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Synopsis 

How safe is our food? 
Background report to ‘What is on our plate? Safe, healthy and 
sustainable diets in the Netherlands.’ 

In general, food in the Netherlands is safe. The safety of food can be 
threatened by contamination with micro-organisms and chemical 
substances. In this report, RIVM has described the current state of 
affairs regarding food safety in the Netherlands and the measures that 
are necessary to maintain the high level of food safety. 

Foodborne infections cannot be completely avoided. Food can be 
contaminated with pathogens at various stages in the food production 
chain, from raw material up to and including preparation of food. 
Foodborne diseases in the Netherlands are usually caused by bacteria 
(like Salmonella and Campylobacter), viruses (like Norovirus) and 
parasites (like Toxoplasma). These pathogens can be found in raw (or 
not sufficiently heated) animal and plant products. But also people 
involved in the production of food can cause microbial contamination of 
our food by inadequate hygiene.  

Annually, on average, 700,000 cases of foodborne disease were 
estimated to occur in the Netherlands; this amounts to 1 for every 
24 inhabitants. The most important pathogens are Norovirus (mainly 
found on fish and shellfish), Campylobacter (on chicken) and Salmonella 
(in eggs). Most illnesses are limited to relatively mild, shortlasting 
gastrointestinal complaints. Sometimes they can also cause chronic 
health complaints like reactive arthritis and irritable bowel syndrome. 

The dietary exposure of Dutch consumers to chemical substances 
allowed by regulating authorities to be used in food production, like 
additives (the well-known E-numbers) and plant protection products, is 
low and does not pose a health risk. The dietary exposure to some 
chemical substances that occur in our food through contamination (from 
the environment, through processing and preparation) exceeds 
established health-based guidance values. This is the case for three 
mycotoxins and acrylamide for both children and adults, and for 
cadmium and lead (heavy metals) for children aged 2-6 years. This 
exceedance of the health-based guidance value occurs by consumers 
with a high level of exposure and not with an average exposure. When 
the exposure to these substances remains too high for a long-standing 
period, it may be harmful to human health.  

Food producers are obliged, through various national and European 
laws, to take measures in order to prevent or limit the occurrence of 
pathogens and chemical substances in their food products. For 
pathogens in raw materials and end products microbiological criteria 
have been set. For chemical substances product limits are applied. The 
compliance to these criteria and product limits is controlled by the 
Netherlands Food and Consumer Product Safety Authority. 
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This report is a background study for the report, "What is on our plate? 
Safe, healthy, and sustainable diets in the Netherlands” which was 
published on the 24th of January 2017. In this report, healthy, safety 
and sustainability aspects of food are integrated 
 
Keywords: food safety, foodborne infections, microbiological and 
chemical contamination, risk assessment, measures. 
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Publiekssamenvatting 

De veiligheid van het Nederlandse voedsel 
Achtergrondrapport bij ‘Wat ligt er op ons bord? Veilig, gezond en 
duurzaam eten in Nederland.’ 

Over het algemeen is voedsel in Nederland veilig. De veiligheid kan 
echter worden bedreigd door microbiologische besmetting en schadelijke 
chemische stoffen. Het RIVM heeft de huidige stand van zaken 
beschreven over de voedselveiligheid in Nederland en de maatregelen 
die nodig zijn om het hoge niveau te handhaven. 

Voedselinfecties zijn niet volledig te vermijden. Dat komt doordat 
levensmiddelen op diverse momenten in de productieketen, van 
grondstof tot en met bereiding, besmet kunnen raken met 
ziekteverwekkers. Voedselinfecties worden meestal veroorzaakt door 
bacteriën (zoals Salmonella en Campylobacter), virussen (zoals het 
norovirus) en parasieten (zoals Toxoplasma). Deze ziekteverwekkers 
kunnen worden gevonden in rauwe (of niet goed verhitte) dierlijke en 
plantaardige producten. Maar ook mensen die betrokken zijn bij de 
productie van ons voedsel kunnen door onvoldoende hygiëne een 
besmetting veroorzaken.  

Jaarlijks worden ongeveer 700.000 mensen ziek door een 
voedselinfectie; dit is gelijk aan 1 op de 24 personen. De belangrijkste 
veroorzakers zijn het norovirus (dat vooral op vis en schelpdieren wordt 
gevonden), Campylobacter (op kip) en Salmonella (in ei). De meeste 
infecties beperken zich tot relatief milde, kortdurende maag-
darmklachten. Ze kunnen soms ook chronische gezondheidsklachten 
veroorzaken, zoals gewrichtsontsteking en het prikkelbare darm 
syndroom. 

De blootstelling van de consument aan chemische stoffen die de 
overheid voor het voedselproductieproces toestaat, zoals additieven (‘E-
nummers’) en gewasbeschermingsmiddelen, is zo laag dat er geen risico 
voor de volksgezondheid is. Voor sommige stoffen die als 
verontreiniging in ons voedsel voorkomen (vanuit het milieu, door 
verwerking of bereiding) geldt dat de inname van een deel van de 
consumenten hoger is dan wat als veilig wordt geadviseerd. Het gaat 
hier voor kinderen en volwassenen om drie schimmelgifstoffen 
(mycotoxinen) en acrylamide, en voor 2-6 jarigen ook om de zware 
metalen cadmium en lood. Het gaat hierbij niet om de gemiddelde 
inname, maar om volwassenen en kinderen met een hoge inname. Als 
de blootstelling aan deze stoffen langdurig te hoog is kunnen ze 
schadelijk zijn voor de gezondheid.  

Producenten van voedingsmiddelen zijn via diverse nationale en 
Europese wetten verplicht preventieve maatregelen te nemen om te 
voorkomen of te beperken dat ziekteverwekkers of chemische stoffen in 
hun producten zitten. Voor ziekteverwekkers in grondstoffen en 
eindproducten zijn criteria opgesteld. Voor chemische stoffen gelden 
productnormen. Op de naleving van deze criteria en productnormen 
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wordt in Nederland door de Nederlandse Voedsel- en Warenautoriteit 
(NVWA) toegezien.  

Dit rapport is een achtergrondstudie voor de rapportage 'Wat ligt op ons 
bord? Gezond, veilig en duurzaam eten in Nederland’ van het RIVM die 
op 24 januari 2017 is verschenen. Hierin worden de aspecten van 
gezond, veilig en ecologisch duurzaam voedsel geïntegreerd 
weergegeven.  

Kernwoorden: voedselveiligheid, voedselinfecties, microbiologische en 
chemische verontreinigingen, risicobeoordeling, maatregelen. 
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Summary 

The background report “How safe is our food?” addresses various 
questions regarding the food safety of the Dutch food consumption 
pattern. It serves as a background report to the RIVM-report ‘What’s on 
our plate? Safe, healthy and sustainable diets in the Netherlands’. Other 
background reports address, among other things, food consumption, 
healthy food and sustainable food. All the background reports will be 
integrated in the above-mentioned main report. 
 
Numerous microbiological and chemical hazards can threaten the safety 
of our food. Microbiological hazards include bacteria (Campylobacter, 
shiga toxin-producing Escherichia coli O157, Salmonella and Listeria 
monocytogenes), bacterial toxins (produced by Bacillus cereus, 
Clostridium perfringens and Staphylococcus aureus), viruses (norovirus, 
rotavirus, hepatitis A and E) and protozoa (mainly Toxoplasma gondii). 
Chemical hazards can be present in food and feed either as a result of 
the use of certain products during their production, transport or storage 
(e.g. plant protection products and additives) or as the result of a 
transfer from the environment (e.g. environmental contaminants). 
Chemical hazards can be divided into the following groups: additives, 
biocides, contaminants, plant protection products, veterinary medicinal 
products, and substances migrating from food contact materials. 
 
These hazards can enter our food supply chains at different stages. 
Therefore, a profound knowledge of the characteristics of the various 
food supply chains is necessary for the purpose of risk assessment and 
management. The introduction of microbiological hazards in the food 
supply chain can be prevented or controlled. If introduction is 
unavoidable, the concentration of many pathogens can be reduced to 
acceptable levels by processes like heat treatment, drying and 
fermentation, or kept at acceptable levels by refrigeration or freezing. 
Many (residues of) chemicals are heat-resistant, in which case heat 
treatment does not sufficiently decrease the chemical hazard. In 
addition, some (residues of) chemicals are introduced into the food 
supply chain by hygiene measures (e.g. residues of biocides). 
 
Food safety-related risks to human health are determined not only by 
the concentration of hazards in food products but also by the virulence 
of microbiological hazards or the toxicity of chemicals and by the 
amount of food product that is consumed. Risk assessment is a 
structured process that describes negative health effects resulting from 
exposure to micro-organisms or chemicals. The assessment of food 
safety risks is based on different methods and metrics for micro-
organisms and chemicals.  
The most frequently used metrics to assess the burden of disease due to 
microbiological hazards are disease prevalence, disease incidence, 
mortality, economic losses (cost-of-illness) and disability adjusted life 
years (DALYs). In the period 2009–2013, the annual number of cases of 
foodborne diseases in the Netherlands did not change substantially. 
Annually, on average, 700,000 cases of foodborne disease were 
estimated to occur in the Netherlands (i.e. on average 1 for every 
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24 inhabitants), leading to a disease burden of approximately 6000 DALYs 
and an associated cost-of-illness of around 170 million euros.  
The majority of the estimated disease burden is caused by 
Campylobacter, Salmonella and Toxoplasma. In 2012, the disease 
burdens caused by Campylobacter, Salmonella and Toxoplasma were, 
respectively, 1450, 1215 and 1950 DALYs. The associated costs-of-
illness for these three pathogens were, respectively, 30.5, 22 and 10.7 
million euros.  
 
Incidence figures of clinical diseases due to exposure to chemicals 
present in food are sparsely available because the health effects of 
almost all chemicals are a-specific (i.e. they can be caused by many 
different co-founding factors). There are just a few cases (dioxins and 
lead) where DALYs have been estimated. In chemical risk assessment, 
health risks are generally determined by comparing exposure with 
toxicological reference values, i.e. health-based guidance values 
(HBGVs). This comparison can be expressed in terms of the so-called 
risk quotient (RQ), which is calculated by dividing the human dietary 
exposure by the HBGV. Exposures to chemicals in food due to 
intentional use seldom exceed HBGVs (RQ<1), because a pre-
authorisation risk assessment is performed in order to determine how 
the substance can be safely used. Unsafe uses are not authorised. For 
contaminants present in food, HBGVs are not always available due to 
lack of adequate data. In the case of some contaminants for which 
HBGVs are available, exposure sometimes exceeds the HBGV (RQ>1). 
This is the case for three mycotoxins and acrylamide, with respect to the 
exposure of children and adults. For children aged 2-6 years, the RQ is 
also larger than 1 for cadmium and lead (heavy metals).  
 
Ample procedures and measures are in place to ensure Dutch food safety. 
National and international organisations assess and manage food safety 
risks and risk assessment and management are carried out 
independently. Europe has a large network of scientists and governmental 
risk managers working on food safety. In accordance with the risk 
analysis paradigm, experts working on risk assessment, management and 
communication work together whenever and wherever needed. 
Food safety is regulated by several legal instruments and actions, such as 
product limits, monitoring and surveillance. In addition, food safety risks 
can be reduced by strategies for the appropriate processing and handling 
of food.  
Food safety measures are mostly directed towards protecting the health 
of the general population, but certain population groups may be at 
higher risk of adverse health effects. Nowadays, more attention is being 
paid in risk assessment to the identification of subpopulations, in 
particular highly exposed and vulnerable groups, which makes it 
possible to manage risks more effectively. 
 
In order to ensure future food safety, it is important for governmental 
and industrial risk managers to act on changes in the drivers of 
emerging risks, such as antimicrobial resistance, consumer dietary 
preferences (trends), globalisation, (new) technologies and climate 
change. 
Exposure of bacteria to antimicrobial agents can lead to antimicrobial 
resistance. The genetic information encoding antimicrobial resistance 
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can be transmitted to other bacteria. If this genetic information is 
transmitted to (food borne) pathogenic bacteria, then food borne 
infections, especially in the vulnerable population of young, old, 
pregnant and immuno-compromised persons, become difficult to treat.  
One of the trends in food consumption is the consumer’s preference for 
less processed food and ‘raw’ foods (not only vegetables), which are 
considered as safer and healthier. However, it should be (re)emphasised 
that, for instance, raw animal products can be contaminated with 
pathogenic micro-organisms and should not be consumed by people at 
risk, like pregnant women and elderly people.  
The increase in internationally traded food is continuing and the 
Netherlands is a major hub in the international food trade network. Food 
safety systems, especially in countries outside the European Union, may 
vary in effectiveness and it is important that the import and transit of 
foreign food is and remains under close surveillance and that food 
products comply with European Union food safety criteria.  
The food sector is dynamic and new technologies like nanotechnology 
and synthetic biology, which are already established in the non-food 
domain, are finding their way into the food domain. Three-dimensional 
food printing, a specialised form of additive production, is an emerging 
food production technology that may have food safety implications.  
There are already indications that global warming (rises in temperature 
and humidity) will increase the occurrence of natural toxins, like 
mycotoxins and marine toxins. 
 
Developments in the food safety domain are ongoing and new insights 
will be gained. In the coming years, uncertainty analysis in hazard 
characterisation and exposure assessment, as well as the risk 
assessment of chemical mixtures (as opposed to single substances) and 
endocrine disruptors, will continue to receive attention. 
 
In short, the level of food safety in the Netherlands and in Europe as a 
whole is high and for reasons of human health and international trade it 
is a necessity to maintain this high level. A watchful eye should be kept 
on the lack of data on certain hazards (Toxoplasma, biocides, chemical 
contaminants and food contact materials), risk mitigation strategies, the 
drivers of risk and new insights in the food safety domain.   
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1 Introduction  

This report serves as a background report to the knowledge synthesis 
carried out by the RIVM on ‘Safe, Healthy and Sustainable Diets’ 
(Kennissynthese Voedsel). As shown in Figure 1.1, there are six 
background reports that underpin the final integrated report, each 
providing key messages. To ensure the scientific quality and utility of 
the report, the authors were assisted by experts in food science and 
policy participating in an internal and external advisory committee 
and/or joining in an expert session on food safety scenarios (see 
Acknowledgements). 

Background 
report: How 
safe is our 

food?

Background 
report: Health 
aspects of the 

Dutch diet

Background report: 
The environmental 
sustainability of the 

Dutch diet

Background report: Food consumption in the Netherlands. 

Integrated report: What’s on our plate? Safe, healthy and sustainable diets in the 
Netherlands. 

Background report: Methodology of integration and forecasting

Background 
report: What are 
driving forces of 

food consumption 
and supply? 

 Figure 1.1. The various reports incorporated into the knowledge synthesis ‘Safe, 
Healthy and Sustainable Diets’ and their interrelationships 
 
The goal of this report is to describe the latest knowledge on Dutch food 
safety. Several experts involved in the different aspects of food safety 
have been involved in the production of this report, which covers the 
following topics: the hazards (microbiological as well as chemical) that 
can threaten food safety; the current status of food safety in the 
Netherlands; and the efforts that are being made to maintain and 
improve food safety. In addition, the most important changes in the 
drivers of emerging risks in relation to food safety will be described. 
 
Some topics related to food safety will not be discussed in this report. 
These include: (a) allergic reactions to (substances within) foods and 
product authenticity and fraud, which are (frequently) not related to 
food safety per se; (b) dietary supplements and interactions between 
food components and drugs, which strictly speaking are also unrelated 
to the intrinsic safety of food; and (c) physical hazards (such as pieces 
of glass or metal in food products), which are mostly related to the 
quality of food packaging. Hazards related to animal feed are covered by 
another crosscutting theme within RIVM called ‘Veehouderij, One-
Health’. 
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The report has the following structure. In the second chapter, the 
various (groups of) food-related hazards are described. The description 
of microbiological and chemical hazards is preceded by an outline of the 
main food supply chains (foods of animal and plant origin). The third 
chapter deals with the current safety of the Dutch food as determined by 
microbiological and chemical risk assessment and as perceived by the 
Dutch consumer. Chapter 4 describes the efforts being made, options 
available and measures taken to ensure Dutch food safety by giving 
insight into the government organisations and principal institutes 
involved and how their work contributes to food safety. In the final 
chapter, changes in the major drivers of emerging risks and key 
developments in food safety will be discussed; topics include 
antimicrobial resistance, globalisation, new technologies, climate change 
and new insights in the food safety domain. Each chapter ends with a 
summary of key findings. 
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2 Food-related hazards 

2.1 Food supply chains 
2.1.1 Introduction 

In the 1990s, awareness grew that the safety of food should be 
addressed at all stages of the food supply chain – cultivation of 
crops/rearing of animals, harvesting/slaughter, storage, processing, 
packaging, sales, and consumption (EC, 2002) – and the concept of food 
safety ‘from farm to fork’ was introduced. Knowledge of the various 
processes in the food supply chain, from agricultural production to 
consumption, enables risk managers and assessors to establish where 
risk prevention and/or reduction is most relevant. During the same 
decade, the traceability of food at the various stages in the food supply 
chain also became a priority.  
In 2002, the European Parliament and the Council adopted Regulation 
(EC) 178/2002, which established the general principles and requirements 
of food law (EC, 2002). The General Food Law Regulation is the 
foundation of food and feed law in Europe. It sets out an overarching and 
coherent framework for the development of food and feed legislation at 
both Union and national levels. To this end, it lays down general 
principles, requirements and procedures that underpin decision-making in 
matters of food and feed safety, covering all stages of food and feed 
production and distribution. The General Food Law Regulation defines 
traceability as the ability to trace and follow food, feed and ingredients 
through all stages of production, processing and distribution. 
Given the different nature of food supply chains, a (practical) distinction 
is made between foods of animal origin and plant origin. These supply 
chains will be discussed in more detail in sections 2.1.2 and 2.1.3. It 
should be kept in mind, however, that many food products are 
composed of ingredients with animal as well as plant origins. Eggs and 
other basic dairy products like milk and butter find their way into 
numerous composite food products. Moreover, more and more 
convenience (ready-to-eat) food is produced that contains ingredients 
from several food supply chains. A pizza, for instance, is a flatbread 
generally topped with tomato sauce, cheese and a selection of meats, 
vegetables and condiments; pizzas often contain more than 
10 ingredients originating from different food supply chains. 
Regarding the complexity of interwoven supply chains, some 
researchers prefer to refer to food networks rather than food supply 
chains (Ercsey-Ravasz et al., 2012). 
 

2.1.2 Food of animal origin 
Various animal food supply chains exist in the Netherlands, including 
those providing meat (pork, beef, poultry, lamb), eggs, other dairy 
products, game and fish and seafood. Not all food of animal origin 
available on the Dutch market originates from the Netherlands. 
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 Figure 2.1. Schematic and simplified overview of food supply chains for foods of animal and plant origin, and the 
introduction/contamination pathways for microbiological and chemical hazards
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For example, chicken breasts, game (rabbit, hare) and beef products 
such as steaks are also imported. Many cheeses sold in the Netherlands 
are produced abroad. Moreover, not all food of animal origin produced in 
the Netherlands is consumed here. Irrespective of the country of origin, 
food produced or consumed in the EU must comply with EU legislation. 
 
Although the food supply chains can be complex, in general they have a 
similar structure (see Figure 2.1): a primary production stage involving 
live animals and their products, slaughter and one or more processing 
stage(s) (e.g. meat preparation or milk processing), one or more 
transport stage(s), the retail stage, and the food preparation stage, 
which takes place in private or professional kitchens. 
The following paragraphs will discuss briefly where the introduction of 
contamination can take place along the supply chains of foods of animal 
origin. 
 
Production: agriculture 
The consumption of products of animal origin can result in exposure to 
various microbiological hazards, such as bacteria (mainly Campylobacter 
and Salmonella), toxins (produced by B. cereus, Clostridium perfringens 
and St. aureus) and, to a much lesser extent, viruses and parasites. 
Beef is identified as the main source of such hazards (Havelaar et al., 
2008), but pork, poultry meat and dairy products are also important 
animal-related sources of microbiological hazards (Bouwknegt et al., 
2014, see Table 2.1). 
 
Table 2.1. Attribution of incidence of symptomatic infections by pathogen to food 
groups (from Bouwknegt et al., 2014) 
 Beef1 Pork Poultry Eggs Dairy Other2 Total 
Pathogen        
Campylobacter 1735 2159 22,814 1312 3767 10,539 42,326
STECO157 376 55 26 18 63 316 854 
L. monocytogenes 6 5 4 2 13 23 53 
Salmonella 2494 2831 2930 4395 1307 30,222 44,179
B. cereus toxin 3240 1575 720 1620 2610 35,236 45,001
C. perfringens toxin 73,388 12,897 10901 4299 6295 45,753 153,533
St. aureus toxin 19,135 20,666 19,901 8420 37,505 149,510 255,137
HAV 0 0 0 0 0 67 67 
HEV 0 5 0 0 0 2 7 
norovirus 3759 3642 3407 2232 2349 102082 117,471
rotavirus 0 937 0 0 569 31,976 33,482
C. parvum 871 146 96 90 306 1816 3325 
G. lamblia 1464 357 230 0 572 4808 7431 
T. gondii 100 219 21 0 20 76 436 
Total 106,568 45,494 61,050 22,388 55,376 412,426 703,302
1 Including lamb 
2 Other food, beverages and direct contact with animals and humans  
 
Microbiological hazards are introduced at various stages of the animal 
production chain. During the primary production, hazards can be 
introduced via parental animals, via unsufficiently disinfected farm 
houses. Industrially produced compound feed (EFSA, 2008a) is a known 
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source of Salmonella. During primary production, various pathogens can 
also enter via the environment (soil, wildlife, rodents, insects).  
Although mycotoxins are commonly associated with vegetable foods, 
mycotoxins or metabolic breakdown products thereof can be transferred 
from animal feed into animal tissues and/or milk (Gallo et al., 2015). 
The same applies to other (persistent) chemical and microbiological 
contaminants in raw animal feed materials, whether obtained from 
plants or from (marine) animals (EFSA, 2009a; EFSA, 2010; EFSA, 
2011a; EFSA, 2012a; EFSA, 2012b; van Raamsdonk et al., 2015).  
  
Animal feed may contain residues from plant protection products (PPPs), 
as these products are used during the growth or storage of animal feed. 
Residues of PPPs or their breakdown products on animal feed can be 
transferred to the edible parts of livestock and to milk or eggs. The 
physical/chemical properties of the residue(s) influence their distribution 
and accumulation in edible parts of livestock.  
 
Food of animal origin may contain residues of veterinary medicinal drugs 
when animals are treated during their livestock phase. Once treated, 
animals will metabolise and/or excrete the veterinary medicinal drug 
and/or its metabolites, resulting in a decline of residues in the animal 
body and subsequently in foodstuffs of animal origin. In addition, 
residues may transfer to milk or eggs. Depending on the target species, 
the active substance and its route of administration, residues may 
appear in the edible tissues: muscle, liver, kidney, fat (+ skin), milk or 
eggs. 
 
Production: aquaculture / fisheries 
The production of fish products is also linked to microbiological risks 
(Bouwknegt et al., 2014). Oysters and other bivalves are filter feeders, 
which can accumulate a large number of viruses from the environment 
and farmed fish can be infected with pathogens introduced via feed or 
fecal droppings from birds.    
 
Bivalves, gastropods and finfish can accumulate marine biotoxins; toxic 
substances produced by (microscopic) algae or bacteria (FAO, 2004). 
The Food and Agriculture Organization of the United Nations (FAO) 
mentions a great variety of these toxins, not only with respect to 
chemical structure, but also with respect to toxicological properties. The 
conditions for growth of toxin-producing micro-organisms strongly 
influence the occurrence of the toxins. High concentrations of nutrients 
in the seawater may result in algal blooms that can result in high toxin 
levels in seafood. Water temperature is also relevant. The occurrence of 
marine biotoxins is more or less determined by geographical location, 
but human activity has resulted in the occurrence of toxins in places that 
were formerly not known to be affected. It has been speculated that the 
spread of tetrodotoxin into British coastal waters could be due to global 
climate changes (Turner et al., 2015). A relationship between climate 
change and the occurrence of natural toxins has also been suggested by 
other authors (see Section 5.1.4). 
Aquatic organisms can bioaccumulate manmade lipophilic pollutants 
from the water into their body, resulting in either direct entry into 
human food or indirect entry via fishmeal. Well known examples are 
polychlorinated biphenyls (PCBs), DDT, aldrin and dieldrin. A high 
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accumulation of cadmium has also been reported in mussels. Methyl 
mercury in fish is another example. The last two examples could be the 
result of natural occurrence of cadmium or mercury in the environment, 
but human waste streams could also be a contributory factor (EFSA, 
2009a; EFSA, 2012a,b). In addition, the (mis)use of pesticides in 
aquaculture can lead to contamination. 
 
Processing 
Many food processing steps, like pasteurisation, sterilisation, cooling and 
freezing, acidification and drying, aim to reduce or control the number of 
pathogens and/or to retard spoilage. However, during processing, 
bacteria and viruses can enter via food handlers (incorrect hygiene 
practices) and contaminated equipment. Bacteria can also spread from 
one product to another via cross-contamination. Cross-contamination is 
not only relevant during processing, but also during transport, in retail 
and at home. Poor cleaning and disinfection of salmon processing 
equipment contributed to the largest documented Salmonella outbreak, 
with 1149 confirmed cases (Friesema et al., 2014). Products of animal 
origin to be consumed raw (e.g. filet américain, oysters) or cold-smoked 
(e.g. salmon) pose the highest risks.  
 
Food processing can result in decreased concentrations of marine 
biotoxins but it may be that special conditions are needed, and not all 
food processing will have this effect. For example, there are no food 
processing steps that can reduce heavy metal contamination in animal 
products. Concentrations of highly lipophilic substances (like dioxins), 
which accumulate predominantly in (animal) fat, can be reduced in the 
end product (not in the fat fraction) when fat is removed (e.g. skimmed 
milk). On the other hand, increasing the fatty content, as occurs in the 
production of certain types of cream, increases their concentration in the 
processed product.  
 
Storage and transport 
Fresh products with a limited shelf life, like fresh meat, fresh fish, 
beansprouts, cut fruit and vegetables and non-fermented dairy products, 
should be stored in the refrigerator and consumed before the date 
mentioned on the label as temperature abuse during storage and 
transport can result in detrimental growth of already present micro-
organisms. Introduction of micro-organisms during storage and 
transport can result from cross-contamination via food handlers and 
equipment. Also the presence of rodents and insects during storage and 
transport should be controlled for food safety reasons. Uncut fruit and 
vegetables are less vulnerable to microbiological spoilage. Cold storage 
of products with limited shelf life is mainly for reasons of quality and to 
a lesser extent for safety reasons, although microbiological spoilage 
during transport and/or storage of some fish species (Scrombidae) can 
result in the formation of high levels of allergenic histamine from 
histidine.  
The situation is different for processed products with an extended shelf 
life that have to be kept in the refrigerator, like smoked fish, soft 
cheeses and processed meat. Temperature abuse and/or storing for too 
long in the refrigerator can result not only in spoiled products but also in 
products with high numbers of pathogenic Listeria or high 
concentrations of histamine. 
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All fully preserved products can be safely stored outside the refrigerator 
for as long as they have not been opened. Of products that can be 
stored outside the refrigerator, only eggs harbour a microbiological 
safety risk. For this reason, eggs should be sold not later than 28 days 
after laying. 
 
Cooking and baking 
The main preventive factors determining microbial food safety at home 
are personal hygiene and preventing cross-contamination (Medeiros et 
al. 2001). Proper storage, in terms of time and temperature, limits 
outgrowth of bacteria and heating food of animal origin sufficiently long 
at high temperature can reduce the number of bacteria. Special 
attention is required for fresh meat products to be consumed raw (like 
filet américain and carpaccio) and composed meat products (see Figure 
2.2). Those to be consumed raw are the most hazardous products as 
they do not receive any microbiological hazard reducing treatment 
before consumption. Steaks, if contaminated, will be contaminated only 
on the outside, whereas steak-look-a-like composed meat products can 
be contaminated on the inside. Elimination of any internally present 
pathogen requires thorough heating and not the suggested preparation 
printed on the label (‘baktijd rood’, which would be adequate only to 
inactivate the surface contamination of regular steaks). 
 

 
Figure 2.2. Label for a beef product containing different heating times: rare, 
medium and well done 
 
In contrast, chemical contaminants may arise during the preparation of 
foods of animal origin. For example, when meat is cooked, heterocyclic 
amines, including 2-amino-1-methyl-6-phenylimidazo (4,5-b)pyridine 
(PHiP), can be formed as a reaction product of creatinine and amino 
acids. The formation of these chemicals depends on temperature and time 
but also on the type of meat (Knize et al., 1999; NTP, 2014). If cooking 
conditions are not properly controlled, foods may be contaminated with 
pyrolysis products such as polycyclic aromatic hydrocarbons (PAHs) 
(Knize et al., 1999). PAHs can also be generated during frying and 
smoking, either at home or in food-processing industries.  
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2.1.3 Food of plant origin 
The following paragraphs will discuss briefly where the introduction of 
contamination can take place along the supply chain of food of plant 
origin. 
 
Production 
Manure (fertilizer, wildlife) and the use of water contaminated with faeces 
(irrigation, washing, spraying) in the production of vegetables are 
identified as the main sources of microbiological contamination (Jung et 
al., 2014). Vegetables to be consumed raw are the most likely source of 
infections, especially sprouting seeds. As full decontamination of seeds is 
difficult to achieve during the sprouting process, any pathogen present on 
seeds can multiply greatly. Sprouted mung beans (‘tauge’) and sprouted 
alfalfa seeds are amongst the most frequently identified sources of 
infections (van Duynhoven et al., 2002). Fenugreek seeds were the most 
likely source of infection in the large EHEC 104 outbreak in Germany in 
2011 (Frank et al., 2011). In response to this outbreak, the EU regulation 
regarding microbiological criteria (EC, 2005a) was amended and an extra 
microbiological criterion for six Shiga toxin-producing E. coli (STEC) in 
sprouting seeds was formulated. New European legislation related to the 
production and trade in seeds and sprouted seeds was also published (EU, 
2013a,b,c).  
 
Among the most widely occurring contaminants of food are mycotoxins. 
Several mycotoxins are potent toxicants, such as aflatoxin, Alternaria 
toxins and ergot alkaloids. These substances are produced by moulds 
that grow on crops, particularly on cereals. The moulds grow under 
favourable conditions, particularly with regard to temperature and 
humidity (Mughini-Gras et al., 2012; Mulder et al., 2015; Van der Fels-
Klerx et al., 2012a; Gallo et al., 2015). Other contaminants that may be 
introduced into raw agricultural products are heavy metals and industrial 
or domestic waste chemicals such as persistent organic pollutants 
(POPs), which can be taken up from the soil or deposited from the air 
(NRC, 2000). The level of contamination will depend on the 
concentration of these substances in soil and the type of soil, which will 
influence the availability for uptake. For atmospheric deposition the 
distance from the sources of contaminants, their intensity and the 
prevailing wind direction and strength will be influential, as well as the 
intensity of precipitation, which could contribute to wash-off (NRC, 
2000).  
 
