 µg/kg). 
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In scenario I, the food categories ‘vegetables and vegetable products’ 
and ‘composite foods’ were additional important contributors to the 
exposure to BPA in persons aged 7 to 69 and women of child-bearing 
age (Figure 1). In both these food categories, the contribution of canned 
foods was higher ranging from 26% for composite foods to 47% for 
vegetable and vegetable products, both in women of child-bearing age. 
For the food category ‘vegetables and vegetable products’, this was due 
to the consumption of canned tomato products and canned corn. For the 
food category ‘composite foods’, the contribution to the exposure was 
due to the consumption of canned soup.  
 
For 129 foods, it was not clear if they were either consumed as canned 
or non-canned. These 129 foods belonged to different food categories, 
but mainly to non-alcoholic beverages such as syrups and soft drinks 
and foods coded as glass/canned. This uncertainty was addressed 
assuming that these foods were either consumed non-canned 
(scenario I) or as canned or non-canned with an equal probability 
(scenario II). Examining the contribution of the food categories to the 
total BPA exposure distribution showed that the contribution of the food 
category ‘composite foods’ was influenced by this uncertainty (Figure 1). 
In persons aged 7 to 69, this food category contributed most to the 
exposure in scenario II. The reason for this was the large difference in 
BPA concentrations used in the two scenarios for the six foods belonging 
to this food category that could either be consumed non-canned or 
canned: 2.4 µg/kg in scenario I and 20 µg/kg in scenario II. Although, 
the food category ‘non-alcoholic beverages’ contained the highest 
number of foods for which it was unclear if they were consumed either 
as canned or non-canned, their contribution to the exposure did not 
increase significantly in scenario II. This was due to the small difference 
in BPA concentrations used in scenarios I and II (Appendix D). For a 
complete overview of the contribution of canned foods to the total BPA 
exposure distribution for both scenarios and three population groups, 
see Appendix H. 
 
The majority of the exposure to BPA was due to the consumption of 
non-canned foods, which typically contain lower levels of BPA than 
canned foods (Appendix D). Presence of BPA in non-canned foods might 
be due to the presence of BPA in other food contact materials than 
epoxy resins, possibly polycarbonate plastics. These materials are used 
in the manufacture of jars/containers and plastics. Also contamination 
during the production of the food is a possible source of contamination. 
The presence of BPA in non-canned meat was suggested by ANSES 
(2017) to have occurred post-mortem from the surrounding 
environment and/or food processing. Due to the lack of precise data 
(cutting location, materials used for cutting, type of packaging used, 
etc.), ANSES (2017) was not able to identify the sources of 
contamination. 
 
Similar food categories contributing largely to the exposure to BPA via 
food were identified by the EFSA CEF Panel (EFSA, 2015a) and ANSES 
(2017). The EFSA CEF Panel reported that non-canned ‘meat and meat 
products’ contributed most to the mean exposure to BPA, and that 
‘vegetables and vegetable products’ was the only canned food category 
that contributed up to 25-50% in some population groups. ANSES 
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(2017) reported the highest contribution from vegetables (about 40%), 
followed by mixed dishes (about 15%) and meat and meat products 
(about 10%) in adults. No distinction was made in this report between 
contribution of canned and non-canned foods. 
 

4.3 Uncertainties in the exposure assessment 
The exposure estimates of BPA presented in this report are influenced 
by different sources of uncertainty. The most important sources are 
discussed in detail below. 
 

4.3.1 Food consumption data 
The food consumption data used in the exposure assessment to BPA 
were the most recent data available for the Netherlands (Appendix A). 
However, especially the food consumption data of children aged 2 to 6 
were collected more than 10 years ago. Presently, a new DNFCS is being 
conducted among persons aged 1 to 79. Preliminary results of this 
survey collected in the period of 2012-2014 show that consumption 
patterns are changing3. However, how these changes will affect the 
current exposure estimates cannot be ascertained. For that, more 
detailed information is needed. However, we expect that the use of up-
to-date food consumption data will have a negligible effect on the 
contribution of the dietary sources to the exposure to BPA and will not 
result in a significant increase in the exposure estimates themselves.  
 