Plants used for human food production may themselves produce toxic 
substances, like alkaloids, which may be present in potatoes, or 
cyanogenic glycosides, in cassava. The levels of these toxic secondary 
plant substances (also called phytotoxins) in the end product can, to a 
certain extent, be influenced by the selection of varieties that produce 
such toxins to a lesser extent. Growing conditions can also affect 
concentrations of secondary plant substances in crops (Berdal, 2010; 
Hansen & Wold, 2010; Holmboe-Ottesen, 2010). Another source of toxic 
secondary plant substances is weeds that are unintentionally co-
harvested with food crops. This applies for instance to pyrrolizidine 
alkaloids (PA) in seeds and leaves from Senecio or other PA-containing 
weed species (Mughini-Gras et al., 2014; Mulder et al., 2015; Bodi et 
al., 2014; Shimshoni et al., 2015). 
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The use of PPPs can result in residues of active substances or their 
breakdown products in edible crops. Several factors, including usage 
type (e.g. foliar spray, soil application, seed dressing, post-harvest 
application), dosing, number of applications, time between applications 
and time between last application and harvest/consumption, may affect 
the amount of residue on a plant or the edible part of a plant. Although 
there is an increasing trend, such as drinking green smoothies (Maeda, 
2013), it should be kept in mind that only a few agricultural 
commodities are eaten raw; most edible crops are processed before 
consumption.  
 
Storage and transport 
During storage and transport of vegetables, microbiological hazards can 
enter the vegetable production chain via cross-contamination, food 
handlers, equipment, birds and pest animals (rodents). Especially the 
storage of bean sprouts and leafy greens to be used in salads require 
attention as they are further processed and consumed without an 
adequate risk reducing step.  
Mycotoxin-producing moulds can grow under poor conditions of storage 
(Gallo et al., 2015). Otherwise, the possible sources of new or more 
contaminants are limited, depending on how well the foods are 
protected from contamination sources, including the environment. 
Storage and transport may, however, contribute to the migration of 
substances from packaging materials into foods. A well known example 
is the migration of batching oil components from jute or sisal bags into 
raw agricultural products (EFSA, 2004). The same applies to the 
migration of components present in recycled food contact materials, in 
particular paraffinic or aromatic hydrocarbons from paper and board 
(EFSA, 2012c) and the migration of non-intentionally added substances 
(NIAS) from plastics (Koster et al., 2015). 
 
Processing 
Sprouting of seeds and cutting and washing of vegetables (cross-
contamination) are processing steps where microbes can enter the 
vegetable production chains, although washing can also lower the 
bacterial load of vegetables. The sprouting process takes several days 
and is done at room temperature. Nutrients stored in seed become 
available for microbes during sprouting. This combination of time, 
temperature and availability of nutrients allows a single pathogen 
present on a single seed to reach high numbers and to contaminate 
many more sprouts during the sprouting process.  
Food processing can result in decreased concentrations of some 
mycotoxins in the final food products as compared with the raw 
agricultural materials, but it may be that special conditions are needed 
and this certainly does not apply to all mycotoxins (Marin et al., 2013; 
Stoev, 2015). Apart from their presence in major food crops, 
mycotoxins can also occur in herbs and spices, which, although 
quantitatively a minor component of foods, can contribute significantly 
to the total amount of mycotoxins present in food as consumed (McKee, 
1995). The processing of foods containing pesticide residues may reduce 
(dilution) or increase (drying) their concentration. Furthermore, the 
nature of the residue may change.  
The processing of crude vegetable oils (especially palm oil) may result in 
increased levels of 3-methylchlorpropane-1,2-diol (3-MCPD). 



RIVM Report 2016-0196 

Page 27 of 161 Page 27 of 161

Chloropropanols can also be formed during production of soy bean or 
oyster sauce from acid-hydrolised vegetable protein (EFSA, 2013a; MAF-
NZ, 2011). Volatile organic substances can be (partly) removed from 
food by heating or steam stripping, but less volatile substances cannot. 
Mycotoxins levels in flour can be reduced by removing the bran because 
the bran contains more mycotoxins per kg than the unprocessed cereal 
(Stoev, 2015). The drying of fruits and roasting of e.g. coffee beans can 
result in the formation of furan and derivatives (Fromberg et al., 2009; 
Fromberg et al., 2014). For cassava it is known that grinding, 
fermentation and aqueous extraction can reduce the cyanide levels in 
the foods that are finally consumed (FAO, 1990). 
Processing can metabolise, dilute or concentrate residues from PPPs (for 
example, concentrated tomato paste has a higher concentration of 
residue(s) than raw tomatoes).   

Cooking and baking 
Prior to consumption, vegetable (but also other) foods finally can 
become contaminated via cross-contamination and poor hygiene. The 
use of cutting boards and utensils also used for the preparation of raw 
meat are risky sources for cross-contamination. Dirty hands and 
sneezing are examples of poor personal hygiene that can introduce 
micro-organisms during the preparation of food. As with products of 
animal origin, consumption of vegetable items that do not receive any 
heat treatment are the most hazardous.   
Heating foods is a way of reducing the number of bacteria and 
denaturing heat-labile toxins. However, it is also a known source of 
chemical contamination. Deep-frying can result in the formation of 
acrylamide, depending on temperature and the presence of free sugars 
and amino acids, in particular arginine. In less extreme conditions, 
acrylamide may also be formed, e.g. at lower (than deep-frying) 
temperatures in case of lower moisture contents and in dried fruits 
(EFSA, 2015a). 4-Methylimidazole is formed in Maillard browning 
reactions from sugars and nitrogen-containing substances, in particular 
amino acids. It may also occur as a contaminant in certain types of 
caramel food colourings (EFSA, 2011b; Moon & Shibamoto, 2011). 

2.2 Microbiological hazards 
Despite preventive measures (see Section 4.2.1), microbiological 
hazards in foodstuffs continue to be a source of infectious diseases in 
humans. Exposure to foodborne pathogens can result in gastroenteritis, 
sequelae or a systemic infection (see Table 2.2). Each year there are 
estimated to be some 680,000 cases of foodborne disease (Havelaar et 
al., 2012b) caused by bacteria (Campylobacter, STEC O157, Salmonella 
and Listeria monocytogenes), bacterial toxins (produced by Bacillus 
cereus, Clostridium perfringens and Staphylococcus aureus), viruses 
(norovirus, rotavirus, hepatitis A and E) and protozoa (mainly 
Toxoplasma gondii); see also Section 3.2.1. 

Below is an overview of the most important pathogens associated with 
food products, divided according to the mechanism by which humans 
can be exposed to them (see also Table 2.3). 
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2.2.1 Consumption of raw products 
In the Netherlands, raw products were involved in most recent large 
foodborne outbreaks. Raw food products involved in Salmonella 
outbreaks were cheese prepared from raw milk (van Duynhoven et al., 
2009), fruit juice (Noël et al., 2010) and cold-smoked salmon (Friesema 
et al., 2014). Steak tartare was the most likely source of infection by 
STEC O157 in 2008 (Greenland et al., 2009). In Germany, a large 
outbreak of a enteropathogenic hemorrhagic Escherichia coli (EHEC) 
O104:H4 was most probably linked to the consumption of fenugreek 
sprouts (Buchholz et al., 2011).  
 
Raw products can be the source of all types of pathogens. Milk used for 
the production of raw milk cheese can become contaminated during 
milking or cheese-making by pathogens originating from soil or poorly 
cleaned equipment (L. monocytogenes) or from faeces (Salmonella, 
STEC, Campylobacter). Campylobacter is unlikely to survive in cheeses, 
but enteric bacteria like Salmonella and STEC can. Faecal contamination 
is the most common cause, but some pathogens are present inside the 
meat tissue, like hepatitis E and T. gondii. Recently, with the use of 
whole genome sequencing, epidemiological tests and a traceback 
investigation, the source of a multi-country S. Enteritidis outbreak has 
been linked to an egg packing facility located in Poland1. The use of 
contaminated fresh eggs in products like mayonnaise, baverois or 
tiramisu can easily lead to an infection, typically with S. Enteritidis as 
the eggs in these products are not heated. 
 

2.2.2 Consumption of undercooked food products 
Cooking risks 
Products likely to be consumed after receiving minimal heat treatment, 
like steak, roast beef and seafood such as tuna, swordfish, shrimps and 
scallops, but also soft boiled eggs, receive minimal heat treatment 
before consumption. Minced meat products like hamburgers, meatballs 
and rolled meat products might also be consumed after a 
time/temperature treatment unintentionally allowing the survival of 
vegetative cells, in particular in the core. The type of pathogens that can 
be transmitted via this route strongly depends on the food item. Meat 
products that receive minimal heat treatment can carry enteric 
pathogens like Salmonella and STEC, hepatitis E and T. gondii. A typical 
pathogen linked to seafood is Vibrio spp, but cold-blooded seafood can 
carry any pathogen, including viruses and protozoa. 
 
Cooling risks 
Pasteurised food products can transmit a specific group of pathogens. 
These products receive a heat treatment sufficient to kill vegetative cells, 
but not to kill bacterial spores. Typical spore-forming pathogens are 
C. perfringens, C. botulinum and B. cereus. Under unsatisfactory post-
cooking storage conditions surviving spores can germinate and develop 
into high numbers of toxin-producing cells. Proper reheating of 
contaminated products is sufficient to prevent the risk of exposure to 
preformed toxins produced by Clostridium spp. and the diarrhoeal toxin 

 
1 http://www.foodqualitynews.com/Food-Outbreaks/EU-wide-Salmonella-outbreak-linked-to-eggs-passes-400-
illnesses. Accessed at 6 february 2017 
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produced by B. cereus, but the emetic toxin produced by B. cereus is heat 
stable. Food products to which this hazard is typically linked are viscous 
soups, sauces and ragouts. The high viscosity of these products hampers 
rapid cooling. Emetic strains of B. cereus are linked to products like rice 
and pasta (rich in carbohydrates). Clostridium spp. and diarrhoeal strains 
of B. cereus are associated with proteinaceous foods.  
 

2.2.3 Poor hygiene  
Food-to-food: cross-contamination 
The handling of contaminated food products can result in the transmission 
of pathogens via hands, cutting boards and knives to other foodstuffs. 
The consumption of cross-contaminated products that do not receive any 
(further) heat treatment, e.g. salads, may result in exposure to any type 
of pathogen; however, cross-contamination is generally recognised as an 
important transmission route for Campylobacter. Poultry products are the 
main source of Campylobacter. The consumption of undercooked meat is 
not the most likely transmission route, as poultry is typically well heat-
treated prior to consumption. Therefore, exposure to Campylobacter will 
mainly result from cross-contamination of poultry with other food 
products. Cross-contamination is identified as a major cause of 
contamination of food prepared at home.  
 
Person-to-food 
The consumption of ready-to-eat products can result in exposure to 
human pathogens like norovirus, rotavirus and hepatitis A virus. 
Transmission occurs via saliva, sneezing or improperly washed hands. 
Hands can also be involved in the transmission of St. aureus and enteric 
pathogens. Proper hygiene measures for people working in food 
businesses should be sufficient to prevent exposure to pathogens via 
this route.  
 
Equipment-to-food 
Ready-to-eat, heat-processed products can become contaminated after 
heat processing, for instance during slicing or packaging. Poor hygiene 
or insufficient cleaning and disinfection practices can result in 
contaminated food products. Pathogens typically transmitted via this 
route are enteric bacteria (like E. coli and Salmonella) and L. 
monocytogenes. L. monocytogens can be persistently present within 
food production and processing plants and grow when food is 
refrigerated.  
 
Excessive storage time 
For ready-to-eat food products in combination with L. monocytogenes 
(which is able to grow at refrigeration temperatures), a European 
microbiological criterion is set at a limit of 100 cfu per gram/ml for 
products at retail (EC, 2005a). During storage at home their number can 
increase beyond this limit when products are stored at too high a 
temperature, for instance in a poorly functioning refrigerator, or for too 
long a period. Typical risk products are vacuum-packed smoked fish 
(salmon, mackerel, herring), raw milk cheeses and patés, all products 
with a long shelf-life when stored at low temperature. At home, leftovers 
that are not properly re-heated before consumption are also considered 
risk products with respect to L. monocytogenes.
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Table 2.2. Overview of sequela associated with specific pathogens 

1 mortality, 2 gastroenteritis, 3 Guillain-Barré syndrome, 4 reactive artritis, 5 irritable bowel syndrome, 6 hemolytic uremic syndrome (HUS), 7 end-stage 
renal disease, 8 hepatitis, 9 meningitis, 10 neurological disorders, 11 chorioretinitis, 12 deformations in the central nervous system, 13 hydrocephalus, 14 
intracranial calcification.   

  

Group Pathogen M1 GE2 GBS3 ReA4 IBD5 HUS6 ESRD7 Hep8 Men
9 

ND10 CR11 CNS12 HC13 IC14 

Infectious 
gastro-
enteritis 

Campylobacter X X X X X 
Salmonella X X X X 
E. coli O157 X X X X 
Norovirus X X 
Rotavirus X X 
Cryptosporidium X X 
Giardia lamblia X X 

Toxin-
producers 

B. cereus X 
C. perfringens X X 
St. aureus X X 

Systemic 
infections 

L.monocytogenes X X X 
Hepatitis A and E X X 
T. gondii X X X X X 
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Table 2.3. Overview of microbiological hazards associated with different exposure routes 
Exposure route Examples Main pathogens Risk mitigation 
Consumption 
of raw 
products 

Vegetables, fruits, non-
pasteurized fruit juices, cold-
smoked fish, raw milk cheeses, 
steak tartare, carpaccio, sushi 

L. monocytogenes, 
Campylobacter, 
STEC, Salmonella, 
hepatitis E, T. gondii 

• Prevention of 
contamination in 
primary production 

• Freezing of meat 
(protozoa) 

Consumption 
of 
undercooked 
products 

Undercooking Meat, minced meat and seafood 
products  

Salmonella and 
STEC, hepatitis E, T. 
gondii 

• Sufficient heating 
• Freezing of meat 

(protozoa) 

No sufficient 
cooling 

Viscous soups, sauces, ragouts C. perfringens, C. 
botulinum, B. cereus 

Rapid cooling and proper 
reheating of precooked 
items 

Poor hygiene Food-to-food Ready-to-eat and undercooked 
products 

Campylobacter Separation of food 
products 

Person-to-food Ready-to-eat and undercooked 
products 

Norovirus, rotavirus, 
hepatitis A  

Personal hygiene 

Equipment-to-
food 

Ready-to-eat, heat-processed 
products (cold meats) 

L. monocytogenes, 
E. coli, Salmonella 

Cleaning and disinfection 
in food-production plants 

Too long 
storage 

Products with long shelf life at 
low temperature (vacuum-
packed seafood, pate, raw milk 
cheese) 

L. monocytogenes Limited storage 



RIVM Report 2016-0196 

Page 32 of 161 Page 32 of 161 

2.3 Chemical hazards 
Hazardous chemicals can enter the food supply chain in different ways, 
as discussed in Section 2.1. The presence of hazardous chemicals in 
food may be undesirable, but it cannot always be avoided. For example, 
chemicals are used to prevent or inhibit food spoilage or to protect 
agricultural crops against diseases and decay. In other cases, chemical 
substances can be found in food because they are present in the 
environment, in drinking water or in materials that come into contact 
with food. This does not mean that any hazardous chemical present in 
food poses a risk to humans per se; it depends on the concentration. 
Chemicals added to food during the production process are strictly 
regulated to make sure that the food we eat is safe. 
 
The different groups of chemical hazards will be described below. These 
include food additives, plant protection products, veterinary medicinal 
products, biocides, contaminants and food contact materials.  
 
Additives 
Food additives are ingredients added to food to fulfil a technological 
function in a food that cannot be obtained by other economically or 
technologically solutions. The use of a food additive may not mislead the 
consumer and it may not pose a safety concern to the health of the 
consumer at the level of use proposed (EC, 2008). 
 
Additives can be either chemically synthesised or made by concentrating 
naturally occurring compounds. In Europe, only additives authorised by 
the European Commission can be used. These additives are considered 
to be safe and therefore assigned an ‘E-number’. For each additive, 
restrictions of use exist, which limit the number of foods in which it may 
be used (see also Section 4.2.2). 
 
Each authorised food additive displays one or more technological effects, 
which are categorised into 26 functional classes (EC, 2008; EU, 2011a). 
Examples of functional classes of food additives are:  

• Food colouring: used to colour foods or to restore the original 
colour of a food lost in processing. Well known products 
containing food colours are sweets, soft drinks and desserts. 

 
Figure 2.3. Example of food products in which food colouring is used  
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• Preservatives: used to prevent the growth of bacteria and yeast 
in food. They prolong the shelf life of food and prevent the 
development of pathogenic micro-organisms. Preservatives can 
be found in, for example, non-alcoholic drinks including fruit 
juices, cheese and meat products. 

• Antioxidants: added to products to prolong the shelf life of food 
by protecting it from oxidation. They prevent food rancidity and 
browning. Well known examples of antioxidants are ascorbic acid 
(vitamin C) and tocopherols (vitamin E). Ascorbic acid and its 
salts are frequently used in, for example, fruit juices. Tocopherols 
are frequently used in products containing oils and fat, such as 
margarines and cooking oil. 

• Acids: substances that increase the acidity of foods or cause a 
sour taste. Citric acid, acetic acid and lactic acid are frequently 
used examples. Acids are used in a variety of foods, such as jams 
and fruit nectars. 

• Acidity regulators: substances that control the acidity or alkalinity 
of a food. They can be used in many foods, such as ice-cream, 
flavoured non-alcoholic drinks and bakery wares; 

• Anti-caking agents: prevent the lumping of powdered foods such 
as salt and packet soups. 

• Anti-foaming agents: prevent foaming during the preparation and 
use of foods. They can be added to cooking fat, soft drinks and 
soups, for example. 

• Emulsifiers: allow fat and oils to mix with water, examples of 
foods in which they are used being salad dressings, mayonnaise 
and margarines. 

• Sweeteners: used to replace sugar in foods to obtain a lower 
caloric content or in foods that contain no sugar. They are an 
ingredient of, amongst other products, tea/coffee sweeteners, 
‘light’ drinks and sugar-free chewing gum. 

 
Box 1. Sweeteners 
As described above, sweeteners are low-caloric alternatives for sugar 
added to energy-reduced products or products that do not contain 
sugar. Within the European Union (EU) the term ‘energy-reduced’ is only 
allowed when a 30% reduction in energy is obtained compared with the 
regular product (EC, 2006a). Several sweeteners are allowed in the EU 
(EC, 2008).  
Aspartame (E 951) is a sweetener that has been on the market for 
decades. It is chemically produced and some consumers have concerns 
about it. However, aspartame was re-evaluated in 2013 by EFSA, which 
concluded that current use of the sweetener does not pose a health risk. 
Aspartame is frequently used together with acesulfame K (E 950). Well 
known products containing aspartame are tea/coffee sweeteners, 
flavoured fermented milk products, chocolate products, confectionery, 
chewing gum, and soft drinks (EU, 2011a). As stated above, only 
energy-reduced or no-sugar-added forms of these products can contain 
aspartame.  
Upon ingestion, phenylalanine, an amino acid constituent of aspartame, 
is released in the gastrointestinal tract. As subjects suffering from 
phenylketonuria cannot metabolize phenylalanine, it is obligatory for 
consumers to be informed that a food is a potential source of 
phenylalanine by stating ‘contains aspartame (a source of 
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phenylalanine)’ on the label in cases where aspartame is mentioned by 
its E number in the list of ingredients, or ‘contains a source of 
phenylalanine’ where aspartame is given by name in the list of 
ingredients (EU, 2011b). 
Steviol glycosides (E 960) are an example of a recently authorised 
sweetener. Steviol glycosides are extracted from the leaves of the plant 
Stevia rebaudiana Bertoni. This sweetener has a natural and healthy 
image among consumers and may now be used in, for example, 
tea/coffee sweeteners, flavoured fermented milk products, chocolate 
products, confectionery, chewing gum, and soft drinks (EU, 2011a). As 
with aspartame, only energy-reduced or no-sugar-added forms of these 
products may contain steviol glycosides (EC, 2006a). 
 
Plant protection products 
A plant protection product (PPP) is a mixture with one or more active 
substances that is intended to protect plants against harmful organisms 
or prevent their harmful effects2 (Figure 2.4). PPPs are also used to 
influence the life processes of plants, store plant products, kill unwanted 
plants, destroy parts of plants, or inhibit or prevent undesired growth. 
  

 
Weeds    Fungi   Insects 

Figure 2.4. Examples of threats to agricultural crops   
 
A PPP contains ‘inert’ ingredients as well as (an) active substance(s). The 
inert ingredients are important for product performance and usability.  
 
Active substances (and also PPPs) can be classified by target organism. 
The main classes are (see also Figure 2.5): 

• Herbicides: used to kill weeds, especially when the crops are 
small and the weeds compete for water and sunlight.  

• Insecticides: used to kill insects and some other harmful bugs. 
Whiteflies, for example, damage plants by sucking the juices 
from the new growth, causing stunted growth, leaf yellowing and 
reduced yields.   

• Fungicides: Fungi can grow in warm, moist conditions and can be 
very harmful to crops. Fungicides protect plants against harmful 
effects.  

• Growth regulators: used to stimulate or slow down plant growth. 
For example, potato sprout regulators prevent potatoes intended 
for consumption from developing roots.  

  

 
2 European Commission, Pesticides. ec.europa.eu/food/plant/pesticides/index_en.htm 
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Herbicide use on cereals Fungicide use on apples 

 

 
Insecticide use on tomatoes 
Figure 2.5. Examples of the use of PPPs in relation to food products 

 
Active substances can also be grouped into chemical families, prominent 
groups being the triazoles, neonicotinoids, carbamates, organochlorines, 
organophosphates and phenoxyacetic herbicides (IUPAC PPDB). The 
toxicity of these substances varies greatly, and some have been phased 
out because of their toxicity, persistence and potential to bioaccumulate 
in organisms or the environment.  
 
PPPs are used during the whole growing season. Depending on the 
application route and the behaviour of the substance within the plant 
(e.g. uptake, transport), residues of the active ingredient can be 
expected not only on the plant, but also in consumable parts of the 
plant.  
There are three main groups of food that can contain residues from PPPs 
(see also Figure 2.6). Residues can be present in or on raw consumable 
food (apples, lettuce etc.). Residues can be present in processed food 
(e.g. residues in wine and bread). Finally, because animal feed, e.g. hay 
or straw, may contain residues, they can be present in the edible parts 
of livestock.  
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Figure 2.6. Schematic overview of introduction of PPPs into the food chain   
 
Box 2. Spinosad 
Spinosad is a biologically derived insecticide with a broad spectrum, 
used to control many different types of insect. It is used on various 
agricultural crops, but also on ornamentals and farm trees and in home 
gardens. The application of spinosad is authorised for both professional 
and non-professional (home and garden) use (EC, 2006b). Because 
spinosad is used on a large number of crops, residues may appear in 
raw agricultural crops, processed food and animal products. 
 
Veterinary medicines 
Veterinary medicinal products (VMPs) are medicines used to prevent, 
cure or alleviate diseases and injuries in animals, including dogs and 
cats, but also food-producing species, like pigs, cows and chicken. Once 
a medicine is administered to an animal, the medicine normally 
distributes throughout the body of the animal, including the eggs and/or 
milk and the parts that will be consumed as meat. When consumers 
drink milk or eat eggs or meat from treated animals, they may be 
exposed to the residues of veterinary medicines.  
  

PPP use

Animals fed on 
treated crops

Possible residues 
in animal products

Possible residues 
on raw crops

Possible residues 
on processed food
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Figure 2.7. Examples of animals that may be treated with VMPs but that also are 
part of the food supply chain 

 
VMPs can be subdivided into (Fidin, 2014):  

• Vaccines; 
• Antimicrobials: further divided into antibacterial medicines, 

antiprotozoal agents, antimycotics (acting against fungi), 
disinfectants and antiseptics; 

• Parasiticides: further divided into endoparasiticides (or 
anthelmintics) against parasitic worms and ectoparasiticides 
against external parasites such as flies, ticks, mites and fleas; 

• Other VMPs.   
 
Box 3. Antibiotics 
One group of VMPs that is considered a risk for consumer safety and public health is 
antimicrobial medicines, especially antibiotics. Some antibiotics are available for both 
human and veterinary medicine. When antibiotics are used incorrectly, bacteria can 
become resistant to them. Bacterial resistance to antibiotics can make it more difficult
to treat infections caused by bacteria3.  

 
Figure I. Poster illustrating the tension between the use of antibiotics and the development of 
resistant bacteria 
 
In order to prevent the increase in bacterial resistance, rules and legislation on the 
use of antimicrobial medicines are constantly being updated. In veterinary medicine, 
antibiotics may be used only upon the prescription of a veterinarian, and in general 
may be administered only by a veterinarian. Preventive treatment with antibiotics 
has been banned and farmers must keep a detailed register of all antibiotic use4.    
Moreover, as with other VMPs, maximum residue limits and withdrawal times are set 
for antibiotics in order to prevent excessive exposure of consumers to residues of 
antibiotics via meat, milk and eggs.  

 
3 https://www.rijksoverheid.nl/onderwerpen/dieren/inhoud/dierziektes/diergeneesmiddelen (accessed 9 
February 2016); https://www.rijksoverheid.nl/onderwerpen/antibioticaresistentie (accessed 10 February 2016). 
4 https://www.rijksoverheid.nl/onderwerpen/antibioticaresistentie/inhoud/ 
antibioticaresistentie-in-de-veehouderij (accessed 9 February 2016). 
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Biocides 
Biocide products can be used in diverse areas. They fall into four main 
categories: disinfectants, preservatives, pest control products and 
others, such as anti-fouling (EC, 2012). Livestock may be exposed to 
biocides, e.g. by insecticide treatment of surfaces in livestock housing or 
disinfection of feed storage facilities, or food/feed may be exposed 
directly: 

• Disinfectants are used in the food industry to disinfect 
machinery, storage tanks and distribution systems. If the 
disinfectant is not rinsed off properly, it may end up in food 
products. 

• Preservatives may be used in dishwashing products. If the 
dishwashing product is not rinsed off properly, biocide residues 
could end up in food or drink through contact with cutlery, cups 
and plates in food served in restaurants. At home, this type of 
contamination may be substantial. 

• Pest control products may be used in bakeries, for instance to 
control cockroaches. If bread and other bakery products are 
insufficiently covered or if the surfaces are insufficiently cleaned 
after treatment, biocides could end up in food products. 

• Anti-fouling products may be used to prevent algae growth on 
cages for cultivated fish and could end up in fish products.  

 

 
 Disinfectants   Preservatives 
 

 
 Pest control products  Anti-fouling 
Figure 2.8. Examples of uses of biocides in relation to food  
 
Biocides are not allowed to be used on agricultural crops, nor may they 
be used on food, feed or livestock. Nevertheless, biocide residues can 
enter the food or feed chain if the biocide product is not sufficiently 
removed, e.g. from food-processing equipment after disinfection. Health 
hazards can arise from the ingestion of micro-organisms or of biocide 
residues. A balance needs to be found between two objectives: the 
effective control of micro-organisms and pests and the limiting of dietary 
exposure to biocide residues. 
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Box 4. Quaternary ammonium compounds 
Quaternary ammonium compounds (QACs or quats) are disinfectants 
that are used in the food industry to prevent bacterial or algae growth 
on or in machinery, storage tanks and distribution systems. They are 
also used to prevent bacterial growth in coffee machines in restaurants 
and machines for making freshly pressed fruit juices in supermarkets. 
They tend to stick to the walls of food equipment and are difficult to 
remove with water. If the disinfectant is not rinsed off properly, it may 
end up in food products. QACs are often found in mixed foods like soft 
ice-cream and minced meat.  
QACs are also used to prevent bacterial growth in washing water and 
may appear in/on raw vegetables and fruits like apples and pears.  
In the Netherlands, QACs are not allowed to be used for the disinfection 
of milking equipment and milk storage tanks, but in other EU countries 
this use is allowed and these compounds may therefore appear in milk 
and dairy products. The NVWA monitors foods on a regular basis for 
QACs and every year a few cases are reported where QACs exceed the 
Dutch legal limits. 

Figure II. Schematic overview of food products that can cause exposure to 
QACs 

Contaminants 
A chemical contaminant is any toxic substance whose presence is not 
the result of intentional use in the food production chain. Its presence in 
food can be the result of environmental contamination or of an 
inadequacy in the production, manufacture, processing, preparation, 
treatment, packaging, transport or storage of the food. Pesticides, 
veterinary medicines, biocides, food contact materials and extraneous 
matter such as insect fragments and animal hair are not considered to 
be contaminants. Generally, contaminants are grouped in three main 
categories: environmental contaminants such as POPs, industrial (or 
processing) contaminants, and agricultural contaminants. 
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Environmental contaminants 
Environmental contaminants may occur naturally or be man-made 
(Figure 2.9). Examples of naturally occurring contaminants are heavy 
metals (lead, mercury, arsenic, cadmium). Although they occur naturally 
in the environment, their concentrations may be locally increased as a 
result of industrial pollution. Heavy metals may be taken up by plants 
from the soil in which they are grown. Contaminants may accumulate in 
animals if they have eaten contaminated feed or drunk or swum in 
contaminated water. The levels observed in food products often depend 
on the local level of environmental contamination. Thus in certain areas 
some fish species may contain high levels of methyl-mercury. High 
arsenic levels may be found in rice and seaweed, and cadmium levels 
may be high in cocoa products. Heavy metals are known to have various 
adverse effects, including (developmental) neurotoxicity (lead, methyl-
mercury), carcinogenicity (arsenic) and kidney toxicity (cadmium).  
A particular group of environmental contaminants are POPs. These are 
organic compounds that are resistant to degradation in the environment. 
Although POPs may be generated naturally, e.g. by volcanic activity, most 
POPs are the result of industrial activity. They tend to bioaccumulate in 
the fat of animals and humans. Examples of POPs are dioxins and PCBs. 
Dioxins and PCBs may cause, among other things, reproductive and 
developmental toxicity, immunotoxicity and cancer. 
 

   
Cocoa products may contain  Most POPs result from  
cadmium     industrial activity  

 
Certain fish species may contain high levels of methyl-mercury  
Figure 2.9. Examples of environmental contaminants 
 
Processing or industrial contaminants 
Processing or industrial contaminants are substances that are not 
present in raw material but are generated during the processing of food. 
Examples of processing contaminants are acrylamide and PAHs (Figure 
2.10). Acrylamide is formed as a result of a chemical reaction between 
sugars and protein during, for instance, the baking of bread and frying 
of chips. PAHs may be generated during the smoking of meat and fish, 
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potentially leading to high levels in the end products. Acrylamide has 
neurotoxic and carcinogenic properties, according to animal studies 
(EFSA, 2015a). PAHs are known to be, among other things, 
carcinogenic. Other processing contaminants include nitrosamines, 3-
MCPD esters and furan. 
 

 
Smoked fish may contain PAHs Chips may contain acrylamide 
Figure 2.10. Examples of processing or industrial contaminants 
 
Agricultural contaminants 
Agricultural contaminants are inherent plant toxins or naturally occurring 
toxins derived from, for instance, fungi (mycotoxins). Examples of plant 
toxins are erucic acid and tropane alkaloids such as atropine and 
scopolamine. Examples of mycotoxins are aflatoxins, ergot alkaloids, 
ochratoxins and deoxynivalenol (Figure 2.11). The (toxic) effects of 
some of these compounds have been known for a long time. Atropine 
was and still is used to dilate the pupil of the eye. In the Middle Ages the 
consumption of bread made from ergot-infected grain caused 
neurological disorders, vasoconstriction and sometimes the loss of limbs 
or even death.  

 
Atropa belladonna  Effect of atropine on the (right) pupil 

 
Ergot growing on wheat ‘The Beggars’ by Pieter Breughel (1568) 

Figure 2.11. Examples of agricultural contaminants and their effects on 
individuals 
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Food contact materials 
There are several materials that can come into contact with food (see 
also figure 2.12):  

• Food packaging, such as plastic cartons, bottles, cans and 
cardboard boxes; 

• Utensils used by consumers, such as cutlery, pans, cutting 
boards, and glasses; 

• Utensils used in the food-processing industry, like machinery, 
conveyor belts, barrels and tubes.  
 

 
Figure 2.12. Examples of everyday FCMs  
 
Well known food contact materials (FCMs) are plastics, paper and board, 
metals, glass, and ceramics, but other materials are used as well, such 
as wood, rubber, textiles and cork. Chemical substances can migrate 
from food contact materials into food. 
 
Box 5. Incidents with FCMs 
Every now and then, potentially hazardous substances are found in food 
that have derived from its packaging material. Mineral oil hydrocarbons 
have been found in dry food packaged in cardboard boxes, due to the 
use of recycled paper and board in which the mineral oils were present 
as an ingredient of printing inks. Other examples are substances 
derived from the coatings of cans, aromatic amines derived from 
adhesives, nitrosamines derived from rubber, and 
4-methylbenzophenone and ITX migrating from inks used in printing on 
packaging. 
 

2.4 Key findings 
• Food safety should be assessed at all stages along food supply 

chains in a integrated manner rather than focussing on the 
processes separately in order for risk managers to see where risk 
management measures will be most relevant and effective. 

• Humans can be exposed to microbiological hazards originating 
from different types of food product by consuming raw food 
products, undercooked food products and/or food prepared under 
poor hygiene conditions throughout the food chain. Exposure to 
foodborne pathogens can result in gastroenteritis, sequelae or 
systemic infections. 

• Chemical hazards in food can be divided (arbitrarily) into 
chemicals present due to intentional use during food production 
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(including residues) and chemicals whose presence is not the 
result of intentional (or functional) use in or on food 
(contaminants). Chemical hazards can also be divided into the 
following groups: additives, biocides, contaminants, plant 
protection products, veterinary medicinal products and 
substances migrating from food contact materials. 

• Exposure to these chemical hazards may result in a wide range of 
toxic effects, which differ according to the chemical substance 
and the dose. 

  



RIVM Report 2016-0196 

Page 44 of 161 Page 44 of 161 



RIVM Report 2016-0196 

Page 45 of 161 Page 45 of 161

3 Safety of the Dutch food 

3.1 Methods and metrics to assess food safety 
3.1.1 Risk assessment 

Risk assessment (RA) is part of the risk analysis ‘triangle’ (see also 
Section 4.3.3), whose ultimate goal is to identify and manage health risk. 
The three elements of the triangle are risk assessment, risk management 
(weighing and implementing control options) and risk communication 
(between all relevant stakeholders). Dietary RA is a structured process 
that describes negative health effects resulting from exposure to micro-
organisms or chemicals present in food. Quantitative microbiological risk 
assessment (QMRA) and chemical risk assessment (CRA) consist of: 

• Hazard identification: a qualitative description of the pathogen 
and its adverse health effects, or the intrinsic toxic properties of 
a chemical; 

• Exposure assessment: combining food consumption data with 
data on the levels of pathogens or chemical agents in food, using 
either conservative (e.g. theoretical) or actual input values; 

• Hazard characterisation: qualitative or quantitative description of 
the inherent characteristics of a pathogen or a chemical 
substance that has the potential to cause adverse health effects, 
usually in the form of a dose–response model; 

• Risk characterisation: integrating the previous elements into an 
estimate of the number of illness cases, or the likelihood that 
adverse effects in the population will occur. 

 
3.1.2 Similarities and differences between microbiological and chemical RA 

The differences between microbiological and chemical RA are shown in 
Table 3.1. Figure 3.1 gives a brief outline of the main steps in both RA 
procedures. A more extensive discussion of the peculiarities of QMRA is 
given in Section 3.1.3. The CRA strategy is presented in more depth in 
Section 3.1.4. 
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Table 3.1. Differences between microbiological and chemical risk assessment 
QMRA CRA 

• Calculation of exposure with a 
farm-to-fork modelling approach, 
which includes growth, 
inactivation, cross-contamination, 
partitioning, mixing and removal of 
the pathogen in the phases farm, 
processing plant, retail and 
consumer’s home 

• Exposure is described as an 
estimate of the number of 
pathogens that a consumer ingests 
when eating a portion of food (a 
deterministic estimate or a 
probability distribution including 
variability) 

• Combined with food consumption 
survey data to obtain estimates at 
the population level. Focused on 
mean dose value or whole 
probability distribution and one 
food product 

 
 
 
• Estimation of the probability of 

infection and of illness (dose-
response modelling). Standards 
are scarce and not used to assess 
risks. 

 
 
 
 
 
 
• Final output is estimated as the 

number of illnesses per year in the 
Netherlands for a specific 
pathogen–food product 
combination 

 
• Acute effects  
• Any single hazard has a probability 

of causing an infection; there is no 
threshold level below which there 
is no health concern 

 
• Microbiological dose–response 

modelling uses discrete countable 
numbers of pathogens 

• Changes in concentration of the 
chemical from the primary 
production to the retail phase, or 
to the consumer’s plate but in 
contrast to pathogens no 
propagation 

 
• Exposure is (ideally) estimated 

using occurrence and 
consumption data 

 
 
 
 
• Food consumption data and data 

on the composition of food 
products are used to obtain 
estimates at the population level, 
which are focused on upper 
percentile population values of 
intake of the chemical for the 
whole food menu (in mg/kg body 
weight/day) 

• Standards (reference values or 
health-based guidance 
values/HBGVs) play a prominent 
role. Experiments with animals 
are used to derive such HBGVs, 
often with the application of 
uncertainty factors to take into 
account the extrapolation from 
animal data to humans, the 
variability between individuals, 
and/or the (lack of) quality of the 
underlying dataset. 

• Final output is a comparison of 
the exposure estimate with the 
HBGV, which is applicable to the 
exposure situation and the 
substance under consideration 

• Acute and chronic effects  
• The dose–response function has 

an identifiable level of exposure 
below which effects may be 
absent or be so minimal that they 
are not considered to be of 
concern 

• Chemical dose–response 
modelling uses amount of 
substance  

 



RIVM Report 2016-0196 

Page 47 of 161 Page 47 of 161

Figure 3.1. Simplified overview of methods and comparison of microbiological 
and chemical risk assessment 

3.1.3 Microbiological methods and metrics 
Quantitative microbiological risk assessment  
The main value of a QMRA is its ability to predict the effect of 
interventions, ideally integrated with economics so that cost–utility 
ratios can be calculated. Exposure assessment is usually performed with 
an extensive food chain model that describes farm, slaughterhouse, 
retail and consumer practices, incorporating these predictions. At 
present, QMRA is not able to produce reliable absolute estimates of 
numbers of illness cases. This is probably due to the dose–response 
relationship, which, being based on human volunteer experiments, is 
hampered by the limited amount of data available – data that are not 
representative of the full spectrum of pathogens and hosts. Moreover, 
the data that are present are in the high-dose range and of non-
representative volunteers in terms of acquired immunity. Given the 
above, the likely effect of interventions is described relative to the 
current situation using either QMRA or epidemiological data. 

A second use of QMRA is estimating the source attribution of pathogens 
to illness cases. For a pathogen, exposure can be calculated and 
compared at the required level of detail, ranging from pathway of 
exposure (via food, environment, etc.) to specific food products (beef, 
pork, poultry, ect.). Data availability is generally an important problem 
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in QMRA, resulting in relatively high uncertainty5, as assumptions have 
to be made. A full-scale food chain QMRA needs a lot of data, including 
data on prevalence and numbers of pathogens at each stage in the 
chain, time–temperature profiles, pathogen-specific properties 
determining survival and growth, transfer rates of pathogens between 
food and non-food units, consumption patterns and food preparation 
styles. Monitoring programmes provide some data on the prevalence of 
pathogenic agents, but the other information is often lacking. 

As performing exposure assessment is often a complex task, the 
Modular Process Risk Model (MPRM) approach was introduced. This 
consists of splitting the food chain into modules corresponding to the 
independent processes that need to be modelled, which facilitates the 
data collection and modelling for the construction of the final QMRA. Six 
fundamental events are considered: growth, inactivation, mixing, 
partitioning, removal and cross-contamination. 

Burden of disease 
The term ‘foodborne burden of disease’ refers to the impact of a 
foodborne disease on a specific population. Several metrics are available 
for estimating the burden of disease (BoD), each for a different purpose, 
the most frequently used metrics being disease prevalence, disease 
incidence, mortality, economic losses (cost-of-illness/COI) and disability 
adjusted life years (DALY). 

Disease prevalence indicates the proportion of existing cases in the 
population at a certain moment. Cases can be identified by detecting the 
pathogen directly through its isolation from patient samples, or 
indirectly by detecting an immune response with a serological assay. 
Since immune responses last for a lifetime, or at least for many years, 
prevalence estimates provide insights into the proportion of the 
population that has been exposed to the pathogen in the past. 
Seroprevalence data can be converted into incidence data using 
mathematical models (Teunis et al., 2012). 

Incidence estimates indicate the number of new cases occurring in a 
specific period, e.g. a year. Incidence estimates can be made from 
dedicated population studies and from surveillance data (which may 
derive from voluntary reporting or, for notifiable diseases, obligatory 
reporting). Typically, only part of the population will visit a general 
practitioner (GP), samples will be submitted for diagnostic screening by 
the GP in only a proportion of cases, and, of the samples that are 
examined microbiologically, only a proportion of the incidences will be 
reported to RIVM to become available for incidence estimation. The 
challenge in estimating the true incidence is how to correct for 
underestimation, specifically when estimates are based on reported 
cases from surveillance data. Mortality indicates the number of people 
dying as a result of a pathogen or disease, expressed either as an 
absolute number per time period or as a ratio, expressed as a number 

5 An important aspect to consider when implementing and interpreting QMRA is the distinction between 
uncertainty and variability. Uncertainty derives from the lack of knowledge on the exposure and dose–response 
model and the values of parameters. Variability is the irreducible variation in many aspects, such as pathogen 
concentration, pathogen characteristics and consumer behaviour.
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per 1000 or 100,000 people or cases. Data for mortality estimates can 
be derived from national statistics or surveillance systems or based on 
conditional probabilities for fatal cases given infection from case reports 
and outbreak investigations. As for incidence estimates, mortality 
estimates may need correction for underestimation due to 
underreporting or underascertainment. 

The COI expressed in euros is an economic valuation of the burden of a 
disease in a population. In the Netherlands the COIs for food-related 
pathogens have been estimated annually since 2011. These estimates 
have a societal perspective (i.e. the cost to the society as a whole), 
including direct healthcare costs (DHC), direct non-healthcare costs 
(DNHC) and indirect non-healthcare costs (INHC) (Mangen et al., 2015). 
The DHC are the costs related to resources used within the healthcare 
system, including medical services such as GP consultations, specialist 
consultations, hospitalisation and prescribed medication. The DNHC are 
costs that are paid by the patients, including travel costs and over-the-
counter medication. The INHC are mainly production losses to society 
from work absenteeism due to the disease and the costs of rehabilitation 
as a consequence of the disease. The total COI is calculated as sum of 
the current and future costs of acute illness and sequelae. Costs are 
discounted by 4% in accordance with Dutch guidelines for health 
economic evaluations (Hakkaart-van Roijen et al., 2010). 

The previously described metrics measure a single aspect of a disease, 
such as occurrence or associated deaths. To compare impacts of 
different diseases on public health, an integrative measure is needed 
that combines the frequency of occurrence, the associated symptoms, 
and the severity and duration of these symptoms. A measure that 
integrates these aspects is the DALY, which reflects the number of 
healthy life years lost to the disease under study. The frequency part of 
the DALY can be based on the disease prevalence (prevalence-based 
DALY) or on the incidence (incidence-based DALY). In the Netherlands 
the burden of foodborne diseases is expressed (using the incidence-
based DALY) as the number of healthy life years that are lost due to all 
foodborne infections. 

3.1.4 Chemical risk assessment: methods and metrics 
For many of the chemical substances that can be present in our food, 
standards have been derived for the purpose of assuring food safety. 
These standards can be divided into health-based guidance values 
(HBGVs) and product limits. Examples of product limits are maximum 
residue levels (MRLs) for pesticide residues and veterinary drug residues 
and maximum levels (MLs) for contaminants. Examples of HBGVs are 
the acceptable daily intake (ADI), the tolerable daily intake (TDI) and 
the acute reference dose (ARfD; see below). HBGVs are determined by 
scientific hazard assessment and regularly updated, e.g. when additional 
hazard information becomes available. 
In some cases, the determination of standards is hampered by a lack of 
adequate toxicity data. Other approaches such as the threshold of 
toxicological concern (TTC) method may then be used in order to perform 
a first screening on the toxic potential of a substance (EFSA, 2012d; 
EFSA/WHO, 2016). 
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The general principles of CRA have already been outlined (see 
Sections 3.1.1 and 3.1.2). The four steps in the CRA process are 
discussed in detail in the sections below. 

The first step is hazard identification, which includes the collection of 
information about the potential of the substance to cause adverse 
effects. Ideally, human data is used to gain insight into its toxic 
potential but for practical and ethical reasons human toxicity data (e.g. 
human epidemiological data) are in most cases absent or limited. 
Therefore, hazard data are obtained from animal experiments or, in 
order to reduce use of animals in experiments, by alternative methods 
such as in vitro and in silico research.  

The exposure assessment results in an estimation of the current level of 
exposure to the substance via food consumption. To that end, data on 
the concentrations of chemical substances in a particular food or foods 
are combined with data on the consumption of that food using either 
simplified (lower tier) deterministic models or advanced (higher tier) 
Monte Carlo probabilistic simulation models (see Appendix II). It is also 
possible to estimate exposure in subpopulations that may be at higher-
than-average risk, such as children or the elderly, e.g. because of age-
related differences in food consumption. 
Alternatively, in a pre-market exposure assessment for authorisation 
purposes, the question to be answered is whether exposure at the level 
of the product limit would present a health hazard. More details on the 
exposure assessment (different methods, future developments, etc.) are 
given in Appendix I. 

In the hazard characterisation step, the relationship between the 
adverse effects and the dose levels at which such effects occur is 
analysed. When sufficient information is available, a point of departure 
(PoD) can be extracted from the data, from which HBGVs can be 
derived. Traditionally, for substances that are not genotoxic and 
carcinogenic, this was done on the basis of the dose at which no adverse 
effect was observed – the no observed adverse effect level (NOAEL). 
However, for theoretical and statistical reasons the concept of the 
NOAEL has been criticised and there is a general tendency to substitute 
the NOAEL approach by the more sophisticated benchmark dose (BMD) 
approach. The BMD approach, which makes better use of the available 
information, is nowadays often used in the risk assessment of food 
contaminants. The BMD approach also allows quantification of the 
uncertainty and variability in the data. 

Because NOAELs or lower confidence limits of the BMD (BMDLs) are 
usually obtained from toxicity studies on animals, uncertainty exists 
about the applicability of these toxicity estimates to humans. Therefore, 
uncertainty factors are applied to the PoDs to derive an HBGV. These 
factors can be applied to take account of differences in sensitivity 
between individuals or to cover limitations in study design or data gaps. 
When the BMDL is calculated at an acceptable response level for a mild 
effect (benchmark response/BMR) no additional uncertainty factors are 
needed to derive an HBGV. When, however, a BMDL can be calculated 
only for severe effects (e.g. lethality), additional uncertainty factors may 
have to be applied. 
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For substances that are genotoxic and carcinogenic, the NOAEL 
approach has not been used as it was recognised that, in theory, one 
molecule of such a substance could result in the development of a 
tumour. The European Food and Safety Authority (EFSA) advocated that 
a margin of exposure (MoE) should be calculated instead (EFSA, 2005). 
The MoE approach starts with the derivation of a PoD (preferably a 
BMDL10 (= lower confidence limit of the BMD for a 10% change in 
effect). The MoE is the ratio between the PoD and the exposure estimate 
(MoE = PoD/exposure). It is up to risk managers to decide what a 
sufficient MoE should be. In general, as expressed by EFSA (EFSA, 
2005), for genotoxic and carcinogenic substances an MoE of 10,000 or 
higher is considered ‘a low concern from a public health point of view 
and […] a low priority for risk management actions’. The MoE approach 
for genotoxic carcinogens is not (yet) generally used in all regulatory 
frameworks mentioned in this report. Recently, the Scientific Committee 
reconfirmed that the BMD approach is a scientifically more advanced 
method compared to the NOAEL approach for deriving a Reference Point 
(EFSA, 2017). 
 
The resulting information of the exposure assessment and dose-
response assessment (hazard characterisation) is compared during the 
risk characterisation phase, i.e. the exposure to the substance, as a 
result of consuming food items containing that substance, is set against 
the HBGV. This step in the CRA is a rather formalistic step in which 
generally the principle is applied that when the exposure is below the 
HBGV there is no health concern, while when it is above the HBGV a 
health concern cannot be ruled out. 
 
There are several HBGVs, of which the following are relevant to food 
safety (WHO, 2009): 

• Acceptable daily intake (ADI): a measure of the amount of a 
substance that can be consumed every day during an entire life 
without any appreciable health risk. The ADI is used for 
pesticides, biocides, VMPs and additives.  

• Tolerable daily intake (TDI): similar to the ADI, with the 
difference that it is used for substances that are not intentionally 
added to food, such as contaminants, food contact materials and 
drinking water contact materials. 

• Tolerable weekly intake (TWI): like the TDI but expressed as the 
amount that a person can be exposed to every week of his life 
without appreciable health risk. TWIs (or even TMIs/tolerable 
monthly intakes) may be derived for substances for which the 
intake per day, due to slow elimination from the body, is of less 
relevance than exposure over a longer period.  

• Acute reference dose (ARfD): an estimation of the amount of a 
substance in food or drinking water that one can be exposed to in 
24 hours without any appreciable health risk. This is an HBGV for 
acute exposure, while those mentioned above are for chronic 
exposure. 
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Integrated probabilistic risk assessment 
While performing intake assessments, variation and uncertainty in the 
exposure data are increasingly taken into account, resulting in a 
distribution of exposure levels, even though the HBGV is still a fixed 
value. However, HBGVs are also uncertain and will differ per person, 
given differences in sensitivity between humans. Some time ago, a new 
approach was developed in which the variation and uncertainty inherent 
in HBGVs was linked to that in the exposure, resulting in a distribution 
of individual MoEs, the so-called integrated probabilistic risk assessment 
(IPRA) (Van der Voet & Slob, 2007). An individual MoE equal to 1 would 
mean that the intake of that individual equals the intake at which a toxic 
effect may occur. This approach addresses the variation and uncertainty 
on both sides of the risk assessment equation, and has the clear 
potential to refine the current risk assessment, enabling more informed 
decisions regarding health risks to be made and chemicals to be ranked 
in terms of their health risk. This approach has been used so far in only 
a very limited number of cases because it is a laborious approach 
(Bokkers & Boon, 2010; RIVM-RIKILT Front Office Food Safety, 2010). 
 
To facilitate the application of an IPRA, the World Health Organization 
(WHO), through its International Programme on Chemical Safety (IPCS), 
recently released an Excel tool that can be used for an approximate 
probabilistic hazard characterisation. This tool, called APROBA, applies 
lognormal uncertainty distributions to the different aspects of the hazard 
assessment, resulting in a probabilistic HBGV. Recently, RIVM has 
developed an extension of APROBA (called APROBA-Plus) that allows a 
quick and approximate estimate of exposure uncertainty, which is then 
graphically compared with the probabilistic HBGV. Four examples are 
given in Section 3.2.2. APROBA-Plus is a quick screening tool with the 
advantage of making the approximate uncertainties in the overall risk 
assessment easily visible. Furthermore, the APROBA-Plus outcome may 
help in making a rational decision on possible further refinement of the 
risk assessment of a specific chemical. This tool may be considered as a 
first tier in the quantitative evaluation of uncertainties, and it could 
easily serve as a standard extension to routine risk assessments. 
APROBA-Plus may also be used to rank or prioritise (clusters of) 
substances into risk categories (Bokkers et al., in prep.). 
 
Cumulative risk assessment 
At present the risk assessment of exposure by humans to chemicals is 
generally performed for each chemical in isolation. However, humans are 
exposed to several chemical substances at the same time (Figure 3.2). If 
these chemicals exert a toxic effect on the same organ or tissue, it is 
recognised that the risks of exposure to these chemicals should be 
assessed for the combination of exposures, rather than independently for 
each individual chemical, since addition of the effects may occur. The 
assessment of the health risks of simultaneous exposure to different 
chemicals with a common toxic effect is called cumulative risk 
assessment, mainly in case of pesticides, or the assessment of combined 
exposure to multiple chemicals (see also Section 5.2.2). 
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Figure 3.2. Simultaneous exposure to different chemicals with potentially the 
same toxic effect 
 
Although the need to perform cumulative risk assessments is widely 
recognised (e.g. US Food Quality Protection Act (FQPA, 1996) and EC, 
2005b), the methodology to calculate the cumulative effects of 
chemicals is still being developed. The WHO has published a framework 
for cumulative risk assessment that has been generally accepted. In 
order to perform a cumulative risk assessment, it is necessary to know 
which chemicals humans are exposed to and the levels of exposure to 
the chemicals concerned. In addition, information on the target organ or 
tissue, the mode or mechanism of action and the relative potency of the 
chemicals concerned is required. Compounds that exhibit similar 
toxicological properties in a specific organ or system can be grouped into 
cumulative assessment groups (CAGs) and the cumulative effects of 
simultaneous exposure to chemicals of a CAG should be considered.  
 
Presently, most of the work on the development of methodologies for 
cumulative risk assessment is being performed in the field of pesticides. 
For this type of chemical generally, a significant amount of information on 
human exposure levels and a detailed toxicological database are 
available. In an opinion of 2008, EFSA recommended that a tiered 
approach should be adopted for hazard and exposure assessments, and 
criteria for grouping chemicals into CAGs were proposed on the basis of 
chemical structure, mechanism of pesticidal action, mode or mechanism 
of toxicity and common toxic effects (EFSA, 2008b). In an opinion of 
2012, EFSA provided guidance on the methodology for performing a 
probabilistic dietary exposure assessment of a single or multiple active 
substances, as a potential additional tool to supplement or complement 
the standard deterministic methodologies that are currently used in the 
EU for conducting dietary exposure assessments for pesticides (EFSA, 
2012e). 
In 2013, EFSA published an opinion that presented a general 
methodology and criteria, based on phenomenological effects, 
specifically developed for establishing CAGs for pesticides (updated in 
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2014: EFSA, 2014a). In addition, the opinion provided CAGs for the 
thyroid and nervous system.  
Recently, EFSA has been working towards developing CAGs for 
pesticides with effects on the liver, adrenal glands and eyes and on 
reproduction and prenatal development. In addition, EFSA aims to 
perform cumulative risk assessments based on the identified CAGs and 
exposure data using probabilistic dietary exposure (MCRA) software. 
It should be noted that this work cannot be automatically extrapolated to 
other substance groups like contaminants. EFSA is also working for other 
chemicals on approaches for assessing combined exposure to multiple 
chemicals at the same time6,7. 
 
Burden of disease related to chemicals 
In general, the term burden of disease (BoD) refers to the probability 
that a disease will occur in a population and its likely duration, i.e. from 
time of onset until time of termination, with a qualification for its 
severity, its so-called disability weight. Combining these factors leads to 
an integrated measure that encompasses the BoD of an entire 
population in DALYs. Note that the DALY concept applies to benefits as 
well as risks, thereby allowing them to be measured on the same scale. 
Clearly, the application of the DALY concept requires information on the 
causality of exposure and the health effect (duration and severity). In the 
case of exposure to human pathogens, such information is usually 
available, since cases of food poisoning by pathogens and their 
corresponding sequelae are acute phenomena often registered at the 
level of the GP and hospital. Furthermore, diagnostic tools are available to 
confirm the causal relationship between disease and exposure. Finally, the 
severity of cases of pathogen-induced food poisoning has been 
extensively reviewed. 
 
Exposure to chemicals from food is afflicted by far greater uncertainty 
than exposure to foodborne pathogens. Some causal relationships 
between chemical exposure and toxicity or disease have emerged from 
epidemiology. In the majority of cases, however, such a relationship has 
to be assumed on the basis of the (uncertain) extrapolation of toxicity 
as observed in experimental animals to likely toxicity in humans. 
Obviously, the estimated toxicity has to be linked to a human disease of 
known duration and severity in order to be convertible into a DALY.  
Despite these drawbacks, the WHO’s Foodborne Disease Epidemiology 
Reference Group has elaborated a methodology for worldwide exposure 
to dioxin from food (WHO, 2015; Havelaar et al., 2012b; Havelaar et al., 
2015; Zeilmaker et al., submitted). Worldwide breast milk data were 
used to reflect the long-term accumulation of dioxin exposure from food 
in the human body. The accumulated amount was used as the starting 
point for the (worldwide) DALY estimation based on the occurrence of 
dioxin-induced hypothyroidism in neonates and adults and infertility 
during reproductive age. Using a similar approach, worldwide DALYs 
related to mild mental retardation in children exposed to dietary lead 
have been calculated (Fewtrell et al., 2004). 

 
6 See http://www.efsa.europa.eu/en/press/news/130712a 
7 See http://www.efsa.europa.eu/en/topics/topic/chemical-mixtures 
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3.2 How safe is our food as assessed by science? 
After this introduction to the methods and metrics to assess food safety, 
we now present an insight into the results of scientific assessments of 
the safety of the food consumed by the Dutch population. 
 

3.2.1 Microbiological 
The EU system for the monitoring and collection of information on 
zoonoses is based on the Zoonoses Directive 2003/99/EC, which obliges 
EU member states to collect relevant and, where applicable, comparable 
data on zoonoses, zoonotic agents, antimicrobial resistance and 
foodborne outbreaks (EC, 2003). According to this directive, it is 
mandatory for data to be collected on the following eight zoonotic 
agents in animals, food and feed: Salmonella, Campylobacter, L. 
monocytogenes, verocytotoxigenic E. coli, Mycobacterium bovis, 
Brucella, Trichinella and Echinococcus. In addition, depending on the 
epidemiological situation in an EU member state, data have to be 
reported on Yersinia, Toxoplasma, lyssavirus (rabies), Coxiella burnetii 
(Q fever), West Nile virus, Cysticercus, Francisella, Chlamydia, 
Sarcocystis and Bacillus. Furthermore, EU member states must provide 
data on certain other microbiological contaminants in food for which 
food safety criteria are set down in EU legislation (histamine, 
staphylococcal enterotoxins, E. coli and Enterobacter sakazakii 
(Cronobacter spp.)).  
 
The above-mentioned monitoring system provides information on most 
foodborne diseases, but as not all people suffering from a foodborne 
infection are known (e.g. not everyone visits their GP in the event of such 
a disease), reported data can only be used to estimate the real incidence 
of diseases. 
 
Incidence estimates for sporadic cases and deaths 
The incidence of estimated foodborne infections reached a peak of 
840,000 cases in 2011 and declined thereafter, falling to 680,000 cases 
in 2013 (Figure 3.3).  
 

 
Figure 3.3. Trends in estimated incidence of foodborne infections and related 
DALYs in the Netherlands, 2009–2013 
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Table 3.2 shows the estimated incidences per foodborne pathogen in the 
period 2009–2013. The highest incidence was estimated for the toxin-
producing bacteria C. perfringens and St. aureus, followed by norovirus. 
Campylobacter and Salmonella were estimated to have caused the 
largest number of foodborne bacterial infections in this period. 
 
Table 3.2. Estimated incidence of foodborne infections in the Netherlands for 
14 pathogens, 2009–2013 
Pathogen 2009 2010 2011 2012 2013 
Campylobacter 36,375 43,820 45,221 42,326 41,789 
STEC O157 1778 1616 2020 2707 2824 
L. monocytogenes 56 55 62 53 55 
Salmonella 17,939 22,640 20,279 19,797* 15,270 
B. cereus toxin 42,213 45,345 45,183 45,001 45,836 
C. perfringens toxin 140,764 153,825 154,309 153,533 152,508 
St. aureus toxin 239,640 256,544 254,478 255,137 253,819 
Hepatitis-A virus 95 141 67 67 62 
Hepatitis-E virus 7 7 7 7 7 
Norovirus 100,577 133,787 117,692 117,471 110,595 
Rotavirus 47,684 57,663 39,117 33,482 38,681 
C. parvum 6606 3379 3380 3325 3330 
G. lamblia 14,109 9319 8356 7431 6331 
T. gondii 451 451 441 436 431 
Total 647,623 728,592 689,447 678,920 671,538 
*: this estimate is corrected for an estimated number of 24.000 cases linked to an 
exceptional large outbreak of Salmonella 
 
Figure 3.4 shows the incidence of symptomatic infections per pathogen 
and food product. Microbiological contamination of animal products can 
often be attributed to bacteria like Campylobacter (especially in poultry), 
Salmonella (e.g. in raw eggs, raw salmon or unpasteurised cheese) or 
contaminations produced by C. perfringens, B. cereus and St. aureus. 
Beef is the principal animal source of contamination, raw meat products 
like ‘filet américain’ and ‘ossenworst’ representing the largest risks. 
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Figure 3.4. Incidences of symptomatic infections per pathogen and food product 
group2 (Bouwknegt at el., 2014) 
Notes: 
1. An outbreak of Salmonella in salmon in one company in 2012 led to 24,000–25,000 
cases. 
2. Food contaminated during production by infected people and animals is a separate 
category and is not shown in this figure. 
 
Outbreaks 
Surveillance systems 
Outbreaks, defined as two or more related cases, are registered by the 
Regional Public Health Services (GGD) and monitored by the RIVM as 
part of the control of notifiable diseases established by the Public Health 
Law. Physicians and laboratories are obliged to report possible outbreaks 
to the GGD. In the period 2009–2014, between 28 and 45 outbreaks 
were reported per year. 
In addition, everyone who thinks they have contracted a food-related 
illness can contact the Netherlands Food and Consumer Product Safety 
Authority (NVWA), which will register the complaints and, when feasible, 
investigate the source by visiting, for example, the restaurant or 
producer and take samples of suspect food products. In the period 
2009–2014, the NVWA registered between 363 and 536 complaints per 
year concerning two or more related cases.   
 
Reports 
Both agencies investigate the reported outbreaks. The NVWA analyses 
the food and its preparation, whereas the GGD interviews people who 
have been exposed to contaminated food. There may be an overlap in 
the registered outbreaks, but if an outbreak is not recorded by both 
agencies, the information is passed to the other. Despite these two 
methods of registering outbreaks, the actual number of outbreaks will 
be higher, as not all outbreaks will be detected and/or reported. 
 
Pathogens 
In total, between 207 and 290 outbreaks annually were recorded in one 
or both systems in the period 2009–2014. The total number of cases 
varied between 964 and 2606 or 4.2 to 9.4 cases per outbreak. In 
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around one-fifth of the recorded outbreaks a pathogen was detected in 
patients and/or food (2009–2014: 17–25%). The largest outbreak – 
with 1149 confirmed cases – was in 2012, caused by smoked salmon 
contaminated with Salmonella Thompson.  
In patients, Salmonella, Campylobacter and norovirus are the three 
main pathogens. The numbers of outbreaks due to Salmonella and 
Campylobacter were fairly equal, except in 2013, when Salmonella was 
hardly seen. In 2014, the number of outbreaks caused by these two 
pathogens was low.   
B. cereus is most often found in food, followed by St. aureus and C. 
perfringens. Norovirus has been found more and more in the past few 
years, mainly on kitchen equipment, handles and toilets, but also in 
food, especially oysters and mussels. 