4.3.2 Concentration data 
The main limitation of the present study was the absence of 
concentration data of BPA in foods present on the Dutch market. For this 
reason, the concentration data of the EFSA CEF Panel were used (EFSA, 
2015a), assuming that due to open trading of foods between EU 
Member States, canned and non-canned products available on the Dutch 
market will very likely have comparable BPA concentrations. Despite 
this, the use of these data instead of national data may have introduced 
uncertainty in the reported exposure estimates. Another uncertainty 
regarding these data was their categorisation in 20 broad food 
categories (section 2.3). Due to this, the mapping of the analysed foods 
to those consumed was very imprecise, especially for heterogeneous 
food categories (Boon et al., 2014). For example, the mean BPA 
concentration level for the non-canned variant of the food category 
‘animal and vegetable fats and oils’ was mapped to 39 different foods, 
and the non-canned BPA level of the food category ‘grains and grain-
based products’ to about 400 very diverse foods. Due to lack of more 
precise information on BPA concentrations in food, it is not possible to 
estimate how this may have affected the exposure as well as the 
contribution of the food sources to the total long-term exposure 
distribution. In practice however, the use of broad food categories to 
assess the exposure results habitually in overestimations of exposure, 
due to conservative choices during mapping.  
For non-canned meat and fish products, more recent and specific 
information on BPA concentrations was available from ANSES (2017). 
Comparing these levels with those reported by the EFSA CEF Panel 

 
3 Factsheet ‘Voedselconsumptie in Nederland. Wat, waar en wanneer? 
(www.rivm.nl/Onderwerpen/V/Voedselconsumptiepeiling) 
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(EFSA, 2015a) showed that the levels used by the Panel for non-canned 
meat products were higher than those reported per meat product: 
9.4 µg/kg versus an average level ranging from 0.09 µg/kg in roast 
turkey to 5.4 µg/kg in Chipolata sausage (Appendix E). For non-canned 
fish products, the mean levels ranged from 0.03 µg/kg in cooked 
shrimps to 3.7 µg/kg in steamed salmon, whereas the mean level 
reported by the EFSA CEF Panel for this food group was 7.4 µg/kg. This 
comparison indicates firstly that there is a large variation in BPA 
concentrations within a food category, with a potential of imprecise 
mapping when assigning just one average level to all foods belonging to 
one food category. Secondly, the average levels as analysed by ANSES 
(2017) were lower than those reported by the EFSA CEF Panel (2015a). 
ANSES (2017) also analysed BPA levels in non-canned meat products in 
samples collected between 2007 and 2009, and noticed a decrease in 
BPA levels in the 2015 samples. An explanation for this observation is 
not given. If this is a trend that is also applicable to other food 
categories, the exposure may be overestimated using the older EFSA 
CEF Panel data. The data on canned tuna were too limited for a 
comparison with the concentration reported by EFSA CEF Panel (2015a) 
for canned fish products: these levels only refer to one type of fish. 
 
Another important source of uncertainty related to the concentration 
data was the concentration assigned to the samples with a BPA 
concentration below LOD or LOQ; the so called left-censored samples. In 
the exposure assessment, mean concentrations were used that were 
based on the assumption that left-censored samples contain BPA at a 
level equal to ½ LOD or ½ LOQ (medium bound (MB) scenario; 
section 2.2.2). To quantify the uncertainty regarding this assumption, 
typically the exposure is also estimated assuming that left-censored 
samples do not contain the compound (lower bound (LB) scenario) or 
contain the compound at a level equal to the LOD or LOQ (upper bound 
(UB) scenario). By performing these scenarios, it can be determined 
how robust the exposure results are in relation to the concentration 
assigned to the left-censored samples. The EFSA CEF Panel (2015a) 
performed such an analysis and showed that the levels assigned to the 
left-censored samples did not affect the exposure results significantly, 
due to a low percentage of left-censored samples. Given this 
observation and the very low intake estimates in relation to the t-TDI, 
we did not perform such an assessment. It should however be noted 
that for the more recent concentrations analysed in canned tuna 
(Fattore et al., 2015) and non-canned meat and fish products (ANSES, 
2017), the percentages of left-censored data were 22% and 25%, 
respectively. Given the high contribution of non-canned meat 
(Appendix H), it cannot be excluded that the exposure may differ more 
than observed by the EFSA CEF Panel based on the level assigned to the 
left-censored data in our study. However, we do not expect that this will 
affect the exposure estimates to such an extent that this will 
significantly change the contribution of the food categories to the 
exposure to BPA. 
 

4.3.3 Food mapping 
As described in section 4.3.2, a large uncertainty in the exposure 
estimates is due to mapping a mean concentration per food category to 
all foods belonging to this food category. Additionally, these 
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concentrations were often based on a limited variation of foods. For 
example, the mean canned BPA concentration of the food category 
‘snacks, desserts and other foods’ was based on just one sample of 
canned starchy pudding, whereas that of the food category ‘alcoholic 
beverages’ on only canned beer (n=67).  
 