Overall, Campylobacter caused the most outbreaks in the period 2009–
2014 (81 outbreaks; 4.2 cases/outbreak). Due to the large Salmonella 
Thompson outbreak in 2012, Salmonella caused the most cases (1808 
cases; 25.8 cases/outbreak). However, if that large outbreak is excluded 
(659 cases; 9.6 cases/outbreak), norovirus becomes the pathogen with 
the largest number of cases (1640 cases; 22.2 cases/outbreak). 
Outbreaks due to B. cereus, St. aureus and C. perfringens are mostly 
small, with on average 2–3 cases per outbreak. 

Attribution of pathogens to illness cases 
The source of exposure to pathogens in illness cases is generally 
uncertain. Patients rarely know what made them sick. Foodborne 
transmission is generally assumed for gastroenteritis, although other 
transmission routes involving other humans, animal contact or 
environmental exposure may also cause such infections. Though source 
attribution is difficult, some approaches are available to identify the 
pathogen source. 

First, outbreaks of disease can be studied in a case-control study, where 
questionnaires regarding exposure are collected from patients and 
representative controls. Common exposure of patients to a particular 
source, if included in the questionnaire, can thereby be identified. If 
available, subsequent microbiological testing of food can be used to 
confirm the association. Such studies are relatively expensive, and may 
provide limited added value for future prevention, especially in the event 
of small outbreaks or rare episodic events of contamination. Hence, 
case-control studies are not conducted for every outbreak. 

Second, statistical attribution models based on microbial subtyping can 
be used. In the Netherlands, such models are available for 
Campylobacter and Salmonella (Mughini-Gras et al., 2012, 2014). 
Essentially, these models relate specific bacterial types identified by 
laboratory testing in different reservoirs to human isolates. Certain 
types of pathogen prevail in specific reservoirs (e.g. the environment, 
pigs, laying hens) and finding similar types in humans may indicate the 
specific source. Transmission routes can subsequently be hypothesised. 
For instance, S. Enteritidis is found mainly in the genital tract of laying 
hens, whereby the bacterium is transmitted to their eggs. Finding such 
strains in humans indicates contamination through the consumption of 
eggs or egg products. 
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Third, experts may be asked their views on the proportion of cases 
associated with different exposure routes (Havelaar et al., 2008). The 
aim in such instances is to be able to estimate attribution proportions at 
population level, not at individual level.  
 
DALY & COI estimates related to sporadic cases 
Table 3.3 shows the estimated disease burden in DALYs and COI for 
14 food-related pathogens. In the period 2009–2012, the estimated 
number of DALYs for the 14 pathogens increased slightly from 13,500 to 
14,000. Exposure to these pathogens follows various routes. The part 
that was associated specifically with food rose from 5800 DALYs in 2009 
to 6500 in 2012 (see Table 3.3). The BoD in this period was highest in 
2012, at approximately 6500 DALYs. Although the incidence in 2011 
increased in comparison with 2010, the number of DALYs decreased. 
During this period, campylobacteriosis and toxoplasmosis caused the 
greatest disease burden among the 14 pathogens examined, causing a 
total health loss of 5800 and 8000 DALYs, respectively, in the period 
2009–2012. 
In addition to the population burden, the individual burden for each 
pathogen can be estimated (i.e. DALY per case). Cases of listeriosis are 
estimated to be the most severe for an individual, whereas cases due to 
the three toxin-producing bacteria and norovirus are estimated to be the 
least severe. Priority pathogens are those that have a significant 
population burden as well as a significant individual burden. These two 
perspectives are presented graphically in Figure 3.5. Pathogens with 
burden estimates located in the upper-right quadrant are the priority 
pathogens. In the Netherlands these are Campylobacter, Salmonella and 
T. gondii (Havelaar et al., 2012a). 

 
Figure 3.5. Estimated DALY at population level (X-axis, expressed per year) and 
individual level (Y-axis, expressed per 1000 cases) 
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The overall disease-related costs for the 14 pathogens (discounted by 
4%) are estimated at 416 million euros per year in the period 
2011-2012, attributed to food, environment, contact with other persons 
or animals, and travelling. The DHC are a quarter of these costs, the 
INHC nearly three-quarters. The total estimate for the disease-related 
costs by food infections caused by the 14 pathogens are approximately 
170 million euros per year, based on data for 2011 and 2012 (Table 
3.3). Illnesses caused by the pathogens St. aureus and Campylobacter 
have the largest contribution to these costs, respectively 47 million 
euros and 30 million euros per year. 
 
Table 3.3. DALY and COI estimates for 14 food-related pathogens, transmitted 
via food, in the Netherlands, 2009–2012 
 DALY COI (k€) 
Pathogen 2009 2010 2011 2012 2011 2012
Campylobacter  1300 1520 1530 1450 32,000 30,500
STEC O157 60 60 56 57 2000 2100
Salmonella 650 780 710 1215 12,000 22,000
L. monocytogenes 78 150 140 90 3200 2600
B. cereus toxin 97 100 100 100 8.200 8300
C. perfringens toxin 450 490 490 490 23,200 23,000
St. aureus toxin 630 670 670 670 47,100 46,400
Norovirus 240 320 300 300 17,700 17,600
Rotavirus 210 280 210 185 9500 840
Hepatitis A virus 15 23 9 9 100 95
Hepatitis E virus 2 3 2 2 30 31
Cryptosporidium  10 9 8 8 1000 950
Giardia 25 18 17 14 1500 1300
T. gondii 2000 2000 2000 1950 11,000 10,700
TOTAL 5800 6400 6200 6500 16,8500 174,000
 
Figure 3.6 shows the correlation between estimated foodborne DALYs at 
population level and the estimated foodborne COI at population level for 
each of the pathogens. The pathogens Campylobacter, Salmonella and 
T. gondii are among those that score highest on both dimensions. 
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Figure 3.6. Estimated health burden (X-axis) and economic burden (COI, Y-axis) 
due to foodborne disease for 14 food-related pathogens in the Netherlands, 
2012 
 

3.2.2 Chemical 
Risk quotient (RQ) 
To assess whether there is a risk related to exposure to a particular 
chemical, the estimated exposure is compared with its HBGV. If the 
exposure is equal to or lower than this guidance value, the health risk is 
estimated to be negligible. If the exposure is higher than the HBGV, a 
health risk cannot be ruled out. This can be expressed by using the so-
called risk quotient (RQ), which is calculated by dividing the human 
dietary exposure by the HBGV (Sprong et al., 2016; see also Section 
3.1.4). 
RQ = estimated exposure / HBGV 
 
Relevant HBGVs for chronic exposure (excluding genotoxic carcinogens) 
are the ADI and TDI. For acute exposure, the ARfD is a relevant HBGV 
(see Section 3.1.4). For compounds that are genotoxic carcinogens, the 
RQ is calculated on the basis of the MoE (see Section 3.1.4). EFSA has 
proposed that for these compounds, an MoE of 10,000 or higher is 
considered of low concern from a public health point of view (EFSA, 
2005). Based on this, the RQ was calculated by dividing 10,000 by the 
MoE: 
 
RQ = 10,000 / MoE 
 
As part of the current study, the RQs were calculated for contaminants 
(n=23), food additives (n=3) and active substances in PPPs (n=10). For 
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further information about the calculation of these RQs, see Appendix II. 
The group of contaminants included environmental (n=7), agricultural 
(n=14) and industrial (n=2) contaminants. The calculated RQs are 
shown in Figures 3.7 and 3.8. For the other groups of chemicals, 
including biocides, residues of veterinary medicines and food contact 
materials, no exposure estimates were available.  

The RQs were calculated for children aged 2 to 6, and for individuals 
aged 7 to 69, if exposure estimates were available, because for these 
two age groups food consumption data were available (see also 
Appendix II). For all compounds, the RQs are based on a high exposure 
level within the age group: 95th percentile of exposure of the population 
for compounds with a chronic HBGV and 99th percentile for compounds 
with an acute HBGV. This means that the 99th percentile of exposure 
was used only for the residues of PPPs. For all the other compounds, 
chronic exposure was the most relevant exposure duration.  

For all compounds the best estimate of exposure was selected (see 
Appendix I). Exposure estimates were calculated using the Observed 
Individual Means (OIM) or probabilistic approach (Appendix I) and were 
based on medium bound (MB) estimates, meaning that concentrations 
analysed below a certain analytical limit value (e.g. the limit of detection 
(LOD) or limit of quantification (LOQ)) were assumed to contain the 
chemical at half this limit value. Exceptions were the additives and 
3-MCPD. For these chemicals, no (relevant) concentrations below a limit 
value were considered in the studies. 
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Figure 3.7. Calculated RQs for individuals aged 7–69 years for different 
agricultural contaminants (dark pink box), environmental contaminants (green 
box), processing or industrial contaminants (light pink box), additives (blue box) 
and plant protection products (yellow box). It should be noted that carbofuran, 
triazophos, omethoate, methamidophos, methidathion and carbendazim 
nowadays are no longer approved for use as a PPP active substance within the 
EU. In some instances, residues of these active substances may still be present 
on imported food since import MRLs may have been set. 
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Figure 3.8. Calculated RQs for children aged 2–6 years for different agricultural 
contaminants (dark pink box), environmental contaminants (green box), 
processing or industrial contaminants (light pink box), additives (blue box) and 
pesticides (yellow box). It should be noted that carbofuran, triazophos, 
omethoate, methamidophos, methidathion and carbendazim nowadays are no 
longer approved for use as a PPP active substance within the EU. In some 
instances, residues of these active substances may still be present on imported 
food since import MRLs may have been set. 
 
For active substances in PPPs and mycotoxins, the MB estimates of 
exposure were calculated as part of this report, since these estimates 
were not available in earlier publications (Sprong et al., 2016). 
 
Figures 3.7 and 3.8 show that for the majority of chemicals the RQ is 
lower than 1 in both age groups, indicating that the health risk is 
negligible. For some compounds, however, the RQ is greater than 1. 
Compounds for which this is true are all but one contaminant. For these 
compounds, a health risk cannot be ruled out. However, some nuance is 
needed for cadmium, 3-MCPD and carbofuran. Cadmium has an RQ 
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exceeding 1 in young children, but not in the population aged 7 to 69 
(Figures 3.7 and 3.8). The adverse effect of cadmium exposure exerts 
itself only after many years of exposure. In the relevant study, it was 
shown that the average lifelong dietary intake of cadmium was so low 
that the risk to public health is negligible (Sprong & Boon, 2015). An RQ 
>1 for cadmium during childhood therefore does not indicate that there is 
a long-term health risk. The exposure to 3-MCPD was a preliminary 
exposure assessment based on a very limited concentration data set. 
More detailed information about the presence of 3-MCPD in food is 
needed to assess whether exposure to this industrial contaminant poses a 
health risk or not (Boon & te Biesebeek, 2016). 
For active substances in PPPs, the RQs are mainly below 1, except for 
carbofuran. The use of these substances is regulated and therefore an RQ 
>1 is not expected. The best estimate of the exposure via food to 
carbofuran based on the concentration data used in the exposure 
assessment was lower than that of eight of the other nine active 
substances examined: 0.27 µg/kg bw per day compared with a range of 
0.31–1.48 µg/kg bw per day. Only exposure to methomyl was lower: 
0.19 µg/kg bw per day. Due to a relatively low ARfD for carbofuran, the 
RQ exceeded 1. The ARfD for carbofuran is 0.15 µg/kg bw per day 
compared with 1–50 µg/kg bw per day for the other substances, including 
methomyl. It should also be observed that exposure was calculated using 
medium bound concentration estimates for samples with concentrations 
below the LOD or LOQ. In the concentration database, only 0.2% of the 
analysed samples (28 out of 16,630) had an analysed carbofuran 
concentration above the LOD or LOQ. Assuming a medium bound 
concentration for more than 99% of the analysed samples will result in an 
overestimation of the exposure, especially since it is unlikely that 
carbofuran was applied to all the samples. To reduce this uncertainty in 
the exposure assessment, information about the percentage of crop 
treated could have been used. However, that information was not readily 
available (if available at all). Carbofuran is no longer approved within the 
EU as an active substance in PPP. Furthermore, following the review of all 
existing MRLs for carbofuran, including the MRLs set by the Codex 
Alimentarius Commission (CXLs), MRLs for carbofuran have been 
amended (EU, 2015a). In view of its low toxicological reference values, 
MRLs below the current LOD were set for products that contribute 
significantly to consumer diets. 
 
The highest RQs were observed for acrylamide and aflatoxin B1, 
followed by alternariol and alternariol monomethyl ether. Acrylamide 
and aflatoxin B1 are both genotoxic carcinogens, and the use of an MoE 
of 10,000 results in RQs higher than 1. For the other two compounds, 
the high RQ was mainly due to a low HBGV compared with the other 
agricultural contaminants. The HBGV used was the TTC, which is equal 
to 2.5 ng/kg bw per day. 
 
The RQs in young children were higher than those in those aged 7 to 69, 
because children consume more food per kilogramme of body weight 
than adults. The only exception was ochratoxin A (OTA), a mycotoxin, 
with an RQ above 1 in the older population. In young children, the RQ of 
OTA was below 1 (Figure 3.8). The reason for this was high coffee 
consumption among the older population: 82% of the exposure to OTA 
was due to coffee consumption. 
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Overall, exposure to the majority of the examined chemicals resulted in 
RQs below 1. Exposure to these chemicals therefore, very likely, does 
not constitute a health risk. However, for some chemicals a health risk 
cannot be ruled out.  
 
The results shown here do not cover all chemicals that may be present 
in food, but give an overview of those examined in the last 5 to 10 years 
in the Netherlands. For certain groups of chemicals, like residues of 
veterinary drugs, few monitoring data are available in the Netherlands 
but the available data indicate that the MRL has been exceeded only 
occassionally and to date the ADI has never been exceeded. A lack of 
data (in particular exposure data) is also observed for biocides and food 
contact materials (see also Appendix II).  
 
Despite the above-mentioned limitations, we feel that the overview 
indicates that health risks cannot be ruled out for certain contaminants, 
in contrast to regulated chemicals like additives and pesticides. 
 
APROBA-Plus 
To facilitate the application of an IPRA (see Section 3.1.4), RIVM has 
developed a tool called APROBA-Plus, which combines approximate 
probabilistic estimates of exposure and HBGV. APROBA-Plus is a quick 
screening tool with the advantage of making uncertainties in the overall 
risk assessment easily visible. 
To illustrate the approach, four chemicals were selected from those 
mentioned in Figures 3.7 and 3.8, namely imazalil, the trichothecene 
mycotoxins T2+HT2, E150-combined and nivalenol.  
 
In Figure 3.9, the human doses of nivalenol, E150-combined and 
T2+HT2 are graphically compared with the 95th percentile of exposure in 
two subpopulations and the human dose of imazalil with the 99th 
percentile (see also Appendix III). The human dose corresponds to two 
predefined protection goals, i.e. the magnitude of the effect in 
individuals and the fraction (incidence goal) of the population not being 
protected from that magnitude of effect. For example, the human dose 
in the nivalenol case relates to a 5% decrease in white blood cell count 
and an incidence goal of 1%.  
The ellipse gives the overall uncertainty in the human dose and the 
exposure. When the ellipse is located in the green area of the plot, the 
exposure is most likely below the human dose, and the protection goals 
are likely to be met. When the ellipse is completely located in the red 
area, this indicates that the exposure most likely exceeds the human 
dose, and the protection goals are probably not met. Where the ellipse 
is located in both the green and the red areas, a conclusive answer 
cannot be given, and various options to refine the analysis may be 
considered (Bokkers et al., in prep.). 
 
Figure 3.9 shows that for imazalil (both subpopulations), T2+HT2 (ages 
7–69) and nivalenol (ages 2–6) the ellipses are entirely located in the 
green area. Assuming that the uncertainty has been adequately 
evaluated and that the protection goals are sufficiently protective, this 
indicates that there is no need to refine the assessment or to take risk 
management actions.  
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A small part of the ellipses of E150-combined (both subpopulations) and 
nivalenol (ages 7–69) is located in the red area. Note that this part 
includes highly exposed individuals and sensitive individuals, which are 
not necessarily the same individuals. A full IPRA would take that into 
account, which might lead to a conclusive outcome (protection goals 
met) for this case. Therefore, performing a full IPRA would be a good 
option here. Another (first) refinement step to consider for E150-
combined is to perform a BMD analysis, thus replacing the NOAEL by a 
BMD estimate, which typically results in a smaller uncertainty ellipse. 
A substantial part of the ellipse of the subpopulation aged 2–6 for 
T2+HT2 is in the red area and a full IPRA would probably be inconclusive 
as well. A full IPRA is somewhat less conservative than APROBA-Plus 
and, while the uncertainties are better defined and assessed, this 
refinement will not dramatically change the results from APROBA-Plus. 
In this case, it might be useful to obtain additional data right away to 
reduce the uncertainty in the APROBA-Plus risk assessment. 
 

 

 
Figure 3.9. Comparison of the human dose and the 95th percentile exposure of 
children aged 2–6 (blue ellipses) and children and adults aged 7–69 (black 
ellipses) in APROBA-Plus for imazalil (top left), T2+HT2 (top right), E150 
combined (bottom left) and nivalenol (bottom right). See text and Appendix III 
for further explanation. 
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Apart from being used to determine the most cost-effective next step at 
the level of an individual risk assessment, the APROBA-Plus results can 
be of use in prioritising chemicals for further risk management action. 
However, before considering mitigating actions, it may be worthwhile to 
consider to what extent and against what costs the uncertainties could 
be reduced. A chemical is ‘safe’ only when we know it meets the 
protection goals. Conversely, taking mitigating measures is cost-
effective only when we know that the protection goals are not being 
met. Therefore, in cases where the ellipse falls partly in the red area, 
resources could also be used for reducing uncertainty, before taking 
mitigating measures, in particular when the latter are more expensive. 
 
Availability and quality of data 
Table 3.4 gives an indicative overview of the status of the risk 
assessment process with respect to the availability and quality of the 
data on which risk assessment is based per legal framework. The 
availability and quality of the information is qualitatively represented by 
stars (ranking from 1 to 5) relative to PPPs, as PPPs have a legal 
framework with an extensive data package. Since some parameters 
currently under discussion are not yet included in this data package, the 
PPPs have been attributed four stars. From this overview it can be seen 
that large differences between the legal frameworks exist.  
 
For biocides, PPPs, VMPs, FCMs and additives a pre-market authorisation 
is required, whereas for contaminants this is not possible. The 
availability and quality of toxicological data is good for biocides, PPPs 
and VMPs, moderate for food additives and FCMs, and poor for 
contaminants. The availability and quality of exposure data is good for 
PPPs and VMPs, moderate for food additives and bad for biocides, 
contaminants and FCMs. Hence, the overall quality of the data used for 
dietary risk assessment can be classified as good only for PPPs and 
VMPs. Overall data quality is moderate for food additives and insufficient 
for biocides, contaminants and FCMs.  
This indicative exploration of the availability and quality of data 
underlying the risk assessment of chemical hazards for consumers 
illustrates that there is still room for improvement.  
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Table 3.4. Overview of availability and quality of data per legal framework for chemical hazards 
 Legal framework 
Risk assessment 
process/information1 

Food 
additives 

Biocides Plant 
protection 
products 

Veterinary 
medicinal 
products 

Contaminants Food 
contact 
materials 

Pre-market 
authorisation2 

Yes Yes Yes Yes No Yes 

Availability/quality 
of toxicological data3 

      

Availability/quality 
of consumer 
exposure data4 

      

Overall quality of 
risk assessment5 

      

 

1 Stars give an indication of quality/availability relative to PPPs, as PPPs have a framework with an extensive data package. Since some parameters 
currently under discussion are not yet included in this data package, for example methodology for multi-chemical risk assessment, PPPs do not receive 
five stars. 
2 Pre-market authorisation  Most of the substances intentionally incorporated in food are allowed on the market only after an authorisation procedure. 
Requirements for authorisation are laid down in legislation (see Section 4.2). Contaminants are an exception because they cannot be authorised, as 
they are unintentionally present in food and can only be monitored in the product itself. FCMs are also unintentionally present, but because it is known 
which substances are going to be used in FCMs, tests can be executed before the authorisation of FCMs.  
3 Availability/quality of toxicological data  Toxicological data are required for authorised substances that are on the market. The number and type of 
studies required are laid down in legislation. Most of the data are from animal toxicity studies. Some legal frameworks require an abundant toxicity 
package (biocides, PPPs), while others require primarily toxicity data based on usage (VMPs, use on food-producing animals requires more data than 
use on other animals) or exposure (FCMs, higher migration from material to food requires more data than in case of low migration, food additives). For 
contaminants, no requirements are laid down in legislation, and publicly available data are used for risk assessment. The availability and quality of such 
data depend on the substance.  
4 Availability/quality of consumer exposure data  Consumers are considered to be members of the general public (not operators, workers and 
bystanders). For authorised substances on the market the number of studies and the methodology required to assess consumer exposure are laid down 
in legislation. For example, PPPs require an abundant data package and MRLs are set; for biocides no data are currently required; for contaminants, 
exposure can be assessed only by monitoring food.  
5 Quality of overall risk assessment  The quality of the overall risk assessment is considered to be as good as the weaker component (toxicological or 
exposure data). Potential improvements include the development of the methodology for multi-chemical risk assessment, and improved study protocols 
for toxicity data. 
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3.3 How safe is our food as perceived by the Dutch consumer? 
The Eurobarometer is an instrument of the European Commission 
designed to measure public opinion in the EU member states about a 
wide variety of topics relating to the EU. In 2010, a survey about 
consumers’ perceptions of food-related risks was commissioned by 
EFSA. The most important conclusions in relation to food safety were 
that European consumers tend to worry more about chemical 
contaminants in food than about microbiological contamination. They 
also feel that, although in general public authorities are doing well in 
controlling possible risks, risks from animal infections and 
microbiological contamination are more adequately dealt with than 
chemical contamination and new technology issues. Still, most 
Europeans have confidence in national and European food safety 
agencies for information on possible risks associated with food (EC 
Eurobarometer, 2010).  
When looking specifically at the results of this survey for the 
Netherlands, it can be observed that residues like antibiotics or 
hormones in meat are perceived as a worry by most respondents, 
followed closely by the welfare of farmed animals, the cloning of animals 
for food products, pollutants, additives in food and drinks, and new 
viruses found in animals. Microbiological hazards are perceived as a 
worry by a much lower percentage of the Dutch consumers (EC 
Eurobarometer Factsheet NL, 2010). 
 

3.4 Unsafe and super-safe food 
As stated earlier, the safety level of Dutch food is generally recognised 
as being high. Nevertheless, the consumption of certain (regular) foods 
by vulnerable subpopulations like children under 5 years of age, adults 
over 65, pregnant women and people with compromised immune 
systems, is undesirable or even unsafe. This is largely due to the fact 
that these foods may contain harmful pathogens and/or chemical 
substances. The Netherlands Nutrition Centre (Voedingscentrum) has 
drawn up a list of foods that are undesirable or unsafe for pregnant 
women (Voedingscentrum, 2015). These include raw meat, dried meat 
products, liver (products), smoked fish, raw fish, predator fish, wild eel, 
Chinese crab, fatty fish, raw eggs, raw milk, soft cheeses, herbal 
supplements and a mineral clay product called Pimba. 
It is also suggested that, due to an annual increase of sea algae 
production in Europe, the probability of food incidents caused by 
pathogens and marine toxins in e.g. mussels and oysters will increase 
(see also Section 5.1.4 on climate change). Unfortunately, with respect 
to the presence of marine toxins, cooking shellfish does not decrease 
toxin concentration.  
In general, (most) raw animal products are unsafe for pregnant women. 
It is also wise for the elderly to avoid eating raw animal products. 
Moreover, it is advisable for everybody to avoid eating raw eggs8. As we 
know, some raw vegetables (e.g. beansprouts) may also, occasionally, 
contain pathogens. In some cases, washing vegetables with water is not 
sufficient to reduce contamination by pathogens.  

 
8 http://www.voedingscentrum.nl/encyclopedie/salmonella.aspx 
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So, should food business operators be allowed to decontaminate their 
product or should consumers prepare safer food by cooking all 
vegetables and animal products? That would be the end of raw 
vegetables like lettuce. Or, should we distinguish between the general 
and vulnerable population when taking measures? In general, to be on 
the safe side, it is best for consumers to avoid eating raw animal 
products. Consumers, irrespective of their age, who eat raw animal 
products regularly are generally at increased risk of a negative health 
effect insofar as they are increasing the probability of eating 
contaminated food.  
Efforts to ensure food safety are discussed in Chapter 4. 

3.5 Key findings 
• Over the period 2009–2014, the annual number of cases of

foodborne diseases caused by pathogens in the Netherlands did
not change substantially. Annually, on average, around 700,000
cases of foodborne disease are estimated to occur in the
Netherlands (i.e. on average 1 for every 24 inhabitants), leading
to a disease burden (BoD) of approximately 6000 disability
adjusted life years (DALY) and an associated cost of illness (COI)
of around 170 million euros.

• The majority of the disease burden is caused by Campylobacter,
Salmonella and Toxoplasma.

• Incidence figures of clinical diseases due to exposure to
chemicals in food are not available because the health effects of
almost all chemicals are a-specific (they can be caused by many
different factors). Health effects (and consequently DALYs) have
been estimated for only a few chemicals (dioxins and lead).

• Health risks related to chemicals present in food can be
determined only when exposure can be compared with HBGVs.
The exposures to chemicals in food due to intentional use seldom
exceed HBGVs (RQ <1), because a pre-authorisation risk
assessment is performed in order to determine how the
substance can be safely used. Unsafe uses are not authorised.
For contaminants present in food, HBGVs are not always
available due to lack of adequate data. For some contaminants
for which HBGVs are available, exposure sometimes exceeds the
HBGV (RQ >1). This is the case for two heavy metals, cadmium
and lead, some mycotoxins and acrylamide.

• In general it can be concluded that the quality of the data
available for risk assessment determines the quality of the risk
assessment. Within some legal frameworks, data are limitedand
not as good as desired.
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4 Efforts to ensure food safety 

4.1 Governing bodies and principal actors 
4.1.1 General 

At international level, the Codex Alimentarius Commission is the 
standard-setting body. It is jointly administered by the FAO and the 
WHO. Standards for animal health that may have an important impact 
on food safety are developed by the World Organisation for Animal 
Health (OIE).  
 
In the EU, food safety is governed by the General Food Law (Regulation 
(EC) 178/2002), which is aimed at creating a framework that ensures 
consistency between all food- and feed-related legislations (EC, 2002). 
In this framework, based on the principles of risk analysis, the European 
Food Safety Authority (EFSA) is responsible for risk assessment and the 
European Commission (EC) and the member states are responsible for 
risk management, whereas all are responsible for risk communication 
(see also Section 4.3.3).  
 
The objective of the European Centre for Disease Prevention and Control 
(ECDC) is to strengthen Europe’s defences against infectious diseases. 
According to Article 3 of its constitution, the ECDC’s mission is to 
identify, assess and communicate the current and emerging threats to 
human health posed by infectious diseases (EC, 2003, 2004a). In order 
to achieve this goal, the ECDC works in partnership with national public 
health bodies across Europe to strengthen and develop EU-wide disease 
surveillance and early warning systems. 
 
EFSA, in close collaboration with national authorities and in open 
consultation with its stakeholders, provides objective scientific advice on 
matters with a direct or indirect impact on food and feed safety, 
including animal health and welfare and plant protection. EFSA also 
provides objective scientific advice on nutrition in relation to EU 
legislation. EFSA’s risk assessments provide risk managers (the EC, the 
European Parliament and the Council) with a sound scientific basis for 
defining policy-driven legislative or regulatory measures designed to 
ensure a high level of consumer protection with regard to food and feed 
safety. The collection and analysis of scientific data, identification of 
emerging risks and scientific support to the EC, particularly in the case 
of a food crisis, are also part of EFSA’s mandate, as laid down in its 
constitution Regulation (EC) 178/2002. Together, the ECDC and EFSA 
annually publish a summary report on trends and sources of zoonoses, 
zoonotic agents and foodborne outbreaks (EFSA, 2015b).  
 
At national level, it is the NVWA’s task to protect human and animal 
health in relation to food production. It monitors food and consumer 
products to safeguard public health and animal health and welfare. As 
national Authority, the NVWA oversees the whole production chain, from 
raw materials and processing aids to end products and consumption. 
The three main tasks of the NVWA are supervision, risk assessment and 
risk communication. Other important activities are incident and crisis 
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management and policy advice for the Minister of Economic Affairs. A 
significant part of the NVWA’s work involves liaising with other 
ministries. Maintaining international contacts is also of vital importance.  
From 1 January 2015 the public supervision duties in the animal and 
vegetable sectors performed by product boards were taken over by the 
NVWA and the Netherlands Enterprise Agency (RVO). The NVWA is 
responsible for the control, supervision and enforcement of the duties 
imposed by the Authority. The RVO is responsible for administrative 
control and implementation. 
 

4.1.2 Government organisations 
As indicated in Section 2.3, chemical food safety is largely harmonised in 
the EU, where the European Commission is the main regulatory body 
and takes (in consultation with the member states) the risk 
management decisions. At global level, the standard-setting body for 
chemical food safety is the Codex Alimentarius Commission. Because of 
its harmonised legislation, the EU participates in the Codex as one 
organisation, with a coordinated position. In the Netherlands, the 
Ministry of Health, Welfare and Sports and the Ministry of Economic 
Affairs share responsibility for chemical food safety. They formulate the 
Dutch position for discussions in Brussels or at the Codex, or take 
management decisions in cases where national legislation still applies. 
At each level of organisation, risk management and risk assessment are 
separated and, depending on the case, performed by different 
institutions (see Table 4.1).  
 
Table 4.1. Institutions involved in regulating food safety  
Level Risk assessment Risk management 

National 
(Dutch) 

RIVM, NVWA Bureau for Risk 
Assessment, Ctgb, MEB-VMPU 

Ministries, NVWA 
(enforcement) 

European EFSA, JRC, EMA, ECHA European Commission 

Global JECFA, JMPR, JEMRA, JEMNU, 
IPCS, OECD, ILSI 

WHO, FAO (Codex 
Alimentarius) UNEP, OiE 

See the List of Abbreviations for the full names of the institutes 
 
For risk communication, the Netherlands Nutrition Centre is the national 
authority to which consumers may turn for scientifically evidenced, 
independent information on healthy and safe food, as well as for making 
sustainable food choices. The NVWA communicates to the general public 
when there are safety concerns with specific food products (see also 
Section 4.3.3). The primary task of the NVWA is to protect both human 
and animal health by monitoring animal feed, food and consumer 
products and controlling the production chain. Instruments used to 
accomplish this task are supervision, risk assessment and risk 
communication. The NVWA verifies that businesses involved in food 
production, processing and distribution meet legal requirements, 
including limits and hygiene standards. 
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4.1.3 Industry stakeholders 
Usually, industry communicates with the regulatory bodies through their 
stakeholder organisations, of which food and drink companies are 
members. These may be organised either on a broad scale (Federatie 
Nederlandse Levensmiddelen Industrie FNLI, FoodDrinkEurope) or by 
specific branch (e.g. CEEREAL). 
 

4.1.4 Non-government organisations (NGOs) 
Some organisations are non-profit parties that represent the interests of 
non-commercial groups like consumers or animals. These are organised 
on the same three levels (national, European and global) as the 
regulatory bodies, i.e. for consumer rights (e.g. Consumentenbond (the 
Netherlands), Bureau Européen des Unions de Consommateurs (BEUC, 
Europe)), Natural Health Federation (NHF, Observer in Codex 
Alimentarius).  
 

Figure 4.1. Examples of campaigns by NGOs  
 

4.2 Legislation 
4.2.1 Microbiological 

Foodstuffs should not contain micro-organisms or their toxins or 
metabolites in quantities that present an unacceptable risk for human 
health (EC, 2002). To ensure the safety of foodstuffs, a preventive 
approach is applied, such as the implementation of good hygiene 
practice and the application of procedures based on hazard analysis and 
critical control point (HACCP) principles (EC, 2004b). Process hygiene 
criteria can be used in the validation and verification of HACCP 
procedures and other hygiene control measures. In addition, 
microbiological criteria are set for a number of foodborne pathogens (L. 
monocytogenes, Salmonella, Cronobacter sakazaki and STEC) in specific 
foods. Other microbiological criteria set limits for St. aureus toxin, for 
histamine and for E. coli as an indicator of faecal contamination (EC, 
2005c).  
 
In addition to the criteria set by European legislation, the Dutch 
Warenwetbesluit Bereiding en behandeling van levensmiddelen (Art. 4) 
sets criteria for Campylobacter, C. perfringens and B. cereus. All these 
criteria are applicable to foodstuffs on sale that do not to receive any 
(further) heat treatment before consumption; they are not applicable to 
products that are supposed to be cooked by the consumer.  
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For food/pathogen combinations where there is a high risk of infection, 
the European microbiological criteria are set to absence in 10 or 25 g of 
the mentioned product. For less risky combinations and for toxin-
producing pathogens, limits are set at 100 colony forming units (cfu) per 
gram (L. monocytogenes) in ready-to-eat food products and 100,000 cfu 
per gram or millilitre of C. perfringens, B. cereus or St. aureus. 
 
End-product testing of produce or industrially processed food to ensure 
food safety is not realistic as this approach requires a huge number of 
samples to be tested. Instead, the safety of foodstuffs is mainly ensured 
by a preventive approach. Food business managers at all stages of 
production, processing and distribution are required to ensure that 
relevant requirements are met. 
 
An overview of EU legislation on food safety with a specific emphasis on 
food hygiene is presented in Figure 4.2. Under the umbrella of the 
General Food Law there are several regulations addressing the 
responsibilities of food business managers and the competent 
authorities, which together are known as the ‘hygiene package’. These 
regulations assign overall responsibility for producing safe food to the 
food business, while the competent authority of the member state is 
required to ensure the correct implementation of the rules. The basic 
laws are complemented by several implementing acts and a series of 
other acts, detailing specific requirements to control one or more 
microbiological hazards or food commodities. 
 

 
Figure 4.2. Overview of EU legislation on microbial food safety (from Dwinger & 
De Smet, 2016) 
 
The European General Food Law states that ‘food shall not be placed on 
the market if it is unsafe’. Microbiological criteria determining what is 
unsafe are set in Regulation 2073/2005 (EC, 2005a). This regulation 
describes microbiological criteria for food production (process hygiene 
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criteria, PHC) and end products (food safety criteria, FSC). PHC exist for a 
number of processes, while FSC have been developed for food products 
ready to be placed on the market whose manufacturing process does not 
include a risk elimination or reduction step (e.g. sprouting seeds, cut 
vegetables, meat intended to be consumed raw), for products that are 
ready to eat (e.g. infant food and butter, cheese and cream from raw 
milk) and for fresh poultry, minced meat and meat preparations. FSC 
establish limits on the occurrence and/or concentration of a specific 
pathogen in a certain food product. They have been used for many years 
and have contributed to improving food hygiene and food safety by 
providing a legal basis for inspection, enforcement and risk management.  
Food business managers can use PHC and FSC to validate and verify 
HACCP procedures and other hygiene control measures.  
 
In addition to the European legislation, the Dutch Warenwetbesluit 
Bereiding en behandeling van levensmiddelen (Art. 4) sets criteria for 
Campylobacter, C. perfringens and B. cereus (Overheid, 2016).  
 

4.2.2 Chemical 
Additives 
Food additives are regulated by Regulation 1333/2008 (EC, 2008). All 
food additives must have an E-number, which indicates that their use is 
authorised in the EU. Nutrient sources added to foods are not classed as 
additives, although some substances may be used as both additives and 
nutrient sources, e.g. ascorbic acid and calcium carbonate. 
There are several categories of food additives authorised in the EU. 
Annex II of Regulation 1333/2008 describes the categories and their 
restrictions of use (EU, 2011a). Food additives can be authorised 
quantum satis or subject to maximum permitted levels. In general, for 
food additives for which an ADI has been established, use is authorised 
up to maximum levels to ensure safe use, whereas for those for which 
an ADI is not specified (i.e. for which a health risk could not be 
established, e.g. ascorbic acid) use is authorised quantum satis, though 
exceptions to this rule may occur.  
 
Before a new additive is authorised, its safety is evaluated by ESFA’s 
Panel on Food Additives and Nutrient Sources Added to Food (ANS). The 
evaluation includes hazard, exposure and risk assessments. In addition, 
for a request for extension of additive use (i.e. use in a food category in 
which it is not authorised), the European Commission can ask EFSA’s 
opinion about the safety aspects of the extension of use. This is mostly 
the case when the estimated intake of a certain food additive is close to 
the ADI in one or more member states and/or when a large increase of 
the intake is expected (e.g. when use is requested in a food that can be 
consumed in large quantities by certain populations) or other questions 
regarding safe use of the particular additive exist. For authorised 
additives, there is a re-evaluation programme, R 257/210 (EU, 2010). 
Like the evaluation process of new additives, the re-evaluation process 
is performed by EFSA and includes hazard, exposure and risk 
assessments.  
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For the exposure assessment EFSA collects use levels of additives from 
the industry and/or analytical data from member states. Subsequently, 
the exposure is estimated and compared with the ADI where relevant. If 
the exposure exceeds the ADI for a particular population in one or more 
member states, the EU Commission will take risk-reduction measures. 
Examples of risk-reduction measures are a higher restriction on use 
(e.g. for aluminium-containing food additives; EU, 2012) or the 
introduction of maximum permitted levels (e.g. for E150 c in beer and 
malt drinks; EU, 2014a). 
 
A restricted number of additives is authorised for use in infant formulae. 
These are substances of low toxicological concern for the general 
population. Because current toxicological methods do not include 
nursing animals, the ADI is not applicable to infants below the age of 16 
weeks. Some physiological processes are still to be fully developed in 
early life. Therefore, EFSA developed guidance on the risk assessment of 
substances present in food intended for infants below 16 weeks of age. 
Currently, the guidance is under public consultation. Once adopted, this 
guidance will be used to (re-)evaluate the safety of additives used in 
foods for infants below the age of 16 weeks. 
 
Plant protection products 
Active substances can be included in plant PPPs only when it has been 
demonstrated that they present a clear benefit for plant production and 
they are not expected to have any harmful effect on human or animal 
health or any unacceptable effects on the environment (EU, 2009). The 
European Commission evaluates every active substance for safety for 
consumers, workers, residents, bystanders and the environment.  
In essence, the procedure for active substance approval in the EU is as 
follows: the manufacturer applies for the approval of an active 
substance to the competent authority in an EU country (Rapporteur 
member state, RMS); the RMS prepares a Draft Assessment Report 
(DAR); subsequently, EFSA and the other member states discuss the 
DAR and, once agreement is reached, EFSA issues the conclusions; this 
step is followed by a vote for (non-)approval by the Standing 
Committee; finally, the European Commission adopts and publishes the 
substance approval in the EU’s official journal.  
 
Only after active substance approval can national/zonal product 
authorisations be applied for by industry (applicants). As with active 
substances, PPPs must be shown to be effective and safe for humans 
and the environment. Though applications for product authorisations are 
submitted in a selected member state, the resulting PPP authorisations 
are zonal. In the EU there are three zones (Nordic, Central and 
Southern). Each member state can, however, append national 
requirements to an authorisation. For example, the Netherlands has 
specific environmental requirements due to its particular environmental 
conditions9. 
 
PPPs that are intended to be used on edible crops or of which residues 
can be expected in/on edible crops can be authorised only if an MRL is 

 
9 Ctgb. Ctgb database. Available via www.ctgb.nl. 
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available for this crop. The setting of MRLs is driven by the intended 
use(s) of the PPP, and an MRL is the highest level of a PPP residue that 
is legally tolerated in or on food or feed. MRLs are fixed by the European 
Commission and legislation is based on Regulation (EC) 396/2005 (EC, 
2005b). Applicants must submit scientific information about the residue 
level remaining on the crop after the intended treatment. The RMS will 
propose an MRL based on these data. The safety of the MRL is 
determined by EFSA using dietary exposure models, which estimate 
whether chronic (lifelong moderate consumption) and acute (single high 
consumption) dietary exposures to residues are safe for all European 
consumer groups, including vulnerable groups.  
 
MRLs are designed for enforcement purposes. For crops grown outside 
the EU, MRLs (import tolerances) are set at the request of the exporting 
country. The Codex Alimentarius Commission sets worldwide 
harmonised MRLs, which are included in EU legislation if considered 
safe. Member state authorities are responsible for the control and 
enforcement of the MRLs. There is an EU-coordinated monitoring 
programme to verify the residue levels. EFSA issues a yearly report in 
which these data are assessed. The European monitoring programmes 
comprise one of the most comprehensive food survey programmes in 
the world, analysing more than 75,000 food samples for over 600 
different pesticides every year. If PPP residues are found at a level of 
concern for consumers, the Rapid Alert System for Food and Feed 
(RASFF) circulates the information and measures are taken to protect 
the consumer (EU RASFF, 2016).  
 
For PPPs that are intended to be used only by non-professionals, no MRLs 
are set because enforcement is not possible. Consumer safety based on 
non-professional use is assessed before authorisation of the products.  
 
Veterinary medicines 
Veterinary medicines are regulated by Directive 2001/82/EC (as 
amended by Directive 2004/28/EC and Directive 2009/9/EC, and 
currently under revision) (EC, 2001, consolidated version).  
 
VMPs may be released onto the market only after a market authorisation 
has been granted by the competent authority of an EU member state or 
by the European Medicines Agency (EMA). Four types of market 
authorisation procedure are currently in use; central procedure, 
decentralised procedure, mutual recognition procedure and national 
procedure.  
 
In the central procedure, the registration dossier is evaluated by the 
EMA and market authorisation is granted by the European Commission 
for all member states.  
 
Both in the decentralised procedure and in the mutual recognition 
procedure, market authorisation is requested in several but not all 
member states. In the decentralised procedure, the applicant asks for 
market authorisation simultaneously in several member states. One 
member state is chosen (by the applicant) as the reference state, the 
others are concerned member states. The reference member state takes 
the lead in the evaluation process. If the market authorisation is 
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granted, it is valid in both the reference member state and all concerned 
member states. The mutual recognition procedure is based on 
incorporation of a national market authorisation as granted by the 
reference member state by the concerned member states. Therefore, 
this procedure consists of two phases; first the national procedure in the 
reference member state, followed by the request for mutual recognition 
in the concerned member states.  
 
In the national procedure, market authorisation is granted by the 
competent authority of a member state for its own territory. The 
national procedure is limited to products not requiring authorisation in 
more than one member state, or for products in the initial phase of the 
mutual recognition procedure (EC, 2005d, 2007a).  
Food products obtained from animals must not contain residues of any 
veterinary medicine (or its metabolites) at levels above the established 
MRLs (EC, 2005d). In order to monitor residues in animal-derived food 
products, directive 96/23/EC requires that all member states submit an 
annual national residue monitoring plan to the Commission (EC, 1996). In 
the Netherlands, the NVWA conducts this national residue monitoring plan 
(Nationaal Plan Residuen). 
 
Biocides 
Biocidal products are regulated by the Biocidal Product Regulation (EC) 
528/2012, as amended (EC, 2012). A biocidal product contains both 
active substances and ‘inert’ ingredients. The inert ingredients are 
important for product performance and usability. Active substances can 
be included in biocidal products only where it has been demonstrated 
that they are efficacious against the target harmful organisms and are 
not expected to have any harmful effect on human or animal health or 
any unacceptable effects on the environment. When an active substance 
has been approved for use, biocidal product authorisation can be applied 
for by industry (applicants) at EU member state level.  
Like active substances, biocidal products can be authorised by an EU 
member state only when it has been demonstrated that they are 
efficacious against the target harmful organisms and they are not 
expected to have any harmful effect on human or animal health or any 
unacceptable effects on the environment (ECHA, 2015). 
 
Since biocide MRLs are currently not set at EU level, the Netherlands still 
uses its own biocide MRLs, dating from before 2008, when biocides and 
PPPs were authorised under the same (Dutch) legislation. These biocide 
MRLs are contained in the Warenwet Regeling Residuen van 
Bestrijdingsmiddelen (Overheid, 2015). Because biocide products were 
governed by the same legislation as PPPs, the same enforcement and 
monitoring programme was followed in the Netherlands for both, and 
biocides are still monitored today in the Netherlands.  
 
Disinfectants such as quaternary ammonium compounds (QACs or 
quats) and p-toluenesulphonamide are found at levels above the Dutch 
MRL in mixed products like soft ice-cream, milkshakes, whipped cream, 
cream cakes, minced meat, minced beef, minced steak and sausages. 
Chlorate resulting from the chemical reaction and/or degradation of the 
disinfectants perchlorate or hypochlorite is found in dairy products, 
fruits, vegetables and drinking water at levels above the default MRL of 



RIVM Report 2016-0196 

Page 81 of 161 

0.01 mg/kg as used in the PPP framework. These results indicate that 
the occurrence of biocide residues in food is not theoretical or imaginary 
but needs special attention from risk assessors and risk managers. 
 
Contaminants 
In order to protect the public against the adverse effects of 
contaminants, maximum levels (MLs) are set for certain contaminants. 
Concerning the establishment of MLs the regulation in question states:  
 
"Maximum levels should be set at a level which is reasonably 
achievable by following good agricultural, fishery and manufacturing 
practices. The MLs should take into account the risk related to the 
consumption of the food. For genotoxic carcinogenic contaminants or 
when the exposure of groups in the population is close to or exceeds 
the tolerable intake, maximum levels should be set at a level that is 
as low as reasonably achievable (ALARA). Such approaches ensure 
that food business operators apply measures to reduce the 
contamination as far as possible. For foods for infants and young 
children, a vulnerable group, it is appropriate to establish the lowest 
maximum levels that are achievable through a strict selection of the 
raw materials (EC, 2006c)." 
 
As can be understood from this statement, exposure to contaminants 
may exceed the tolerable intake even if they comply with the ML. 
 
For certain contaminants, such as acrylamide, indicative values are 
established instead of MLs if finding ways to reduce the levels is not 
straightforward. Indicative values are not included in the above-
mentioned regulation and are only a guide. Further investigation should 
be undertaken when the indicative value is exceeded. The national 
authorities report this information to the European Commission. Based 
on this information, regulatory authorities will get a better insight into 
the problem and it may help industry to apply mitigation measures.  
Member states are asked to provide monitoring data to EFSA, which will 
amend the regulation if new monitoring data indicate that lower MLs are 
feasible or if hazard or monitoring data indicate that MLs for additional 
substances need to be included in the regulation. A review of the 
regulation is scheduled in the near future. 
 
Food contact materials 
For plastic FCMs as well as for regenerated cellulose, European 
legislation includes ‘positive lists’ specifying which substances can be 
used in the manufacture of an FCM, and what should be the maximum 
migration of that substance (the specific migration limit, or SML) (EC, 
2007b; EU, 2011c). Substances that are not on the positive lists may 
not be used. New substances can be added to these positive lists only 
after a risk assessment has been performed by EFSA. If no adverse 
health effects are identified at the SML, the substance can be 
authorised. Data on migration and the toxicity of the substance must be 
submitted by the manufacturer.  
 
For materials other than plastic or regenerated cellulose, no positive lists 
of authorised substances are set at European level. Only substance-
specific legislation is in place for certain epoxy derivates (EC, 2005c) as 



RIVM Report 2016-0196 

Page 82 of 161 Page 82 of 161 

well as for N-nitrosamines and N-nitrosatable substances (EEC, 1993). 
The requirement for non-EU-harmonised materials is mainly that they 
should ‘not endanger human health’ (EC, 2004c) and that they are 
produced in accordance with good manufacturing practices (GMP) (EC, 
2006d). For non-EU-harmonised materials, national legislation applies; if 
this is missing, the manufacturer itself is responsible for the chemical 
safety of substances used in its products.  
In the Dutch regulation (Warenwetregeling Verpakkingen en 
Gebruiksartikelen/WVG; Staatscourant, 2014), positive lists of authorised 
substances are set for paper and paperboard, coatings, rubber, metal, 
wood and cork, textiles and certain non-harmonised groups of plastic 
substances. In addition to this, specific requirements are set on the final 
products, e.g. limits for the migration of impurities. For ‘ceramics and 
enamels’ and ‘glass and glass-ceramics’ only requirements on the final 
product apply. 
 
As thousands of substances can be used in the production of packaging 
materials, or in the inks that are used to print them, there is a need to 
regulate FCMs at European level. Although this will not be achieved by 
additional EU regulation in the near future, member states are 
increasingly cooperating through the Council of Europe and EFSA’s Food 
Ingredient and Packaging (FIP) network meetings to improve the safety 
of food contact materials. 
 

4.3 Applied measures to control and improve food safety 
4.3.1 Microbiological 

Advances in the use of QMRA have led to the introduction of a series of 
additional quantitative risk management metrics for managing food 
safety (Zwietering et al., 2015; see also Figure 4.3). These include Food 
Safety Objective (FSO), Performance Criterion (PC), Performance 
Objective (PO) and Process/Product Criteria. Ideally, these metrics 
should be established on the basis of a public health target, such as the 
appropriate level of protection (ALOP) (Van Schothorst et al., 2009). A 
PO, which can be established at any point in a food supply chain other 
than at the point of consumption, has been defined as the maximum 
frequency and/or concentration of a hazard in a food at a specified step 
in the food chain before the time of consumption that provides or 
contributes to an FSO (at the point of consumption) or ALOP (the public 
health outcome), as applicable (Zwietering et al., 2015).  
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Figure 4.3. Overview of risk management metrics for food safety (after 
Zwietering et al., 2015) 
 
Food producers design their processes to meet POs, which can be set at 
specific points throughout the food chain to assure food safety. 
Regulatory authorities are concerned with whether a group of products, 
or the consequences of a series of processing steps at the time of 
consumption, meets the FSO in order to be certain that those foods 
achieve levels that are consistent with the ALOP. 
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Box 6. Case study: Salmonella control in the EU 
Non-typhoidal Salmonella are an important public health problem 
worldwide and have recently been ranked among the pathogens causing 
the highest burden of foodborne disease globally (Havelaar et al., 2015). 
Salmonella is also one of the foodborne pathogens that are the most 
difficult to control, as the burden of human salmonellosis is high even in 
countries with advanced food safety systems (Havelaar et al., 2015). In 
humans, Salmonella mainly causes diarrhoeal disease, but invasive 
disease may also occur in immunocompromised individuals (Ao et al., 
2015). Sequelae include irritable bowel syndrome, reactive arthritis and 
inflammatory bowel disease (Havelaar et al., 2012a).  
At EU level, the incidence of human salmonellosis is reported by the 
European Centre for Disease Prevention and Control (ECDC) in annual 
reports jointly published with EFSA. A total of 90,238 human salmonellosis 
cases were reported by the 28 EU member states for 2014, with 88,715 
confirmed cases and an overall EU notification rate of 23.4 cases per 
100,000 (EFSA, in prep.). It has been estimated that the true number of 
cases in the EU is 58 times higher than the reported incidence (Havelaar 
et al., 2012b).  
In the early 2000s, the reported incidence rate was much higher, and 
prompted EU-wide control programmes to reduce the incidence of human 
salmonellosis. An important basis for such control programmes is source 
attribution studies, which quantify the relative contributions of different 
sources to human disease morbidity. Salmonella enterica can be 
subdivided into more than 2500 serovars, but only a relatively small 
number of them contribute to the majority of human cases. There are 
associations between (animal) reservoirs and S. enterica serovars (or 
phage types therein), which can be exploited to estimate the sources of 
human exposure. Such models have been developed and implemented in 
the Netherlands and Denmark (Van Pelt et al., 1999; Hald et al., 2004) 
and indicate that poultry (predominantly eggs), pigs and cattle are major 
reservoirs of human salmonellosis.  
In the 1990s, the global epidemic of S. enterica serovar Enteritidis was 
mainly associated with table egg-laying hens (and other poultry to a 
lesser extent), and these avian reservoirs have been the focus of most 
EU-wide control methods. As S. Enteritidis can spread in the poultry-
breeding pyramid by vertical transmission, interventions were aimed not 
only at producing-animals, but also at breeding-flocks. For each type of 
animal husbandry, an EU-wide baseline survey was conducted by the 
member states, the data being analysed by EFSA. The European 
Commission (EC) then mandated EFSA to carry out risk assessment 
studies to identify potential targets for control activities at the flock level, 
targeting those serovars of public health significance. The target S. 
enterica serovars included S. Enteritidis, but also S. Typhimurium, S. 
Hadar, S. Infantis and S. Virchow in breeding flocks of Gallus gallus, and 
S. Enteritidis and S. Typhimurium in other poultry populations. Member 
states used these targets to implement national control programmes in 
accordance with EU legislation, reporting annually to the EC so that EFSA 
could include these data in its annual summary report on zoonoses in the 
EU (Hugas & Beloeil, 2014). The success of the control programmes is 
demonstrated by the continuous and significant decline in reported human 
cases of S. Enteritidis since 2004, which is linked to the vaccination of 
animals in many EU member states.  
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Mitigation steps 
Some food products are eaten raw or minimally heated. The primary 
mitigation strategy for such products is prevention of contamination 
during primary production. For some processed products intended to be 
eaten raw, PHC are set (raw milk dairy products, pre-cut fruit and 
vegetables and non-pasteurised fruit and vegetable juices). For bean 
sprouts an FSC is set (EC, 2005a). Food business operators, but also 
consumers, can further add to food safety by freezing meat products to 
be eaten raw prior to consumption to reduce (bacteria, viruses) or even 
eliminate (parasites) the risk of exposure to microbial hazards. Freezing 
is an obligatory processing step in the production of matties herring in 
order to kill the herring worm Anisakis simplex. Hazards associated with 
unsatisfactory post-cooking storage conditions can be mitigated by rapid 
cooling and partly by proper reheating of precooked items, as proper 
reheating mitigates the risk of intoxication by toxins produced by 
Clostridium species (C. botulinum and C. perfringens) and B. cereus 
(enterotoxin), although it has a limited effect or no effect on the heat-
stable emetic toxin produced by B. cereus. 
Strict hygiene during food preparation is a crucial strategy to prevent 
food-to-food contamination. It is, however, difficult to implement in 
private kitchens (Nauta et al., 2008).  
Person-to-food contamination can be prevented by strict personal 
hygiene, like hand-washing and/or wearing gloves. In addition, 
legislation (EC, 2004b) prohibits workers suffering from diarrhoea from 
working in a food-producing area. 
Risks associated with equipment-to-food contamination can be mitigated 
by efficient cleaning and disinfection strategies in food-processing plants.  
Steps to reduce risks due to excessive storage time include modified 
atmosphere packaging (high CO2), which will result in growth suppression 
of Listeria, and proper control of temperature and storage times in home 
refrigerators.  
 
Monitoring and control 
All food products to be put on the market – those that are imported as 
well as those that are produced locally – must comply with established 
food safety criteria. Food producers within the EU must also ensure that 
their processing is in accordance with process hygiene criteria. Food 
safety authorities monitor the compliance of products with these criteria 
and practices.  
The next section deals with measures and systems at European and 
global levels. 
 

4.3.2 Chemical  
Legal product limits 
The best way of ensuring chemical food safety is to regulate the 
presence of chemicals by setting legal limits for concentrations in food 
or feed, and enforcing those limits. The use of authorised substances in 
food or feed by the producer is intentional. Therefore, the addition of 
such substances can be controlled, as can the resulting concentration in 
the product. This gives relatively equal ground for the setting of MRLs. 
For substances whose presence in the food or feed product is not the 
result of intentional use (e.g. non-authorised substances), setting 
maximum levels is less straightforward, and the unavoidable presence of 
certain chemicals needs to be reckoned with. For such substances, data 
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are necessary to show what concentrations are ALARA. Although it may 
often be desirable to set very low maximum levels, stricter levels than 
ALARA can have a serious impact on the availability of food. Therefore, 
it is not always possible to set the desired level.  
 
MRLs and MLs are legal limits. In some cases, ‘softer’ levels are used in 
order to give guidance on what levels are desirable in food. These can 
be guidance levels (GLs), which give the option to the competent 
authority to enforce actions, or action levels (ALs) and indicative levels 
(ILs), which are meant to function as signal values rather than 
enforcement instruments and should trigger investigation by the food 
producer when the level is exceeded.  
 
Codes of practice 
In the area of contaminants, another tool for improving food safety is 
the development of codes of practice or best practice guidelines. Such 
documents describe which factors should be controlled during food 
production to prevent or reduce contamination by a certain substance. 
Like maximum levels, codes of practice are developed for specific 
contaminant–product combinations. Codes of practice have been 
developed at EU and Codex level (Figure 4.6); examples are the 
Commission Recommendation on Good Practices to Prevent and to 
Reduce the Presence of Opium Alkaloids in Poppy Seeds and Poppy Seed 
Products (EU, 2014b) and the Codex Recommended Code of Practice for 
Weed Control to Prevent and reduce Pyrrolizidine Alkaloid Contamination 
in Food and Feed (FAO/WHO, 2014).  
In the case of contaminants covered by the Codex, it is more common to 
first develop a code of practice to allow producers to implement the 
measures in their food production processes. After a certain 
implementation period, it can be expected that the level of contamination 
will be at the lowest achievable level, after which a discussion on the 
setting of maximum levels can more reasonably be undertaken. 
  



RIVM Report 2016-0196 

Page 87 of 161 

 
Figure 4.6. Example of a code of practice 
 
Monitoring and control 
Food producers are obliged to ensure that their products comply with 
the maximum (residue) levels that are in place. Food safety authorities 
monitor the compliance of products with existing levels and practices. 
This is done for all products to be put on the market – those that are 
produced locally as well as those that are imported. These monitoring 
results are in turn used to refine food safety policy, to adapt MLs or to 
decide on other measures. 
 
In the EU, when a non-compliance is found that raises concern for public 
health, the applied measures depend on the severity of the identified 
risk. Increasing the frequency of inspection by the food safety authority 
is one possible measure. The member state authority can also organise 
a recall of the product, where products are taken out of circulation in 
order to prevent consumers having further access to them. In addition, 
the recall can be advertised so that consumers can return the product to 
the store where it was purchased. The authority can report the finding 
through the Rapid Alert System for Food and Feed (RASFF), through 
which all member states are informed of it and can take measures to 
ensure that the food is intercepted in their own territories(Figure 4.7). 
At global level, a similar system is the WHO International Food Safety 
Authorities Network (INFOSAN). These systems assist member states in 
managing food safety risks, ensuring the rapid sharing of information 
during food safety emergencies to stop the spread of contaminated food 
from one country to another. They also facilitate the sharing of 
experiences and tested solutions within and between countries in order 
to optimise future interventions to protect the health of consumers (EU 
RASFF, 2016; WHO INFOSAN, 2016).  
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Figure 4.7. Information flow of the RASFF system (from EC, 2015) 
 

4.3.3 Risk communication 
Another measure to improve food safety is risk communication. Risk 
communication is one part of the risk analysis paradigm (see Figure 4.8), 
where the exchange of information between risk assessors and risk 
managers ensures that both parties are aware of the latest developments. 
 

 
Figure 4.8 Risk analysis paradigm (FAO/WHO, 2009) 
 
In a broader sense, risk communication is aimed at the general public 
and in particular at the consumer. The Netherlands Nutrition Centre 
provides via its website openly accessible information on safe, healthy 
and sustainable food. Its specific consumption advice can guide 
consumers to make safe food choices, e.g. advice on fish consumption 
for pregnant women (Voedingscentrum, 2015).  
 
Another way of communicating food information to consumers is 
through food labelling. Key information on ingredients and additives 
must be declared on the label of the food product to enable the 



RIVM Report 2016-0196 

Page 89 of 161 

consumer to make an informed choice, e.g. in relation to existing 
allergies or their specific diet. 

The Dutch government also provides information on safe food via the 
Netherlands Nutrition Centre. According to its information, safe food can 
be achieved by a applying the guidelines shown in Figure 4.9. 

When shopping, buy items from the fridge and freezer last. 

Wash hands and fresh produce under streaming water. 

Separate ready-to-eat food from unprepared raw food. Do 
not re-use utensils that have been in contact with raw meat 
or fish for other products. 

Sufficiently heat food, especially meat, eggs, fish and 
seafood. 

Store perishable food in the refrigerator at 4˚C. Dispose left-
overs after two days and dispose perishable food that has 
been out of the refrigerator for more than two hours. 

Figure 4.9. Basic food safety guidelines. 

Handling suggestions for food items to be prepared at home (Figure 4.10) 
from Food business operators (FBOs) also adds to safe food.  
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Figure 4.10. Clear information on labels means safer food 
 
Consumers should avoid eating raw products (including oysters, sprouting 
seeds and soft cheeses prepared from raw milk), consume raw fish and 
meat products only after freezing, and cook other raw products, especially 
of animal origin (seafood, meat, eggs), sufficiently.  
As consumer behaviour appears to be difficult to change, it was suggested 
by Nauta et al. (2008) to (re-)introduce cooking and hygiene lessons in 
high school. 
 

4.3.4 Research 
Although a lot is known about chemical food safety and how to prevent 
risks, new hazards are being discovered and methods of risk assessment 
are evolving. 
In the Netherlands, apart from the direct funding of research institutes 
by the Ministries, the Netherlands Organisation for Scientific Research 
(NWO) commissions government research including research into food 
safety. On a more commercial level, research and innovations are being 
stimulated by Topsector Agri & Food. 
At European level, the EU funds large, international research 
programmes. The seventh framework programme (FP7) was the 
European Union’s Research and Innovation funding programme for 
2007–2013. The current programme is Horizon 2020, but there are 
many projects funded under FP7 that are still running. Horizon 2020 is a 
research and innovation programme with nearly 80 billion euros of 
funding available over seven years, from 2014 to 2020 (Horizon 2020). 
These research programmes, amongst others, offer the opportunity to 
investigate new ways of estimating or dealing with existing risks, such 
as cumulative and aggregate exposure assessment of pesticides (FP7 
project ACROPOLIS) and the risk assessment of mixtures of chemical 
substances (Horizon 2020 project EUROMIX); see also Section 5.2.2 
(ACROPOLIS, EUROMIX). 
At global level, food safety programmes and their results should 
contribute to identifying and managing food safety risks for the 
protection of public health. 
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4.4 Vulnerable groups 
4.4.1 Introduction 

Food safety measures are mostly directed towards protecting the health 
of the general population. However, some groups of individuals are 
more vulnerable to disease upon exposure to foodborne pathogens. 
Vulnerable subpopulations are mainly referred to as the young, old, 
pregnant and immune-compromised, sometimes referred to as ‘YOPI’ 
(Howard & Bartram, 2003; Prüss et al., 2002; Balbus et al., 2000; 
Balbus et al., 2004; Gerba et al., 1996). Subpopulations with 
vulnerability characteristics may exist besides the groups identified by 
the YOPI approach. An example can be found in malnourished and 
displaced people (e.g. refugees), who are not specifically targeted by 
the YOPI approach but who face increased vulnerability to foodborne 
infectious diseases. 
Additional practical guidance to protect vulnerable subpopulations is 
desirable, but little is known about (a) which characteristics make 
populations vulnerable and (b) what effect these vulnerability 
characteristics have on the population. Before practical guidance can be 
formulated, knowledge should be gained on the basic concept of 
vulnerability and the key factors that determine the vulnerability of 
populations to foodborne diseases. 
 