Another source of uncertainty of food mapping was the limited 
information about whether relevant foods were consumed as canned or 
not. For many foods, this could be established based on the name of the 
food and knowledge about how these foods are packaged. However, the 
choice could be less straightforward for other foods. The canned BPA 
concentrations were used for foods that are predominantly available as 
canned on the Dutch market to obtain a conservative estimate of the 
exposure. For 129 foods, this was however not clear and they were 
mapped either as consumed non-canned (scenario I) or as canned or 
non-canned with an equal probability (scenario II). It was shown that 
this uncertainty influenced largely the contribution of the food category 
‘composite foods’ to the total BPA exposure distribution (section 4.2; 
Figure 1). The exposure to BPA was however less affected: the exposure 
was only a factor 1.2 higher at the P50 and 1.6 at the P95 (Table 1). 
This was mainly due to the low consumption of the food category 
‘composite foods’ relative to the other food categories, and the small 
difference in BPA concentrations between scenario I and II for the food 
category ‘non-alcoholic beverages’; the food category with the highest 
number of foods for which it was not clear if they were consumed either 
canned or non-canned (section 4.2). 
 

4.3.4 Modelling of exposure 
In this study, the Observed Individual Means (OIM) model was used to 
assess the long-term exposure to BPA. This is the same model as used 
by the EFSA CEF Panel (2015a). In this model, the distribution of 
individual mean intakes over the person-days present in the food 
consumption databases is taken as a proxy for the long-term intake 
distribution. Given the limited number of person-days present in a food 
consumption database per person, in our case two, and the variation in 
daily food consumption patterns within an individual, the distribution of 
mean exposures over individuals obtained with OIM will often be too 
wide in comparison to distributions of ‘true’ long term exposures across 
individuals (Goedhart et al., 2012). For example, the mean exposure 
assessed over just two days is more variable than the mean exposure 
assessed over more (up to hundreds) days. This results in exposures 
that are about right in the middle of the exposure distribution, but are 
too high in the upper tail and too low in the lower tail of the exposure 
distribution. 
 
If a more realistic exposure estimate is warranted, for example if the 
exposure is close to the HBGV or results in an insufficiently large margin 
of exposure, more advanced models are available in MCRA to assess the 
‘true’ long-term exposure (Boon & van der Voet, 2015). Given the low 
exposure of BPA compared to the t-TDI, modelling the exposure via a 
more advance long-term exposure model was considered not necessary. 
Additionally, the contribution of the food categories to the exposure to 
BPA will remain the same when using more advanced models. 
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Furthermore, the uncertainty of the sample size of the food consumption 
database was included in the assessment and quantified as a lower and 
upper limit of a confidence interval of the exposure percentiles. As for 
this study the individual concentrations of BPA were not available but 
only mean concentrations per food (category), the uncertainty due to 
the sample size of the concentration data could not be included in this 
assessment. Because of this, the width of the confidence interval 
underestimates the true uncertainty. However, we do not expect that 
inclusion of this source of uncertainty will result in significant changes in 
the contribution of the food categories to the exposure to BPA. 
 

4.3.5 Summary 
The different issues contributing to the uncertainty in the exposure 
estimates can either have contributed to an underestimation 
(concentrations, food consumption data) or an overestimation 
(concentrations, food consumption, mapping, exposure model) of the 
BPA exposure. Overall, we estimate however that the conservative 
choices made to address the uncertainties have resulted in an 
overestimation of the exposure. The relative contributions of the 
different food categories to the exposure to BPA were very likely not 
affected. 
 

4.4 Dietary sources of exposure to BPA in very young children 
In this exposure assessment, the vulnerable age group of 0 to one year 
was not included, due to the absence of consumption data for this age 
group in the Netherlands. In this group, the main source of exposure will 
be either infant formula and/or human breast milk during the first 4 to 
6 months. As the children grow older, also other sources will become 
important including fruit, vegetables, grain products and meat products  
 
Studies on BPA in human breast milk have been conducted, but only 
very limited data from Europe are available. Known levels of BPA in 
breast milk were recently reviewed and discussed by Healy et al. (2015) 
and the EFSA CEF Panel (2015a). Mean and high BPA exposure via 
human breast milk for infants (0-6 months) was estimated to be lower 
than 0.225 and 0.600 µg/kg bw per day, respectively (EFSA, 2015a). 
Due to limitations of the included studies, conservative decisions of the 
EFSA CEF Panel resulted in an overestimation of the ‘true’ intake of BPA 
via breast milk. Mean and high BPA exposure via infant formula was 
estimated by this Panel at 0.03 and 0.08 µg/kg bw per day. These 
conservative estimates of exposure are around 50 to 100 orders of 
magnitude below the t-TDI.  
 

4.5 Other sources of BPA exposure 
In addition to food, exposure to BPA can also occur via non-food sources 
(Bakker et al., 2016; EFSA, 2015a). Examples of these sources are dust, 
toys, thermal paper, cosmetics, medical devices, dental materials, 
epoxy-based floorings, adhesives, paints, and also via plastic materials 
containing polycarbonate, such as CDs, DVDs, electronic equipment, 
jars/containers, identity cards and toys (EFSA, 2015a). Some of these 
sources of exposure are addressed in more detail below. 
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An example of thermal paper is cash receipts. By handling this type of 
paper, dermal exposure to BPA can occur (Hormann et al., 2014; Porras 
et al., 2014). Especially, people that handle many cash receipts on a 
daily basis, such as cashiers, could be exposed to higher levels of BPA 
(Bakker et al., 2016; EFSA, 2015a; Hormann et al., 2014; Porras et al., 
2014). The EFSA CEF Panel (2015a) calculated a maximum dermal 
exposure to BPA via handling of thermal paper of 0.094 µg/kg bw per 
day at the median and 0.863 µg/kg bw per day at the high (P95) level, 
both in adolescents aged 10 to 17. In December 2016, the European 
Commission decided therefore to restrict the use of BPA in thermal 
paper in the EU in order to decrease the exposure via this source 
(Regulation (EU) 2016/2235). This restriction will become effective in 
2020.  
 
Adhesives and paints may contaminate indoor air and dust with BPA. 
Inhalation concentrations estimated by the EFSA CEF Panel were 
however low, as well as for dust ingestion (EFSA, 2015a). Mean BPA 
exposure via these two sources was calculated to range from 0.003 to 
0.01 µg/kg bw per day.  
 
Toys are a possible source of exposure to BPA for (very) young children, 
(EFSA, 2015a). However, legislation with a migration limit of toys was 
established in 2009 (Directive 2009/48/EC). Recently, the Norwegian 
Environment Agency performed a survey of bisphenol compounds in 
toys and other articles intended for children. This agency conducted a 
screening survey of bisphenols (including BPA) in 26 toys samples. BPA 
was only detected in a few samples, but far below the threshold limit. 
The majority of samples did not contain any of the bisphenol compounds 
tested. Due to the absence of a migration analysis, no exposure 
assessment was performed (Sorensen, 2017).  
 
Regarding cosmetics, BPA can migrate from the packaging into cosmetic 
products or be present as an impurity in cosmetic ingredients (EFSA, 
2015a). BPA is not permitted as an ingredient in cosmetics in the EU 
(Regulation (EC) No 1223/2009). Data on BPA levels in cosmetic 
products is scarce. In 2013, BPA was detected at low levels in different 
cosmetic products (shower gel, hair gel, face lotion and make-up 
remover) available on the Spanish market (Cacho et al., 2013). Within 
this study, the analysed products contained BPA at concentrations 
ranging from 30.9 to 88.3 µg/kg. Based on these concentrations, the 
EFSA CEF Panel calculated an average exposure to BPA via cosmetics 
ranging from 0.002 (adults) to 0.0048 μg/kg bw per day (infants) 
(EFSA, 2015a). High exposure estimates ranged from 0.004 (adults) to 
0.0094 μg/kg bw per day (infants). No additional studies on cosmetics 
were found after the 2015 EFSA CEF Panel publication. 
 
BPA can also be present in medical devices. For some specific 
subpopulations of the general population, the Scientific Committee on 
Emerging and Newly Identified Health Risks (SCENIHR) concluded that a 
risk for adverse effects of BPA may exist, when BPA is directly available 
for systemic exposure after non-oral exposure routes, especially for 
neonates in intensive care units and infants undergoing prolonged 
medical procedures (SCENIHR, 2015). This is also true for dialysis 
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patients. The SCENIHR recommended therefore that where practicable 
medical devices that do not leach BPA should be used.  
 
Many different non-food sources contribute to the exposure of BPA, but 
exposure per source is very low. Furthermore, the exposure to BPA, also 
via food, is very likely decreasing due to an increased awareness of the 
possible risks of BPA (Appendix I). This will also very likely result in an 
increased use of alternatives of BPA. Bakker et al. (2016) listed a 
number of possible alternatives of BPA, but signalled also that 
toxicological characterization is lacking for most of these alternatives. 
More information is needed about these alternatives before the safety of 
a replacement of BPA can be judged (Bakker et al., 2016). Based on 
available information today, BPA alternatives seem to have comparable 
hazard profiles as BPA (Bakker et al., 2016; Health Council of the 
Netherlands, 2014).  
 