4.4.2 Vulnerability  
In 2011, the Health Council of the Netherlands published the ‘Leidraad 
voor identificatie en bescherming van hoogrisicogroepen’, as requested 
by the Dutch Ministries of Health, Welfare and Sport and of Economic 
Affairs (Health Council, 2011). The Health Council calls for a 
 quantitative definition of risk groups and trends influencing their size 
and the level of their vulnerability to be able to compare their disease 
incidence and disease burden with that of the general population in 
order to prioritise targeted food safety intervention measures (see 
Section 4.4.4).  
Vulnerability (in the context of microbiological food safety) can be 
defined as the state (of an individual or population) of experiencing an 
increased disease burden due to a set of intrinsic factors (increasing the 
risk of infection) and/or extrinsic factors (increasing exposure to 
pathogens).  
Trends can be observed in people, the environment and pathogens that 
influence the extent to which populations are at risk. Examples include 
the use of medication for chronic diseases, climate change and 
antimicrobial resistance. Such trends can influence the vulnerability of 
populations in a positive or negative way depending on circumstances 
and interacting determinants.  
A vulnerable subpopulation can be protected by vaccination and/or 
immunisation or by providing safer food, thereby decreasing their 
exposure to pathogens. However, the latter process requires 
quantitative assessment of the vulnerability of subpopulations as 
compared with the general population. In addition, it is necessary to 
determine acceptable levels of risk. Then, health-based targets for the 
provision of safe food to vulnerable populations can be determined. 
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4.4.3 Intrinsic and extrinsic factors  
Trends can be observed in people, the environment and pathogens that 
influence the extent to which populations are at risk. Examples include 
the use of medication for chronic diseases, climate change and 
antimicrobial resistance. Such trends can influence the vulnerability of 
populations in a positive or negative way depending on circumstances 
and interacting determinants. Populations at risk of foodborne disease 
should be quantified in order to determine the need for interventions 
and the level to which these should be effective.  
Although the YOPI approach offers a helpful means to identify and target 
vulnerable subpopulations, it does not provide insight into how to 
protect them or how to deliver appropriately safe food to them, since it 
is not clear what may be the cause of their vulnerability. Some 
vulnerability characteristics may not be preventable, e.g. genetic traits, 
age, or they may be preventable, as in the case of exposure levels that 
offer possibilities for intervention.  
The distinction between intrinsic and extrinsic characteristics is used 
because it provides insight into the characteristics that make 
subpopulations vulnerable and makes it possible to look beyond the 
classical YOPI approach  
 
Intrinsic factors: host susceptibility 
The most important intrinsic factor of vulnerability is host susceptibility, 
the definition of which includes three elements: the physiological state 
of the host, the relational construct between the host and an external 
agent, and the changes that occur in the host as a result of contact with 
the agent. Susceptibility also refers to life stage or another characteristic 
that makes the person more likely to become ill than the general 
population (Balbus et al., 2000). 
 
Extrinsic factors: environmental vulnerability 
The vulnerability of subpopulations may depend on the environment in 
which the host and the agent are found and the accessibility and/or use 
of the resources, institutions and infrastructures available to modify the 
individual’s responses to the infectious agent (WHO, 2008). There are 
also many socio-economic determinants, such as cultural and 
behavioural factors, that influence the vulnerability of subpopulations. 
Factors such as poverty, inequity and war have been known to have a 
devastating effect on the spread of infectious diseases (Farmer, 2001). 
These are considered extrinsic factors in this study. 
 

4.4.4 View of the Health Council of the Netherlands 
The Health Council of the Netherlands (HCN) has formulated an 
assessment framework for the identification of high-risk groups (Health 
Council of the Netherlands, 2011), together with a decision framework 
to facilitate systematic decision-making on how these groups are to be 
dealt with in the context of policy. Many factors can influence the risk of 
disease and health impairment, and they are divided by the HCN into 
three categories: personal traits (e.g. gender, age, genetics), lifestyle-
related traits (e.g. dietary pattern, exercise, smoking) and physical and 
social environmental traits (e.g. environmental quality, food safety). 
High-risk groups can be identified by systematically assessing the extent 
to which these factors affect the risk of health damage or disease as a 
result of exposure to a substance. The identification consists of five 
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steps: first the substance and/or the disease is identified; then the 
characteristics of the substance and subsequently the population at risk 
are investigated; the last two steps are the consideration of the relevant 
factors, i.e. personal, lifestyle and environmental traits, and the 
identification of possible high-risk groups.  
With this approach, groups can be identified within the population at risk 
whose increased risk results from one or more traits that adversely 
affect exposure, sensitivity or both at the same time. A disease may 
exhibit clear links to one or more traits, while nothing may be known 
about the underlying reasons for this.  
 
The second part of the framework consists of a framework for decision-
making with regard to the identified high-risk groups. There are two 
options given: the first option is to implement generic measures, 
including high-risk groups, or specific policy interventions for individual 
high-risk groups. The second option is to consciously undertake no 
measures for some or all high-risk groups. The impact of the chosen 
action should be carefully analysed in the area of health, finance, 
economics, law and ethics.  
 
The combination of the two frameworks provides a structured approach 
to identifying high-risk groups and to deciding how to deal with them. It 
triggers a systematic check of personal, lifestyle and environmental 
traits that can affect the level of risk. The framework reduces the 
likelihood of overlooking relevant factors, thereby enabling a more 
refined characterisation of high-risk groups. It also helps to uncover 
gaps in current knowledge.  
The Health Council applied the framework to some public health and 
consumer protection issues, i.e. Q-fever, diabetes, cervical cancer and 
bisphenol A. These examples showed that for diseases and chemical as 
well as microbiological hazards the framework for identification of high-
risk groups is effective. In addition, the guidance was reviewed by the 
RIVM (Nijkamp et al., 2015). Five legal frameworks for the risk 
assessment of chemical substances were examined with respect to the 
identification of high-risk groups related to the exposure to aluminium. 
The RIVM showed that within all of the investigated legal frameworks 
high-risk groups could be identified. However, different high-risk groups 
per legal framework were found. It was also possible to determine 
general measures for the entire population or measures specific to the 
relevant high-risk groups. 
 

4.5 Key findings 
• The principal organisations involved in food safety can be divided 

into those that deal with risk assessment or risk management, 
NGOs, and industry organisations. At national level, RIVM, the 
Office for Risk Assessment and Research (BuRO) of the NVWA, 
the Ctgb, the KWR and the MEB-VMPU are responsible for 
microbiological risk assessment and the risk assessment of 
chemical substances, and the ministries of Health and Economic 
Affairs and the NVWA for enforcement and risk management. 
Examples of NGOs are Wakker Dier and the Consumentenbond. 
Organisations like FNLI and Nefyto represent the industry. 
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• Under the umbrella of the General Food Law there are several
regulations addressing the responsibilities of food business
managers and the competent authorities, which together are
known as the ‘hygiene package’. With respect to microbiogical
hazards, food safety criteria for 29 product–pathogen
combinations are set at European level (EC 2073/2005 and
updates; EU, 2005a). Most European regulations focus on
Salmonella. In addition, some criteria are set at national level
(Warenwetbesluit).

• Legal limits for chemical hazards have been set at European level
for groups of chemical hazards (additives, biocides,
contaminants, food contact materials, plant protection products
and veterinary medicines). Each group has its own legal
framework. For food contact materials (FCMs) the only legal
European limits are for plastics and regenerated cellulose. Other
FCMs are regulated at national level.

• Many microbiological and some chemical risks can be reduced by
risk mitigation strategies such as adequate processing and
hygienic handling of food.

• Compliance with legal limits for microbiological and chemical
hazards is tested by food business managers and verified at
national level by the NVWA.

• The identification of vulnerable groups other than the standard
YOPI classification (young, old, pregnant, immuno-compromised)
is receiving increasing attention (e.g. the importance of lifestyle
characteristics).
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5 Emerging issues in food safety 

5.1 Drivers of risk 
There are many factors (driving forces) that may lead to an increased 
food safety risk. A distinction can be made between demographic, 
economic, socio-cultural, technological, environmental and political/legal 
factors. 
The term ‘driver’ has been used with different definitions in the 
literature. An important distinction in all these definitions, however, is in 
the level at which the driver applies: either at macro level (a group of 
influencing factors) or at micro level (a single underlying causal factor). 
In both cases, drivers of risk are related to human activities and 
behaviour: specific consumption preferences, farming practices (e.g. 
increased livestock farming), transport (e.g. of animals and food across 
increasingly large distances), food processing methods (e.g. on a larger 
and larger scale), and so on (EFSA, 2014b; Semenza et al., 2013). To 
some extent, e.g. the occurrence of natural toxins, climate change may 
also play a role. The speed with which human populations have changed 
their lifestyle and the food industry has changed its production and 
marketing strategies over the last few decades have led to rapid 
transitions in food origin and consumption preferences.  
All these trends relate to changes, either positive or negative, in food 
safety. A selection of important drivers related to food safety, and how 
they are changing, will be described in the following paragraphs, 
including antimicrobial resistance, globalisation and technological 
developments.  
 

5.1.1 Antimicrobial resistance 
Antimicrobial agents are agents that are essential to the treatment of 
infectious diseases and the prevention of infections. Exposure of bacteria 
to these antimicrobials can lead to antimicrobial resistance (Figure 5.1). 
Major public health risks may be associated with the spread of resistant 
bacteria. First, upon colonisation, resistant non-pathogenic (commensal) 
bacteria may disseminate and transfer resistance-encoding genes to 
intestinal pathogens through horizontal gene transfer. Second, while 
relatively harmless for healthy individuals, resistant commensals may 
cause opportunistic infections in more vulnerable individuals, such as 
hospital patients, the elderly and newborns. Third, exposure to resistant 
pathogenic bacteria may directly result in hard-to-treat infections, even 
in healthy individuals. The public health impact of exposure to 
antimicrobial-resistant bacteria is determined by the sum of these risks. 
 
Third-generation cephalosporins (3GCs) are critically important antibiotic 
drugs in the treatment of systemic or invasive Gram-negative bacterial 
infections in humans. Resistance to 3GCs among Gram-negative bacteria 
of public health importance is considered to be a significant emerging 
issue. The most common mechanism of 3GC resistance is the production 
of extended-spectrum ß-lactamases (ESBLs) and AmpC ß-lactamases.  
People can be exposed to 3GC-resistant bacteria by different routes, 
including direct contact with other humans or animals, with the 
environment (soil, water, food crops) and with food of animal origin 
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(Figure 5.2). The main challenge today is to quantify the relative 
importance of different reservoirs and exposure routes contributing to 
the human disease burden associated with antimicrobial resistance. The 
major difficulty here is the large diversity in resistance-encoding genes, 
in the plasmids on which these genes are usually located, and in the 
strains (species, types, clones, etc.) carrying these genetic elements. 
Moreover, in contrast to classic zoonotic pathogens like Salmonella or 
Campylobacter, the transmission of resistance is most likely bi-
directional between humans and animals, and human-to-human 
transmission is expected to play a large role. 
 

 
Figure 5.1. Simplified scheme of the development of antimicrobial resistance10 
 

 
10 http://www.cdc.gov/getsmart/week/promotional-materials/graphics.html 



RIVM Report 2016-0196 

Page 97 of 161 

 

 
Figure 5.2. Schematic overview of possible transmission pathways of antimicrobial-resistant bacteria or the genetic elements encoding 
for resistance  
Red stars indicate major reservoirs, where populations of resistant bacteria are maintained.     

This image cannot currently be displayed.
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Occurrence of 3GC resistance in food of non-animal origin 
Several recent studies on the occurrence of third-generation 
cephalosporins on vegetables have been published (Table 5.1). The 
contamination of vegetables by third-generation cephalosporin-resistant 
environmental bacteria with chromosomal resistance genes appears to 
be very common (>60%) (Blaak et al., 2014). However, the main risk 
associated with the presence of these relatively harmless types of 
Enterobacteriaceae on raw consumed food is the transmission of their 
ESBL genes during their (temporary) presence in intestines to 
opportunistic pathogens. The prevalence of more clinically relevant 
faecal Enterobacteriaceae was between 1% and 6% (Table 5.1). A 
statement on the public health relevance of this prevalence is beyond 
the scope of this report. 
 
Together these data suggest that the use of antibiotic drugs in human 
and animal healthcare has resulted in the spread of third-generation 
cephalosporin-resistant bacteria in the environment. Resistant bacteria 
originating from humans and animals enter the environment via sewage 
and manure. During cultivation in (manure-amended) soil and/or when 
irrigated with contaminated water, vegetables can become contaminated 
with resistant bacteria, including clinically relevant Enterobactericeae.  
 
Table 5.1. Prevalence of third-generation cephalosporin (3GC)-resistant fecal 
Enterobacteriaceae on food of plant origin in the Netherlands 

Type N samples 3GC-resistant fecal 
Enterobactericeae* 

Reference 

Imported fresh 
herbs 

50 18 (36%) Veldman et al., 2014 

Lettuce crops at 
harvest 

75 1 (1.3%) Blaak et al., 2014 

Retail vegetables 147 4 (2.7%) Blaak et al., 2014 
Retail vegetables 1216 24 (2.0%) Van Hoek et al., 2015 
Retail vegetables 119 7 (5.9%) Reuland et al., 2014 
* Escherichia, Citrobacter, Klebsiella, Enterobacter 
 
Occurrence of 3GC resistance in food of animal origin 
Table 5.2 shows the prevalence of ESBL isolates in meat and meat 
products. The data in the MARAN column additionally specifies suspected 
and confirmed prevalence. The first category is based on the 
phenotypical characterisation of isolates resistant to cefotaxime. This 
includes species like Serratia, Citrobacter, Enterobacter, Acinetobacter 
and Hafnia, which are intrinsically resistant due to resistance genes on 
the chromosome. The vast majority of the species isolated that were not 
E. coli were negative for plasmid-mediated ESBLs/AmpCs. In 2014, the 
highest prevalence of ESBL/AmpC confirmed isolates was observed in 
poultry (67%) (MARAN, 2015), but this was lower than reported in 
previous years (83% in 2013 and 73% in 2012) (MARAN, 2013; MARAN, 
2014) and lower than published data on prevalence in poultry (100%) 
by Cohen-Stuart et al. (2012). Fifty-one per cent of turkey meat was 
found positive (in 2013 this was 35%) while in beef and pork the 
prevalence of confirmed ESBLs (respectively 2.2–3.1% in beef and 2.7% 
in pork) was comparable to 2013 (5% for beef and 2% for pork). 
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Prevalence in processed meat products tended to be higher than for raw 
meat, which might be explained by cross-contamination.  
 
Table 5.2. Prevalence (proportion in percentage positive samples relative to 
number to of samples taken) of ESBL-producing bacteria isolated from different 
meat products 
  Overdevest et 

al. (2011) 
Cohen Stuart et 

al. (2012) 
MARAN 
(2015)

Chicken (fresh meat) 79.8  100 (60/60) 67.0  
Chicken (import)   84.4  
Beef (fresh meat) 4.7   2.2  
Beef (meat product)   7.8  
Veal (fresh meat)   3.1  
Veal (meat product)   21.0  
Pork (fresh meat) 1.8   2.7  
Pork (meat product)   4.0  
Lamb (fresh meat)   0.0  
Lamb (meat product)   0.0  
Turkey (fresh meat)   50.9  
Turkey (import)   58.3  
Mixed or ground meat 9.1    
Other types of meat 11.1    
 
3GC resistance among selected bacterial pathogens 
E. coli is generally considered a commensal inhabitant of the 
gastrointestinal tract of humans and animals. Consequently, it is one of 
the most frequently used indicator bacteria for faecal contamination in 
environments. However, E. coli is also one of the most important causes 
of nosocomial-acquired and community-acquired infections in humans 
and can easily gain resistance to antibiotics consumed by humans and 
animals. Resistance to 3GC in E. coli isolates from poultry products 
decreased sharply from 10.7% in 2013 to 1.9% in 2014 (n=531), while 
isolates from pork and beef are occassionally resistant to 3GC. For pork 
(n=331), beef (n=370) and turkey (n=44) resistance was 0.9%, 1.9% 
and 2.3%, respectively. No cefotaxime resistance was observed among 
E. coli isolates from lamb (n=19) and veal (n=18).  
STEC resistance to 3GC was not observed in 2013 and 2014. The 
prevalence of 3G-resistant Salmonella isolated from poultry meat and 
other meat was 10% and 9%, respectively.  
 

5.1.2 Globalisation 
The world’s total food production, measured in US dollars, has doubled in 
the past 30 years. The value of the total export of food products has 
increased 10-fold in the same period, indicating the force of globalisation. 
Moreover, in the year 2000, 21% of global food production was 
internationally traded. This number almost doubled to 38% in 2010. The 
Netherlands is a major hub in the International Food Trade Network 
(IFTN; see Figure 5.3) – and therefore probably also in contaminants, 
potentially present in these foodstuffs.  
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Figure 5.3. Complexity of the International Food Trade Network and its impact 
on food safety 
The size of the circles and arrows represents the logarithm of trade activity. The top 44 
countries with the largest total trade activity (import+export) and the top 300 largest 
food-trade fluxes are colored according to their importance, (from Ercsey-Ravasz et al., 
2012). 
 
An indirect view on the amount of pathogens that might be present in 
foodstuffs in countries worldwide can be inferred from the Global Burden 
of Foodborne Diseases study (Havelaar et al., 2015). In this study, the 
disease burden (BoD) attributed to the consumption of food was 
estimated for all countries worldwide (see Figure 5.4).  
 

  
Figure 5.4. WHO estimates of the global burden of foodborne diseases 
Colours represent the different regions. Table gives the DALY estimates per 
100,000 inhabitants for 2010 (Havelaar et al., 2015) 
 
Figure 5.4 shows that the BoD is lowest in Europe, the United States of 
America (USA) and Australia; about 5 times higher in South America 
and China; about 10 times higher in the Middle East and more than 
10 times higher in Africa and Southeast Asia. 
In the future, this unstoppable phenomenon will go further and further, 
due to, amongst others things, increased agro-technological possibilities 
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and free trade agreements. A good example of the latter are the 
discussions around the free trade agreement between the EU and the 
USA (Transatlantic Trade & Investment Partnership; TTIP). Arguments 
about food safety issues are one of the key points in these discussions. 
In its draft strategy outlined for 2020, EFSA recognises the challenges 
coming with globalisation. It states that the future of food safety and 
nutrition will depend increasingly on worldwide cooperation between all 
parties involved in the food chain. Therefore, the existing high standards 
on food safety present in the EU should be applied universally. EFSA 
wants to ‘play a leading role in the development of a global risk 
assessment community to promote high levels of risk assessment 
standards and harness expertise in the EU and internationally’ (EFSA, 
2015c). 
 
RASFF 
One way of showing the impact of global trade is to analyse the food 
and feed safety alerts in Europe, published annually by the European 
Commission (EU RASFF, 2016). 
Figures 5.5 to 5.7 illustrate the number of notifications notified in RASFF 
of mycotoxins, VMPs and pesticide residues in food in the years 
2013-2015 per region of origin. Most notifications are for food products 
or ingredients originating in countries outside Europe. Only a very small 
number of notifications are for food products originating from the 
Netherlands. 
 

 
Figure 5.5. Notifications (per year and region of origin) of mycotoxins in food 
products in the period 2013–2015 in RASFF 
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Figure 5.6. Notifications (per year and region of origin) of veterinary medicinal 
products in food products in the period 2013–2015 in RASFF 
 

 
Figure 5.7. Notifications (per year and region of origin) of pesticide residues in 
food products in the period 2013–2015 in RASFF 
 

5.1.3 New technologies 
Nanotechnology 
Nanotechnology in general, including nanostructured materials, is 
becoming increasingly important for the agrofood sector, i.e. the 
agricultural sector, and the food and feed sector (Bleeker et al., 2015). 
Of course nanostructures like micelles and emulsions have been present 
in many food products for a long time as a normal (by)product of 
conventional production methods. These structures can add, for 
example, a variety of tastes and textures to many products. However, 
nanotechnology is developing rapidly and in the agrofood industry a 
range of applications is being developed and applied at different stages 
of the food production and packaging processes. Figure 5.8 presents an 
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overview of possible nanotechnology applications in the agriculture, and 
feed and food sectors according to Amenta et al. (2015). 
 
 

 
Figure 5.8. Applications fields of nanotechnology and nanomaterials in the 
agriculture, feed and food sector (from Amenta et al., 2015) 
 
Nanotechnology consists of the manipulation of matter on an atomic, 
molecular, and supramolecular scale, which opens up possibilities for the 
development of new materials and devices with a vast range of 
applications. For example, in medicine, electronics, biomaterials, energy 
production and consumer products. Examples of nanotechnological 
applications are the use of nano-sieves for filtering out bacteria in e.g. 
water treatment, and nano-sensors that can detect whether products 
are still fresh and unspoiled. Nanotechnology can bring about many 
innovations that could help increase food safety, food quality and food 
sustainability. 
 
With regard to nanotechnology and food safety, the present focus is on 
poorly soluble nanomaterials. Nanomaterials are generally considered to 
be materials that are in one or more dimensions smaller than 100 nm. 
The EU has recommended using a cut-off of 50% of the particles in a 
number size distribution (EU, 2011d). 
 
Box 7. Commission recommendation 
‘Nanomaterial’ means a natural, incidental or manufactured material 
containing particles, in an unbound state or as an aggregate or as an 
agglomerate, and where, for 50% or more of the particles in the number 
size distribution, one or more external dimensions is in the size range 1 
nm–100 nm (EU, 2011d).  
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Nanomaterials can exhibit novel properties for fundamental physical 
reasons due to the large surface area, changes in molecular interaction 
or interaction with e.g. light, and these can be put to good use (Bleeker 
et al., 2015). However, these properties and their underlying physical 
and chemical nature also enable new interactions with biological 
systems. New nanomaterials are comparable in size to biological 
machinery and may interact with biomolecules, cells, organs and 
organisms in new and unexpected ways. Due to the small size of 
nanomaterials, they can show different behaviour from their larger 
counterparts or dissolved materials, as regards exposure and 
toxicokinetics as well as hazard level. Yet, like ‘normal’ substances, 
nanomaterials are not necessarily hazardous.  
 
Micellic structures and emulsions are regular components of foodstuffs. 
In addition to present uses (in mayonnaise, etc.), technical 
developments are allowing these structures to be created and physically 
handled further at the nanoscale. Micellic structures of specific sizes can 
for example be prepared or micelles can be loaded with other 
substances or have surface modifications. The diversity of structures is 
enormous. Nanostructures may lead to enhanced bioavailability, and can 
be purposely designed to do so. Recent reviews of the patent literature 
show a range of possibilities (Ezhilarasi et al., 2013; Lopes et al., 2013). 
Most of the materials used will be destroyed early in the digestive 
process, reducing the nanostructure to its individual components and 
therefore no specific nanomaterial-based hazard is to be expected. 
There is some safety concern, however, over more stable nano-
encapsulates, which may either enter the body intact as a particle-like 
structure or release their content further down the intestinal tract. The 
precise mechanisms are unknown and need further elucidation 
(Bouwmeester et al., 2009; Weiss & Gibis, 2013).  
 
From a hazard perspective, the poorly soluble inorganic nanoparticles in 
food products are receiving the most attention at present. Recent 
toxicological studies show that a small part of the orally administered 
nanoparticles (SiO2, TiO2, which can be present in certain food additives) 
enters the bloodstream and reaches the liver and spleen and to a lesser 
extent other tissues (Geraets et al., 2014; Van Kesteren et al., 2015; Van 
der Zande et al., 2014). There are clear indications that accumulation of 
these particles occurs in these specific organs when exposure occurs 
regularly (Heringa et al., 2016). The ions of metal or metal oxide 
nanoparticles that are released in tissue or cells can also be a cause for 
toxicity. Whether or not this internal dose results in long-term 
toxicological effects is at present a topic for further study. 
 
Nanomaterials can be highly diverse in their form, size, shape, 
elemental composition, and coating or other kind of surface 
functionalisation. This versatility opens up a broad range of potential 
innovations. On the other hand, from a safety point of view, the same 
diversity complicates the risk assessment of nanomaterials, as many of 
these physicochemical properties are known to affect exposure, 
toxicokinetics and hazard in different manners. For example, amorphous 
SiO2 particles that are produced in and can be applied to food can vary 
in primary particle size, production process and surface properties, as 
well as degree of aggregation and agglomeration (Fruijtier-Pölloth, 
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2012). The SiO2 particles may also be functionalised with specific 
coatings, which adds to the potential applications and can also affect 
toxicokinetic behaviour and effect of the material. Furthermore, the 
physicochemical properties of nanomaterials tend to change during their 
life cycle, as well as in test systems, due to aggregation, (protein) 
corona formation, dissolution and adsorption. Due to the great 
complexity of the subject, the field of nano-safety is not yet able to link 
the physicochemical properties of a nanomaterial to specific issues 
relevant to risk, although general understanding is slowly increasing 
(Oomen et al., 2015).  
 
In contrast to the rapid development in the field on nanotechnology, 
adaptations in regulations to deal with nanomaterials take more time. 
With limited nano-specific information requirements to industry, 
information on potential safety issues connected with nanomaterials in 
food and feed has up till now mostly been generated by academia and 
government, financed by national or international (e.g. European) 
programmes. As yet, limited information on the presence and application 
of nanomaterials in food is available. Around 275 nanomaterials are 
confirmed to be used in 55 different types of applications (EFSA, 2014c), 
but data on the actual use and occurrence of nanomaterials in foodstuff 
are scarce (FAO/WHO, 2012; EFSA, 2013b; Bleeker et al., 2015). In 
2013, the FAO provided a comprehensive overview of the worldwide state 
of the art with respect to the risk assessment and risk governance of food 
ingredients and food contact materials (FAO/WHO, 2013). The report 
showed that there was limited information on the risk assessment of 
nanotechnologies in the food and agricultural sectors. 
Yet, progress is evident from the FIC Regulation that was adopted in 
December 2014, which indicated that ‘engineered nanomaterials’ are to 
be included in food labelling (EU, 2011b). In December 2015, the Novel 
Food Regulation was been adapted such that ‘engineered nanomaterials’ 
must now be assessed by EFSA before market allowance (Regulation EU 
2015/2283; EU, 2015b). Furthermore, the re-evaluation programme on 
food additives by EFSA will include the assessment of nanoparticles in 
food additives and is scheduled to be finished in 2020. The scientific 
opinions on some of additives that have been published indicate the 
presence of gaps in the information needed to assess their safety. Hence, 
for a number of additives that have been applied to food for many years, 
‘nano-related’ issues in health risk assessment are now being considered. 
RIVM has been investigating the potential health risk posed by the 
presence of nanosized particles in silica (food additive E551) and titanium 
dioxide (E171). For these additives it is concluded that a health risk due 
to the presence of nano-sized particles cannot be excluded (Van Kesteren 
et al., 2015; Heringa et al., 2016). 
 
Finally, insight into the possibilities to use information of one 
nanomaterial for risk assessment of another nanomaterial is growing, as 
well as ways of targeted testing of a nanomaterial (Oomen et al., 2015; 
Bos et al., 2015). 
To prevent the gap between the high pace of innovation and the slower 
adaptation of regulations from continuing to grow and becoming hard to 
overcome, initiatives are ongoing on safe innovations, like in the H2020 
project NANoREG and NanoReg2. Here attention is being paid to 
indicators of risk (sometimes referred to as risk potentials) that can be 
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used early in the innovation chain. The roles of the different stakeholders 
and their incentives are considered and described in an attempt to devise 
a comprehensive and safe innovation approach, with nanotechnology as 
an example.  
 
Though major progress has been made in recent years, an important 
issue in the field of nanomaterials are technical possibilities to analyse 
nanomaterials and their physicochemical properties. The lack of 
quantitative and good quality analytical data on nanomaterials in complex 
matrices such as food products and tissues still poses a major challenge. 
Good data are a prerequisite for good exposure, hazard and risk 
assessment.  
 
In sum, nanotechnology is still an emerging technology that can bring 
about many innovations with opportunities to increase food safety, food 
quality and food sustainability. The first steps to address this emerging 
technology in a responsible manner have been taken, though further 
efforts are needed. Its potential health risk should be addressed, 
preferably early in the innovation chain, to ensure safe applications. 
 
3D food printing 
Three-dimensional (3D) food printing is an innovative manufacturing 
process. Initially this technique was developed for the production of 
non-degradable products, but in recent years it is also applied in the 
food industry. The basis of 3D printing in general is the build-up of 
different layers, layer by layer on the basis of a 3D computer design.  
 
3D food printing can serve different purposes, including: (a) a more 
efficient and more sustainable (in terms of animal and environmental 
welfare) way of, for example, producing meat by making use of the in 
vitro culture of muscle cells; (b) the use of alternative sources of food 
(e.g. algae and insects); (c) the production of new designs of traditional 
foods such as chocolate, pastry products and vegetable puree; and (d) 
customized food (including foods enriched with additives such as 
vitamins, medicines, etc.) for specific target groups such as elderly 
consumers who have difficulty swallowing food (Performance, 2015).  
 
Various techniques for food printing are under development, such as 
controlled deposition and controlled fusion. An example of a 
commercially available printer that uses controlled deposition is Foodini. 
Foodini can print high-viscose materials, which are baked after printing. 
Examples of high-viscose materials are pasta, biscuits and pizzas. The 
advantage of such deposition printers is that they are compact and low 
in cost. The disadvantage is that the choice of ingredients is limited. In 
addition, the printing process takes a long time, and fluctuations in 
temperature may lead to structural variation in the printed layers. 
Printers that use controlled fusion are not yet publicly available. 
Controlled fusion is faster than deposition and more complex food can 
be built. However, ingredients are currently limited to sugar and fat-
based materials with a relatively low melting temperature, and both the 
manufacturing process and the machine structure are complex.  
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The microbiological risks associated with 3D food printing are similar to 
those in existing food production methods, and are determined by a 
number of intrinsic variables (nutrient availability, pH and Aw), process 
parameters (time–temperature combinations during production and 
storage), hygiene and the microbiological status of the ingredients. In 
addition, new risks can be introduced by e.g. insufficient cleaning and 
disinfection of extra equipment, the use of bonding materials and the 
fact that using extra ingredients may alter the intrinsic variables and 
thereby microbial growth conditions. 
 
The chemical hazards associated with 3D food printing are likewise not 
very different from those associated with conventional methods, as both 
involve risks caused by process contaminants and due to the presence of 
natural contaminants. Process contaminants might be introduced by the 
printing process (heat, contact material), but also by residues in the 
printer nozzles. Examples are the formation of acrylamide as a result of 
high printing temperatures or contamination with silicones and softening 
agents like phthalates, which may migrate out of the plastic into the 
ingredient floating through the tubes. Natural contaminants are intrinsic 
to the ingredients used to build up the food, such as mycotoxins, plant 
alkaloids and heavy metals. At present, most of the ingredients used are 
derived from an existing food and therefore the risk of the occurrence of 
natural contaminants will be comparable to that identified in conventional 
food. In the future, however, this might change due to the use of more 
synthetic ingredients.  
 
Printers and printed foods that are available on the market must comply 
with current regulations laid down in the General Food Law and the EU 
Machinery Directive (EC, 2006e). Printing of food is a new production 
process and results in food products that are non-existent at present. 
Printed foods based on algae, insects, or in vitro meat are likely to be 
considered as ‘novel foods’ and their safety should be assessed as such. 
If traditional edible materials, such as chocolate and sugar, are used, 
these products will probably not fall under the ‘novel food’ legislation. 
 