4.6 Risk analysis 
In this report, the t-TDI derived by the EFSA CEF Panel was used to 
assess if estimated exposures to BPA from dietary sources pose a 
possible health risk (section 2.5). In 2016, RIVM reviewed two new 
experimental animal studies of Ménard et al. (2014a; b) that identified 
effects of BPA on the immune system after developmental exposure 
(Hessel et al., 2016; Ménard et al., 2014a; b). These studies indicated 
that developmental immunotoxicity might occur at lower dose levels of 
BPA than previously observed and on which the current t-TDI is based 
(Bauer et al., 2012; Ménard et al., 2014a; b). It was concluded that 
these new experimental studies provided credible evidence for adverse 
immune effects after developmental exposure to BPA at 5 μg/kg bw per 
day from gestation day 15 to postnatal day 21 (Hessel et al., 2016). 
This dose level is lower than the dose used by the EFSA CEF Panel for 
deriving the t-TDI. After a re-evaluation of the raw data of these two 
studies by Ménard et al. (2014a; b), not available to RIVM, the EFSA 
CEF Panel concluded however that the results from these studies were 
not sufficient to call for a revision of the current t-TDI (EFSA, 2016). The 
EFSA CEF Panel has however decided to start a review of all the 
scientific evidence published after 2012 relevant for BPA hazard 
assessment (including immunotoxicity) in 2018. This will be done to 
determine whether the t-TDI needs to be reconsidered. This review was 
triggered by the need to ensure that the EFSA CEF Panel is prepared for 
the re-evaluation of the hazard of BPA based on the results of the new 
two-year US National Toxicology Programme (NTP)/Food and Drug 
Administration (FDA) rodent toxicity study expected in 2018. 
 
Furthermore, BPA is under discussion about possible low dose effects; 
effects that could occur at very low dosages, as well as about its 
possible non-monotonic dose response (NMDR) effects (EFSA, 2015b). 
NMDRs are defined mathematically by a response where the slope of the 
curve changes sign from positive to negative, or vice versa (Kohn & 
Melnick, 2002). Recently, in a project commissioned by EFSA, the 
evidence for the NMDR hypothesis has been evaluated by critically 
reviewing the scientific peer-reviewed literature for substances in the 
area of food safety, including BPA. The evidence for the existence of 
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NMDR from the available studies evaluated was weak (Varret et al., 
2017).  
 
The t-TDI of 4 μg/kg bw per day for BPA based on effects on kidney 
weight in mice is the best HBGV presently available to assess a possible 
health risk related to the exposure to BPA via food. This HBGV was 
derived by the EFSA CEF Panel after an extensive review of all the 
literature available before 2012 (EFSA, 2015b). Based on this HBGV, the 
health risk related to the exposure of BPA via food is expected to be 
negligible (section 3.1; Figure 2; Table 1). 
 

4.7 Conclusion 
The exposure estimates indicate that possible health effects of BPA 
exposure via food are negligible: the exposure in both exposure 
scenarios and all three population groups were well below the t-TDI of 
4 µg/kg bw per day. Under the worst case scenario, the estimated 
exposure was at least 30-fold below the t-TDI in children aged 2 to 6. 
Different food categories contributed to the dietary BPA exposure. 
 
The current exposure assessment was hampered by a number of 
uncertainties, of which the limited concentration data was the most 
important (section 4.2.2). However, the conservative choices made to 
address the uncertainties have very likely resulted in an overestimation 
of the exposure (section 4.2). Furthermore, the exposure estimates are 
in line with those reported by ANSES (2017). 
 
In the current exposure assessment, the exposure estimates were 
compared to the t-TDI derived by the EFSA CEF Panel (2015b) to assess 
potential health risks. Due to the on-going discussion about BPA, the 
EFSA CEF Panel will, in 2018, review all the scientific evidence published 
after 2012 and relevant for BPA hazard assessment (including 
immunotoxicity) to determine whether the t-TDI needs to be revised 
(section 4.6). As soon as the results of this review are published, it 
needs to be established if the current exposure levels still result in a 
negligible health risk. If not, foods belonging to relevant sources as 
identified in this study and available on the Dutch market need to be 
analysed for BPA. The resulting BPA concentrations can then be used to 
refine the exposure assessment.  
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Appendix A Description of consumption data used in the 
exposure assessment to BPA 

DNFCS-Young Children 2005/2006 (Ocké et al., 2008) 
The target population of the DNFCS-Young Children 2005/2006 
consisted of boys and girls aged 2 to 6 living in the Netherlands. 
Respondents were selected from representative consumer panels of 
Market Research Agency GfK. Panel characteristics, such as socio-
demographic characteristics, are known to GfK. Persons in these panels 
participate in all types of surveys and were not specially selected on 
nutritional characteristics. Institutionalised persons were excluded, as 
well as children whose parents/carers did not have sufficient knowledge 
of the Dutch language. Per family, only one child was included to avoid 
correlations in dietary consumption patterns between children of the 
same family. In total, 1,634 children were invited to participate in the 
study, of which 1,279 consented (net response of 78%). During 
recruitment, the representativeness of the study population was 
monitored and, if necessary, the recruitment was adjusted for age and 
sex, education of the head of the household, level of urbanisation, place 
of residence and region. The study population was representative 
regarding socio-demographic characteristics (including region and 
education of the head of the household), but densely populated areas 
were slightly underrepresented.  
 