5.1.4 Climate change 
Climate change affects agriculture and fisheries due to changes in 
temperature, precipitation and/or wind patterns (van der Fels-Klerx et 
al., 2012a). Increases in crop diseases, leading to the formation of 
mycotoxins, are one of the effects of changes in precipitation (Oleson et 
al., 2011; Miraglia et al., 2009; Rosenzweig et al., 2001; Kovats et al., 
1999). Furthermore, an increase in water surface temperature has an 
effect on the growth of algae species, some of which produce marine 
biotoxins (Botana, 2016; Marques et al., 2010). These toxins when 
consumed as food or feed can be harmful to humans and animals, 
respectively (van der Fels-Klerx et al., 2012a; EFSA, 2009b; Falconer, 
1993). 
 
Mycotoxins 
Studies indicate that climate change may increase the number and levels 
of mycotoxins in food and feed in Europe, especially aflatoxin in maize, 
deoxynivalenol in wheat and T-2 and HT-2 in oat (Battilani et al., 2016; 
van der Fels-Klerx et al., 2012a; van de Fels-Klerx et al., 2012b; Miraglia 
et al., 2009). Of particular concern are aflatoxins, because they have the 
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highest acute and chronic toxicity of all mycotoxins (Battilani et al., 2016; 
Flores-Flores et al., 2015). Aflatoxins are reported in maize, peanuts, and 
pistachio nuts, and to a limited extent in wheat (Battilani et al., 2016). 
With increasing temperatures in Europe, it is predicted that maize will be 
more contaminated by aflatoxins (Battilani et al., 2016). Aflatoxin 
contamination in wheat will also increase with rising temperatures in 
Europe (Battilani et al., 2016). Modelling of deoxynivalenol levels in wheat 
indicates that the levels in winter and spring wheat will increase in north-
western Europe in the coming 20 years (van der Fels-Klerx et al., 2012a). 
Furthermore, the presence of the mycotoxin zearalenone in wheat will 
increase with higher temperature (van de Fels-Klerx et al., 2012b). 
Food and feed will have to be closely monitored in the future to ensure 
that no food or feed enters the market with mycotoxin levels higher than 
those set by the European Committee.  
 
Marine biotoxins 
The main seawater toxins are tetrodotoxin, ciguatoxin, palytoxin, 
pinnatoxin and okadaic acid (Botana, 2016). Important freshwater 
toxins are cylindrospermopsin and microcystin (Botana, 2016). These 
toxins are produced by toxin-producing microalgae (Mattei et al., 2014). 
In particular, dinoflagellates and, to a lesser extent, diatoms secrete 
these aquatic toxins. Both dinoflagellates and diatoms are important 
components of plankton and therefore are taken up by shellfish, 
including mussels, oysters and scallops. Due to global warming these 
toxin-producing microalgae are becoming endemic in regions where they 
were previously not found, i.e. subtropical waters where previously they 
were present only in tropical waters (Mattei et al., 2014). 
Human consumption of these shellfish may lead to a number of 
illnesses, including diarrhetic shellfish poisoning (Fleming et al., 2006) 
and ciguatera fish poisoning (Mattei et al., 2014). It is predicted that the 
temperature of the North Sea will increase by between 0.4 and 0.8°C, 
this may vary depending on the part of the North Sea (van der Fels-
Klerx et al., 2012a). This increase in seawater temperature will cause an 
increase in toxin-producing microalgae during the summer season and 
can lead to harmful algal blooms. 
 
Heavy metals 
The uptake of heavy metals by plants is affected by the soil temperature. 
Increasing soil temperature will lead to an increase in lead, cadmium and 
zinc uptake by lettuce (Cornu et al., 2016). Cadmium and zinc will 
increased in the edible parts of the plant, while lead will remain in the 
roots of the lettuce (Cornu et al., 2016). Similarly, cadmium and copper 
will increase in rice with increasing temperatures (Ge et al., 2016). 
Furthermore, along with global warming, CO2 concentrations in the air are 
increasing. Excessive CO2 in seawater may cause ocean acidification and 
desalination (Liu et al., 2016). The copper, zinc and cadmium uptake by 
marine phytoplankton has been found to be positively correlated with 
increasing CO2 concentrations in seawater (Liu et al., 2016). 
Thus, it appears that heavy meal concentrations in plants will increase 
with global warming such that the consumption of certain plants may 
pose a health risk to humans and animals. 
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5.2 New insights 
The regulatory process and risk assessment of pathogens and chemical 
substances are evolving and most likely will continue to do so as new 
insights are obtained. In this section, we restrict ourselves to two 
current issues. The first is related to the regulatory process of 
endocrine-disrupting chemicals and the second is related to the risk 
assessment of mixtures of chemicals. 
 

5.2.1 Endocrine-disrupting chemicals 
Endocrine disruption is a specific form of toxicity, where chemicals, 
known as endocrine-disrupting chemicals (EDCs), trigger adverse health 
effects by disrupting the endogenous hormone system (Graven et al., 
2016). The issue of EDCs and their potential risks has received attention 
in relation to chemicals in food and FCMs (WHO, 2002). EDCs are 
suspected of having severe health and environmental impacts, and both 
the risks and the methodology for the risk assessment of EDCs are 
heavily debated (Fuhrman et al., 2015). 
The regulation of EDCs differs in wording and in regulatory 
consequences among EU legal frameworks. The first regulatory step is 
to identify an EDC. The European Commission has developed draft 
scientific criteria to identify EDCs in the Plant Protection Product 
Regulation and Biocidal Product Regulation11. The EU criteria cover three 
key elements: adverse health effects (adversity) in an intact organism, 
endocrine mode or mechanism of action (MOA), and the underlying 
‘biologically plausible’ relationship between these two.  
The challenges of identifying EDCs begin with the need for consensus on 
methods of establishing biological plausibility in cause and effect 
relationships between endocrine modulation and adverse health effects. 
Such methods are scarce, and those that are available have only partially 
been included in the various legal frameworks. Furthermore, they all 
currently have inherent difficulties in relation to proving cause and effect. 
Therefore, a scientifically based strategy should be developed on how 
existing endocrine screening tests can be employed for flagging the 
endocrine properties of chemicals. Novel methods should be developed 
and included in the various legal frameworks where MOA and adverse 
effect gaps exist.  
The technical debate on the identification of EDCs is ongoing – and this 
is (merely) the first step in the regulatory process. Currently the 
European Commission has requested EFSA and the ECHA to develop a 
guidance document for the implementation of the proposed scientific 
criteria concerning the hazard identification of EDC (EFSA, 2016). 
A current EU project is focusing on the effects of mixtures of EDC on 
children (EDC-MixRisk, 2015). EDC-MixRisk is a four-year project 
financed through the EU Commission’s programme Horizon 2020, which 
started in the spring of 2015. The aim is to promote safer use of 
chemicals for the next generation. 
 

5.2.2 Mixtures of chemicals 
Every day we are exposed to a mixture of chemicals via food intake, 
inhalation and dermal contact. The risk to health that may result from this 
depends on how the effects of different chemicals in the mixture combine, 
 
11 European Commission, Endocrine Disruptors . http://ec.europa.eu/health/endocrine_disruptors/policy_en. 
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and whether there is any synergism or antagonism between them (see 
also Section 3.1.4). The number of possible combinations of chemicals in 
mixtures is infinite and an efficient test strategy for mixtures is lacking. 
Furthermore, there is a societal need to reduce animal testing, which is 
the current practice in the safety testing of chemicals. 
In 2015, a European project called EUROMIX, funded by the European 
Commission within the research programme Horizon 2020, started on 
the issue of the risk assessment of mixtures of chemicals (EUROMIX, 
2015). The EUROMIX project will deliver a mixture test strategy and test 
instruments using novel techniques, as recently proposed by the Joint 
Research Centre (JRC) of the European Commission. The tests will 
generate data needed for refining the future risk assessment of mixtures 
relevant to national food safety authorities, public health institutes, 
EFSA, ECHA, industry, regulatory bodies and other stakeholders. 
Ultimately, this will provide information for future risk management 
decisions on the safety of chemicals in mixtures to be taken by the 
European Commission and the Codex Alimentarius Commission. 
As mentioned in Section 5.2.1, there is also a European project that 
focuses on the effects of mixtures of EDCs on children (EDC-MixRisk, 
2015). 
 

5.3 Key findings 
• The exposure of bacteria to antimicrobial agents can lead to 

resistance of these organisms. Major public health risks may be 
associated with the spread of resistant organisms. The public 
health impact of exposure to resistant bacteria is already evident 
in the way hospitals try to prevent the introduction of these 
resistant organisms to their buildings. 

• International developments such as globalisation, worldwide 
trade and internet sales are rapidly evolving and of great 
importantance for risk management. 

• New technologies in food production are being applied or 
developed. Nanotechnology and synthetic biology, established 
technologies in the non-food domain, are finding their way into 
the food domain. Three-dimensional (3D) printing of food, a 
specialised form of additive production, is an emerging food 
production technology. 

• Climate changes (like the temperature rise of seawater and less 
frequent but more intense rainfall) may lead to an increase of 
mycotoxins and marine toxins. 

• The regulatory process and the risk assessment of pathogens and 
chemical substances are evolving thanks to new insights. Two 
current issues have been described: endocrine-disrupting 
chemicals and chemical mixtures. 
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Appendix I. Exposure assessment 

Non-regulated substances 
Chemicals present in food may have adverse effects on human health. 
To assess whether the intake of these chemicals via food poses a health 
risk to humans, risk assessments are performed. A key part of the risk 
assessment is the exposure assessment (Kroes et al., 2002). 
Assessments may be performed for acute (short-term) or chronic (long-
term) exposures. Acute exposure is exposure to a toxic compound 
during a period of 24 hours or less, and chronic exposure is 
(intermittent) exposure over a longer period, ranging from a couple of 
months up to life-long. Obviously, an exposure between 24 hours and 2 
months may occur but the chronic exposure assessment also covers (in 
a conservative way) for this shorter period. 
 
Two types of exposure assessment can be distinguished for regulated 
substances, such as plant protection products (PPPs) and food additives: 
a pre-market and a post-market assessment. For non-regulated 
substances, i.e. contaminants, the exposure assessment is similar to a 
post-market assessment. These two types of assessment are described 
below. 
 
Pre-market assessment 
Pre-market assessments are normally performed by combining a fixed 
consumption level (e.g. mean or high realistic value, theoretical value) 
with a proposed legal product limit. The goal of this assessment is to 
verify that the proposed product limit does not pose a health risk. The 
assessment is performed either for one product limit only or for multiple 
product limits simultaneously. In the latter case, which can be used only 
when assessing chronic exposure, exposures may be added to estimate 
the total exposure per day. Examples of models that allow the 
calculation of such exposures are the Pesticide Residue Intake Model 
(PRIMo) for pesticide residues (EFSA, 2007) and the Food Additives 
Intake Model (FAIM) for food additives (EFSA, 2013). PRIMo allows the 
estimation of both acute and chronic exposure, whereas FAIM allows 
only chronic exposure assessments. 
 
Post-market assessment 
The main characteristic of post-market assessments is that the 
concentration data used are typically measured values. Furthermore, a 
range of concentration data of the chemical substance is often available 
for exposure assessment.  
 
To assess dietary exposure as part of a post-market assessment, 
different methods are available, of which the most commonly used are 
the point estimate (similar to the pre-market assessment), the observed 
individual mean (OIM) and the probabilistic approach. Point estimates 
and the probabilistic approach allow the estimation of acute and chronic 
dietary exposure, whereas OIM allows only estimation of chronic 
exposure. A general approach is to start with a point estimate, and 
refine the assessment if needed using OIM (in the event of chronic 
exposure), and then further with the probabilistic approach (in either 
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case). If the goal of the exposure assessment is the best possible 
estimate of the actual exposure, the probabilistic approach is the 
preferred strategy. These three exposure assessment methods are 
briefly described below.  
 
Point estimate 
In point estimate assessments, a single input parameter for consumption, 
often a mean or high consumption level, is combined with a single 
concentration value (e.g. a mean or high value). Note that this approach 
is also used in the pre-market assessment, only that in a point estimate a 
measured concentration value is used instead of a product limit. If 
exposure via more than one food product is expected, the calculated 
exposures per food may be added to assess the total (chronic) exposure. 
The same models as used in pre-market assessments (such as PRIMo and 
FAIM) can be used for post-market assessments. 
 
Observed individual mean 
With the OIM approach, the food consumption per day per individual is 
linked to a mean concentration per food to obtain the total exposure per 
day per individual, divided by the individual’s body weight. Typically, 
information on food consumption is obtained over a period of 2–7 days 
per individual. Subsequently averaging the exposure over the available 
days per individual generates a distribution of average daily exposures 
for different individuals within a population. From this distribution, the 
mean and median exposure and upper percentiles (e.g. 95th or 97.5th) 
for that population can be estimated. This method is currently used to 
assess chronic exposure to food contaminants and additives by EFSA 
(e.g. EFSA, 2012a, b; EFSA, 2015a, b). It has also been used to assess 
exposure to a number of mycotoxins using concentration data derived 
from a total diet study (TDS), where by definition only an average level 
for each class of food products is determined (Sprong et al., 2016).  
 
Probabilistic approach 
The probabilistic approach can be used to assess both acute and chronic 
actual exposure via food. 
To assess acute exposure, the probabilistic Monte Carlo approach is 
used. In this approach, daily individual consumption patterns are 
multiplied by randomly selected concentrations per food. Resulting 
individual exposures are added per day and divided by the individual’s 
body weight. This procedure is repeated several times, resulting in a 
frequency distribution of daily exposures that reflects all plausible 
combinations of daily consumptions and concentrations. 
Chronic exposure can be assessed following a probabilistic approach by 
using statistical models. Exposure to chemicals via food varies between 
individuals and within individuals (between days with the same 
individual). Statistical models take both variations into account. Those 
that separate the two sources of variation, and subsequently remove the 
within individual variation from the chronic exposure distribution, have 
proven more useful for the estimation of chronic exposure than the 
simple OIM approach (Dodd et al., 2006; Hoffmann et al., 2002; Slob, 
1993). To assess chronic exposure, variation within individuals is not 
relevant by definition (the chronic exposure distribution is the variation 
between individuals, not within individuals), and removal of this source 
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of variation results therefore in a more accurate estimation of the 
chronic exposure. 
 
To perform a probabilistic acute exposure assessment, individual food 
consumption data from food consumption surveys are needed (for the 
Netherlands, data from the Dutch National Food Consumption Surveys 
(DNFCS)) combined with concentration data analysed in individual foods 
(e.g. from monitoring programmes or experimental studies). The same 
applies to a chronic probabilistic exposure assessment and OIM, with the 
difference that in a chronic assessment mean concentrations per food 
(which can also be derived from total diet surveys) may suffice.  
 
Advantages and disadvantages 
An advantage of using whole databases is that the variation in food 
consumption and concentration data is included in the assessment, 
which enables the percentage of the population with a certain exposure 
level to be estimated. A disadvantage is that the probabilistic approach 
(and OIM) is therefore more labour- and cost-intensive than the point 
estimate. Another advantage of the probabilistic approach is that 
uncertainty in the exposure estimates due to the limited size of the 
database can be quantified (EFSA, 2012c). Other sources of uncertainty 
can be assessed qualitatively (EFSA, 2006), although here too there is 
an increasing tendency to quantify (EFSA, in prep.).  
In the point estimate, uncertainties and variability are often addressed 
by selecting conservative estimates of the input variables, such as the 
consumption of a food or the concentration level. The result is one single 
conservative exposure estimate. On the other hand, point estimates are 
easy to perform, whereas for probabilistic assessments computer 
models are needed.  
In practice, when a risk assessment is performed, a tiered approach 
may be used. In the lower tiers, exposure estimates are based on few 
data, using point estimates. If more precision in the exposure estimation 
is needed, higher-tier approaches, such as OIM and the probabilistic 
approach, can be used (Pastoor et al., 2014).  
At the RIVM, probabilistic methods are preferred when assessing 
possible health risks related to both acute and chronic exposure. At 
European level, OIM is used in the field of contaminants and in the re-
evaluation of existing additives (EFSA, 2012a, b; EFSA, 2015a, b), 
whereas in all other regulatory fields point estimates are used to assess 
exposure.  
In 2012, a guidance document was released on the use of probabilistic 
methods to assess acute and chronic exposure to residues of PPPs 
(EFSA, 2012c). However, these methods have not yet been used by 
EFSA within this field. For regulatory purposes, for example to assess 
whether (a) certain maximum level(s) of a chemical in (a) food(s) is/are 
safe, the point estimate approach is often used. 
 
Future 
Presently, the RIVM uses the probabilistic or OIM approach where 
possible to assess dietary exposure to contaminants (Boon et al., 2012; 
Boon et al., 2014; Sprong et al., 2014; Sprong & Boon, 2015; Sprong et 
al., 2016), when appropriate as implemented in the Monte Carlo Risk 
Assessment (MCRA) software (De Boer et al., 2015). For risk 
assessments of foods that are hardly consumed in the Netherlands, or of 
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chemicals for which very limited concentration data are available, and 
for pre-marketing assessments the point estimate approach may be 
applied. It can also be used when a higher-tier, actual exposure 
assessment is not needed (i.e. when a calculated worst-case exposure 
estimate is far below the relevant health-based guidance values 
(HBGVs)). 
 
In some cases, EFSA still applies point estimates or the simple OIM 
approach to assess exposure to chemicals within the field of food safety. 
Probabilistic exposure models to for both acute and chronic exposure 
assessments are, however, available (Van der Voet et al., 2015; Van 
Klaveren et al., 2012), and the expectation is that in the coming years 
EFSA will start to use these models in higher-tier, actual exposure 
assessments if needed and if the available concentration data allow. The 
consumption data available at EFSA is already suitable for probabilistic 
exposure assessments. 
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Appendix II. Calculation of RQs 

The risk quotient (RQ) was calculated for contaminants (n=23), food 
additives (n=3) and residues of plant protection products (n=10). The 
group of contaminants included environmental (n=8), agricultural 
(n=13) and industrial (n=2) contaminants. For the calculation, the 2.5% 
lower and 97.5% upper confidence limit of the 95% confidence interval 
around a percentile of exposure was used, combined with the relevant 
health-based guidance value (HGBV). The confidence limits of the 
exposure estimates quantify the uncertainty in the exposure estimate 
due to the sampling size of the underlying concentration and 
consumption data. The percentiles of exposure used were either the 95th 
for compounds with a chronic HBGV and 99th for compounds with an 
acute HBGV. Table 1 lists the exposure confidence limit values and 
HBGVs used for the estimation of the RQ, as well as the publications 
containing the underlying data.  
 
For 10 active substances in PPPs and mycotoxins, the exposure was 
estimated as part of the current study and is therefore described in 
more detail below. For the other compounds, we refer to the underlying 
publications  
 
Residues of plant protection products 
The 10 active substances in PPPs were selected on the basis of 
monitoring results of the Dutch Food and Consumer Product Safety 
Authority (NVWA) for the period 2010–2012. The selected pesticides 
were carbendazim, carbofuran, ethefon, imazalil, methamidophos, 
methidathion, methomyl, omethoaat, oxamyl and triazophos (Tables 
A2.1 and A2.2). Acute exposure calculations were performed on the 
basis of 2010–2013 monitoring data (Table A2.2) and the most recent 
available food consumption data at the individual level. Food 
consumption data were obtained from the Dutch National Food 
Consumption Survey (DNFCS) – Young children (Ocké et al., 2008) and 
the DNFCS 2007–2010 (van Rossum et al., 2011). These surveys 
contain individual, daily food consumption data as reported by a 
representative (‘large enough’) random sample of the Dutch population 
(DNFCS – Young children: 2- to 6-year olds; DNFCS 2007–2010: 7- to 
69-year-olds). Acute exposure assessments were performed using the 
probabilistic Monte Carlo approach, as described in Appendix I, resulting 
in a distribution of acute, ‘single day’ exposure estimates per population. 
To estimate the exposure, medium bound concentrations were used, 
and the RQ was calculated by dividing the 99th percentile of exposure for 
both populations by the relevant acute reference dose (ARfD). Exposure 
estimates and ARfDs are listed in Table A2.1. 
 
Mycotoxins 
For mycotoxins, exposure was calculated using concentration data from 
Sprong et al. (2016) and food consumption data from the same two food 
consumption surveys used to assess exposure to residues of plant 
protection products. Medium bound concentrations were also used for 
this assessment. Since mycotoxins may have adverse effects in the long 
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run, a chronic exposure assessment was performed using the OIM 
approach (Appendix I), as by Sprong et al. (2016).  
For fumonisins, DON and its acetyl forms, T-2 and HT-2 and ergot 
alkaloids, a group HBGV has been established. Therefore, for these 
compounds exposure to the sum of the compounds was calculated by 
summing the concentrations per analysed samples, and using these 
summed concentrations to calculate the exposure. This summing of 
mycotoxin concentrations per sample was done assuming equal potency 
(Sprong et al., 2016). Exposure estimates and relevant HBGVs are listed 
in Table A2.1. 
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Table A2.1. The input data (2.5% lower (LCL) and 97.5% upper (UCL) confidence limit of the 95% confidence interval around 
exposure estimate and the HBGVs) used for the estimation of the RQ per compound, as well as the publications containing the 
underlying data 

Compound Exposure1 HBGV2 Unit3 Publication 
2-6 years 7-69 years 
LCL4 UCL LCL UCL Level Type5 

Additives 
E150c13 21 33 16 20 100 ADI mg Sprong et al. (2014) 
E150-combined13 62 73 32 38 300 ADI mg Sprong et al. (2014) 
Steviol glycosides14 2.2 2.8 0.89 1.11 4 ADI mg Brosens et al. (2014) 
Contaminants, agricultural 
Aflatoxin B1 48 51 29 31 170 BMDL10 ng This report; Sprong et al. (2016) 
Alternariol 10.4 11.6 5.6 6.4 2.5 TTC ng This report; Sprong et al. (2016) 
Alternariol monomethyl 
ether 13.6 15.6 7.6 8.0 

2.5 TTC ng This report; Sprong et al. (2016) 

Citrinin 0.345 0.360 0.240 0.275 200 LoNC ng This report; Sprong et al. (2016) 
DON and its acetyl forms 0.542 0.582 0.264 0.286 1000 TDI ng This report; Sprong et al. (2016) 
Ergot alkaloids (sum) 0.675 0.717 0.273 0.29 600 TDI ng This report; Sprong et al. (2016) 
Fumosins (sum) 0.057 0.067 0.077 0.084 2000 TDI ng This report; Sprong et al. (2016) 
Nivalenol 0.062 0.074 0.254 0.318 1200 TDI ng This report; Sprong et al. (2016) 
Ochratoxin A 0.263 0.292 0.992 1.108 17 TDI6 ng This report; Sprong et al. (2016) 
Patulin 0.320 0.358 0.165 0.185 400 PMTDI ng This report; Sprong et al. (2016) 
Sterigmatocystin 0.113 0.119 0.138 0.144 160000 BMDL10 ng This report; Sprong et al. (2016) 
T-2 + HT-2 2.27 2.83 0.450 0.550 100 TDI ng This report; Sprong et al. (2016) 
Zearalenone 0.064 0.070 0.052 0.060 250 TDI ng This report; Sprong et al. (2016) 
Contaminants, environmental 
Cadmium7 1.77 2.10 0.94 0.12 0.357 TDI µg Sprong & Boon (2015) 
Dioxins8,9 1.30 1.52 0.90 1.10 2 TDI pg TEQ Boon et al. (2014) 
Lead9 0.81 0.91 - - 0.5 BMDL01 µg Boon et al. (2012) 
Methyl mercury10 0.30 0.70 0.37 0.89 1.3 TWI µg/kg bw 

per week 
Front Office Food and Consumer Product 
Safety (2015) 

Nitrate9,10,11 2.72 3.76 1.67 2.14 3.7 ADI mg Geraets et al. (2012) 
PBDE-47 0.20 0.32 0.14 0.24 69 GV12 ng Boon et al. (2016) 
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Compound Exposure1 HBGV2 Unit3 Publication 
2-6 years 7-69 years 
LCL4 UCL LCL UCL Level Type5 

PBDE-99 0.14 0.17 0.08 0.10 0.23 NAEL ng Boon et al. (2016) 
PBDE-153 0.04 0.07 0.02 0.03 1.7 GV12 ng Boon et al. (2016) 
Contaminants, industrial 
3-MCPD 1863 3079 1189 1767 2000 TDI ng Boon & te Biesebeek (2016) 
Acrylamide 1.0 1.4 0.94 1.27 170 BMDL10 µg Geraets et al. (2012) 
Residues of plant protection products 
Carbendazim 0.50 1.31 0.17 0.38 20 ARfD µg This report 
Carbofuran 0.25 0.60 0.10 0.24 0.15 ARfD µg This report 
Ethephon 1.02 33 0.42 7.2 50 ARfD µg This report 
Imazalil 1.21 4.92 0.42 1.61 50 ARfD µg This report 
Methamidophos 0.28 0.56 0.11 0.22 3 ARfD µg This report 
Methidathion 0.32 0.63 0.13 0.27 10 ARfD µg This report 
Methomyl 0.15 0.47 0.08 0.21 2.5 ARfD µg This report 
Omethoate 0.26 0.6 0.1 0.24 2 ARfD µg This report 
Oxamyl 0.27 0.61 0.11 0.24 1 ARfD µg This report 
Triazophos 0.28 0.56 0.10 0.22 1 ARfD µg This report 

1  P95 of exposure for all compounds, except for residues of PPPs. For those, the P99 of exposure was used. 
2  HBGV = health-based guidance value 
3  per kg bw per day, unless otherwise stated  
4  LCL = 2.5% lower confidence limit of exposure estimate; UCL = 97.5% upper confidence limit of exposure estimate 
5  ADI = acceptable daily intake; ARfD = acute reference dose; BMDL= 2.5% lower confidence limit of the benchmark dose; GV = guidance value; 

LoNC = level of no concern; NAEL = no adverse effect level; PMTDI = provisional maximum tolerable daily intake; TDI = tolerable daily intake; 
TTC = threshold of toxicological concern; TWI = tolerable weekly intake 

6  Based on a TWI of 120 ng/kg bw per week 
7  Exposure of both age groups calculated by averaging the reported exposure estimates per age 
8  Includes exposure to polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), mono-ortho (mo-PCBs) and non-ortho 

polychlorinated biphenyls (no-PCBs), the so-called ‘dioxin-like PCBs’ 
9  Exposure of 2–6-year-olds calculated by averaging the reported exposure per age 
10 Exposure for 7–69-year-olds calculated as the weighted average of the reported exposure for 7–15-year-olds and 16–69-year-olds 
11 Exposure reported for the summer period 
12 GVs were based on a translation of BMDL values, using a margin of exposure (MOE) of 2.5 
13 Exposure for 7–69-year-olds calculated as the weighted average of the reported exposure for 7–16-, 17–30- and 31–69-year-olds 
14 Exposure for 7–69-year-olds calculated as the weighted average of the reported exposure for 7–13-, 14–18- and 19–69-year-olds 
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Table A2.2. Number of samples and percentage of positive samples included in the exposure assessment  
Active substance Nr of samples Percentage of positives1 Nr of products 
Carbendazim 16630 4.3 (714) 110 
Carbofuran 16,630 0.2 (28) 110 
Ethephon 140 17 (24) 6 
Imazalil 16,630 16 (2599) 110 
Methamidophos 16,630 0.1 (24) 110 
Methidathion 16,630 2.8 (473) 110 
Methomyl 16,630 0.5 (77) 110 
Omethoate 16,630 0.8 (139) 110 
Oxamyl 16,630 0.02 (3) 110 
Triazophos 16,630 0.4 (65) 110 
1 The number of positive samples is given in brackets. 

Data were obtained from the monitoring programme of the Dutch Food and Consumer Product Safety Authority (NVWA) performed in 2010–2012. 
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Appendix III. Calculations made with APROBA-Plus 

APROBA-Plus is not applicable to substances for which no health-based 
guidance value (HBGV) can be assessed, such as carcinogens. 
Accumulation substances, which require thorough consideration of the 
substance’s kinetics and internal concentrations, cannot be assessed 
using APROBA-Plus either. Individual compounds belonging to a 
common assessment group (CAG) can be assessed in APROBA-Plus. 
However, to perform a meaningful risk assessment of such compounds 
exposure to the entire CAG should be estimated and relative potency 
factors are necessary to standardise the exposure. 
 
Below, the four compounds mentioned in Section 3.2.2 (imazalil, 
T2+HT2, E150-combined and nivalenol) are described in more detail. 
Additional information on APROBA(-Plus) can be found in WHO-IPCS 
(2014), Chiu and Slob (2016) and Bokkers et al. (in prep.). 
 
Imazalil 
Hazard characterisation 
All relevant study specific information is obtained from JMPR (2005). In 
this report the PoD is taken from a developmental study in rabbits to 
derive an ARfD. 
Table A3.1 shows the required inputs regarding the (critical) endpoint, the 
type of study in which the critical effect was observed and the protection 
goals for risk assessment/management purposes. The protection goals (M 
and I) are set to 5% and 1%, respectively. The coverage (or confidence) 
goal, reflecting the probability that the probabilistic acute reference dose 
(ARfD) is small enough (i.e., smaller than the true HDM

I), is set to 95% 
(WHO-IPCS, 2014).  
In its assessment of imazalil, JMPR (2005) applied the default assessment 
factor of 100, probably for inter- and intra-species differences. Applying 
this overall deterministic assessment factor to the NOAEL results in a 
deterministic ARfD of 50 µg/kg bw/day (see last row in Table A3.1). 
 
Table A3.1. APROBA-Plus inputs related to study, endpoint and protection goals 
of the hazard characterisation 
DESCRIPTION INPUTS COMMON VALUE(S) 

End-point 
decreased no. life 

offspring Case-specific 
Data type Quantal-deterministic Case-specific 
Data route Oral Case-specific 
Study type Repro/Developmental Case-specific 
Test species   Case-specific 
Body weight test species 
(kg) 3 Case-specific 
Human median body weight 
(kg) 60 60 
Target BMR  
(= M, user input for BMDLs 
only) 50% 50% 
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Population incidence goal (= 
I) 1% 5%, 1%, 0.1%, 0.01% 
Probabilistic coverage goal 95% 95% 
PoD type NOAEL Case-specific 
PoD value 5.00E+03 Case-specific 
BMDU (User input for BMDL 
PoDs)   

Leave blank if PoD is 
NOAEL 

PoD units ug/kg bw/day 
mg/kg body weight per 

day 
Deterministic overall AF 100 Case-specific 
Deterministic RfD 50 Calculated 
 
In Table A3.2, the probabilistic inputs related to various hazard 
characterisation aspects are listed. In accordance with JMPR, 
adjustments are made to account for inter- and intra-species 
differences. For inter- and intra-species extrapolation APROBA provides 
data-based default uncertainty distributions (WHO-IPCS, 2014). Given 
the lack of chemical-specific information, these defaults are applied. 
 
Table A3.2. Inputs related to adjustment, variability and uncertainty of the 
hazard characterisation of imazalil 
HAZARD 
CHARACTERISATION ASPECT

  
INPUTS PROVISIONAL 

VALUE(S) 
PoD LCL 

5000 
Calculated from 

inputs 
     (Modelled BMD uncertainty) UCL 

5000 
Calculated from 

inputs 
NOAEL to BMD LCL 0.044444444 0.044444444 
     (NOAEL only) UCL 1.111111111 1.111111111 
Inter-species scaling LCL 2.18 2.18 
     (Allometric for oral) UCL 2.77 2.77 
Inter-species TK & TDa LCL 0.333 0.333 
     (Remaining TK & TDa) UCL 3.00 3.00 
Duration extrapolation LCL 1 1 
  UCL 1 1 
Intra-species LCL 2.24 2.24 
  UCL 41.88 41.88 
Other aspect #1 LCL 1 1 
     (Description here) UCL 1 1 
Other aspect #2 LCL 1 1 
     (Description here) UCL 1 1 
Other aspect #3 LCL 1 1 
     (Description here) UCL 1 1 

a toxicokinetics and toxicodynamics   
 
Table A3.3 shows the output provided by APROBA based on the input in 
Tables A3.1 and A3.2. Here, the lower and upper bounds of the target 
human dose (HDM

I) follow from probabilistically combining the 
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uncertainty distributions for the PoD and all adjustment and 
extrapolation factors. For imazalil, the human dose relating to a 
decreased number of life offspring in 1% of the population (HD01) lies 
between 82 and 11,000 µg/kg bw/day (with 90% confidence). The 
uncertainty in this HDM

I is a factor of 130 (=11,000/82). The lower 
confidence bound of the HDM

I, i.e. 82 µg/kg bw/day, is designated as 
the probabilistic ARfD. It is the human dose at which, with 95% 
coverage, 1% of the population would have a decreased number of life 
offspring. 
The contribution of each hazard characterisation aspect to the overall 
uncertainty in the HDM

I is listed in Table A3.4. It shows that NOAEL to 
BMD adjustment and the intra-species extrapolation contribute most. 
 
Table A3.3. Approximate probabilistic analysis outputs of the APROBA hazard 
assessment of imazalil 
Standard Confidence Interval 
Target Human Dose 
(HDM

I) 
LCL (P05) 82 

µg/kg 
bw/day 

  UCL (P95) 11,000 
µg/kg 
bw/day 

Degree of Uncertainty (Fold 
Range) 

  130 

Probabilistic RfD   
= Approximate probabilistic HDM

I at specified % 
confidence 

82 = Estimate of dose (µg/kg bw/day) at which, with 
  95% Confidence   

  1% 
of the population 
will have 

 
decreased no. 
life offspring 
 

     
 
Table A3.4. Contribution of the various sources of uncertainty to the overall 
uncertainty in the APROBA hazard assessment of imazalil. 

UNCERTAINTY ANALYSES ASPECT 
% contribution to overall 
uncertainty 

PoD -- 
NOAEL to BMD 43% 
Inter-species scaling 0% 
Inter-species TK & TDa 20% 
Duration extrapolation -- 
Intra-species 36% 
Other aspects -- 

  
a toxicokinetics and toxicodynamics   
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Exposure assessment 
The exposure is given for two subpopulations: age group 2-6 and 7-69. 
It is acknowledged that developmental effects will only occur 
during/after exposure of pregnant women. Therefore, the subpopulation 
aged 7-69 could be narrowed down to women of childbearing age and it 
may be considered irrelevant to assess the risk of the subpopulation 
aged 2-6. However, when the protection goals are met in this 
assessment, all subpopulations are considered to also meet the 
protection goals corresponding to more relevant effects occurring at 
higher doses.  
For each of these subpopulations we reported (see Appendix II) the 99th 
percentile dietary exposures as lower (LCL) and upper (UCL) confidence 
limits of the medium bound scenario (on LOQ).  
However, two other scenarios describe the uncertainty in the exposure 
related to the concentrations below the limit of quantification (LOQ). The 
minimum and maximum scenarios assume that concentrations below 
LOQ are zero and LOQ, respectively. In Table A3.5 the selected inputs 
related to the exposure are listed (the 99th percentiles of the pertinent 
populations). To account for the uncertainty of the concentrations below 
or at LOQ, it was assumed that the LCL could be up to five times lower 
than the LCL derived using the medium bound scenario and the UCL 
could be up to five times higher than the UCL derived using the medium 
bound scenario. This additional uncertainty is listed in Table A3.5 (see 
expert opinion on limits, extra LCL and UCL). The factors of 5 are 
derived for EFSA opinions, which report the P99 exposures using 
minimum, medium and maximum bound scenarios. 
 
In Figure A3.1 the HDM

I of imazalil is graphically compared with the 
exposure in the two subpopulations. From this figure it can be concluded 
that the ellipses of both subpopulations are located in the green area. 
Since the ellipse of the age group 2–6 is located entirely in the green 
area and the critical toxicological effect is not relevant for children it is 
likely that the protection goals for this subpopulation are met. Regarding 
the other subpopulation (age 7-69), the incidence goal (I) might be 
considered high (1%) for such a severe effect. In this case, the 
conclusion that the protection goals are met may be questioned, as the 
nature of the effects might call for stricter protection goals. 
When the ellipse, after setting a lower incidence goal, turns out to enter 
the red area, performing a full IPRA would be a good option. However, 
given the large uncertainty contribution of using a NOAEL in this case, it 
may be easier to first run a BMD analysis on the original dose–response 
data (if available). This may be expected to result in a smaller 
uncertainty in the vertical direction, with the possible consequence that 
the complete ellipse ends up in the green area. 
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Table A3.5. Inputs related to the APROBA-Plus exposure assessment of imazalil 

    
Enter available expo values, leave 

others empty 

  
Exposure 

unit:
µg/kg bw/day 

  
 

reported exposure
expert opinion on 

limits 
DESCRIP
TION 

INPUTS LCL UCL 
extra 
LCL 

extra 
UCL 

exposure 
#1 

P99 children age 2–6 1.21 4.92 0.24 25 

exposure 
#2 

P99 children & 
adults age 7-69 

0.42 1.61 0.084 8.1 

 

 
Figure A3.1. Comparison of imazalil’s HDMI and the 99th percentile exposure of 
children age 2-6 (blue ellipse on right hand side) and children and adults age 7-
69 (black ellipse) in APROBA-Plus. The HDMI relates to an incidence goal (I) of 
1% and magnitude (M) of having decreased number of life offspring. 
 
T2+HT2 
Hazard characterisation 
Table A3.6 shows the required inputs regarding the (critical) endpoint, the 
type of study in which the critical effect was observed and the protection 
goals for risk assessment/management purposes (for details see WHO-
IPCS, 2014). All the grey cells need to be filled out. For some parameters, 
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common (default) values are suggested (see third column). The user may 
use the tool’s suggestion or enter another value if more specific 
information is available. All relevant study-specific information is taken 
from Rafai (1995a,b).  

In Table A3.6, the protection goals (M and I) are set to 5% and 1%, 
respectively. The coverage (or confidence) goal, reflecting the 
probability that the probabilistic reference dose (RfD) is small enough 
(i.e. smaller than the true HDM

I), is set to 95% (WHO-IPCS, 2014).
In its assessment of T-2/HT-2, EFSA applied the default assessment 
factor of 100 for inter- and intra-species differences. Applying this 
overall deterministic assessment factor to the BMDL results in a 
deterministic RfD of 100 ng/kg bw/day (see last row in Table A3.6). 

Table A3.6. APROBA(-Plus) inputs related to study, endpoint and protection 
goals of the hazard characterisation 
Description Inputs Common value(s) 
Endpoint Decreased 

lymphocyte 
stimulation 

Case-specific 

Data type Continuous Case-specific
Data route Oral Case-specific
Study type Case-specific
Test species  Pig Case-specific 
Body weight test 
species (kg) 

11.4 Case-specific

Human median body 
weight (kg) 

60 60

Target BMR (= M, user 
input for BMDLs only) 

5% 5%

Population incidence 
goal (= I) 

1% 5%, 1%, 0.1%,
0.01% 

Probabilistic coverage 
goal 

95% 95%

PoD type BMDL Case-specific
PoD value 1.03E+04 Case-specific
BMDU (User input for 
BMDL PoDs) 

2.47E+04 Case-specific

PoD units ng/kg bw/day mg/kg body weight 
per day 

Deterministic overall AF 100 Case-specific
Deterministic RfD 103 Calculated

In Table A3.7, the probabilistic inputs related to various hazard 
characterisation aspects are listed. In accordance with EFSA, adjustments 
are made to account for inter- and intra-species differences. For inter-
species, intra-species and duration extrapolation, APROBA provides data-
based default uncertainty distributions (WHO-IPCS, 2014). Given the lack 
of chemical-specific information, these defaults are applied. 
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Table A3.7. Inputs related to adjustment, variability and uncertainty of the 
hazard characterisation of T-2/HT-2 
Hazard characterisation 
aspect 

  Inputs Provisional 
value(s) 

PoD LCL 10300 Calculated from 
inputs 

     (Modelled BMD uncertainty) UCL 24700 Calculated from 
inputs 

NOAEL to BMD LCL 1 1 
     (NOAEL only) UCL 1 1 
Interspecies scaling LCL 1.54 1.54 
     (Allometric for oral) UCL 1.76 1.76 
Interspecies TK & TDa LCL 0.333 0.333 
     (Remaining TK & TDa) UCL 3.00 3.00 
Duration extrapolation LCL 1 0.625 
  UCL 1 40 
Intraspecies LCL 2.24 2.24 
  UCL 41.88 41.88 
Other aspect #1 LCL 1 1 
     limited repro and dev tox 
data 

UCL 1 1 

Other aspect #2 LCL 1 1 
     (Description here) UCL 1 1 
Other aspect #3 LCL 1 1 
     (Description here) UCL 1 1 

a toxicokinetics and toxicodynamics   
 
Table A3.8 shows the output provided by APROBA based on the input in 
Tables A3.6 and A3.7. Here, the lower and upper bounds of the target 
human dose (HDM

I) follow from probabilistically combining the uncertainty 
distributions for the PoD and all adjustment and extrapolation factors. For 
T-2/HT-2, the human dose relating to a ≥5% decrease in lymphocyte 
stimulation in 1% of the population (HD05

01) lies between 150 and 
6600 ng/kg bw/day (with 90% confidence). The uncertainty in this HDM

I is 
a factor of 40 (=6600/150). The lower confidence bound of the HDM

I, i.e. 
150 ng/kg bw/day, is designated as the probabilistic RfD. It is the human 
dose at which, with 95% coverage, 1% of the population would have a 
decreased lymphocyte stimulation of ≥5%. Or, put another way, the 
human dose where 99% of the population would be subject to a less than 
5% decrease in lymphocyte stimulation. 
The contribution of each hazard characterisation aspect to the overall 
uncertainty in the HDM

I is listed in Table A3.9. It shows that intra-
species differences contribute most. 
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Table A3.8. Approximate probabilistic analysis outputs of the APROBA hazard 
assessment of T-2/HT-2 
Standard confidence interval 
Target human dose 
(HDM

I) 
LCL (P05) 150 ng/kg 

bw/day 
  UCL (P95) 6600 ng/kg 

bw/day 
Degree of uncertainty (fold range)   40 

Probabilistic RfD   = Approximate probabilistic HDM
I at specified % 

confidence 
150 = Estimate of dose (ng/kg bw/day) at which, 

with 
  95% Confidence   
  1% of the 

population 
will have 

Decreased 
lymphocyte 
stim. 

  of magnitude ≥ 5% 
 
Table A3.9. Contribution of the various sources of uncertainty to the overall 
uncertainty in the APROBA hazard assessment of T-2/HT-2 
Uncertainty analyses aspect % contribution to overall 

uncertainty 

PoD 5% 
NOAEL to BMD -- 
Inter-species scaling 0% 
Inter-species TK & TDa 34% 
Duration extrapolation -- 
Intra-species 60% 
Other aspects -- 

  
a toxicokinetics and toxicodynamics   
 
Exposure assessment 
The exposure is given for two subpopulations: age group 2-6 and 7-69. 
For each of these subpopulations we reported (see Appendix II) the 95th 
percentile dietary exposures as lower (LCL) and upper (UCL) confidence 
limits of the medium bound scenario (on LOQ).  
However, two other scenarios describe the uncertainty in the exposure 
related to the concentrations below the limit of quantification (LOQ). The 
minimum and maximum scenarios assume that concentrations below 
LOQ are zero and LOQ, respectively. In Table A3.10 the selected inputs 
related to the exposure are listed (the 95th percentiles of the pertinent 
populations). To account for the uncertainty of the concentrations below 
or at LOQ, it was assumed that the LCL could be up to five times lower 
than the LCL derived using the medium bound scenario and the UCL 
could be up to five times higher than the UCL derived using the medium 
bound scenario. This additional uncertainty is listed in Table A3.10 (see 
expert opinion on limits, extra LCL and UCL). The factors of 5 are 
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derived for EFSA opinions, which report the P95 exposures using 
minimum, medium and maximum bound scenarios. 

In Figure A3.2 the HDM
I of T-2 / HT-2 is graphically compared with the 

exposure in the two subpopulations. From this figure it can be concluded 
that for the age group 2–6 years a small part of the uncertainty ellipse is 
located in the red area. Note that this part combines highly exposed 
individuals with sensitive individuals, which do not necessarily need to 
be the same individuals. A full IPRA would take that into account, which 
might lead to a conclusive outcome (protection goals met) for this case. 
Therefore, performing a full IPRA would be a good option here. The 
ellipse of the 7-69 age group is located in the green area. Assuming that 
the uncertainty is adequately evaluated it can be concluded that the 
protection goals (M and I) are met for this subpopulation. 

Table A3.10. Inputs related to the APROBA-Plus exposure assessment of T- /HT-
2 

Enter available expo values, leave 
others empty 

Exposure unit: ng/kg bw/day 
reported 
exposure 

expert opinion on 
limits 

Description Inputs LCL UCL extra LCL extra 
UCL 

exposure #1 P95 children 
age  
2–6 

227 283 45.4 1415 

exposure #2 P95 children & 
adults age 7-
69 

45 55 9 275 
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Figure A3.2. Comparison of T-2/HT-2’s HDM

I and the 95th percentile exposure of 
children aged 2–6 years (blue ellipse on right hand side) and children and adults 
aged 7-69 (black) in APROBA-Plus. The HDM

I relates to an incidence goal (I) of 
1% and magnitude (M) of 5% decrease in lymphocyte stimulation. 
 
E150-combined 
Hazard characterisation 
Table A3.11 shows the inputs regarding the (critical) endpoint, the type 
of study in which the critical effect was observed and the protection 
goals for risk assessment/management purposes. All relevant study-
specific information is taken from EFSA (EFSA, 2004).  
 
In Table A3.11, the protection goals (M and I) are set to 5% and 1%, 
respectively. The coverage (or confidence) goal, reflecting the 
probability that the probabilistic reference dose (RfD) is small enough 
(i.e. smaller than the true HDM

I), is set to 95% (WHO-IPCS, 2014). 
In its assessment of E150-combined, EFSA applied the default 
assessment factor of 100 for inter- and intra-species differences. 
Applying this overall deterministic assessment factor to the BMDL results 
in a deterministic RfD of 300 ng/kg bw/day (see last row in Table 
A3.11). 
 
Table A3.11. APROBA(-Plus) inputs related to study, endpoint and protection 
goals of the hazard characterisation 
Description Inputs Common 

value(s) 
Endpoint no effects in 

highest dose 
Case-specific 

Data type Continuous Case-specific 
Data route Oral Case-specific 
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Study type Subchronic Case-specific 
Test species Rat Case-specific 
Body weight test 
species (kg) 

0.4 Case-specific 

Human median body 
weight (kg) 

60 60 

Target BMR (= M, user 
input for BMDLs only) 

5% 5% 

Population incidence 
goal (= I) 

1% 5%, 1%, 0.1%, 
0.01% 

Probabilistic coverage 
goal 

95% 95% 

PoD type NOAEL Case-specific 
PoD value 3.00E+04 Case-specific 
BMDU (User input for 
BMDL PoDs) 

  Case-specific 

PoD units mg/kg bw/day mg/kg body weight 
per day 

Deterministic overall AF 100 Case-specific 
Deterministic RfD 300 Calculated 

 
In Table A3.12, the probabilistic inputs related to various hazard 
characterisation aspects are listed. In accordance with EFSA, 
adjustments are made to account for inter- and intra-species 
differences. In addition we apply a duration extrapolation factor because 
the hazard characterisation is based on subchronic studies. For inter-
species, intra-species and duration extrapolation, APROBA provides 
data-based default uncertainty distributions (WHO-IPCS, 2014). Given 
the lack of chemical-specific information, these defaults are applied.  
In its E150-combined opinion, EFSA noted that there were arguments 
for increasing the default uncertainty factor of 100, to compensate for 
limitations in the toxicological databases on reproductive toxicity. 
However, equally compelling arguments could be advanced for deriving 
a chemical-specific adjustment factor below the default uncertainty 
factor of 100. As a result, EFSA did not apply any additional factor. In 
the current APROBA-Plus analysis these uncertainties are evaluated by 
including an extra factor (see ‘Other aspect #1’ in Table A3.12). On 
average, this probabilistic factor equals 1 (GM of 0.1 and 10), but is has 
an upper confidence level (UCL) of 10, which accounts for possible 
limitations of the reprotox data, and a lower confidence level (LCL) of 
0.1, accounting for a possible higher NOAEL than the highest dose 
tested. 
 
Table A3.12. Inputs related to adjustment, variability and uncertainty of the 
hazard characterisation of E150-combined 
Hazard characterisation 
aspect 

  Inputs Provisional 
value(s) 

PoD LCL 30000 Calculated from 
inputs 

     (Modelled BMD 
uncertainty) 

UCL 30000 Calculated from 
inputs 
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NOAEL to BMD LCL 0.070921986 1 
     (NOAEL only) UCL 1.566666667 1 
Inter-species scaling LCL 3.68 1.54 
     (Allometric for oral) UCL 5.49 1.76 
Inter-species TK & TDa LCL 0.333 0.333 
     (Remaining TK & TDa) UCL 3.00 3.00 
Duration extrapolation LCL 0.5 0.625 
  UCL 8 40 
Intraspecies LCL 2.24 2.24 
  UCL 41.88 41.88 
Other aspect #1 LCL 0.1 1 
no effect in highest dose & 
limitations reprotox 

UCL 10 1 

Other aspect #2 LCL 1 1 
     (Description here) UCL 1 1 
Other aspect #3 LCL 1 1 
     (Description here) UCL 1 1 
a toxicokinetics and toxicodynamics   
 
Table A3.13 shows the output provided by APROBA based on the input 
in Tables A3.11 and A3.12. Here, the lower and upper bounds of the 
target human dose (HDM

I) follow from probabilistically combining the 
uncertainty distributions for the PoD and all adjustment and 
extrapolation factors. For E150-combined, the human dose relating to a 
≥5% change in an unknown response in 1% of the population (HD05

01) 
lies between 28 and 38,000 mg/kg bw/day (with 90% confidence). The 
uncertainty in this HDM

I is a factor of 1400 (~38,000/28). The lower 
confidence bound of the HDM

I, i.e. 28 mg/kg bw/day, is designated as 
the probabilistic RfD. It is the human dose at which, with 95% coverage, 
1% of the population would have an unidentified response of ≥5%.  
The contribution of each hazard characterisation aspect to the overall 
uncertainty in the HDM

I is listed in Table A3.14. It shows that the 
uncertainties summarised under Other aspects #1 contribute most. 
 
Table A3.13. Approximate probabilistic analysis outputs of the APROBA hazard 
assessment of E150-combined 
Standard confidence interval 
Target human dose 
(HDM

I) 
LCL 
(P05) 

28 ng/kg 
bw/day 

  UCL 
(P95) 

38000 ng/kg 
bw/day 

Degree of uncertainty (fold 
range) 

  1400 

Probabilistic 
RfD   

= Approximate probabilistic HDM
I at specified % 

confidence 
150 = Estimate of dose (ng/kg bw/day) at which, with 
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  95% Confidence   
  1% of the population 

will have 
Decreased 
lymphocyte 
stim. 

  of magnitude ≥ 5% 
 
Table A3.14. Contribution of the various sources of uncertainty to the overall 
uncertainty in the APROBA hazard assessment of E150-combined 
Uncertainty analyses 
aspect 

% contribution to overall 
uncertainty 

PoD -- 
NOAEL to BMD 18% 
Inter-species scaling 0% 
Inter-species TK & TDa 9% 
Duration extrapolation 15% 
Intra-species 16% 
Other aspects 41% 

a toxicokinetics and toxicodynamics   
 
Exposure assessment 
The exposure is given for two subpopulations: age group 2-6 and 7-69. 
For each of these subpopulations we reported (see Section Appendix II) 
the 95th percentile dietary exposures as lower (LCL) and upper (UCL) 
confidence limits of the medium bound scenario (on LOQ).  
However, two other scenarios describe the uncertainty in the exposure 
related to the concentrations below the limit of quantification (LOQ). The 
minimum and maximum scenarios assume that concentrations below 
LOQ are zero and LOQ, respectively. In Table A3.15 the selected inputs 
related to the exposure are listed (the 95th percentiles of the pertinent 
populations). To account for the uncertainty of the concentrations below 
or at LOQ, it was assumed that the LCL could be up to five times lower 
than the LCL derived using the medium bound scenario and the UCL 
could be up to five times higher than the UCL derived using the medium 
bound scenario. This additional uncertainty is listed in Table A3.15 (see 
expert opinion on limits, extra LCL and UCL). The factors of 5 are 
derived for EFSA opinions, which report the P95 exposures using 
minimum, medium and maximum bound scenarios. 
 
In Figure A3.3 the HDM

I of E150-combined is graphically compared with 
the exposure in the two subpopulations. From this figure it can be 
concluded that for both subpopulations a small part of the uncertainty 
ellipse is located in the red area. Here, the first option to refine the 
analysis would be to obtain dose–response data and perform a BMD 
analysis to identify the critical endpoint and derive a reliable PoD.  
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Table A3.15. Inputs related to the APROBA-Plus exposure assessment of E150-
combined 

    
Enter available expo values, leave 

others empty 
Exposure 

unit:
mg/kg bw/day 

  reported exposure
expert opinion on 

limits 

Description Inputs LCL UCL 
extra 
LCL 

extra 
UCL 

exposure #1 P95 children age 
2–6 

62 73 12.4 365 

exposure #2 P95 children & 
adults age 7-69 

32 38 6.4 190 

 
 

 
Figure A3.3. Comparison of E150’s HDM

I and the 95th percentile exposure of 
children aged 2–6 years (blue ellipse on right hand side) and children and adults 
aged 7-69 (black ellipse) in APROBA-Plus. The HDM

I relates to an incidence goal 
(I) of 1% and magnitude (M) of 5% change in some unknown effect. 
 
Nivalenol 
Hazard characterisation 
In Table A3.16 the required inputs regarding the (critical) endpoint, the 
type of study in which the critical effect was observed and the protection 
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goals for risk assessment/management purposes are listed. EFSA 
identified the decreased white blood cell (WBC) count in an oral 90-day 
rat study as the critical effect of Nivalenol (EFSA, 2013). The BMD05 
confidence interval (i.e. the BMDL and BMDU) provided by EFSA ranges 
from 0.35 to 0.76 mg/kg bw/day. The protection goals (M and I) are set 
to 5% and 1%, respectively. The coverage (or confidence) goal, 
reflecting the probability that the probabilistic reference dose (RfD) is 
small enough (i.e., smaller than the true HDM

I), is set to 95% (WHO-IPCS 
2014).  

In its assessment, EFSA applied the default assessment factor of 100 for 
inter- and intra-species differences. In addition, it decided to use two 
additional assessment factors: a factor of 2 for extrapolation from 
subchronic to chronic study duration, and a factor of 1.5 due to the 
limitations of the data that were available on reproductive and 
developmental toxicity of nivalenol. Applying this overall deterministic 
assessment factor of 300 to the BMDL results in a deterministic RfD of 
1.2 µg/kg bw/day (see last row in Table A3.16). 
 
Table A3.16. APROBA(-Plus) inputs related to study, endpoint and protection 
goals of the hazard characterisation 
Description Inputs Common value(s)
Endpoint WBC Case-specific 
Data type Continuous Case-specific 
Data route Oral Case-specific 
Study type Subchronic Case-specific 
Test species Rat Case-specific 
Body weight test species 
(kg) 

0.4 0.4 

Human median body weight 
(kg) 

60 60 

Target BMR (= M, user input 
for BMDLs only) 

5% 5% 

Population incidence goal (= 
I) 

1% 5%, 1%, 0.1%, 
0.01% 

Probabilistic coverage goal 95% 95% 
PoD type BMDL Case-specific 
PoD value 3.50E+05 Case-specific 
BMDU  
     (User input for BMDLs only) 

7.60E+05 Case-specific 

PoD units ng/kg bw/day mg/kg body weight 
per day 

Deterministic overall AF  
     (optional) 

300 Case-specific 

Deterministic RfD 
     (calculated from other 
inputs) 

1166.666667 Calculated 
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In Table A3.17, the probabilistic inputs related to various hazard 
characterisation aspects are listed. In accordance with EFSA, adjustments 
are made to account for inter- and intra-species differences, subchronic to 
chronic extrapolation and limited data on reproductive and developmental 
toxicity. For inter-species, intra-species and duration extrapolation 
APROBA provides data-based default uncertainty distributions. Given the 
lack of chemical-specific information, these defaults are applied. Note that 
the default distribution for exposure duration in APROBA assumes larger 
potential differences between chronic and subchronic BMDs than the 
factor of two used in the EFSA opinion (namely, ranging from 0.5 to 8, 
with 90% confidence) (WHO-IPCS 2014).  
For the limited reproductive and developmental toxicity data EFSA 
applied an assessment factor of 1.5, which is considered here as the 
upper confidence limit. The latter is interpreted as follows: the (true) 
BMD for the most sensitive reproductive effect might be a factor of 1.5 
lower than the (true) subchronic BMD, but it is unlikely to be even lower 
than that. On the other hand, it can be hypothesised that the reprotoxic 
BMD is higher than the subchronic BMD. In that case, the critical effect 
remains decreased WBC count and the BMD confidence interval would 
not need any adjustment. Therefore, the value of 1 will be used as the 
lower confidence limit of this adjustment factor.  
 
Table A3.17. Inputs related to adjustment, variability and uncertainty of the 
hazard characterisation of nivalenol 
Hazard characterisation aspect   Inputs Provisional 

value(s) 
PoD LCL 0.35 Calculated from 

inputs 
     (Modelled BMD uncertainty) UCL 0.76 Calculated from 

inputs 
NOAEL to BMD LCL 1 1 
     (NOAEL only) UCL 1 1 
Interspecies scaling LCL 3.68 3.68 
     (Allometric for oral) UCL 5.49 5.49 
Interspecies TK & TDa LCL 0.333 0.333 
     (Remaining TK & TDa) UCL 3.00 3.00 
Duration extrapolation LCL 0.5 0.5 
  UCL 8 8 
Intraspecies LCL 2.24 2.24 
  UCL 41.88 41.88 
Other aspect #1 LCL 1 1 
     limited repro and dev tox data UCL 1.5 1 
Other aspect #2 LCL 1 1 
     (Description here) UCL 1 1 
Other aspect #3 LCL 1 1 
     (Description here) UCL 1 1 
a toxicokinetics and toxicodynamics   
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Table A3.18 shows the output provided by APROBA based on the input in 
Tables A3.16 and A3.17. Here, the lower and upper bounds of the target 
human dose (HDM

I) follow from probabilistically combining the uncertainty 
distributions for the PoD and all adjustment and extrapolation factors. For 
nivalenol, the human dose relating to a ≥5% decrease in WBC count in 
1% of the population (HD05

01) lies between 0.46 and 50.5 µg/kg bw/day 
(with 90% confidence). The uncertainty in this HDM

I is a factor of 109 
(=50.5/0.46). The lower confidence bound of the HDM

I, i.e. 0.46 µg/kg 
bw/day, is designated as the probabilistic RfD. It is the human dose at 
which, with 95% coverage, 1% of the population would have a decreased 
WBC count of ≥5%. Or, put another way, the human dose where 99% of 
the population would be subject to a less than 5% decrease in WBCs. 
The contribution of each hazard characterisation aspect to the overall 
uncertainty in the HDM

I is listed in Table A3.19. It shows that intra-
species differences and exposure duration contribute most, while the 
PoD uncertainty is only minor. 
 
Table A3.18. Approximate probabilistic analysis outputs of the APROBA hazard 
assessment of nivalenol 
Standard confidence interval 
Target human dose 
(HDM

I) 
LCL (P05) 460 ng/kg 

bw/day 
  UCL (P95) 51000 ng/kg 

bw/day 
Degree of uncertainty (fold range)   110 
Probabilistic RfD   = Approximate probabilistic HDM

I at specified % 
confidence 

460 = Estimate of dose (ng/kg bw/day) at which, 
with 

  95% Confidence   
  1% of the population 

will have 
decreased 
WBC 

  of magnitude ≥ 5% 
 
Table A3.19. Contribution of the various sources of uncertainty to the overall 
uncertainty in the APROBA hazard assessment of nivalenol 
Uncertainty analyses aspect % contribution to overall uncertainty 

PoD 3% 
NOAEL to BMD -- 
Inter-species scaling 1% 
Inter-species TK & TDa 22% 
Duration extrapolation 35% 
Intra-species 39% 
Other aspect #1 1% 
limited repro and dev tox data   

a toxicokinetics and toxicodynamics   
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Exposure assessment 
The exposure is given for two subpopulations: the age groups 2–6 and 
7-69. For each of these subpopulations we reported (see Section 
Appendix II) the 95th percentile dietary exposures as lower (LCL) and 
upper (UCL) confidence limits of the medium bound scenario (on LOQ).  
However, two other scenarios describe the uncertainty in the exposure 
related to the concentrations below the limit of quantification (LOQ). The 
minimum and maximum scenarios assume that concentrations below 
LOQ are zero and LOQ, respectively. In Table A3.20 the selected inputs 
related to the exposure are listed (the 95th percentiles of the pertinent 
populations). To account for the uncertainty of the concentrations below 
or at LOQ, it was assumed that the LCL could be up to five times lower 
than the LCL derived using the medium bound scenario and the UCL 
could be up to five times higher than the UCL derived using the medium 
bound scenario. This additional uncertainty is listed in Table A3.20 (see 
expert opinion on limits, extra LCL and UCL). The factors of 5 are 
derived from EFSA opinions, which report the P95 exposures using 
minimum, medium and maximum bound scenarios. 
In Figure A3.4, the HDM

I of nivalenol is graphically compared with the 
exposure in the two subpopulations. From this figure it can be concluded 
that for the age group 7-69 years a small part of the uncertainty ellipse 
is located in the red area. Note that this part combines highly exposed 
individuals with sensitive individuals, which do not necessarily need to 
be the same individuals. A full IPRA would take that into account, which 
might lead to a conclusive outcome (protection goals met) for this case. 
Therefore, performing a full IPRA would be a good option here. The 
ellipse of the 2-6 age group is located in the green area. Assuming that 
the uncertainty is adequately evaluated it can be concluded that the 
protection goals (M and I) are met for this subpopulation. 

Table A3.20. Inputs related to the APROBA-Plus exposure assessment of 
nivalenol 

Enter available expo values, leave 
others empty 

Exposure 
unit:

ng/kg bw/day 

reported exposure
expert opinion on 

limits 

Description Inputs LCL UCL 
extra 
LCL 

extra 
UCL 

exposure #1 P95 children
age 2–6 

74 89 14.8 445 

exposure #2 P95 children &
adults age 7-69

305 381 61 1905 
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Figure A3.4. Comparison of nivalenol’s HDM
I and the 95th percentile exposure of 

children aged 2–6 years (blue, ellipse on left hand side) and children & adults 
aged 7-69 (black ellipse) in APROBA-Plus. The HDM

I relates to an incidence goal 
of 1% and magnitude (M) of 5% decrease in WBC. 
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