The food consumption data were collected in the period October 2005 to 
November 2006 on two non-consecutive days (separated by about 8 to 
13 days) via food diary. Parents/carers were visited at home by a 
trained employee of GfK. During the home visit, survey materials were 
presented and overall instructions were given. 
 
Portion size of the foods and meals were estimated by using 
photographs, domestic measures (a small and a large spoon were 
supplied to standardise estimates), standard units, weight and/or 
volume. The usual volume of cups and glasses used was measured by 
the carer. All days of the week were equally represented, but the winter 
and autumn period were slightly overrepresented compared to the 
spring and summer period. National and/or religious holidays or holidays 
of the participants were not included in the survey. 
 
DNFCS 2007-2010 (van Rossum et al., 2011)  
The target population of the DNFCS 2007-2010 consisted of people aged 
7 to 69 living in the Netherlands. Pregnant and breast-feeding women, 
as well as institutionalised people were not included. Respondents were 
selected from representative consumer panels of GfK. 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. 
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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 (separated by 2 to 6 weeks). Children aged 7 to 15 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.  
 
Portion sizes of foods consumed were 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.  
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Appendix B Literature search conducted in MEDLINE 
database to retrieve recent literature on BPA concentrations 
in food sources 

Database: MEDLINE 1950 to present 
-------------------------------------------------------------------------------- 
1 (exp *Benzhydryl Compounds/ and exp *Phenols/) or "bisphenol 

a".ti. or bpa.ti. (5654) 
2 exp *Consumer Product Safety/ (5652) 
3 exp *Cosmetics/ (25174) 
4 exp *Household Products/ (16483) 
5 exp *Environmental Exposure/ (139120) 
6 1 and (2 or 3 or 4 or 5) (417) 
7  limit 6 to yr="2013 -Current" (218) 
8 limit 7 to humans (153) 
 
9 exp *Pharmaceutical Preparations/ (304617) 
10 1 and 9 (151) 
11 limit 10 to humans (64) 
12 11 and ("bisphenol a" or bpa).ti,ab. (27) 
13 limit 12 to yr="2013 -Current" (18) 
14 exp Benzhydryl Compounds/pk and exp Phenols/pk (251) 
15 limit 14 to humans (165) 
16 limit 15 to yr="2013 -Current" (43) 
17 13 or 16 (61) 
 
18 exp *Diet/ (107419) 
19 exp *Food/ (683433) 
20 exp *Food Additives/ (115766) 
21 exp *Food Packaging/ (3856) 
22 exp *Food Preservatives/ (5221) 
23 1 and 18 (47) 
24 1 and 19 (258) 
25 1 and 20 (68) 
26 1 and 21 (47) 
27 1 and 22 (26) 
28 (diet$ or food$ or feed$).ti,ab. (860443) 
29 1 and 28 (938) 
30 (23 or 24 or 25 or 26 or 27 or 29) and ("bisphenol a" or 

bpa).ti,ab. (786) 
31 limit 30 to humans (354) 
32 limit 31 to yr="2013 -Current" (159) 
 
33 8 or 17 or 32 (293) 
34 remove duplicates from 33 (263) 
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Appendix C Overview of the applied in- and exclusion 
criteria 
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Appendix D BPA concentrations in food categories (FoodEx1 
level 1) obtained from the EFSA CEF Panel (2015a) 

Food category (FoodEx1 level 1) Concentration (µg/kg)a 

Canned Non-canned 
Alcoholic beverages  0.8 0.5 
Animal and vegetable fats and oils - 0.5 
Composite foods 37 2.4 
Drinking water (bottled and tap) - 0.2 
Eggs and egg products - 0.9 
Fish and other seafood 37 7.4b 

Food for infants and small children 0.9 0.3 
Fruit and fruit products 13.4 0.3 
Fruit and vegetable juices 2.7 0.7 
Grains and grain-based products 36.6c 1.0 
Herbs, spices and condiments 41.4d 1.2 

Legumes, nuts and oilseeds 34.6 0.2 
Meat and meat products 31.5 9.4b 

Milk and dairy products 4.9 0.3 
Non-alcoholic beverages  0.5 0.2 
Products for special nutritional use 1.2 0.2d 

Snacks, desserts, and other food 52d 0.4 
Starchy roots and tubers - 0.7 
Sugar and confectionary 0.2 0.5 
Vegetables and vegetable products 23.5 1.2 

a Concentrations are based on the assumption that samples with a concentration below the 
limit of detection or quantification contain BPA at half the relevant limit value 
b Concentration data from ANSES (2017) were used in the exposure assessment 
(Appendix E) 
c Mapped to consumed amounts of food ‘ sweet corn, cooked’ 
d Concentration data not included in the exposure assessment due to absence of relevant 
link with foods coded in the food consumption databases 
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Appendix E BPA concentrations in non-canned meat and fish products obtained from ANSES (2017) 

Food group Food N Concentration  
(µg/kg)a 

Rate of  
censoring  

Min Mean SD Max Median (%) 
Meat Beef steak 46 0.09 2.93 5.51 25.18 0.50 26.1 

Pork chop 6 0.09 1.61 2.80 7.03 0.09 66.7 
Mutton 10 0.09 3.19 5.92 18.92 0.64 10.0 
Roast pork 31 0.09 3.45 9.04 43.58 0.29 32.3 
Veal 15 0.09 1.16 1.65 5.72 0.61 33.3 

Poultry & game Sautéed turkey breast 30 0.09 4.36 11.80 60.19 0.47 16.7 
Roast turkey 1 0.09 0.09 - 0.09 0.09 100 
Chicken 12 0.09 3.91 7.45 20.57 0.57 33.3 

Offal Liver 30 0.09 3.72 9.79 51.31 0.51 23.3 
Delicatessen 
meats 

Raw ham 29 0.09 1.06 1.66 5.89 0.37 31.0 
Cooked ham 1 0.09 0.09 - 0.09 0.09 100 
Pâté 16 0.09 0.95 1.66 6.60 0.42 31.3 
Chipolata sausage 7 0.26 5.36 7.66 18.69 0.87 0 
Cooked merguez sausage 5 0.27 1.62 1.67 4.38 1.22 0 
Strasbourg or Alsatian knack sausage 6 0.09 0.69 0.46 1.18 0.77 16.7 

Fish Cooked Pollack or coley 32 0.09 2.12 2.52 9.71 1.01 9.4 
Smoked salmon 1 0.47 0.47 - 0.47 0.47 0 
Steamed salmon 28 0.09 3.68 7.29 35.58 0.93 21.4 
Oven-baked salmon 9 0.09 1.46 1.35 3.58 0.88 22.2 

Crustaceans & 
molluscs 

Cooked shrimp 7 0.09 0.28 0.28 0.73 0.09 57.1 

Min: minimum concentration analysed; Max: maximum concentration analysed; SD: standard deviation;  
a Concentrations are based on the assumption that samples with a concentration below the limit of detection or quantification contain BPA at half the 
relevant limit value
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Appendix F BPA concentrations in canned tuna obtained 
from Fattore et al. (2015) 

Food Concentration (µg/kg) 
Meana SD 

Tuna in olive oil 55.8 4.8 
147.5 4.7 
109.3 4.3 
51.6 3.7 
44.9 5.6 
104.1 1.8 
45.6 4.6 
81.1 8.0 
38.9 5.5 
49.1 4.9 
25.4 0.4 
30.4 1.5 
48.2 5.0 
37.6 1.8 
132.9 2.6 
79.4 5.6 
94.4 0.8 
31.3 2.1 
124.1 4.7 

nd nd 
nd nd 
nd nd 
nd nd 
nd nd 

Tuna in water 50.46 1.6 
38.5 4.8 
55.4 2.8 
187.0 4.4 
49.0 4.0 
60.6 3.7 

nd nd 
nd nd 
nd nd 

nd: concentration below limit of detection of 1.3 µg/kg; SD: standard deviation 
a Mean level is based on two analysed samples  



RIVM Letter report 2017-0187 

Page 44 of 46 

Appendix G Description of the bootstrap 

There are different sources of uncertainty in dietary exposure 
assessments. One of these sources is the uncertainty due to the limited 
size of the datasets used in the exposure assessment. Typically, the 
smaller the dataset, the more uncertain the data are. This uncertainty 
can be quantified by using the bootstrap method (Efron, 1979; Efron & 
Tibshirani, 1993). 
 
In this study, the bootstrap was used to assess of the food consumption 
database due to its sample size. For this, a bootstrap database is 
generated of the same size as the original database for the food 
consumption by sampling with replacement from the original dataset. 
This bootstrap database is considered as a database that could have 
been obtained from the original population if another sample had been 
randomly drawn. This bootstrap database is then used for the exposure 
calculations and derivation of the relevant percentiles. Repeating this 
process many times results in a bootstrap distribution for each 
percentile that allows for the derivation of confidence intervals around it. 
The bootstrap approach was used in this report by generating 100 food 
consumption bootstrap databases and calculating the long-term (with at 
least 10,000 iterations each) dietary exposure. Of the resulting 
bootstrap distributions, a 95% uncertainty interval was calculated per 
percentile by computing the 2.5% and 97.5% points of the empirical 
distribution.  
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Appendix H Contribution of canned foods to the exposure to 
BPA per food category in scenario I and II 

Food category  
(FoodEx1 level 1)a 

Contribution (%) 

2-6 years 7-69 years 
Women of  
childbearing age 

Scenario 
I II I II I II 

Alcoholic beverages  0 0 0 75 0 55 
Composite foods 26 75 36 71 26 62 
Fish and other seafood 83 52 76 76 76 76 
Food for infants and 
small children 1 

1 0 0 - - 

Fruit and fruit products 0 70 0 66 0 63 
Fruit and vegetable 
juices 0 

82 0 67 0 69 

Legumes, nuts and 
oilseeds 0 

96 0 96 0 97 

Meat and meat products 2 26 4 13 4 12 
Milk and dairy products 0 11 0 11 0 12 
Non-alcoholic beverages  15 70 3 41 3 36 
Products for special 
nutritional use 100 

100 100 100 100 100 

Sugar and confectionary 0 1 0 2 0 2 
Vegetable and vegetable 
products 39 

66 40 61 47 66 

a For the following food categories the contribution of canned foods was zero in both 
scenarios for all three population groups: animal and vegetable fats and oils, drinking 
water (bottled and tap), eggs and egg products, grains and grain-based products, herbs, 
spices and condiments, snacks, desserts and other food, starchy roots and tubers  
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Appendix I Legislation of BPA  

In the European Union 
• the French proposal under REACH to restrict the use of BPA in 

thermal paper below 0.2% (Bakker et al., 2016) 
• the indicative Roadmap of the European Commission on further 

measures regarding BPA in food contact materials, including the 
implementation of the t-TDI derived by the EFSA CEF Panel 
(2015b) in the specific migration limit (SML) 

• the amendment of Directive 2009/48/EC on toy safety  
• Regulation (EU) No 10/2011 on food contact materials to adjust 

the SML for BPA on the basis of the t-TDI derived by the EFSA 
CEF Panel (2015b)  

• Classification as reproductive toxicant category 1B Annex VI to 
CLP, harmonized classification as "Repr. 1B, STOT SE 3, Eye 
Dam. 1, Skin Sens. 1” since ATP09 
(https://echa.europa.eu/information-on-chemicals/annex-vi-to-
clp\) 
o Decrease in SML of BPA of baby bottles (Commission 

Directive 2011/8/EU of 28 January 2011 amending Directive 
2002/72/EC as regards the restriction of use of bisphenol A 
in plastic infant feeding bottles). 

o Food consumption material 
• SML of BPA of toys http://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:02009L0048-
20140721&from=EN (0.1 mg/l – in November 2018 migration 
limit will be reduced further to 0.04 mg/ml) 

• REACH: https://echa.europa.eu/substance-information/-
/substanceinfo/100.001.133 
o REACH candidate list: substance of very high concern 

(reproduction and endocrine disruptor)) 
https://echa.europa.eu/candidate-list-table, and  

o REACH Restriction (Annex XVII) on BPA in thermal paper 
(http://eur-lex.europa.eu/legal-
content/NL/TXT/PDF/?uri=CELEX:02006R1907-
20170302&rid=1#search="Bisfenol") 

 
Known legislation by countries 

• France banned BPA in food contact materials: 
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEX
T000026830015&categorieLien=id 

• Denmark banned BPA in food contact materials up to the age of 3 
• Belgium banned BPA in food contact materials for infants and 

young children 

https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp/
https://echa.europa.eu/information-on-chemicals/annex-vi-to-clp/
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02009L0048-20140721&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02009L0048-20140721&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02009L0048-20140721&from=EN
https://echa.europa.eu/substance-information/-/substanceinfo/100.001.133
https://echa.europa.eu/substance-information/-/substanceinfo/100.001.133
https://echa.europa.eu/candidate-list-table
http://eur-lex.europa.eu/legal-content/NL/TXT/PDF/?uri=CELEX:02006R1907-20170302&rid=1#search=%22Bisfenol
http://eur-lex.europa.eu/legal-content/NL/TXT/PDF/?uri=CELEX:02006R1907-20170302&rid=1#search=%22Bisfenol
http://eur-lex.europa.eu/legal-content/NL/TXT/PDF/?uri=CELEX:02006R1907-20170302&rid=1#search=%22Bisfenol
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